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Summary:
During the Public Consultation of the draft CEPT Report 049 “Technical conditions regarding spectrum harmonisation for terrestrial wireless systems in the 3400-3800 MHz frequency band” in response to the EC Mandate on 3400-3800 MHz the Office received 22 responses in total from administrations, industry and other organisations.

The results of the public consultation for Task 2 “Channeling arrangements” in CEPT Report 049 have shown a clear preference for the TDD frequency arrangement in the 3400-3600 MHz band. Out of 21 responses related to Task 2, 20 responses (including 2 from administrations) indicating preference for TDD and 1 (from an administration) proposed equal footing for TDD and FDD.

The ECO summary table of comments related to Task 2 of the Mandate, the draft CEPT Report 049 as sent to the Public Consultation and the original responses are presented in the Annexes as follows:

Annex 1: ECO summary table of comments (Task 2) 
Annex 2: Denmark
Annex 3: France
Annex 4: Germany
Annex 5: Afrimax Group
Annex 6: Bollore Telecom
Annex 7: China Academy of Telecommunication & Technology (CATT)
Annex 8: China Mobile 
Annex 9: DaTang Group
Annex 10: Deutsche Telekom AG
Annex 11: E-Plus Mobilfunk
Annex 12: Ericsson
Annex 13: Huawei
Annex 14: Idilis
Annex 15: Imagine Group
Annex 16: Linkem
Annex 17: NII Holdings, Inc.
Annex 18: Optus
Annex 19: SFR
Annex 20: SoftBank Group 
Annex 21: UK Broadband
Annex 22: Vodafone
Annex 23: ZTE
Annex 24: The draft CEPT Report 049 as sent to Public Consultation (with revision marks from ECC#34)


Proposal:
ECC is invited to review the results of the Public Consultation of the draft CEPT Report 049 “Technical conditions regarding spectrum harmonisation for terrestrial wireless systems in the 3400-3800 MHz frequency band” related to Task 2 (Channeling arrangements) of the EC Mandate on 3400-3800 MHz and take action as appropriate.


Background:
ECC at its 34th meeting (18-21 June 2013, Toulouse, France) approved the draft CEPT Report 049 “Technical conditions regarding spectrum harmonisation for terrestrial wireless systems in the 3400-3800 MHz frequency band”, subject to public consultation and for submission to the EC.
Extract from the ECC Minutes (doc ECC(13)048):
“ECC agreed 
•	to send the updated draft CEPT report 49 for public consultation and on duration for the public consultation of 8 weeks.
•	to align the duration of the public consultation of draft CEPT report 49 and of the ECC report on BEM at 3.5 GHz.
to consider results of public consultation on channelling arrangements at 3.4-3.6 GHz at the next ECC with additional views. ECC will decide about the preferred channelling arrangement on the basis of these results.
ECC PT1 will consider the results of public consultation on BEM issue only.”
The Public Consultation of the draft CEPT Report 049 started on 28 June and ended on 23 August 2013.
In line with the decision of the ECC, ECC PT1 at its 44th meeting (09-13 September 2013, Ljubljana, Sloveina) reviewed the results of the public consultation of the draft CEPT Report 049 related to Task 1 (BEM) only. However, in order to expedite the revision of ECC Decision (11)06 on channeling arrangements for the 3.5 GHz band by ECC, ECC PT1 has prepared two versions of the amended Decision; one with preferred TDD arrangement, and the other one with equal footing of TDD and FDD arrangements. Two new annexes to the ECC Decision containing the BEM and the key principles for coordination between FSS and MFCN were also added by ECC PT1 for final decision at the ECC plenary.


Annexes

Annex 1: ECO summary table of comments (Task 2)



Annex 2: Denmark – comments on the draft CEPT Report 049 (Task 2)


Annex 3: France – comments on the draft CEPT Report 049 (Tasks 1 and Task 2)


Annex 4: Germany – comments on the draft CEPT Report 049 (Task 2)


Annex 5: Afrimax Group – comments on the draft CEPT Report 049 (Task 2)


Annex 6: Bollore Telecom – comments on the draft CEPT Report 049 (Task 2)


Annex 7: China Academy of Telecommunication & Technology (CATT) – comments on the draft CEPT Report 049 (Task 2)


Annex 8: China Mobile - comments on the draft CEPT Report 049 (Task 2)




Annex 9: DaTang Group – comments on the draft CEPT Report 049 (Task 2)


Annex 10: Deutsche Telekom AG – comments on the draft CEPT Report 049 (Task 2)


Annex 11: E-Plus Mobilfunk – comments on the draft CEPT Report 049 (Task 2)


Annex 12: Ericsson – comments on the draft CEPT Report 049 (Task 1) (referring to Ericsson’s comments on the relevant parts of the draft ECC Report 203, also attached) 


Annex 13: Huawei – comments on the draft CEPT Report 049 (Task 2)


Annex 14: Idilis – comments on the draft CEPT Report 049 (Task 2)


Annex 15: Imagine Group - comments on the draft CEPT Report 049 (Task 2)


Annex 16: Linkem – comments on the draft CEPT Report 049 (Task 2)


Annex 17: NII Holdings Inc. – comments on the draft CEPT Report 049 (Task 2)




Annex 18: Optus - comments on the draft CEPT Report 049 (Task 2)


Annex 19: SFR – comments on the draft CEPT Report 049 (Task 2)


Annex 20: SoftBank Group – comments on the draft CEPT Report 049 (Task 2)


Annex 21: UK Broadband - comments on the draft CEPT Report 049 (Task 2)


Annex 22: Vodafone – comments on the draft CEPT Report 049 (Task 2)


Annex 23: ZTE – comments on the draft CEPT Report 049 (Task 2)


Annex 24: The draft CEPT Report 049 as sent to Public Consultation (with revision marks from ECC#34 meeting)
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ECO summary table of comments (Task 2)
ECO Summary Table


of the comments received during the Public Consultation of the draft CEPT Report 049 “Technical conditions regarding spectrum harmonisation for terrestrial wireless systems in the 3400-3800 MHz frequency band” (Task 2 “Channeling arrangements”)

1 General Comments

2 Proposals related to the ECC Deliverables


		Comment number

		Section number/ Clause

		Paragraph Figure/ Table

		Type of comment (General/ Technical/Editorial)

		COMMENTS

		Proposed change

		Resolution analysis



		DK

		Executive summary (Task 2 chapter)

		

		General

		The Danish Administration expresses its preference to 

Option C:


CEPT has decided to maintain both frequency arrangements without indicating any preference. ECC/DEC/(11)06 to be revised to remove Decides 3.



		

		



		F

		

		

		

		“A preferred channeling arrangement TDD for the 3,4-3,6 GHz band with an alternative FDD channeling arrangement is proposed”

(For details, see comments in Annex 3)

		See attachment.
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		D

		Task 2 (Channeling arrangements)



		All concerned places in the document

		General

		Contributors were asked to comment on the status of frequency arrangements.


Germany is of the view that only Option A should be kept in the final document for the following reasons:


Many industry representatives asked for guidance on the use of the frequency band. An equal footing will not provide such guidance. Furthermore, from a technical point of view it makes sense to have the same channeling arrangement in the whole band 3.4-3.8 GHz.


Calculations for mobile data traffic show that asymmetry in DL und UL will rise up to a ratio of 10:1. A TDD arrangement gives more flexibility to the operators to optimize their networks in this regard. 


For countries still wishing to implement FDD in the 3.4-3.6 GHz band this option still gives them the freedom to do so.

		Reinsertion of the following text (Option A):


CEPT has identified the frequency arrangement for the 3400-3600 MHz band based on TDD as described in Annex 1 of ECC/DEC/(11)06 as the preferred frequency arrangement. A frequency arrangement based on FDD as described in Annex 2 of ECC/DEC/(11)06 is provided as an alternative. 

		



		Afrimax group

		

		

		General

		“We hope the CEPT Electronic Communications Committee will consider these advantages of TDD when setting the direction for LTE in the 3400 to 3600 MHz and 3600 to 3800 MHz bands.”

(For details, see comments in Annex 5)

		

		



		Bolloré Telecom

		

		

		General

		“- We would like to confirm Bolloré Telecom support to a TDD-preferred band plan.


- We do neither support FDD as a preferred band plan, nor two band plans at the same level. We would accept FDD as an alternative band plan provided TDD is clearly identified as preferred, however we would prefer to have only a single TDD band plan with no FDD option in order to be very clear and consistent with the band plan defined for 3.6-3.8 GHz.


(For details, see comments in Annex 6)

		“- We suggest deleting the word “slight” from the quoted sentence in CEPT report 49.”




		



		China Academy of Telecommunication & Technology (CATT)

		

		

		General

		“Overall, our preference is that TDD is the preferred duplex mode for 3400 – 3600 MHz.” 


(For details, see comments in Annex 7)

		

		



		China Mobile

		

		

		General

		“Regarding the channeling arrangement, we would like to suggest the CEPT ECC considering the advantages of TDD mode and the matured ecosystem of 3.5GHz world widely, and choose “Preferred TDD” for 3.5GHz and cooperate with other regulators to promote a global uniform allocation for TDD”


(For details, see comments in Annex 8)

		

		



		DaTang Group

(three companies)

		

		

		General

		“We have got the information from the website of CEPT that ECC is asking for comments about 3400-3600 MHz band. We strongly support its usage in the development of TDD.” (“DaTang Group” and “LeadCore Techonology Co.”)

“We strongly promote TDD in 3400-3600 MHz bands. It will boost the development of TDD industry at a critical moment.”
(“LinkTester Technology Co.”)

(For details, see comments in Annex 9)

		

		



		Deutsche Telekom AG

		

		

		General

		“DTAG supports the proposed TDD arrangement as preferred channel arrangement for the band 3.400-3.600 MHz.” 

“DTAG doesn’t support FDD as preferred option but introducing FDD as an alternative arrangement if required would be appropriate.”

(For details, see comments in Annex 10)

		“DTAG proposes to delete the word “slight” to give a clear indication of the preference.”

		



		E-Plus Mobilfunk

		

		

		General

		“…we believe that CEPT-Report 49 should contain a clear (not just slight) preference for TDD for the 3400-3600 MHz band, whilst an FDD usage is still possible via the alternative arrangement.”


(For details, see comments in Annex 11)

		

		



		Huawei

		Executive Summary, and, all paragraphs related to this issue

		

		General

		“Huawei supports "TDD as a preferred frequency arrangement with FDD frequency arrangement as an alternative" to be the preferred frequency arrangement for the 3400-3600 MHz.” 

(For details, see comments in Annex 13)

		Remove: The possibility of a preferred channeling arrangement for the 3.4-3.6 GHz band has been discussed by the ECC#34, … at the next ECC meeting. 


Add: CEPT has identified the frequency arrangement for the 3400-3600MHz band on TDD as a preferred frequency arrangement with the FDD frequency arrangement as an alternative

		



		Idilis

		

		

		General

		“This is a letter to support the idea of TDD frequency arrangement for the 3400-3600 MHz band.”

(For details, see comments in Annex 14)

		

		



		Imagine Group

		

		

		General

		“Imagine Group support the conclusion from the June 2013 ECC Toulouse meeting where ECC identified a "slight preference" for TDD as the preferred frequency arrangement with FDD frequency as an alternative.”


“For the avoidance of doubt Imagine Group do NOT support having FDD as a preference but can support FDD as an alternative”


(For details, see comments in Annex 15)

		Imagine Group would additionally support removal of the word "slight" to clearly state a preference for TDD.

		



		Linkem

		

		

		General

		“Linkem supports TDD as the preferred frequency arrangement.”


(For details, see comments in Annex 16)

		Considering the draft Report 49 conclusions about channeling arrangement, Linkem supports removal of the word “slight” to clearly state a preference for TDD.


“The possibility of a preferred channeling arrangement for the 3,4-3,6 GHz band has been discussed by the ECC#34, as well as the possibility to have FDD and TDD on the same footing. The ECC identified a slight clear preference for TDD as the preferred frequency arrangement with FDD frequency arrangement as an alternative.”

		



		NII Holdings, Inc.

		

		

		General

		“We hope that Europe chooses the TDD bandplan for 3400-3600 MHz and the world harmonizes on TDD in this band.” 

(For details, see comments in Annex 17)

		

		



		Optus

		

		

		General

		“We have a strong preference for TDD in this band (3GPP Band 42) rather than FDD variants (such as 3GPP Band 22)”


(For details, see comments in Annex 18)

		

		



		SFR

		

		

		General

		“…ECC should explicitly define TDD as the preferred frequency arrangement for 3400-3600 MHz band.” 

(For details, see comments in Annex 19)

		SFR would like to propose some necessary amendments to the CEPT Report 49 (see revision marks in the attachment,  additional texts are highlighted green)
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		SoftBank Group

		

		

		General

		“…we would like to suggest that the CEPT ECC consider the advantage of TDD mode in 3.5GHz band and potential harmonization of spectrum with other regions, when concluding the direction for LTE in 3.4-3.6 and 3.6 – 3.8 GHz bands.”


(For details, see comments in Annex 20)

		

		



		UK Broadband

		

		

		General

		“UKB believes the CEPT should adopt a TDD band plan for the band 3400 to 3600MHz.  While we do not believe there will be any significant FDD development in the band globally, if a pure TDD band plan cannot be agreed then Option A (as defined in draft CEPT report 49) preferred TDD, alternative FDD, is an appropriate compromise.”

(For details, see comments in Annex 21)

		

		



		Vodafone

		The executive summary and sections 3.1 and 3.1.4.4

		

		General

		CEPT Report has been developed in response to a Mandate from the European Commission, which states that any harmonised solution should be “sufficiently precise for the development of EU-wide equipment”. Vodafone believes that this condition be met only if CEPT expresses a clear preference for the TDD channelling arrangement for the 3400-3600 MHz band.


(For details, see comments in Annex 22)

		Under Task 2 (channelling arrangements), the final report should:


· restore the text of Option A (but without the words “Option A”)


· delete Option B 


· delete the two paragraphs of explanatory text inviting views.

		



		ZTE

		

		

		General

		“ZTE strongly support the 3400-3600 MHz used for TD-LTE” 

(For details, see comments in Annex 23)
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Cover letter








At its latest meeting, ECC approved the draft CEPT Report 49 for public consultation. This CEPT Report has been developed in response to the EC Mandate 3400-3800 MHz[footnoteRef:1].  [1:  See ECC(12)INFO01 – EC mandate 3400-3800 MHz, ECC(12)007 Annex 7 – roadmap for responding to EC mandate 3400-3800 MHz] 






Preferred channeling arrangement for the 3400-3600 MHz


The possibility of a preferred channeling arrangement for the 3400-3600 MHz band has been discussed by the 34th ECC meeting, as well as the possibility to have FDD and TDD on the same footing. The ECC identified a slight preference for TDD as the preferred frequency arrangement with FDD frequency arrangement as an alternative.


ECC invites additional views before taking a final decision on a preferred frequency arrangement at the next ECC meeting. 





The responses should be forwarded to the European Communications Office: 
Mr Alexander Gulyaev (alexander.gulyaev@eco.cept.org) not later than the deadline indicated on the ECC consultation webpage. 





The responses will be considered at the next ECC meeting.  





BEM for 3400-3800 MHz 





The relevant part of the CEPT Report includes also the proposed BEM to be implemented in a future regulatory framework.





Please note that those BEM have been studied in the draft ECC Report 203 on “Least Restrictive Technical Conditions (BEM) suitable for Mobile/Fixed Communication Networks (MFCN), including IMT, in the frequency bands 3400-3600 MHz and 3600-3800 MHz”. ECC highlights that this ECC Report is also subject to public consultation.
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This CEPT Report provides the answer to the Mandate issued by the European Commission on technical conditions regarding spectrum harmonisation for terrestrial wireless systems in the 3400-3800 MHz frequency band.


It provides the requested technical conditions (task 1) together with elements in relation with the possible channelling arrangements (task 2).. Under task 2, CEPT has also reviewed the key principles related to the coordination between Broadband Wireless Access (BWA) stations and Fixed-Satellite Service (FSS) Earth stations in order to ensure that relevant principles will be available when future for MFCN (including IMT) systems to be introduced in these bands in accordance with new technical conditions.  


TASK 1 (Block Edge Mask)


The base station technical requirements are defined in the Report are applicable to for base stations with different power levels, enabling network deployment with both macro cells and small cells. In the figures below it is assumed for simplicity that all blocks have been licensed to MFCN (individual license granted to mobile operators with rights of use of one or more than 5 MHz blocks).


The base station Block Edge Mask (BEM) requirements as described below may be relaxed whenever there are bilateral agreements between operators. The BEM has not been developed to protect other services or applications in the band, and only applies in blocks that have been licensed to MFCN according to the new harmonised frequency arrangement. In the figures below it is assumed for simplicity that all blocks have been licensed to MFCN.


Table 1 contains the different elements of the BEM in the 3400-3600 MHz and 3600-3800 MHz bands, together with the frequency regions where they apply. The guard bands apply in case of an FDD allocation in 3400-3600 MHz. It should be noted that whenever guard bands are mentioned in this report, it is understood that those apply only for an FDD allocation.


Tables 2 to 5 contain the power limits that apply for the different BEM elements. PMax is the maximum carrier power for the base station in question, measured as e.i.r.p.


To The determination of obtain the characteristics of a BEM for a specific block is based on the elements given in the following tables. It should be noted that when several characteristics are available for the given block, the most relaxed requirement should be chosen., these elements are combined as follows:


It should also be noted that these BEM characteristics apply to BS for cells from macro to femto.


For each 5 MHz interval in the 3400-3600 MHz and 3600-3800 MHz bands, used by MFCN according to the harmonized frequency arrangements, the BEM elements that apply have to be determined (there may be several).


The most relaxed requirement of those defined in the interval in question has to be chosen. 


The base station Block Edge Mask (BEM) requirements as described below may be relaxed whenever there are bilateral agreements between operators.


BEM elements


			BEM element


			Region of applicability





			In-block 


			Block for which the BEM is derived 





			Baseline 


			Spectrum assigned for TDD and FDD UL and DL





			Transitional region 


			For FDD DL blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator. 


For TDD blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator, in spectrum that is not assigned to another operator, including the guard band 3590-3600 MHz, or in case of synchronized blocks with the same UL/DL configuration.





			Guard bands 


			3400-3410, 3490-3510 and 3590-3600 MHz (for an FDD allocation)











As explained in ECC Report 131 (on the “derivation of a block edge mask (BEM) for terminal stations in the 2.6 GHz frequency band (2500-2690 MHz)”), the out-of-block component of the BEM itself consists of a baseline level (see table 2) and, where applicable (i.e., this depends mainly on the channel arrangement (duplex gap, guard band, and the particular status of blocks), intermediate levels (see table 5) which describe the transition from the in-block level to the baseline level as a function of frequency. 


In addition, the limits applicable at 3,4 GHz may depend of national context and various baseline levels below 3,4 MHz are proposed for national implementation (see Table 3). 


Finally, it is proposed to refer to the relevant applicable standard for the in block limit  








Baseline and guard band power limits


			BEM element


			Frequency range


			Power limit





			Baseline 


			FDD DL (3510-3590 MHz). 
Synchronized TDD blocks with the same UL/DL configuration (3400-3800 or 3600-3800 MHz). 


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna





			Baseline 


			FDD UL (3410-3490 MHz). 
Unsynchronised TDD blocks (3400-3800 or 3600-3800 MHz) (unless synchronized). 


			-34 dBm/5 MHz e.i.r.p. per cell(1)








			Guard band(2) 


			3400-3410 MHz


			-34 dBm/5 MHz e.i.r.p. per cell





			Guard band(2) 


			3490-3500 MHz


			-23 dBm/5 MHz e.i.r.p. per antenna





			Guard band(2) 


			3500-3510 MHz


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p.  per antenna





			Guard band(2) 


			3590-3600 MHz


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna








(1) In case of multiple antennas with different polarization, the power limit should be relaxed to -31 dBm/5 MHz e.i.r.p. per cell.


(2) Applicable to the FDD plan only.





Additional baseline requirements for country specific cases


Additional base station baseline requirements for country specific cases


			Case


			BEM element


			Frequcy range


			Power limit





			A


			CEPT countries with military radiolocation systems below 3400 MHz


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation(1)


			-59 dBm/MHz e.i.r.p.(2)  





			B


			CEPT countries with military radiolocation systems below 3400 MHz


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation(1)


			-50 dBm/MHz e.i.r.p. (2)  





			C


			CEPT countries without adjacent band usage or with usage that does not need extra protection


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation


			Not necessary


(spurious levels from the standards apply)








(1) Administrations may choose to have a guard band below 3400 MHz. In that case the power limit may apply below the guard band only.


(2)  Administrations may select the limit from case A or B depending on the level of protection required for the radar in the region in question.





Cases A; B and C can be applied per region or country at national level so that the adjacent band may have different levels of protection in different geographical areas, depending on the deployment of the adjacent band systems below 3.4 GHz which may depend from national context.


In addition, the levels given in Table 3 are applicable to outdoor macro/micro cells. In case of indoor femto cell, the levels can be relaxed on a case by case basis.


In-block power limit


			BEM element


			Frequency range


			Power limit





			In-block


			Block assigned to the operator


			Not obligatory. 
In case an upper bound is desired by an administration, a value of 68 dBm/5 MHz per antenna may be applied. 





For femto base stations, power control as defined by the standardistion should be applied to minimize interference to adjacent channels.











For femto base stations, power control should be applied to minimize interference to adjacent channels.


Transitional region power limits


			BEM element


			Frequency range


			Power limit





			Transitional 


			-5 to 0 MHz offset from lower block edge 
0 to 5 MHz offset from upper block edge 


			Min(PMax – 40, 21) dBm/5 MHz 
e.i.r.p. per antenna





			Transitional 


			-10 to 5 MHz offset from lower block edge 5 to 10 MHz offset from upper block edge


			Min(PMax – 43, 15) dBm/5 MHz 
e.i.r.p. per antenna








Note: For TDD blocks the transitional region applies in case of synchronized adjacent blocks, and in-between adjacent TDD blocks that are separated by 5 or 10 MHz. The transition region does not extend below 3400 MHz or above 3800 MHz





Baseline limits


There are two different types of baseline levels: the first for FDD downlink spectrum (also applicable when two TDD blocks are synchronized) and the second for FDD UL (and TDD non synchronised) . 


· The first is defined for FDD downlink spectrum. 


This requirement is expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit. The stricter of the two requirements applies. The fixed level prevents interference from increasing in the region where the limit derived from the relative requirement is less stringent. The values are derived from BS – UE interference analysis, and are expressed as e.i.r.p. limits per antenna. 


When two TDD blocks are synchronized and have the same UL/DL configuration, there will be no BS – BS interference. In this case, the same baseline as for the FDD DL region is used. 


· The second type of baseline is defined for FDD UL and TDD spectrum, 


This baselineand is expressed as a fixed limit only, calculated based on BS – BS interference. The e.i.r.p. limit is given per cell. When multiple antennas are used, 3 dB should be subtracted from the e.i.r.p. value due to the different polarizations of the antennas. An exception for this type of baseline can be negotiated between adjacent operators for femto base stations in the case where macro base stations are not used in its proximity. In that case -25 dBm/5MHz e.i.r.p. per cell may be used.


In Figure 1 the baseline levels are presented for a TDD-only allocation and in Figure 2 and for an allocation with both FDD (3400-3600 MHz) and TDD (3600-3800 MHz). The baseline in the TDD allocations corresponds to a scenario where all operators are synchronized and use the same UL/DL configuration.


Figure 3 describes how the relative level and the fixed level are combined.
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Figure 1: Schematic description of baseline and guard band power levels for a TDD-only allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized.
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Figure 2: Schematic description of baseline and guard band power levels for a mixed FDD and TDD allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized.
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Figure 3: Combining the relative and the fixed limit for the baseline applying to FDD DL spectrum


Guard band limits (FDD band plan)


In the case of an FDD allocation there will be guard bands below the FDD UL, above the FDD DL, and in-between the FDD UL and DL, see Figure 2 above. 


· For the guard band 3400-3410 MHz, the power limit is chosen to be the same as the baseline in the adjacent FDD UL spectrum, 3410-3490 MHz. 


· Similarly, the baseline that applies in 3510-3590 MHz is also used in the guard band regions 3500-3510 MHz and 3590-3600 MHz. Finally, spurious requirements converted to 5 MHz bandwidth apply in the 3490-3500 MHz. 


In-block limits


The in-block power limit, as defined in Table 4 above, is not mandatoryobligatory. 


Nevertheless, tThe requirement on power control for femto base stations appliedis because dueof the need to reduce interference from equipment that may be deployed by consumers and thus the exact location may not be known to the operators. This is defined by standardisation 


Different licensing approaches might be chosen by administrations to licence TDD spectrum. 


· Examples for those are a regulatory approach with no frequency separation between the block edges of two adjacent unsynchronised TDD networks, a regulatory approach with unlicensed separation between the block edges of the two adjacent operators or the definition of restricted blocks between MFCN operators .


Transitional region limits


The transitional region is defined to enable the reduction of power from the in-block level to the baseline or guard band levels, and is defined as in Table 5 above. The general shape of the transitional region is presented in Figure 4 below.


The requirements are defined for 5 MHz bandwidth, 0 to 5 MHz and 5 to 10 MHz offset from the upper and lower edges of an operator’s block. They are expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit, as for the baseline requirement in the FDD DL. The stricter of the two requirements applies. 


Combination of BEM elements


The BEM elements as described above are combined to provide a BEM for a particular block by choosing the most relaxed requirement of those that are defined for a frequency interval. Figure 4 provides an example of such a combination of BEM elements for an FDD block in the lower part of the FDD DL spectrum. 
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Figure 4: Combined BEM elements for an FDD block starting at 3510 MHz


Licensing approaches for unsynchronised TDD networks





In the case of unsynchronized TDD networks, different licensing approaches may be applied at national level to avoid interference between adjacent operators:


· the regulator may introduce a separation between the block edges of the two adjacent operators, to enable sufficient roll-off of additional filters required to meet the baseline;


· in case of no frequency separation of adjacent operators’ blocks, operators may be required to limit the power used in the upper or lower part of their assigned spectrum, or both. The level allowed in these restricted blocks is set so that the owner should not create interference to its adjacent operator and is equal to: 4.1dBm (EIRP). At a national level, this value may be relaxed by the regulator if there is an agreement between operators.





UE In-block requirement


This report provides a recommended upper limit of 25dBm e.i.r.p. for the in-block power of the terminals.  


It should be noted that the interference between UEs belonging to different FDD operators will be very limited and that similarly, provided that the equipment is designed properly, in line with the 3GPP requirement, interference from TDD UEs to FDD UEs and vice versa will also be limited. 


On the contrary, interference may be strong between UEs of unsynchronized TDD networks. However, it is considered that scenarios where a UE is transmitting at the same time as a UE using an adjacent channel in the vicinity is receiving may be relatively rare, except in hot spots.


Co-existence with other services than MFCN


Co-existence studies for other services than MFCN have been carried out for both in-band and out-of-band scenarios. The in-band services considered are FSS, FS and BWA and the out-of-band services are civil and military Radiolocation. 


No single separation distance, guard band or signal strength limit can be provided for FSS and FS to ensure co-existence with MFCN.


It is assumed that BWA systems are similar to MFCN systems and that BWA can co-exist under the new BEM licensing regime. It should however be noted that BWA systems compliant to the former technical characteristics (as defined in ECC Recommendation (04)05) may suffer interference from MFCN systems compliant with the BEM described above. This situation results from the necessity to relax the constraints currently applicable to make possible a mobile use of the 3400-3800 MHz band.


As a consequence of the above, a transitional phase should be considered during which previous and new technical characteristics should coexist. During this transitional phase, it should however be made clear that any new authorisation shall be based on the new technical characteristics. This transitional phase may only apply in countries (and possibly neighbouring countries) where a BWA network has been effectively deployed and has not been updated with the new technical characteristics.


In some CEPT countries military radiolocation systems that are deployed below 3400 MHz need a fixed limit for protection from base station interference (cases A and B in Table 3). For the MFCN base stations             -59dBm/MHz is defined in Table 3. Other mitigation measures like geographical separation, coordination on a case by case basis or an additional guard band may be necessary for a TDD allocation.


For UEs other mitigation measures to be implemented at national level will be necessary such as e.g. geographical separation or an additional guard band for both FDD or TDD allocation.





TASK 2 


· (Channelling Arrangements)


In this report CEPT has assessed and justified the need to introduce channeling arrangements in the 3400-3800 MHz band to develop a harmonised solution that is sufficiently precise for the development of EU-wide equipment.





For the 3400-3600 MHz band two channeling arrangements have been introduced: one comprising of a 200 MHz TDD plan, the other one comprising of the 2x80 MHz FDD plan (see Figures 6 and 7 below respectively and Section 3.1.4.4 of this report for details).





A preferred channeling arrangement TDD for the 3,4-3,6 GHz band with an alternative FDD channeling arrangement is proposed ,.. 


It should be noted that a TDD band plan may allow more flexible accommodation of current use of the frequency bands by other services. There is more flexibility to create “holes” in the band to protect incumbent users, as these holes are not replicated in the UL/DL band as is the case for FDD. In particular, taking into account, a current variation of the usage of the frequency bands within CEPT where number of authorisations may vary from country to country including on license duration. This offer the possibility to introduce MFCN in the band according to market demand at national level 


In addition, TDD systems are currently used in a number of those countries in the band 3400-3600 MHz due to the better availability of TDD systems.





· Option A: CEPT has identified the frequency arrangement for the 3400-3600 MHz band based on TDD as described in Annex 1 of ECC/DEC/(11)06 as the preferred frequency arrangement. A frequency arrangement based on FDD as described in Annex 2 of ECC/DEC/(11)06 is provided as an alternative.





· Option C: CEPT has decided to maintain both frequency arrangements without indicating any preference. ECC/DEC/(11)06 to be revised to remove Decides 3.





For the 3600-3800 MHz band one channeling arrangement has been introduced comprising of a 200 MHz TDD plan (see Figure 5 below and Section 3.1.4.3 of this report for details).
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Figure 5: Harmonised frequency arrangement for the 3600-3800 MHz band based on TDD
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Figure 6: Frequency arrangement for the 3400-3600 MHz band based on TDD
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Figure 7: Frequency arrangement for the 3400-3600 MHz band based on FDD


· Key principles related to the coordination of MFCN and FSS 





The following key principles related to the coordination between Mobile/Fixed Communication Network stations and Fixed-Satellite Service (FSS) Earth stations should be implemented at national level in order to ensure coordination between these systems: 


1. Frequency coordination is primarily concerned with local implementation, local propagation conditions and local licensed use of the shared band. This is best dealt with by national administrations;


2. Some administrations have effective co-ordination arrangements in place. The implementation of these guidelines is at the discretion of the national administrations to the extent this may help them;


3. The key objectives of co-ordination processes are maximising efficient use of the available spectrum for the benefit of the EU whilst protecting existing licensed uses of the band;


4. Coordination processes and associated protection should only apply to registered/licensed spectrum users;


5. Data exchange and coordination processes are mutual and reciprocal to all band users;


6. Data on registered use of the band should be available to all users under relevant legal protections and confidentiality obligations;


7. The coordination process must be both accurate and fast to enable all operators to efficiently plan spectrum utilisation and network deployments;


8. Operators should have access to registered band usage to maximise the successful coordination of spectrum through propagation modelling without physical measurement at the planning stage;


9. All parties are responsible for the efficient use of spectrum. In deploying new MFCN stations and new FSS Earth stations, operators should be cognisant of the need to minimise constraints on the other service;


10. These guidelines primarily relate to co-ordination within national boundaries. For the situation where MFCN  and FSS stations are within the territories of different administrations, the use of these guidelines within bilateral agreements may help to expedite cross border co-ordination[footnoteRef:2]; [2:  For cross-border coordination with non-EU administrations not listed in the 5.430A footnote of RR the provisions of this footnote should be taken into account.] 



11. All parties should undertake reasonable efforts to successfully complete the coordination exercise as quickly as possible;


12. Either party has the inherent right to refer the co-ordination to the relevant NRA(s) if agreement cannot be reached.
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[bookmark: _Toc359584078]Introduction


The European Commission has issued a Mandate to CEPT on technical conditions regarding spectrum harmonisation for terrestrial wireless systems in the 3400-3800 MHz frequency band (see Annex 3) to review and amend the technical conditions for the harmonised use of the 3400-3800 MHz frequency band in order to adapt them to the latest developments in technology by preserving flexibility of use in line with the WAPECS approach, including the updating of the Block Edge Mask (BEM) and introducing harmonised frequency arrangements.


CEPT is mandated to undertake the following tasks:


1) “Assess and justify any need to revise the common minimal (least restrictive) technical conditions, including BEM, which underlie the harmonised use of in the 3400-3800 MHz frequency band in the EU and, if necessary, identify modified conditions in view of accommodating developments in wireless broadband access technology in particular larger bandwidths. These conditions should be sufficient to avoid interference, facilitate cross-border coordination, and ensure co-existence with other existing systems and services in the same band and adjacent bands.”


2) “Assess and justify any need to introduce channelling arrangements in addition to (1) and, if necessary, develop a harmonised solution that is sufficiently precise for the development of EU-wide equipment.”


CEPT has developed a roadmap to structure the work in response to this Mandate to address the following issues:


a) assess and justify any need to revise the common minimal (least restrictive) technical conditions including BEM


b) identify modified conditions in view of accommodating developments in wireless broadband access technology in particular larger bandwidths


c) assess and justify any need to introduce channeling arrangements in addition to the LRTC (BEM)


d) if necessary, develop a harmonised solution that is sufficiently precise for the development of EU-wide equipment.


e) a review of the key principles related to the coordination between Broadband Wireless Access (BWA) stations and Fixed-Satellite Service (FSS) Earth stations in order to ensure that relevant principles will be available when future for MFCN (including IMT) systems to be introduced in these bands in accordance with new conditions.





			


			





			


			





			


			





			


			








[bookmark: _Toc359584079][bookmark: _Ref274743743]task 1 of the mandate (Block edge mask)


[bookmark: _Toc359584080]Justification for the need to revise the existing BEM


Regarding the work on issue (a) (see Introduction), ECC agreed on the justification for the need to revise the common minimal (least restrictive) technical conditions including BEM. The justification being the following:


In 2004 ECC adopted ECC/REC/ (04)05 [2] on “Guidelines for accommodation and assignment of Multipoint Fixed Wireless systems in frequency bands 3400-3600 MHz and 3600-3800 MHz” and in 2007 ECC/DEC/(07)02 [1] on “Availability of frequency bands between 3400-3800 MHz for the harmonised implementation of Broadband Wireless Access systems (BWA)”. In 2008 the BEM contained in ECC/REC/(04)05 [2] were included in the Commission Decision 2008/411/EC [3] on the harmonisation of the 3400-3800 MHz frequency band for terrestrial systems capable of providing electronic communications services in the Community.


WRC-07 identified the band 3400-3600 MHz for IMT, so ECC developed band plans for MFCN systems including IMT (see ECC/DEC/(11)06 [4]). 


ECC analyzed the existing BEM contained in ECC/REC/(04)05 [2], which were developed for PMP FWS systems in 2004 and concluded that it is not suitable for the introduction of MFCN systems including IMT in the 3400-3600 MHz band, due to the following reasons:


· The BEM available have been designed to ensure co-existence between PMP FWS applications only.


· The BEM were derived with the assumption of an internal guard band (half a channel width).


· The effect of blocking was not considered for establishing the BEM (which may lead to more stringent masks).


· The BEM may not even be suitable when PMP FWS are based on adjacent TDD blocks.


· The BEM is developed under the assumption that a high gain antenna leads to a lower probability of interference than a low gain antenna. While that might be appropriate for Fixed Wireless Systems, it is certainly inappropriate for other types of MFCN systems.


· The ETSI SEM (for 3GPP band class 7/38) do not allow an operation to fit to the BEM. It is anticipated that the SEMs of IMT-Advanced systems would not allow an operation to fit the BEM of the ECC/REC/(04)05 [2] as well (due to their large bandwidths).


· The existing 3.5 GHz BEM is justified in cases, where there is no commonly agreed band plan and maximum flexibility is needed (like the case of  deployments). When band plans are available and adopted, there is no need for the unnecessarily tight BEM but it should be adjusted to the more harmonised conditions in order to facilitate affordable equipment, maximise the spectrum efficiency (e.g. by reduced guard bands) and thus maximize the available amount of spectrum.	Comment by DESCHAMPS Benoist: It is proposed to delete this sentence which is confusing.


The technical analysis is provided in Annex 1 of this report.


[bookmark: _Toc359584081]Development of the new BEM


In this report the BEM was derived from a minimum coupling loss (MCL) analysis and simulations.


For the purposes of this report the term “BWA” (Broadband Wireless Access) refers to legacy BWA systems licenced under the existing 3400-3600 MHz licencing regimes as described in ECC/DEC/(07)02 or 2008/411/EC. The term “MFCN” (Mobile/fixed communications networks) includes IMT and other communications networks in the mobile and fixed services and for the purposes of this report refers to radio communication systems which should comply with the BEM defined in this report.


The base station BEM requirements as described below may be relaxed whenever there are bilateral agreements between operators. The BEM has not been developed to protect other services or applications in the band, and only applies in blocks that have been licensed to MFCN according to the new harmonised frequency arrangement. In the figures below it is assumed for simplicity that all blocks have been licensed to MFCN.	Comment by DESCHAMPS Benoist: See comment above


Figure 8 describes a general BEM. Table 6 contains the different elements of the BEM in the 3400-3600 MHz and 3600-3800 MHz bands, together with the frequency regions where they apply. The guard bands apply in case of an FDD allocation in 3400-3600 MHz. It should be noted that whenever guard bands are mentioned in this report, it is understood that those apply only for an FDD allocation.


Tables 7 to 10 contain the power limits that apply for the different BEM elements. PMax is the maximum carrier power for the base station in question, measured as e.i.r.p.


To The determination of obtain the characteristics of a BEM for a specific block is based on the elements given in the following tables. It should be noted that when several characteristics are available for the given block, the most relaxed requirement should be chosen., these elements are combined as follows:


It should also be noted that these BEM characteristics apply to BS for cells from macro to femto.


· For each 5 MHz interval in the 3400-3600 MHz and 3600-3800 MHz bands, used by MFCN according to the harmonized frequency arrangements, the BEM elements that apply have to be determined (there may be several).


· The most relaxed requirement of those defined in the interval in question has to be chosen.


In the following paragraphs the different BEM elements are described further.
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Figure 8: Illustration of a general block-edge mask


BEM elements


			BEM element


			Region of applicability





			In-block 


			Block for which the BEM is derived 





			Baseline 


			Spectrum assigned for TDD and FDD UL and DL





			Transitional region 


			For FDD DL blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator. 


For TDD blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator, in spectrum that is not assigned to another operator, including the guard band 3590-3600 MHz, or in case of synchronized blocks with the same UL/DL configuration.





			Guard bands 


			3400-3410, 3490-3510 and 3590-3600 MHz (for an FDD allocation)











Baseline and guard band power limits


			BEM element


			Frequency range


			Power limit





			Baseline 


			FDD DL (3510-3590 MHz). 
Synchronized TDD blocks with the same UL/DL configuration (3400-3800 or 3600-3800 MHz). 


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna





			Baseline 


			FDD UL (3410-3490 MHz). 
Unsynchronised TDD blocks (3400-3800 or 3600-3800 MHz) (unless synchronized). 


			-34 dBm/5 MHz e.i.r.p. per cell(1)








			Guard band(2) 


			3400-3410 MHz


			-34 dBm/5 MHz e.i.r.p. per cell








			Guard band(2) 


			3490-3500 MHz


			-23 dBm/5 MHz e.i.r.p. per antenna





			Guard band(2) 


			3500-3510 MHz


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p.  per antenna





			Guard band(2) 


			3590-3600 MHz


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna








(1) In case of multiple antennas with different polarization, the power limit should be relaxed to -31 dBm/5 MHz e.i.r.p. per cell.


(2) Applicable to the FDD plan only.





Additional baseline requirements for country specific cases


Additional base station baseline requirements for country specific cases


			Case


			BEM element


			Frequcy range


			Power limit





			A


			CEPT countries with military radiolocation systems below 3400 MHz


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation(1)


			-59 dBm/MHz e.i.r.p.(2)  





			B


			CEPT countries with military radiolocation systems below 3400 MHz


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation(1)


			-50 dBm/MHz e.i.r.p. (2)  





			C


			CEPT countries without adjacent band usage or with usage that does not need extra protection


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation


			Not necessary


(spurious levels from the standards apply)








(1) Administrations may choose to have a guard band below 3400 MHz. In that case the power limit may apply below the guard band only.


(2)  Administrations may select the limit from case A or B depending on the level of protection required for the radar in the region in question.


Cases A; B and C can be applied per region or country so that the adjacent band may have different levels of protection in different geographical areas, depending on the deployment of the adjacent band systems.


In-block power limit


			BEM element


			Frequency range


			Power limit





			In-block


			Block assigned to the operator


			Not obligatory. 
In case an upper bound is desired by an administration, a value of 68 dBm/5 MHz per antenna may be applied. 











For femto base stations, power control should be applied to minimize interference to adjacent channels.


Transitional region power limits


			BEM element


			Frequency range


			Power limit





			Transitional 


			-5 to 0 MHz offset from lower block edge 
0 to 5 MHz offset from upper block edge 


			Min(PMax – 40, 21) dBm/5 MHz 
e.i.r.p. per antenna





			Transitional 


			-10 to 5 MHz offset from lower block edge 5 to 10 MHz offset from upper block edge


			Min(PMax – 43, 15) dBm/5 MHz 
e.i.r.p. per antenna








Note: For TDD blocks the transitional region applies in case of synchronized adjacent blocks, and in-between adjacent TDD blocks that are separated by 5 or 10 MHz. The transition region does not extend below 3400 MHz or above 3800 MHz.





Baseline limits


There are two different types of baseline levels. The first is defined for FDD downlink spectrum. This requirement is expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit. The stricter of the two requirements applies. The fixed level prevents interference from increasing in the region where the limit derived from the relative requirement is less stringent. The values are derived from BS – UE interference analysis, and are expressed as e.i.r.p. limits per antenna. 


When two TDD blocks are synchronized and have the same UL/DL configuration, there will be no BS – BS interference. In this case, the same baseline as for the FDD DL region is used. 


The second type of baseline is defined for FDD UL and TDD spectrum, and is expressed as a fixed limit only, calculated based on BS – BS interference. The e.i.r.p. limit is given per cell. When multiple antennas are used, 3 dB should be subtracted from the e.i.r.p. value due to the different polarizations of the antennas. An exception for this type of baseline can be negotiated between adjacent operators for femto base stations in the case where macro base stations are not used in its proximity. In that case -25 dBm/5MHz e.i.r.p. per cell may be used.


In Figure 9 the baseline levels are presented for a TDD-only allocation and in Figure 10 and for an allocation with both FDD (3400-3600 MHz) and TDD (3600-3800 MHz). The baseline in the TDD allocations corresponds to a scenario where all operators are synchronized and use the same UL/DL configuration.


Figure 11 describes how the relative level and the fixed level are combined.
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Figure 9: Schematic description of baseline and guard band power levels for a TDD-only allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized.
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Figure 10: Schematic description of baseline and guard band power levels for a mixed FDD and TDD allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized.
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Figure 11: Combining the relative and the fixed limit for the baseline applying to FDD DL spectrum


Guard band limits (FDD allocation)


In the case of an FDD allocation there will be guard bands below the FDD UL, above the FDD DL, and in-between the FDD UL and DL, see Figure 10 above. For the guard band 3400-3410 MHz, the power limit is chosen to be the same as the baseline in the adjacent FDD UL spectrum, 3410-3490 MHz. Similarly, the baseline that applies in 3510-3590 MHz is also used in the guard band regions 3500-3510 MHz and 3590-3600 MHz. Finally, spurious requirements converted to 5 MHz bandwidth apply in the 3490-3500 MHz. 


In-block limits


The in-block power limit, as defined in Table 9 above, is not obligatory. The requirement on power control for femto base stations is because of the need to reduce interference from equipment that may be deployed by consumers and thus the exact location may not be known to the operators.


Different licensing methodologies might be chosen by administrations to licence TDD spectrum. Examples for those are a regulation methodology with no frequency separation between the block edges of two adjacent unsynchronised TDD networks, a regulation methodology with unlicensed separation between the block edges of the two adjacent operators or the definition of restricted blocks.


Transitional region limits


The transitional region is defined to enable the reduction of power from the in-block level to the baseline or guard band levels, and is defined as in Table 10 above. The general shape of the transitional region is presented below in Figure 12.


The requirements are defined for 5 MHz bandwidth, 0 to 5 MHz and 5 to 10 MHz offset from the upper and lower edges of an operator’s block. They are expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit, as for the baseline requirement in the FDD DL. The stricter of the two requirements applies. 


Combination of BEM elements


The BEM elements as described above are combined to provide a BEM for a particular block by choosing the most relaxed requirement of those that are defined for a frequency interval. Figure 12 provides an example of such a combination of BEM elements for an FDD block in the lower part of the FDD DL spectrum. 
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Figure 12: Combined BEM elements for an FDD block starting at 3510 MHz


UE In-block requirement


This report provides a recommended upper limit of 25dBm e.i.r.p. for the in-block power of the terminals.  


It should be noted that the interference between UEs belonging to different FDD operators will be very limited and that similarly, provided that the equipment is designed properly, in line with the 3GPP requirement, interference from TDD UEs to FDD UEs and vice versa will also be limited. On the contrary, interference may be strong between UEs of unsynchronized TDD networks. However, it is considered that scenarios where a UE is transmitting at the same time as a UE using an adjacent channel in the vicinity is receiving may be relatively rare, except in hot spots.


Co-existence with other services than MFCN


Co-existence studies for other services than MFCN have been carried out for both in-band and out-of-band scenarios. The in-band services considered are FSS, FS and BWA and the out-of-band services are civil and military Radiolocation.


The conclusions are as follows:


BWA


For the purpose of co-existence, it is assumed that BWA systems as defined above are similar to MFCN systems. Therefore no studies were carried out for MFCN – BWA co-existence. It should however be noted that BWA systems compliant to the former technical characteristics (as defined in ECC Recommendation (04)05) may suffer interference from MFCN systems compliant with the BEM described above. This situation results from the necessity to relax the constraints currently applicable to make possible a mobile use of the 3400-3800 MHz band.


As a consequence of the above, a transitional phase should be considered during which previous and new technical characteristics should coexist. During this transitional phase, it should however be made clear that any new authorisation shall be based on the new technical characteristics. This transitional phase may only apply in countries (and possibly neighbouring countries) where a BWA network has been effectively deployed and has not been updated with the new technical characteristics.


Fixed Service


MFCN applies to all Mobile and Fixed communication networks including point-to-point Fixed links.


Due to the varying characteristics of different types of FS systems and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with mobile systems. Co-existence can be achieved through co-ordination on a case-by-case basis. Based on the results of analysis of both directions of interference (mobile service interfering into P-P and vice-versa) some general observations can be made. Overlapping-channel sharing meaning any opverlap between spectrum of interfering and interfered signals) between the mobile service and P-P links is not feasible in the same geographical area. Consequently if spectrum is used ubiquitously by the FS it cannot be used by the mobile service in the same region. With larger frequency separation and distances coordination is needed, depending on the characteristics of the mobile and the P-P services.


The studies that were carried out in ECC Report 302 on 3.5 MHz [12] take into account a single interferer. In the case of multiple interferers the co-existence could be more difficult to achieve.


Also interference from FS systems to mobile systems may exceed the acceptable interference level.


The similarities between Mobile Systems and P-MP Fixed Systems indicate that the results for mobile – mobile adjacent channel co-existence largely apply to the mobile – P-MP scenario as well. In case of BS – BS interference additional measures may thus be necessary, such as frequency separation and/or additional filters, whereas otherwise co-existence is expected to be possible without such measures. 


MFCN UEs and BWA terminal stations have similar characteristics, which justifies that the conclusions of the ECC Report 100 on the coexistence of BWA TS with Fixed Service can be extended to MFCN UEs. As such, the coordination of MFCN BS and FS will be sufficient to ensure that MFCN UEs do not interfere with FS.


Fixed Satellite Service


Due to the varying characteristics of different types of FSS earth stations and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with MFCN. Co-existence should be achieved through co-ordination on a case-by-case basis, assuming FSS earth stations locations are known. However, some general observations can be made. Separation distances for co-existence vary considerably depending on type of equipment and deployment (e.g. tilt and clutter), but can be large. User equipment impact earth stations less than base stations, so separation that prevents interference from base stations will also protect earth stations from UE interference. There are several mitigation techniques that can be applied, in particular site shielding of earth stations. Interference from FSS satellites to MFCN may exceed the acceptable interference level, but in most cases only by a small margin.


The coordination of MFCN BS and FSS will ensure that MFCN UEs do not interfere with FSS, based on the analysis conducted in ECC Report 100 [16] and ITU-R Report M.2109 [18].


Radiolocation


Due to the varying characteristics of different types of radar stations and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with MFCN, but some representative examples are provided. Co-existence should be achieved through co-ordination on a case-by-case basis. However, some general observations can be made for non-overlapping adjacent channels. For airborne radars the no required separation distance is requiredapproximately 0 km, depending on the radar type and antenna type. For land-based/ship-borne radars the required separation distance is less than 1 km, depending on the radar type and antenna type. A frequency separation analyses concludes that for a 5 km separation, and considering wideband IMT-Advanced interference to wideband radars, the required frequency separation varies between 14 and 65 MHz, depending on radar type and scenario.


There are mitigation techniques which can reduce the separation distance or frequency separation required. In particular, for adjacent channel/adjacent band interference, improved receiver performance and decreased unwanted emissions can be efficient.


Regarding interference from radars to MFCN networks, installation of systems closer than approximately 5 km from the radar should be coordinated. It is necessary to establish a protection distance of approximately 11 km in some areas. Considering blocking effects, the radar may impact MFCN systems up to a distance of 30 km.


It is not necessary to adopt specific emission requirements for MFCN UEs to protect radiolocation in adjacent bands if the coordination distance between MFCN BS and Radiolocation stations exceeds from several kms the typical coverage range of MFCN UEs. Further studies would be required in the case of implementation of MFCN BSs in close proximity to radiolocation stations.


With regard to blocking of radars by mobile systems, studies have shown that additional isolation on the separation distance would be required between the mobile service base station and the radar. As an example, for a separation distance of 1km this additional required isolation is in the order of 20-60dB depending on the radar characteristics such as antenna height, gain, radiation patterns, radar frequency and bandwidth, number and size of mobile blocks, etc. The actual impact should be determined on a case-by-case basis. Currently, it is planned in a number of administrations to address this issue by improving the radar adjacent band rejection capability through enhancing receiving chains where needed. 


It should be noted that the non-linear responses could be dominant for some radar frequencies compared with other effects.


The analysis did not take into account the fact that radar antennas rotate and therefore only affect a particular MFCN base station or UE intermittently.


Adjacent band limit in the case of adjacent band usage by military systems


In some CEPT countries military radiolocation systems that are deployed below 3400 MHz need a fixed limit for protection from base station interference (cases A and B in Table 8). Other mitigation measures like geographical separation, coordination on a case by case basis or an additional guard band may be necessary for a TDD allocation.


For UEs other mitigation measures will be necessary such as e.g. geographical separation or an additional guard band for both FDD or TDD allocation.





[bookmark: _MON_1285142961][bookmark: _MON_1285169829][bookmark: _Toc359584082] task 2 of the mandate (channelling arrangements)


[bookmark: _Toc359584083]Channelling arrangements in the 3400-3600 MHz and 3600-3800 MHz


The aim of this section is to assess and justify the need to introduce channelling arrangements in addition to the BEM developed as task 1 of the mandate. The channelling arrangements should be sufficiently precise to enable the development of EU-wide equipment.


In the year 2011 CEPT approved ECC/DEC/(11)06 [4] that precisely provides channelling arrangements in the 3400-3600 MHz and 3600-3800 MHz frequency bands. The reasoning and justification that led to the improvement of the regulatory framework in terms of channelling arrangements is used as basis for this section.


In the year 2013 the frequency arrangement in the 3400-3600 MHz was subject to a review with the aim to identify a preferred frequency arrangement as set out in Decides 3 of ECC/DEC/(11)06.


· A preferred channeling arrangement TDD for the 3,4-3,6 GHz band with an alternative FDD channeling arrangement is proposed ,.. 


It should be noted that a TDD band plan may allow more flexible accommodation of current use of the frequency bands by other services. There is more flexibility to create “holes” in the band to protect incumbent users, as these holes are not replicated in the UL/DL band as is the case for FDD. In particular, taking into account, a current variation of the usage of the frequency bands within CEPT where number of authorisations may vary from country to country including on license duration. This offer the possibility to introduce MFCN in the band according to market demand at national level 


In addition, TDD systems are currently used in a number of those countries in the band 3400-3600 MHz due to the better availability of TDD systems.


· A TDD frequency arrangement at 3,6-3,8 GHz is proposed


Option A: CEPT has identified the frequency arrangement for the 3400-3600 MHz band based on TDD as described in Annex 1 of ECC/DEC/(11)06 as the preferred frequency arrangement. A frequency arrangement band based on FDD as described in Annex 2 of ECC/DEC/(11)06 is provided as an alternative.


Option C: CEPT has decided to maintain both frequency arrangements without indicating any preference. ECC/DEC/(11)06 to be revised to remove Decides 3.


[bookmark: _Toc359584084]Background information


Any harmonised frequency arrangements for the 3400-3800 MHz band should facilitate high data rate mobile/fixed communications networks (MFCN) including International Mobile Telecommunications (IMT) services supported by larger channel bandwidths as an evolution to the existing framework without the consequential requirement for a replacement of systems based on the existing regulatory framework. It aims at providing the basis to the mobile industry and administrations to respond to the growth of mobile broadband and technological developments for wider channel bandwidths and increased data rates.


At WRC-07, the 3400-3600 MHz band was allocated on a primary basis to the mobile, except aeronautical mobile, service and identified for IMT in almost all CEPT member countries.


The term IMT covers IMT-2000 and IMT-Advanced systems. A wide range of systems are defined under this term: 6 IMT-2000 radio interfaces and 2 IMT-Advanced radio interfaces ensure a competitive environment.


Recommendation ITU-R M.1036 [5] on frequency arrangements for implementation of the terrestrial component of IMT has been revised in 2012 to include, among others, the arrangements for the 3400-3600 MHz band.


At the beginning of 2012, ITU-R agreed on the IMT-Advanced technologies in cooperation with standardisation organisations paving the way for future mobile broadband usage going beyond IMT-2000.


The ECO (formerly ERO) carried out a survey in 2008 [8] which found diverse implementations of BWA/FWA within 3400-3800 MHz in CEPT countries, including some IMT systems. This is reflected in various licensing coverage (national, regional) and various frequency blocks choices (different portions of the 3400-3800 MHz band). Moreover, this survey showed that paired blocks are used or planned to be used in TDD mode in some countries.


As far as practicable, the frequency arrangements in ECC/DEC/(11)06 [4] are intended to be technology neutral and capable of facilitating competitive provision of services using a range of technologies and modes (fixed, nomadic and mobile) with sufficient flexibility to accommodate current wireless broadband services deployed in the band.


When developing these channelling arrangements, ECC considered the following CEPT regulatory framework that is in force for broadband and fixed wireless access systems (BWA/FWA) in the 3400-3800 MHz band:


ECC/REC/(04)05 [2] that offers guidelines for accommodation and assignment of multipoint fixed wireless systems in the frequency bands 3400-3600 MHz and 3600-3800 MHz;


ECC/DEC/(07)02 [1] on availability of frequency bands between 3400-3800 MHz for the harmonised implementation of Broadband Wireless Access systems (BWA). This Decision refers to ECC/REC/(04)05 [2] for frequency arrangements.


Annex 2 of this CEPT Report provides a comparison of the various ECC deliverables for the 3400-3800 MHz band.


[bookmark: _Toc359584085]EC context


The existing Commission Decision 2008/411/EC [3] on the harmonisation of the 3400-3800 MHz frequency band for terrestrial systems capable of providing electronic communications services in the Community is based on the results of studies in response to EC mandates that are documented in CEPT Reports 15 and 19 (which defines least restrictive technical conditions for the 3400-3800 MHz band).


Under the scope of this EC mandate (Task 1) CEPT is conducting additional analysis to determine whether the existing least restrictive technical conditions (BEM) are suitable also for the high data rate IMT services supporting larger channel bandwidths.


[bookmark: _Toc359584086]General justification for harmonised frequency arrangements


It was recognised by the CEPTECC that implementation of MFCN including IMT systems providing high data rate applications in the band 3400-3800 MHz based on a harmonised frequency arrangement will maximise the opportunities and benefits for end users and society, reduce development and implementation costs of equipment and will secure future long term investments by providing economies of scale. Harmonised frequency arrangements facilitate economies of scale resulting in the availability of affordable equipment. A harmonised frequency arrangement will also reduce complexity in cross border coordination. Global roaming is facilitated by common frequency arrangements and measures for free circulation for IMT terminals. The opportunity to utilize larger channel bandwidths will support the provision of high data rates for IMT (especially with IMT-Advanced).


[bookmark: _Toc359584087]Justification of channeling arrangements in ECC/DEC/(11)06


[bookmark: _Toc359584088]Block size


CEPT ECC/DEC/(11)06 [4] chose to use block sizes of 5 MHz. It was considered that spectrum licensed for MFCN is generally assigned in multiples of 5 MHz, except where this is not possible, e.g. due to the presence of existing users. This block size enables (by combination of adjacent blocks) to utilize larger channel bandwidths creating the possibility to provide high data rates for IMT (especially with IMT-Advanced). Channel bandwidths such as 10, 20 and 40 MHz or more that could be accommodated in the bands 3400-3600 MHz and 3600-3800 MHz will enable higher data rates.


[bookmark: _Toc359584089]Sub-bands 3400-3600 MHz and 3600-3800 MHz are treated separately


The two sub-bands are treated as separate bands considering that they are treated differently in the Radio Regulations context and that the incumbent use of spectrum for each sub-band varies. For instance use of these two sub-bands for Fixed Satellite Service (FSS) is not the same (the band 3600-3800 MHz is used for FSS more intensively than the band 3400-3600 MHz).


[bookmark: _Toc359584090]Channeling arrangement for the sub-band 3600-3800 MHz


A TDD band plan has been chosen for this sub-band. It was considered that TDD may allow more flexible accommodation of current use of the frequency bands by other services. There is more flexibility to create “holes” in the band to protect incumbent users, as these holes are not replicated in the UL/DL band as is the case for FDD. For example TDD allows more efficient spectrum use when taking into account existing fixed satellite usage in case of geographical sharing. This is especially relevant to the 3600-3800 MHz band since this band is more intensively used for FSS than the band 3400-3600 MHz.


The TDD arrangement is based on a block size of 5 MHz starting at the lower edge of 3600 MHz (see Figure 13 below). If blocks need to be offset to accommodate other uses, the raster should be 100 kHz. Narrower blocks can be defined adjacent to other users, to allow full use of spectrum. It has to be noted that TDD in one extreme case also covers downlink only operation.
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Figure 13: Harmonised frequency arrangement for the 3600-3800 MHz band based on TDD


[bookmark: _Toc359584091]Channeling arrangements for the sub-band 3400-3600 MHz


The ECC Decision contains two band plans (FDD and TDD) for the 3400-3600 MHz band.





A preferred channeling arrangement TDD for the 3,4-3,6 GHz band with an alternative FDD channeling arrangement is proposed ,.. 


It should be noted that a TDD band plan may allow more flexible accommodation of current use of the frequency bands by other services. There is more flexibility to create “holes” in the band to protect incumbent users, as these holes are not replicated in the UL/DL band as is the case for FDD. In particular, taking into account, a current variation of the usage of the frequency bands within CEPT where number of authorisations may vary from country to country including on license duration. This offer the possibility to introduce MFCN in the band according to market demand at national level 


In addition, TDD systems are currently used in a number of those countries in the band 3400-3600 MHz due to the better availability of TDD systems.











Option A: CEPT has identified the frequency arrangement for the 3400-3600 MHz band based on TDD as described in Annex 1 of ECC/DEC/(11)06 as the preferred frequency arrangement. A frequency arrangement band based on FDD as described in Annex 2 of ECC/DEC/(11)06 is provided as an alternative.





Option C: CEPT has decided to maintain both frequency arrangements without indicating any preference. ECC/DEC/(11)06 to be revised to remove Decides 3.





It is also noted in ECC/DEC/(11)06 [4] that although there are licensed paired frequency arrangements in many CEPT countries, TDD systems are currently used in a number of those countries in the band 3400-3600 MHz due to the better availability of TDD systems.


Figure 14 below is the frequency arrangement based on TDD duplex mode. The block size is 5 MHz starting at the lower edge of 3400 MHz. If blocks need to be offset to accommodate other users, the raster should be 100 kHz. Narrower blocks can be defined adjacent to other users, to allow full use of spectrum. It has to be noted that TDD in one extreme case also covers downlink only operation.
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Figure 14:  Frequency arrangement for the 3400-3600 MHz band based on TDD


Figure 15 below is the frequency arrangement based on FDD. The block size is 5 MHz starting at the lower edge of 3410 MHz. The sub-band 3410-3490 MHz is used for the uplink, the sub-band 3510-3590 MHz is used for the downlink. The resulting duplex gap is 20 MHz (3490-3510 MHz). If blocks need to be offset to accommodate other uses, the raster should be 100 kHz. Narrower blocks can be defined adjacent to other users, to allow full use of spectrum.
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Figure 15: Frequency arrangement for the 3400-3600 MHz band based on FDD 


[bookmark: _Toc359584092]Key principles related to the coordination of MFCN and FSS


There are currently 170 fixed satellite earth stations authorized within the EU Member States (deployed on 78 sites). As such, they are protected by Member States against harmful interference.


For MFCN and FSS coordination, similar principles can be used as for BWA and FSS coordination. Indeed in the case of BWA, the “central stations” are coordinated with the FSS earth stations. This implies that all the (fixed) terminal stations, operating under the control of central stations are consequently coordinated under the umbrella of the central stations (this typically requires to slightly extend the coordination distances). The same idea can be applied to MFCN where the BWA terminal stations are now replaced with mobile terminal stations that also operate under the control of the base stations (which need to be coordinated with the FSS stations).


[bookmark: _Toc359584093]Key principles for coordination between FSS and MFCN


The following key principles related to the coordination between Mobile/Fixed Communication Network stations and Fixed-Satellite Service (FSS) Earth stations should be implemented at national level in order to ensure coordination between these systems: 


13. Frequency coordination is primarily concerned with local implementation, local propagation conditions and local licensed use of the shared band. This is best dealt with by national administrations;


14. Some administrations have effective co-ordination arrangements in place. The implementation of these guidelines is at the discretion of the national administrations to the extent this may help them;


15. The key objectives of co-ordination processes are maximising efficient use of the available spectrum for the benefit of the EU whilst protecting existing licensed uses of the band;


16. Coordination processes and associated protection should only apply to registered/licensed spectrum users;


17. Data exchange and coordination processes are mutual and reciprocal to all band users;


18. Data on registered use of the band should be available to all users under relevant legal protections and confidentiality obligations;


19. The coordination process must be both accurate and fast to enable all operators to efficiently plan spectrum utilisation and network deployments;


20. Operators should have access to registered band usage to maximise the successful coordination of spectrum through propagation modelling without physical measurement at the planning stage;


21. All parties are responsible for the efficient use of spectrum. In deploying new MFCN stations and new FSS Earth stations, operators should be cognisant of the need to minimise constraints on the other service;


22. These guidelines primarily relate to co-ordination within national boundaries. For the situation where MFCN  and FSS stations are within the territories of different administrations, the use of these guidelines within bilateral agreements may help to expedite cross border co-ordination[footnoteRef:3]; [3:  For cross-border coordination with non-EU administrations not listed in the 5.430A footnote of RR the provisions of this footnote should be taken into account.] 



23. All parties should undertake reasonable efforts to successfully complete the coordination exercise as quickly as possible;


24. Either party has the inherent right to refer the co-ordination to the relevant NRA(s) if agreement cannot be reached.


[bookmark: _Toc359584094]Conclusions


With this report CEPT replies to the Mandate from the European Commission “Technical Conditions regarding spectrum harmonisation for terrestrial wireless systems in the 3400-3800 MHz frequency band” (provided in Annex 3).


[bookmark: _Toc359584095]Task 1 (Block Edge Mask) (to be aligned with executive summary)


The justification for the development of new BEM is included in Section 2.1 of this report.


The resulting new BEM is outlined in Section 2.2 of this report.


In this report the BEM was derived from a minimum coupling loss (MCL) analysis and simulations.


For the purposes of this report the term “BWA” (Broadband Wireless Access) refers to legacy BWA systems licenced under the existing 3400-3600 MHz licencing regimes as described in ECC/DEC/(07)02 [1] or 2008/411/EC [3]. The term “MFCN” (Mobile/fixed communications networks) includes IMT and other communications networks in the mobile and fixed services and for the purposes of this report refers to radio communication systems which should comply with the BEM defined in this report.


The base station BEM requirements as described below may be relaxed whenever there are bilateral agreements between operators. The BEM has not been developed to protect other services or applications in the band, and only applies in blocks that have been licensed to MFCN according to the new harmonised frequency arrangement. In the figures below it is assumed for simplicity that all blocks have been licensed to MFCN.


Figure 16 describes a general BEM. 
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Figure 16: Illustration of a general block-edge mask


Table 11 contains the different elements of the BEM in the 3400-3600 MHz and 3600-3800 MHz bands, together with the frequency regions where they apply. The guard bands apply in case of an FDD allocation in 3400-3600 MHz. It should be noted that whenever guard bands are mentioned in this report, it is understood that those apply only for an FDD allocation.


Tables 12 to 15 contain the power limits that apply for the different BEM elements. PMax is the maximum carrier power for the base station in question, measured as e.i.r.p.


To The determination of obtain the characteristics of a BEM for a specific block is based on the elements given in the following tables. It should be noted that when several characteristics are available for the given block, the most relaxed requirement should be chosen., these elements are combined as follows:


It should also be noted that these BEM characteristics apply to BS for cells from macro to femto.


· For each 5 MHz interval in the 3400-3600 MHz and 3600-3800 MHz bands, used by MFCN according to the harmonized frequency arrangements, the BEM elements that apply have to be determined (there may be several).


· The most relaxed requirement of those defined in the interval in question has to be chosen.


In the following paragraphs the different BEM elements are described further.


BEM elements


			BEM element


			Region of applicability





			In-block 


			Block for which the BEM is derived 





			Baseline 


			Spectrum assigned for TDD and FDD UL and DL





			Transitional region 


			For FDD DL blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator. 


For TDD blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator, in spectrum that is not assigned to another operator, including the guard band 3590-3600 MHz, or in case of synchronized blocks with the same UL/DL configuration.





			Guard bands 


			3400-3410, 3490-3510 and 3590-3600 MHz (for an FDD allocation)











As explained in ECC Report 131 (on the “derivation of a block edge mask (BEM) for terminal stations in the 2.6 GHz frequency band (2500-2690 MHz)”), the out-of-block component of the BEM itself consists of a baseline level (see table 2) and, where applicable (i.e., this depends mainly on the channel arrangement (duplex gap, guard band, and the particular status of blocks), intermediate levels (see table 5) which describe the transition from the in-block level to the baseline level as a function of frequency.





Baseline and guard band power limits


			BEM element


			Frequency range


			Power limit





			Baseline 


			FDD DL (3510-3590 MHz). 
Synchronized TDD blocks with the same UL/DL configuration (3400-3800 or 3600-3800 MHz). 


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna





			Baseline 


			FDD UL (3410-3490 MHz). 
Unsynchronised TDD blocks (3400-3800 or 3600-3800 MHz) (unless synchronized). 


			-34 dBm/5 MHz e.i.r.p. per cell(1)








			Guard band(2) 


			3400-3410 MHz


			-34 dBm/5 MHz e.i.r.p. per cell





			Guard band(2) 


			3490-3500 MHz


			-23 dBm/5 MHz e.i.r.p. per antenna





			Guard band(2) 


			3500-3510 MHz


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p.  per antenna





			Guard band(2) 


			3590-3600 MHz


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna








(1) In case of multiple antennas with different polarization, the power limit should be relaxed to -31 dBm/5 MHz e.i.r.p. per cell.


(2) Applicable to the FDD plan only.





Additional baseline requirements for country specific cases


Additional base station baseline requirements for country specific cases


			Case


			BEM element


			Frequcy range


			Power limit





			A


			CEPT countries with military radiolocation systems below 3400 MHz


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation(1)


			-59 dBm/MHz e.i.r.p.(2)  





			B


			CEPT countries with military radiolocation systems below 3400 MHz


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation(1)


			-50 dBm/MHz e.i.r.p. (2)  





			C


			CEPT countries without adjacent band usage or with usage that does not need extra protection


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation


			Not necessary


(spurious levels from the standards apply)








(1) Administrations may choose to have a guard band below 3400 MHz. In that case the power limit may apply below the guard band only.


(2)  Administrations may select the limit from case A or B depending on the level of protection required for the radar in the region in question.





Cases A; B and C can be applied per region or country so that the adjacent band may have different levels of protection in different geographical areas, depending on the deployment of the adjacent band systems.


In-block power limit


			BEM element


			Frequency range


			Power limit





			In-block


			


Block assigned to the operator


			Not obligatory. 
In case an upper bound is desired by an administration, a value of 68 dBm/5 MHz per antenna may be applied. 











For femto base stations, power control should be applied to minimize interference to adjacent channels.


Transitional region power limits


			BEM element


			Frequency range


			Power limit





			Transitional 


			-5 to 0 MHz offset from lower block edge 
0 to 5 MHz offset from upper block edge 


			Min(PMax – 40, 21) dBm/5 MHz 
e.i.r.p. per antenna





			Transitional 


			-10 to 5 MHz offset from lower block edge 5 to 10 MHz offset from upper block edge


			Min(PMax – 43, 15) dBm/5 MHz 
e.i.r.p. per antenna








Note: For TDD blocks the transitional region applies in case of synchronized adjacent blocks, and in-between adjacent TDD blocks that are separated by 5 or 10 MHz. The transition region does not extend below 3400 MHz or above 3800 MHz.





Baseline limits


There are two different types of baseline levels. The first is defined for FDD downlink spectrum. This requirement is expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit. The stricter of the two requirements applies. The fixed level prevents interference from increasing in the region where the limit derived from the relative requirement is less stringent. The values are derived from BS – UE interference analysis, and are expressed as e.i.r.p. limits per antenna. 


When two TDD blocks are synchronized and have the same UL/DL configuration, there will be no BS – BS interference. In this case, the same baseline as for the FDD DL region is used. 


The second type of baseline is defined for FDD UL and TDD spectrum, and is expressed as a fixed limit only, calculated based on BS – BS interference. The e.i.r.p. limit is given per cell. When multiple antennas are used, 3 dB should be subtracted from the e.i.r.p. value due to the different polarizations of the antennas. An exception for this type of baseline can be negotiated between adjacent operators for femto base stations in the case where macro base stations are not used in its proximity. In that case -25 dBm/5MHz e.i.r.p. per cell may be used.


In Figure 17 the baseline levels are presented for a TDD-only allocation and in Figure 18 and for an allocation with both FDD (3400-3600 MHz) and TDD (3600-3800 MHz). The baseline in the TDD allocations corresponds to a scenario where all operators are synchronized and use the same UL/DL configuration.


Figure 19 describes how the relative level and the fixed level are combined.
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Figure 17: Schematic description of baseline and guard band power levels for a TDD-only allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized
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Figure 18: Schematic description of baseline and guard band power levels for a mixed FDD and TDD allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized
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Figure 19: Combining the relative and the fixed limit for the baseline applying to FDD DL spectrum


Guard band limits


In the case of an FDD allocation there will be guard bands below the FDD UL, above the FDD DL, and in-between the FDD UL and DL, see Figure 18 above. For the guard band 3400-3410 MHz, the power limit is chosen to be the same as the baseline in the adjacent FDD UL spectrum, 3410-3490 MHz. Similarly, the baseline that applies in 3510-3590 MHz is also used in the guard band regions 3500-3510 MHz and 3590-3600 MHz. Finally, spurious requirements converted to 5 MHz bandwidth apply in the 3490-3500 MHz. 


In-block limits


The in-block power limit, as defined in Table 14 above, is not obligatory. The requirement on power control for femto base stations is because of the need to reduce interference from equipment that may be deployed by consumers and thus the exact location may not be known to the operators.


Different licensing methodologies might be chosen by administrations to licence TDD spectrum. Examples for those are a regulation methodology with no frequency separation between the block edges of two adjacent unsynchronised TDD networks, a regulation methodology with unlicensed separation between the block edges of the two adjacent operators or the definition of restricted blocks.


Transitional region limits


The transitional region is defined to enable the reduction of power from the in-block level to the baseline or guard band levels, and is defined as in Table 15 above. The general shape of the transitional region is presented in Figure 20 below.


The requirements are defined for 5 MHz bandwidth, 0 to 5 MHz and 5 to 10 MHz offset from the upper and lower edges of an operator’s block. They are expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit, as for the baseline requirement in the FDD DL. The stricter of the two requirements applies. 


Combination of BEM elements


The BEM elements as described above are combined to provide a BEM for a particular block by choosing the most relaxed requirement of those that are defined for a frequency interval. Figure 20 provides an example of such a combination of BEM elements for an FDD block in the lower part of the FDD DL spectrum. 
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Figure 20: Combined BEM elements for an FDD block starting at 3510 MHz


Licensing approaches for unsynchronised TDD networks


In the case of unsynchronized TDD networks, different licensing approaches may be applied to avoid interference between adjacent operators:


· In the case where there is no frequency separation between the block edges of two adjacent operators, and unless there is a bilateral agreement between the operators, the baseline should be met starting from the edge of the other operator. Each operator would in this case need to introduce a power reduction or an in-block guard band to reach this baseline. Spectrum usage could be increased by a bilateral agreement to the effect of each operator contributing half of the required region for guard band, or with decreased power;


· the regulator may introduce a separation between the block edges of the two adjacent operators, to enable sufficient roll-off of additional filters required to meet the baseline;


· in case of no frequency separation of adjacent operators’ blocks, operators may be required to limit the power used in the upper or lower part of their assigned spectrum, or both. The level allowed in these restricted blocks is set so that the owner should not create interference to its adjacent operator and is equal to: 4.1dBm (EIRP). At a national level, this value may be relaxed by the regulator if there is an agreement between operators.





UE In-block requirement


This report provides a recommended upper limit of 25dBm e.i.r.p. for the in-block power of the terminals.  


It should be noted that the interference between UEs belonging to different FDD operators will be very limited and that similarly, provided that the equipment is designed properly, in line with the 3GPP requirement, interference from TDD UEs to FDD UEs and vice versa will also be limited. On the contrary, interference may be strong between UEs of unsynchronized TDD networks. However, it is considered that scenarios where a UE is transmitting at the same time as a UE using an adjacent channel in the vicinity is receiving may be relatively rare, except in hot spots.


Co-existence with other services than MFCN


Co-existence studies for other services than MFCN have been carried out for both in-band and out-of-band scenarios. The in-band services considered are FSS, FS and BWA and the out-of-band services are civil and military Radiolocation.


The conclusions are as follows:


BWA


For the purpose of co-existence, it is assumed that BWA systems as defined above are similar to MFCN systems. Therefore no studies were carried out for MFCN – BWA co-existence. It should however be noted that BWA systems compliant to the former technical characteristics (as defined in ECC Recommendation (04)05) may suffer interference from MFCN systems compliant with the BEM described above. This situation results from the necessity to relax the constraints currently applicable to make possible a mobile use of the 3400-3800 MHz band.


As a consequence of the above, a transitional phase should be considered during which previous and new technical characteristics should coexist. During this transitional phase, it should however be made clear that any new authorisation shall be based on the new technical characteristics. This transitional phase may only apply in countries (and possibly neighbouring countries) where a BWA network has been effectively deployed and has not been updated with the new technical characteristics.


Fixed Service


MFCN applies to all Mobile and Fixed communication networks including point-to-point Fixed links.


Due to the varying characteristics of different types of FS systems and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with mobile systems. Co-existence can be achieved through co-ordination on a case-by-case basis. Based on the results of analysis of both directions of interference (mobile service interfering into P-P and vice-versa) some general observations can be made. Overlapping-channel sharing meaning any overlap between spectrum of interfering and interfered signals) between the mobile service and P-P links is not feasible in the same geographical area. Consequently if spectrum is used ubiquitously by the FS it cannot be used by the mobile service in the same region. With larger frequency separation and distances coordination is needed, depending on the characteristics of the mobile and the P-P services.


The studies that were carried out in ECC Report on 3.5 GHz BEM [12]  take into account a single interferer. In the case of multiple interferers the co-existence could be more difficult to achieve.


Also interference from FS systems to mobile systems may exceed the acceptable interference level.


The similarities between Mobile Systems and P-MP Fixed Systems indicate that the results for mobile – mobile adjacent channel co-existence largely apply to the mobile – P-MP scenario as well. In case of BS – BS interference additional measures may thus be necessary, such as frequency separation and/or additional filters, whereas otherwise co-existence is expected to be possible without such measures. 


MFCN UEs and BWA terminal stations have similar characteristics, which justifies that the conclusions of the ECC Report 100 on the coexistence of BWA TS with Fixed Service can be extended to MFCN UEs. As such, the coordination of MFCN BS and FS will be sufficient to ensure that MFCN UEs do not interfere with FS.


Fixed Satellite Service


Due to the varying characteristics of different types of FSS earth stations and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with MFCN. Co-existence should be achieved through co-ordination on a case-by-case basis, assuming FSS earth stations locations are known. However, some general observations can be made. Separation distances for co-existence vary considerably depending on type of equipment and deployment (e.g. tilt and clutter), but can be large. User equipment impact earth stations less than base stations, so separation that prevents interference from base stations will also protect earth stations from UE interference. There are several mitigation techniques that can be applied, in particular site shielding of earth stations. Interference from FSS satellites to MFCN may exceed the acceptable interference level, but in most cases only by a small margin.


The coordination of MFCN BS and FSS will ensure that MFCN UEs do not interfere with FSS, based on the analysis conducted in ECC Report 100 [16] and ITU-R Report M.2109 [18].


Radiolocation


Due to the varying characteristics of different types of radar stations and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with MFCN, but some representative examples are provided. Co-existence should be achieved through co-ordination on a case-by-case basis. However, some general observations can be made for non-overlapping adjacent channels. For airborne radars the no required separation distance is requiredapproximately 0 km, depending on the radar type and antenna type. For land-based/shipborne radars the required separation distance is less than 1 km, depending on the radar type and antenna type. A frequency separation analyses concludes that for a 5 km separation, and considering wideband IMT-Advanced interference to wideband radars, the required frequency separation varies between 14 and 65 MHz, depending on radar type and scenario.


There are mitigation techniques which can reduce the separation distance or frequency separation required. In particular, for adjacent channel/adjacent band interference, improved receiver performance and decreased unwanted emissions can be efficient.


Regarding interference from radars to MFCN networks, installation of systems closer than approximately 5 km from the radar should be coordinated. It is necessary to establish a protection distance of approximately 11 km in some areas. Considering blocking effects, the radar may impact MFCN systems up to a distance of 30 km.


It is not necessary to adopt specific emission requirements for MFCN UEs to protect radiolocation in adjacent bands if the coordination distance between MFCN BS and Radiolocation stations exceeds from several kms the typical coverage range of MFCN UEs. Further studies would be required in the case of implementation of MFCN BSs in close proximity to radiolocation stations.


The analysis did not take into account the fact that radar antennas rotate and therefore only affect a particular MFCN base station or UE intermittently.


Adjacent band limit in the case of adjacent band usage by military systems


In some CEPT countries military radiolocation systems that are deployed below 3400 MHz need a fixed limit for protection from base station interference (cases A and B in Table 13). Other mitigation measures like geographical separation, coordination on a case by case basis or an additional guard band may be necessary for a TDD allocation.


For UEs other mitigation measures will be necessary such as e.g. geographical separation or an additional guard band for both FDD or TDD allocation.


Cross-border coordination


Cross-border coordination in the band 3400-3800 MHz will be subject to an ECC Recommendation and national agreements as for cross-border coordination in other bands.


[bookmark: _Toc359584096]Task 2 (Channelling arrangements and coordination with FSS)


· CHANNELING ARRANGEMENT 


In this report CEPT has assessed and justified the need to introduce channelling arrangements in the 3400-3800 MHz band to develop a harmonised solution that is sufficiently precise for the development of EU-wide equipment.


For the 3400-3600 MHz band two channelling arrangements have been introduced: one comprising of a 200 MHz TDD plan, the other one comprising of the 2x80 MHz FDD plan (see Figures 22 and 24 below respectively and Section 3.1.4.4 of this report for details).


A preferred channeling arrangement TDD  with an alternative FDD channeling arrangement is proposed ,.. 


It should be noted that a TDD band plan may allow more flexible accommodation of current use of the frequency bands by other services. There is more flexibility to create “holes” in the band to protect incumbent users, as these holes are not replicated in the UL/DL band as is the case for FDD. In particular, taking into account, a current variation of the usage of the frequency bands within CEPT where number of authorisations may vary from country to country including on license duration. This offer the possibility to introduce MFCN in the band according to market demand at national level 


In addition, TDD systems are currently used in a number of those countries in the band 3400-3600 MHz due to the better availability of TDD systems.








Option A: CEPT has identified the frequency arrangement for the 3400-3600 MHz band based on TDD as described in Annex 1 of ECC/DEC/(11)06 as the preferred frequency arrangement. A frequency arrangement band based on FDD as described in Annex 2 of ECC/DEC/(11)06 is provided as an alternative.





Option C: CEPT has decided to maintain both frequency arrangements without indicating any preference. ECC/DEC/(11)06 to be revised to remove Decides 3.





For the 3600-3800 MHz band one channelling arrangement has been introduced comprising of a 200 MHz TDD plan (see Figure 21 below and Section 3.1.4.3 of this report for details).





[image: ]


Figure 21: Harmonised frequency arrangement for the 3600-3800 MHz band based on TDD
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Figure 22: Frequency arrangement for the 3400-3600 MHz band based on TDD





[image: ]


Figure 23: Frequency arrangement for the 3400-3600 MHz band based on FDD


· Key principles related to the coordination of MFCN and FSS 





The following key principles related to the coordination between Mobile/Fixed Communication Network stations and Fixed-Satellite Service (FSS) Earth stations should be implemented at national level in order to ensure coordination between these systems: 


25. Frequency coordination is primarily concerned with local implementation, local propagation conditions and local licensed use of the shared band. This is best dealt with by national administrations;


26. Some administrations have effective co-ordination arrangements in place. The implementation of these guidelines is at the discretion of the national administrations to the extent this may help them;


27. The key objectives of co-ordination processes are maximising efficient use of the available spectrum for the benefit of the EU whilst protecting existing licensed uses of the band;


28. Coordination processes and associated protection should only apply to registered/licensed spectrum users;


29. Data exchange and coordination processes are mutual and reciprocal to all band users;


30. Data on registered use of the band should be available to all users under relevant legal protections and confidentiality obligations;


31. The coordination process must be both accurate and fast to enable all operators to efficiently plan spectrum utilisation and network deployments;


32. Operators should have access to registered band usage to maximise the successful coordination of spectrum through propagation modelling without physical measurement at the planning stage;


33. All parties are responsible for the efficient use of spectrum. In deploying new MFCN stations and new FSS Earth stations, operators should be cognisant of the need to minimise constraints on the other service;


34. These guidelines primarily relate to co-ordination within national boundaries. For the situation where MFCN  and FSS stations are within the territories of different administrations, the use of these guidelines within bilateral agreements may help to expedite cross border co-ordination[footnoteRef:4]; [4:  For cross-border coordination with non-EU administrations not listed in the 5.430A footnote of RR the provisions of this footnote should be taken into account.] 



35. All parties should undertake reasonable efforts to successfully complete the coordination exercise as quickly as possible;


36. Either party has the inherent right to refer the co-ordination to the relevant NRA(s) if agreement cannot be reached.





[bookmark: _Toc359584097]Technical analysis for the justification of new BEM


Technical conditions for PMP FWS base stations


The technical conditions provided in this section are extracted from ECC/REC/(04)05 [2], Annexes 2 and 3.


a. Maximum e.i.r.p., defined in Annex 2 of ECC/REC/(04)05


The following texts have been extracted form Annex 2:


“Maximum e.i.r.p. density limits are set by administrations in their national licensing conditions in order to define pfd levels for co-ordination distances between different geographical areas or for cross-border agreements or sharing with other services. Transmit output power and e.i.r.p.  levels for Multipoint FWS systems are more driven by trade-offs between the required service coverage and other operational considerations. e.i.r.p.  density depends also on the system bandwidth that in modern PMP FWS might be flexibly changed.”


Maximum e.i.r.p. within a block:


			Station Type


			Max EIRP spectral density
(dBW/MHz)





			


			(Including tolerances and ATPC range, Note 1)





			Central Station (CS)
(and Repeater Station(RS) down-links)


			+23
Note 2





			Note 2: CS EIRP density value given in the table is considered suitable for conventional 90 deg sectorial antennas. Administrations may consider to adjust this value if other type of antennas are used (e.g. decrease the limit for omni-directional antennas, or increase when narrow-sector or adaptive antennas are used)











“For further enhancing the efficiency, administrations may allow operators to apply mutual co-ordination at the block edge and at the service border edge for potential further relaxation of the above e.i.r.p. limits, depending on requirements for protecting other services or systems, such as PP FS. This could be reached, for instance, by taking advantage of mitigation techniques such as the shielding effect, limiting the height of Central Stations, or for stations that are located far from the service area boundary.”


b. Reference Block Edge Mask, defined in Annex 3 of ECC/REC/(04)05


The following texts have been extracted form Annex 3:


“The block edge mask given in this annex was developed to ensure co-existence between PMP FWS applications only; different considerations would be required where the adjacent system is not a PMP FWS system, but for example ENG/OB or other.”


“The floor level in the mask provided in this annex has been based on co-existence studies reported in ECC Report 33 [7][7]; where the PMP FWS co-existence studies were mostly made with statistical tools and assumptions of typical radio systems, their deployment and service performance objectives. The reference points of the transition slope were chosen based on consideration of practical filters and various modulation envelopes. These studies and considerations may be subject to refinement as operational experience and system characteristics evolve. Therefore the block edge mask based upon these studies may also be subject to refinement.”


“Emissions from one operator’s frequency block into another operator’s frequency-adjacent block will need to be controlled. This was done in few other frequency bands by establishing fixed guard bands between the assignments. However, taking due account of the possible variety of broadband systems considered in this recommendation, different network and service requirements, and considering the expected broadening of the required bandwidth, it would be impossible to uniquely and efficiently set such guard bands and it is recommended that coordination and interference mitigation techniques be implemented between operators.”


“Also adjacent block receiver rejection concurs to a reduced interference scenario, however the study in Report 33 did not consider the effect of receiver selectivity since the technology neutrality assumption did not allow deciding on its typical parameters. Therefore it is not in the scope of this recommendation to set limits for it; nevertheless it is expected that ETSI standards will adequately cover the issue.”


“It should be also noted that when TDD or mixed FDD/TDD systems are placed in immediately adjacent blocks, the probability of occurrence of worst cases of interference between CSs is quite higher than in situations where only FDD are deployed. Therefore, even if the mask proposed in this annex would offer a suitably low probability of interference for such cases, when TDD systems are concerned additional mitigation techniques (geographic separation of stations, natural/physical shielding, etc.) and/or additional co-ordination (including networks synchronisation) between operators should be implemented as far as possible.”


Definition of the block edge mask:
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			Frequency offset break points


for the CS mask


			Definition


(% of the size of the assigned block, Note)





			A


			20%





			B


			35%








Note: X% of the smaller of adjacent blocks, if blocks are of unequal size


Figure 1: Central Station Block Edge Spectral Density Mask





Tabular description of Central Station Block Edge Spectral Density Mask


			Frequency offset


			CS Transmitter Output Power Density Limits(dBW/MHz)





			In-band (within assigned block)


			See Annex 2





			ΔF=0


			-36





			0<ΔF<A


			-36 - 41·(ΔF/A)





			A


			-77





			A<ΔF<B


			-77 - 12·((ΔF-A)/(B-A))





			ΔF≥B


			-89











ETSI requirements for LTE


The relevant document to consider is ETSI EN 301 908-14 V5.2.1 (2011-05) [6]: Evolved Universal Terrestrial Radio Access (E-UTRA) Base Stations (BS).


It should be noted that the bands 3400-3600 MHz and 3600-3800 MHz are not yet part of the E-UTRA Base Station operating bands ; see Table 1-1 in [6], copied below as Table 17.


E-UTRA Base Station operating bands


			E-UTRA band


			Direction of transmission


			E-UTRA Base Station operating bands





			1


			Transmit 


			2 110 MHz to 2 170 MHz





			


			Receive 


			1 920 MHz to 1 980 MHz





			3


			Transmit 


			1 805 MHz to 1 880 MHz 





			


			Receive 


			1 710 MHz to 1 785 MHz 





			7


			Transmit 


			2 620 MHz to 2 690 MHz 





			


			Receive 


			2 500 MHz to 2 570 MHz 





			8


			Transmit 


			925 MHz to 960 MHz 





			


			Receive 


			880 MHz to 915 MHz 





			20


			Transmit 


			791 MHz to 821 MHz





			


			Receive 


			832 MHz to 862 MHz





			33


			Transmit and Receive


			1 900 MHz to 1 920 MHz





			34


			Transmit and Receive


			2 010 MHz to 2 025 MHz





			38


			Transmit and Receive


			2 570 MHz to 2 620 MHz











The closest E-UTRA band from the 3.5 GHz band is band 7 (and 38). Therefore the comparison between the ETSI mask and the CEPT BEM has been made on that basis although this represents a tightening of the SEM.


a. e.i.r.p. defined by ETSI in band 7 and 38


ETSI currently defines no in-band e.i.r.p. limit, nor output power values.


b. Spectrum Emission Mask for band 7 and 38


The following tables are extracted from document ETSI EN 301 908-14 [6]. Three different types of base stations have been defined: wide area, local area and home.





Wide Area BS operating band unwanted emission limits for 5 MHz, 10 MHz, 15 MHz and 20 MHz channel bandwidth (E-UTRA bands 7 and 38)


			Frequency offset of measurement filter ‑3 dB point, f


			Frequency offset of measurement filter centre frequency, f_offset


			Test requirement


			Measurement bandwidth





			0 MHz  f < 5 MHz


			0,05 MHz  f_offset < 5,05 MHz


			





			100 kHz 





			5 MHz  f < 
min(10 MHz, fmax)


			5,05 MHz  f_offset < min(10,05 MHz, f_offsetmax)


			-12,5 dBm


			100 kHz 





			10 MHz  f  fmax


			10,5 MHz  f_offset < f_offsetmax 


			-15 dBm (see note)


			1 MHz 





			NOTE: The requirement is not applicable when fmax < 10 MHz.








 


Local Area BS operating band unwanted emission limits for 5 MHz, 10 MHz, 15 MHz and 20 MHz channel bandwidth


			Frequency offset of measurement filter ‑3 dB point, f


			Frequency offset of measurement filter centre frequency, f_offset


			Minimum requirement


			Measurement bandwidth





			0 MHz  f < 5 MHz


			0,05 MHz  f_offset < 5,05 MHz


			





			100 kHz 





			5 MHz  f < 


min(10 MHz, fmax)


			5,05 MHz  f_offset < 


min(10,05 MHz, f_offsetmax)


			-35,5 dBm


			100 kHz





			10 MHz  f  fmax


			10,05 MHz  f_offset < f_offsetmax 


			-37 dBm (see note)


			100 kHz 





			NOTE:	The requirement is not applicable when fmax < 10 MHz











Home BS operating band unwanted emission limits for 5 MHz, 10 MHz, 15 MHz and 20 MHz channel bandwidth


			Frequency offset of measurement filter ‑3 dB point, f


			Frequency offset of measurement filter centre frequency, f_offset


			Minimum requirement


			Measurement bandwidth





			0 MHz  f < 5 MHz


			0,05 MHz  f_offset < 5,05 MHz


			





			100 kHz 





			5 MHz  f < 10 MHz


			5,05 MHz  f_offset < 10,05 MHz


			-40,5 dBm


			100 kHz 





			10 MHz  f  fmax


			10,5 MHz  f_offset < f_offsetmax 


			P – 52 dB, 2 dBm ≤ P ≤ 20 dBm


-50 dBm, P < 2 dBm


(see note)


			1 MHz 





			NOTE:	For Home BS, the parameter P is defined as the aggregated maximum power of all transmit antenna ports of Home BS








Note: for home BS, with frequency offset ≥ 10 MHz, an output power of 20 dBm has been chosen for the purpose of this contribution ; the corresponding minimum requirement is therefore -32 dBm/MHz.





Analysis of these technical conditions


a. Maximum e.i.r.p.


As there is no value specified in the ETSI harmonised standard, the comparison with the value mentioned in the CEPT Recommendation is not possible. However, a short analysis is provided below:


The e.i.r.p. value as provided in ECC/REC/(04)05 [2] = 23 dBW/MHz=30 dBW/ 5 MHz=60 dBm/5 MHz


This value is similar to what would be expected for a macro base station (also in the order of 60 dBm/5 MHz).


Conclusion: the maximum e.i.r.p. (in-band value) set up in ECC/REC/(04)05 [2] is compatible with typical in-band e.i.r.p. mobile deployments.


b. BEM vs. SEM


· The three following figures show the comparisons of BEM and SEM for BEM based on a 5 MHz block assignment, as well as 10 MHz and 20 MHz. 


			
5 MHz


			[image: F6_3500_BEM%205]








Figure 2: BEM of ECC/REC/(04)05 based on 5 MHz block assignment





			10 MHz


			[image: F6_3500_BEM%2010]











Figure 3: BEM of ECC/REC/(04)05 based on 10 MHz block assignment





			20 MHz


			[image: F6_3500_BEM 20]











Figure 4: BEM of ECC/REC/(04)05 based on 20 MHz block assignment


It can be seen from the above figures that the SEM exceed the BEM for any value of block assignment.








[bookmark: _MON_1366021507]ETSI requirements for BWA


The relevant document to consider is ETSI EN 302 774 V1.1.1 (2011-05) “Broadband Wireless Access Systems (BWA) in the 3 400 MHz to 3 800 MHz frequency band (Base Stations)” [9].


Taking the same approach to compare the SEM of BWA and the current given BEM for the 3400-3600 MHz band, the conclusions are the same as described in Section 2.2 of this report.





[bookmark: _Toc359584098]Comparison of the 3400-3800 MHz ECC deliverables


This annex provides an overview of the current ECC framework for the band 3400-3800 MHz including a comparison of ECC/DEC/(07)02, ECC/REC/(04)05 and ECC/DEC/(11)06 that confirms the consistency of ECC framework according to evolution of market needs and the need to maintain this consistency in the future.





At this stage, there are three relevant deliverables for the band 3400-3800 MHz:


· ECC/DEC/(07)02 “Availability of frequency bands between 3400-3800 MHz for the harmonised implementation of Broadband Wireless Access systems (BWA)”


· ECC/REC/(04)05 “Guidelines for accommodations and assignments of multipoint fixed wireless systems 3400-3600 MHz and 3600-3800 MHz”


· ECC/DEC/(11)06 : “Harmonised frequency arrangements for mobile/fixed communications networks (MFCN) (including IMT) operating in the bands 3400-3600 MHz and 3600-3800 MHz”


scope of deliverables


ECC/REC/(04)05 covers Point multipoint fixed wireless systems (Point-to-Multipoint Fixed Wireless Systems (PMP FWS). It has a more narrow scope than the other two ECC deliverables.





ECC/DEC/(07)02 on Broadband Wireless Access systems (BWA) covers Fixed, Nomadic and, also, Mobile Wireless Access (MWA). It provides in its Annex considerations for an implementation of a flexible usage mode for BWA in 3400-3600 MHz and/or in 3600-3800 MHz on the basis initially of a fixed and nomadic usage. In particular, these considerations refers to ECC/REC/(04)05 and state that the technical conditions in ECC/DEC/(04)05 may be used for implementation of flexible usage mode. Moreover ECC/DEC/(07)02 mentions that the introduction of MWA usage mode will be subject to additional requirements for deployment of mobile TS Mobile Wireless Access (annex 1 §3 of the Decision).





ECC/DEC/(11)06, focusing primarily on a mobile usage includes a forward looking approach. The harmonised frequency arrangements for the 3400-3600 MHz and 3600-3800 MHz bands are intended to facilitate high data rate International Mobile Telecommunications (IMT) services supported by larger channel bandwidths as an evolution to the existing framework without the consequential requirement for a replacement of systems based on the existing regulatory framework.


co-existence with incumbent users


For ECC/DEC/(07)02, the designation of spectrum within 3400-3800 MHz for BWA should take due consideration of incumbent users (see decides 1 and 3).





Although the wording is different, ECC/DEC/(11)06 also designates spectrum for MFCN on a non-exclusive basis (“without prejudice to the protection and continued operation of other existing users in these bands”). It is assumed that transition from legacy terrestrial systems to future terrestrial systems will be managed at national level.


Band plan and duplex mode


ECC/DEC/(07)02 does not provided a definite duplex mode or any band plan.





ECC/DEC/(11)06 provides two possible band plans for the band 3400-3600 MHz, one TDD and one FDD. The band plan for 3600-3800 MHz is TDD.





ECC/REC/(04)05 lets the possibility to have a mix of FDD and TDD blocks (i.e. recommends paired blocks that can be used either for FDD or for TDD). The guidelines for these flexible arrangements are:


· the bands 3400-3600 MHz and 3600-3800 MHz are treated as separate bands;


· 100 MHz duplex separation for paired blocks;


· in the case of paired FDD blocks the lower block of the two paired FDD blocks is used for uplink; 


· that 3400 MHz to 3410 MHz is not included in the band plan.


block size


ECC/REC/(04)05 The blocks are designed to fit 3.5 MHz and 7 MHz channels (4 of them per block). The preferred size for blocks are multiple of these channels and may include internal guard bands. The resulting sizes for paired spectrum are (2x17.5 MHz, 2x21 MHz, 2x35 MHz, 2x42 MHz) and for unpaired spectrum (35 MHz, 42 MHz, 70 MHz and 84 MHz).


In case of external guard bands the sizes of the blocks may be reduced.





ECC/DEC/(11)06: the block sizes are multiples of 5 MHz. 


emission requirements


ECC/DEC/(07)02 refers to ECC/REC/(04)05 for emission levels. But since it covers also MWA which is not covered by ECC/REC/(04)05 additional requirements are provided for mobile terminal stations (in block emission level and spacing of the carrier from the block edge to protect adjacent networks).


· For the technical requirements it refers in its annex to ECC/REC/(04)05: “As a starting point, the guidance given in ECC/REC/(04)05 on technical conditions for implementation of flexible usage mode, to be set in the technology neutral BWA licence process, shall be considered”.


· For mobile terminals, the annex of ECC/DEC/(07)02 provides additional requirements





In the case of adjacent band TDD/FDD systems additional mitigation techniques should be considered (geographical separation of stations, natural/physical shielding, and/or additional co-ordination including networks synchronisation)





ECC/REC/(04)05 provides emission requirements in the form of Block Edge Masks (BEM). 


· For the Central Station (CS) BEM are provided with an “in block” limit (annex 2) and “out of block” limits (annex 3). 


· For the terminal stations (NB: which are fixed in the context of ECC Recommendation (04)05) only an “in block” limit is provided (annex 2). The equipment requirements in the relevant harmonised standards are considered to provide sufficient protection for adjacent networks, so that “out of block” BEM limits for terminals are not needed.





ECC/DEC/(11)06 There is no emission technical requirement. 


Least restrictive technical conditions suitable for IMT systems with larger channel bandwidth are developed separetly.


Harmonisation


ECC/DEC/(07)02 does not contain a harmonised band plan, since it refers to ECC/REC/(04)05 for detailed frequency arrangements, which itself allows for flexibility and a mix of duplex modes.





ECC/DEC/(11)06 provides one harmonised band plan for the band 3600-3800 MHz (TDD) and two harmonised band plans for the band 3400-3600 MHz (FDD and TDD). ECC decided that the band plans for the band 3400-3600 MHz should be subject to review no later than end 2013 with the aim to identify a preferred band plan.






[bookmark: _Toc359584099]EC mandate on 3400-3800 MHz


EC Mandate to the CEPT “Technical conditions regarding spectrum harmonisation for terrestrial wireless systems in the 3400-3800 MHz frequency band”
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MANDATE TO CEPT  




ON TECHNICAL CONDITIONS REGARDING SPECTRUM HARMONISATION FOR TERRESTRIAL 
WIRELESS SYSTEMS IN THE 3400-3800 MHZ FREQUENCY BAND 




1. PURPOSE 




In line with the requirements of Article 41 of Commission Decision 2008/411/EC2 
(hereinafter: the Commission Decision), which stipulates regular and timely review of this 
Decision, the main objective of this mandate is to review and amend the technical 
conditions for the harmonised use of the 3400-3800 MHz frequency band in order to adapt 
them to the latest developments in technology by preserving flexibility of use in line with 
the WAPECS approach. This mandate also takes into account the proposal by CEPT/ECC 
presented in a liaison statement to the Commission for the 38th RSC meeting of 15 
December 2011 (RSCOM11-68) to consider amending the technical conditions with a 
view to updating the Block Edge Mask (BEM) and introducing harmonized frequency 
arrangements. 




The deliverables of this Mandate should aim at ensuring flexibility in the deployment of 
wireless electronic communications services with different bandwidths, including 20 MHz 
and beyond, assuming mobile broadband access as a key utilization of the band. This 
Mandate is a follow-up to the first Commission Mandate of 4 January 2006, and it should 
promote efficient use of spectrum while keeping maximum flexibility in the scope of 
compatible wireless systems capable of providing electronic communications services 
which can be deployed. 




2. JUSTIFICATION 




Pursuant to Article 4(2) of the Radio Spectrum Decision3 the Commission may issue 
mandates to the CEPT for the development of technical implementing measures with a 
view to ensuring harmonised conditions for the availability and efficient use of radio 
spectrum; such mandates shall set the task to be performed and the timetable therefore. 
Therefore, CEPT is herewith mandated to undertake the work required to identify the most 
appropriate technical criteria for the inclusion of new technologies and frequencies in the 
Commission Decision in order to facilitate further deployment of wireless broadband 
access systems in the European Union. 




The first Mandate given by the Commission to CEPT in January 2006 on this issue led to 
the final CEPT Report 15 of 30 March 2007 (RSCOM07-06 Final) and subsequently to 
Commission Decision 2008/411/EC2, which was adopted by the Commission on 21 May 
2008. CEPT Report 15 concluded that deployment of fixed, nomadic and mobile 




                                                 
1 Art. 4 reads: "Member States shall keep the use of the 3400-3800 MHz band under scrutiny and report their 




findings to the Commission to allow regular and timely review of the Decision." 




2 Commission Decision of 21 May 2008 on the harmonisation of the 3400-3800 MHz frequency band for 
terrestrial systems capable of providing electronic communications services in the Community 




3 Decision 676/2002/EC of the European Parliament and of the Council of 7 March 2002 on a regulatory 
framework for radio spectrum policy in the European Community, OJL 108 of 24.4.2002 
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electronic communications networks is technically feasible within the 3400-3800 MHz 
frequency band under the technical conditions described in the ECC Decision 
ECC/DEC/(07)02 and Recommendation ECC/REC/(04)05.  




The deployment of wireless broadband technologies is crucial for increasing economic 
growth and social inclusion in line with targets of the Europe 2020 strategy. With its large 
total bandwidth, the 3400-3800 MHz frequency band has a significant potential to 
accommodate different types of wireless broadband access systems for the provision of a 
wide range of innovative electronic communications services. Since the adoption of 
Commission Decision 2008/411/EC wireless broadband technologies (e.g. LTE or Wi-Fi) 
have marked further development in terms of increased data rates and channel bandwidths. 
Therefore, a review of the harmonised technical conditions with view to a possible update 
in pace with recent technology developments would promote take-up of the spectrum in 
this band and contribute to achieving the DAE targets on broadband connectivity. 




Furthermore, the draft Radio Spectrum Policy Programme (RSPP), which has already been 
formally adopted by both the Council and the European Parliament and is expected to 
enter into force by the end of April 2012, sets out the objective to promote wider 
availability of wireless broadband services for the benefit of citizens and consumers in the 
Union also by making available the 3400–3800 MHz band under the terms and conditions 
of the Commission Decision 2008/411/EC. Subject to market demand, Member States 
shall carry out the authorisation process for this band by 31 December 2012 without 
prejudice to the existing deployment of services, and under conditions that allow 
consumers easy access to wireless broadband services. The RSPP also stipulates that 
Member States foster the ongoing upgrade by providers of electronic communications of 
their networks to the latest, most efficient technology, in order to create their own 
dividends in line with the principles of service and technology neutrality4.  




In addition, in the aforementioned liaison statement (RSCOM11-68) CEPT/ECC point out 
that a recent ECC analysis has revealed that the Block Edge Mask (BEM) contained in the 
Commission Decision 2008/411/EC5 is not suitable for wireless communications networks 
of large bandwidths (such as 20 MHz). It is stressed that while the currently valid BEM of 
the Commission Decision is justified in the absence of commonly agreed frequency 
arrangement and where maximum flexibility is needed for broadband wireless access 
deployments, it would be too restrictive if harmonized frequency arrangements were 
adopted. In this regard, the CEPT/ECC report presented at the 38th RSC meeting 
(RSCOM11-63, Annex 4) concludes that the currently valid BEM is not suitable for the 
introduction of fixed and mobile communications networks due to several reasons 
including considerations on the type of application, antenna gain, blocking, guard bands as 
well as spectrum emission masks developed by ETSI. 




Therefore, modification of the currently valid BEM of the Commission Decision should be 
investigated in view of the possibility to introduce harmonised frequency arrangements, in 
order to take into account the developments in wireless communications technology and 
facilitate the spectrum-efficient deployment of broadband fixed, mobile and nomadic 
communications systems  for the provision of electronic communications services, while 
observing the principles of technology and service neutrality enshrined in the EU 
regulatory framework. 




                                                 
4  Article 6 of the RSPP 




5  Based on the BEM included in ECC Recommendation ECC/REC/(04)05 
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In recognition of the fact that there are existing applications and there may be future 
applications in the 3400-3800 MHz frequency band other than terrestrial wireless 
broadband, particular attention should be paid to ensuring co-existence with existing 
systems, in particular satellite-based. 




3. TASK ORDER AND SCHEDULE 




In the work carried out under the Mandate, the overall policy objectives of supporting 
widespread and timely availability of wireless broadband access shall be given utmost 
consideration. In implementing this mandate, the CEPT shall, where relevant, take the 
utmost account of EU law applicable and support the principles of service and 
technological neutrality, non-discrimination and proportionality insofar as technically 
possible. CEPT is also requested to collaborate actively with the European 
Telecommunications Standardisation Institute (ETSI) which develops harmonised 
standards for conformity under Directive 1999/5/EC.  




CEPT is hereby mandated to undertake the following activities: 




(1) Assess and justify any need to revise the common minimal (least restrictive) 
technical conditions, including BEM, which underlie the harmonised use of in the 
3400-3800 MHz frequency band in the EU6 and, if necessary, identify modified 
conditions in view of accommodating developments in wireless broadband access 
technology in particular larger bandwidths. These conditions should be sufficient to 
avoid interference, facilitate cross-border coordination, and ensure co-existence 
with other existing systems and services in the same band and adjacent bands. 




(2) Assess and justify any need to introduce channelling arrangements in addition to 
(1) and, if necessary, develop a harmonised solution that is sufficiently precise for 
the development of EU-wide equipment. 




In performing the aforementioned tasks, avoid undue discrimination towards any specific 
technology and service, also allowing to the greatest extent possible alternative 
channelling arrangements and effective coordination with other existing systems and 
services to accommodate national circumstances and market demand, and the guidance 
provided by the Commission in consultation with the Radio Spectrum Committee7.  




CEPT should provide deliverables according to the following schedule: 




Delivery date Deliverable Subject 




December 2012 Interim Report from 
CEPT to the Commission




Description of work undertaken and 
interim results under this Mandate.   




 July 20138 Final Draft Report from 
CEPT to the Commission




Description of work undertaken and 
final results under this Mandate 




                                                 
6 In compliance with Commission Decision 2008/411/EC 




7 RSCOM10-28 (June 2010): "Effective implementation of Commission Decision 2008/411/EC on 3400-
3800 MHz"  




8 Subject to subsequent public consultation 
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November 2013 Final Report from CEPT 
to the Commission, 
taking into account the 
outcome of the public 
consultation 




Description of work undertaken and 
final results under this Mandate taking 
into account the results of the public 
consultation 




 




In addition, CEPT is requested to report on the progress of its work pursuant to this 
Mandate to all the meetings of the Radio Spectrum Committee taking place during the 
course of the Mandate.  




The Commission, with the assistance of the Radio Spectrum Committee pursuant to the 
Radio Spectrum Decision, may consider applying the results of this mandate in the EU, 
pursuant to Article 4 of the Radio Spectrum Decision. 
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At its latest meeting, ECC approved the draft CEPT Report 49 for public consultation. This CEPT Report has been developed in response to the EC Mandate 3400-3800 MHz[footnoteRef:1].  [1:  See ECC(12)INFO01 – EC mandate 3400-3800 MHz, ECC(12)007 Annex 7 – roadmap for responding to EC mandate 3400-3800 MHz] 






Preferred channeling arrangement for the 3400-3600 MHz


The possibility of a preferred channeling arrangement for the 3400-3600 MHz band has been discussed by the 34th ECC meeting, as well as the possibility to have FDD and TDD on the same footing. The ECC identified a slight preference for TDD as the preferred frequency arrangement with FDD frequency arrangement as an alternative.


ECC invites additional views before taking a final decision on a preferred frequency arrangement at the next ECC meeting. 





The responses should be forwarded to the European Communications Office: 
Mr Alexander Gulyaev (alexander.gulyaev@eco.cept.org) not later than the deadline indicated on the ECC consultation webpage. 





The responses will be considered at the next ECC meeting.  





BEM for 3400-3800 MHz 





The relevant part of the CEPT Report includes also the proposed BEM to be implemented in a future regulatory framework.





Please note that those BEM have been studied in the draft ECC Report 203 on “Least Restrictive Technical Conditions (BEM) suitable for Mobile/Fixed Communication Networks (MFCN), including IMT, in the frequency bands 3400-3600 MHz and 3600-3800 MHz”. ECC highlights that this ECC Report is also subject to public consultation.
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[bookmark: _Toc359584077]Executive summary


TASK 1 (Block Edge Mask)


The base station requirements are defined for base stations with different power levels, enabling network deployment with both macro cells and small cells.


The base station Block Edge Mask (BEM) requirements as described below may be relaxed whenever there are bilateral agreements between operators. The BEM has not been developed to protect other services or applications in the band, and only applies in blocks that have been licensed to MFCN according to the new harmonised frequency arrangement. In the figures below it is assumed for simplicity that all blocks have been licensed to MFCN.


Table 1 contains the different elements of the BEM in the 3400-3600 MHz and 3600-3800 MHz bands, together with the frequency regions where they apply. The guard bands apply in case of an FDD allocation in 3400-3600 MHz. It should be noted that whenever guard bands are mentioned in this report, it is understood that those apply only for an FDD allocation.


Tables 2 to 5 contain the power limits that apply for the different BEM elements. PMax is the maximum carrier power for the base station in question, measured as e.i.r.p.


To obtain a BEM for a specific block, these elements are combined as follows:


· For each 5 MHz interval in the 3400-3600 MHz and 3600-3800 MHz bands, used by MFCN according to the harmonised frequency arrangements, the BEM elements that apply have to be determined (there may be several).


· The most relaxed requirement of those defined in the interval in question has to be chosen.


In the following paragraphs the different BEM elements are described further.


BEM elements


			BEM element


			Region of applicability





			In-block 


			Block for which the BEM is derived 





			Baseline 


			Spectrum assigned for TDD and FDD UL and DL





			Transitional region 


			For FDD DL blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator. 


For TDD blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator, in spectrum that is not assigned to another operator, including the guard band 3590-3600 MHz, or in case of synchronized blocks with the same UL/DL configuration.





			Guard bands 


			3400-3410, 3490-3510 and 3590-3600 MHz (for an FDD allocation)























Baseline and guard band power limits


			BEM element


			Frequency range


			Power limit





			Baseline 


			FDD DL (3510-3590 MHz). 
Synchronized TDD blocks with the same UL/DL configuration (3400-3800 or 3600-3800 MHz). 


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna





			Baseline 


			FDD UL (3410-3490 MHz). 
TDD (3400-3800 or 3600-3800 MHz) (unless synchronized). 


			-34 dBm/5 MHz e.i.r.p. per cell(1)








			Guard band 


			3400-3410 MHz


			-34 dBm/5 MHz e.i.r.p. per cell





			Guard band 


			3490-3500 MHz


			-23 dBm/5 MHz e.i.r.p. per antenna





			Guard band 


			3500-3510 MHz


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p.  per antenna





			Guard band 


			3590-3600 MHz


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna








(1) In case of multiple antennas with different polarization, the power limit should be relaxed to -31 dBm/5 MHz e.i.r.p. per cell.





Additional baseline requirements for country specific cases


Additional base station baseline requirements for country specific cases


			Case


			BEM element


			Frequcy range


			Power limit





			A


			CEPT countries with military radiolocation systems below 3400 MHz


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation(1)


			-59 dBm/MHz e.i.r.p.(2)  





			B


			CEPT countries with military radiolocation systems below 3400 MHz


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation(1)


			-50 dBm/MHz e.i.r.p. (2)  





			C


			CEPT countries without adjacent band usage or with usage that does not need extra protection


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation


			Not necessary


(spurious levels from the standards apply)








(1) Administrations may choose to have a guard band below 3400 MHz. In that case the power limit may apply below the guard band only.


(2)  Administrations may select the limit from case A or B depending on the level of protection required for the radar in the region in question.





Cases A; B and C can be applied per region or country so that the adjacent band may have different levels of protection in different geographical areas, depending on the deployment of the adjacent band systems.


In-block power limit


			BEM element


			Frequency range


			Power limit





			In-block


			Block assigned to the operator


			Not obligatory. 
In case an upper bound is desired by an administration, a value of 68 dBm/5 MHz per antenna may be applied. 











For femto base stations, power control should be applied to minimize interference to adjacent channels.


Transitional region power limits


			BEM element


			Frequency range


			Power limit





			Transitional 


			-5 to 0 MHz offset from lower block edge 
0 to 5 MHz offset from upper block edge 


			Min(PMax – 40, 21) dBm/5 MHz 
e.i.r.p. per antenna





			Transitional 


			-10 to 5 MHz offset from lower block edge 5 to 10 MHz offset from upper block edge


			Min(PMax – 43, 15) dBm/5 MHz 
e.i.r.p. per antenna








Note: For TDD blocks the transitional region applies in case of synchronized adjacent blocks, and in-between adjacent TDD blocks that are separated by 5 or 10 MHz. The transition region does not extend below 3400 MHz or above 3800 MHz





Baseline limits


There are two different types of baseline levels. The first is defined for FDD downlink spectrum. This requirement is expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit. The stricter of the two requirements applies. The fixed level prevents interference from increasing in the region where the limit derived from the relative requirement is less stringent. The values are derived from BS – UE interference analysis, and are expressed as e.i.r.p. limits per antenna. 


When two TDD blocks are synchronized and have the same UL/DL configuration, there will be no BS – BS interference. In this case, the same baseline as for the FDD DL region is used. 


The second type of baseline is defined for FDD UL and TDD spectrum, and is expressed as a fixed limit only, calculated based on BS – BS interference. The e.i.r.p. limit is given per cell. When multiple antennas are used, 3 dB should be subtracted from the e.i.r.p. value due to the different polarizations of the antennas. An exception for this type of baseline can be negotiated between adjacent operators for femto base stations in the case where macro base stations are not used in its proximity. In that case -25 dBm/5MHz e.i.r.p. per cell may be used.


In Figure 1 the baseline levels are presented for a TDD-only allocation and in Figure 2 and for an allocation with both FDD (3400-3600 MHz) and TDD (3600-3800 MHz). The baseline in the TDD allocations corresponds to a scenario where all operators are synchronized and use the same UL/DL configuration.


Figure 3 describes how the relative level and the fixed level are combined.


[image: ]


Figure 1: Schematic description of baseline and guard band power levels for a TDD-only allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized.
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Figure 2: Schematic description of baseline and guard band power levels for a mixed FDD and TDD allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized.


[image: ]


Figure 3: Combining the relative and the fixed limit for the baseline applying to FDD DL spectrum


Guard band limits


In the case of an FDD allocation there will be guard bands below the FDD UL, above the FDD DL, and in-between the FDD UL and DL, see Figure 2 above. For the guard band 3400-3410 MHz, the power limit is chosen to be the same as the baseline in the adjacent FDD UL spectrum, 3410-3490 MHz. Similarly, the baseline that applies in 3510-3590 MHz is also used in the guard band regions 3500-3510 MHz and 3590-3600 MHz. Finally, spurious requirements converted to 5 MHz bandwidth apply in the 3490-3500 MHz. 


In-block limits


The in-block power limit, as defined in Table 4 above, is not obligatory. The requirement on power control for femto base stations is because of the need to reduce interference from equipment that may be deployed by consumers and thus the exact location may not be known to the operators.


Different licensing approaches might be chosen by administrations to licence TDD spectrum. Examples for those are a regulatory approach with no frequency separation between the block edges of two adjacent unsynchronised TDD networks, a regulatory approach with unlicensed separation between the block edges of the two adjacent operators or the definition of restricted blocks.


Transitional region limits


The transitional region is defined to enable the reduction of power from the in-block level to the baseline or guard band levels, and is defined as in Table 5 above. The general shape of the transitional region is presented in Figure 4 below.


The requirements are defined for 5 MHz bandwidth, 0 to 5 MHz and 5 to 10 MHz offset from the upper and lower edges of an operator’s block. They are expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit, as for the baseline requirement in the FDD DL. The stricter of the two requirements applies. 


Combination of BEM elements


The BEM elements as described above are combined to provide a BEM for a particular block by choosing the most relaxed requirement of those that are defined for a frequency interval. Figure 4 provides an example of such a combination of BEM elements for an FDD block in the lower part of the FDD DL spectrum. 


			[image: ]











Figure 4: Combined BEM elements for an FDD block starting at 3510 MHz





UE In-block requirement


This report provides a recommended upper limit of 25dBm e.i.r.p. for the in-block power of the terminals.  


Co-existence with other services than MFCN


Co-existence studies for other services than MFCN have been carried out for both in-band and out-of-band scenarios. The in-band services considered are FSS, FS and BWA and the out-of-band services are civil and military Radiolocation. 


No single separation distance, guard band or signal strength limit can be provided for FSS and FS to ensure co-existence with MFCN.


It is assumed that BWA systems are similar to MFCN systems and that BWA can co-exist under the new BEM licensing regime.


In some CEPT countries military radiolocation systems that are deployed below 3400 MHz need a fixed limit for protection from base station interference (cases A and B in Table 3). For the MFCN base stations             -59dBm/MHz is defined in Table 3. Other mitigation measures like geographical separation, coordination on a case by case basis or an additional guard band may be necessary for a TDD allocation.


For UEs other mitigation measures will be necessary such as e.g. geographical separation or an additional guard band for both FDD or TDD allocation.





TASK 2 (Channelling Arrangements)


· Preferred Harmonised frequency arrangement for the bands 3400-3800 MHz





In this report CEPT has assessed and justified the need to introduce channeling arrangements in the 3400-3800 MHz band to develop a harmonised solution that is sufficiently precise for the development of EU-wide equipment.





For the 3400-3600 MHz band the  twoharmonised channeling arrangements is composed  have been introduced: one comprising of a 200 MHz TDD plan. ,For the 3600-3800 MHz band the harmonized channeling arrangement  is composed  of a 200 MHz TDD plan (see Figure 5 and 7 below respectively and Section 3.1.4.3 and 3.1.4.4 of this report for details).





· Approaches for individual administrations to meet specific national circumstances in the band 3400-3600 MHz





Administrations which do not wish to use the preferred harmonised frequency arrangement for the band 3400-3600 MHz, may consider an alternative channelling arrangement based on the 2x80 MHz FDD plan (see Figures 7 below and Section 3.1.4.4 of this report for details).  the other one comprising of the 2x80 MHz FDD plan (see Figures 6 and 7 below respectively and Section 3.1.4.4 of this report for details).














· Option A: CEPT has identified the frequency arrangement for the 3400-3600 MHz band based on TDD as described in Annex 1 of ECC/DEC/(11)06 as the preferred frequency arrangement. A frequency arrangement based on FDD as described in Annex 2 of ECC/DEC/(11)06 is provided as an alternative.





· Option C: CEPT has decided to maintain both frequency arrangements without indicating any preference. ECC/DEC/(11)06 to be revised to remove Decides 3.





For the 3600-3800 MHz band one channeling arrangement has been introduced comprising of a 200 MHz TDD plan (see Figure 5 below and Section 3.1.4.3 of this report for details).
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Figure 5: Harmonised Frequency arrangement for the 3400-3600 MHz band based on TDD








[image: ]


Figure 6: Harmonised frequency arrangement for the 3600-3800 MHz band based on TDD
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Figure 7: Frequency arrangement for the 3400-3600 MHz band based on TDD





[image: ]


Figure 8: Frequency arrangement for the 3400-3600 MHz band based on FDD
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[bookmark: _Toc359584078]Introduction


The European Commission has issued a Mandate to CEPT on technical conditions regarding spectrum harmonisation for terrestrial wireless systems in the 3400-3800 MHz frequency band (see Annex 3) to review and amend the technical conditions for the harmonised use of the 3400-3800 MHz frequency band in order to adapt them to the latest developments in technology by preserving flexibility of use in line with the WAPECS approach, including the updating of the Block Edge Mask (BEM) and introducing harmonised frequency arrangements.


CEPT is mandated to undertake the following tasks:


1) “Assess and justify any need to revise the common minimal (least restrictive) technical conditions, including BEM, which underlie the harmonised use of in the 3400-3800 MHz frequency band in the EU and, if necessary, identify modified conditions in view of accommodating developments in wireless broadband access technology in particular larger bandwidths. These conditions should be sufficient to avoid interference, facilitate cross-border coordination, and ensure co-existence with other existing systems and services in the same band and adjacent bands.”


2) “Assess and justify any need to introduce channelling arrangements in addition to (1) and, if necessary, develop a harmonised solution that is sufficiently precise for the development of EU-wide equipment.”


CEPT has developed a roadmap to structure the work in response to this Mandate to address the following issues:


a) assess and justify any need to revise the common minimal (least restrictive) technical conditions including BEM


b) identify modified conditions in view of accommodating developments in wireless broadband access technology in particular larger bandwidths


c) assess and justify any need to introduce channeling arrangements in addition to the LRTC (BEM)


d) if necessary, develop a harmonised solution that is sufficiently precise for the development of EU-wide equipment.





			


			





			


			





			


			





			


			








[bookmark: _Toc359584079][bookmark: _Ref274743743]task 1 of the mandate (Block edge mask)


[bookmark: _Toc359584080]Justification for the need to revise the existing BEM


Regarding the work on issue (a) (see Introduction), ECC agreed on the justification for the need to revise the common minimal (least restrictive) technical conditions including BEM. The justification being the following:


In 2004 ECC adopted ECC/REC/ (04)05 [2] on “Guidelines for accommodation and assignment of Multipoint Fixed Wireless systems in frequency bands 3400-3600 MHz and 3600-3800 MHz” and in 2007 ECC/DEC/(07)02 [1] on “Availability of frequency bands between 3400-3800 MHz for the harmonised implementation of Broadband Wireless Access systems (BWA)”. In 2008 the BEM contained in ECC/REC/(04)05 [2] were included in the Commission Decision 2008/411/EC [3] on the harmonisation of the 3400-3800 MHz frequency band for terrestrial systems capable of providing electronic communications services in the Community.


WRC-07 identified the band 3400-3600 MHz for IMT, so ECC developed band plans for MFCN systems including IMT (see ECC/DEC/(11)06 [4]). 


ECC analyzed the existing BEM contained in ECC/REC/(04)05 [2], which were developed for PMP FWS systems in 2004 and concluded that it is not suitable for the introduction of MFCN systems including IMT in the 3400-3600 MHz band, due to the following reasons:


· The BEM available have been designed to ensure co-existence between PMP FWS applications only.


· The BEM were derived with the assumption of an internal guard band (half a channel width).


· The effect of blocking was not considered for establishing the BEM (which may lead to more stringent masks).


· The BEM may not even be suitable when PMP FWS are based on adjacent TDD blocks.


· The BEM is developed under the assumption that a high gain antenna leads to a lower probability of interference than a low gain antenna. While that might be appropriate for Fixed Wireless Systems, it is certainly inappropriate for other types of MFCN systems.


· The ETSI SEM (for 3GPP band class 7/38) do not allow an operation to fit to the BEM. It is anticipated that the SEMs of IMT-Advanced systems would not allow an operation to fit the BEM of the ECC/REC/(04)05 [2] as well (due to their large bandwidths).


· The existing 3.5 GHz BEM is justified in cases, where there is no commonly agreed band plan and maximum flexibility is needed (like the case of BWA deployments). When band plans are available and adopted, there is no need for the unnecessarily tight BEM but it should be adjusted to the more harmonised conditions in order to facilitate affordable equipment, maximise the spectrum efficiency (e.g. by reduced guard bands) and thus maximize the available amount of spectrum.


The technical analysis is provided in Annex 1 of this report.


[bookmark: _Toc359584081]Development of the new BEM


In this report the BEM was derived from a minimum coupling loss (MCL) analysis and simulations.


For the purposes of this report the term “BWA” (Broadband Wireless Access) refers to legacy BWA systems licenced under the existing 3400-3600 MHz licencing regimes as described in ECC/DEC/(07)02 or 2008/411/EC. The term “MFCN” (Mobile/fixed communications networks) includes IMT and other communications networks in the mobile and fixed services and for the purposes of this report refers to radio communication systems which should comply with the BEM defined in this report.


The base station BEM requirements as described below may be relaxed whenever there are bilateral agreements between operators. The BEM has not been developed to protect other services or applications in the band, and only applies in blocks that have been licensed to MFCN according to the new harmonised frequency arrangement. In the figures below it is assumed for simplicity that all blocks have been licensed to MFCN.


Figure 8 describes a general BEM. Table 6 contains the different elements of the BEM in the 3400-3600 MHz and 3600-3800 MHz bands, together with the frequency regions where they apply. The guard bands apply in case of an FDD allocation in 3400-3600 MHz. It should be noted that whenever guard bands are mentioned in this report, it is understood that those apply only for an FDD allocation.


Tables 7 to 10 contain the power limits that apply for the different BEM elements. PMax is the maximum carrier power for the base station in question, measured as e.i.r.p.


To obtain a BEM for a specific block, these elements are combined as follows:


· For each 5 MHz interval in the 3400-3600 MHz and 3600-3800 MHz bands, used by MFCN according to the harmonised frequency arrangements, the BEM elements that apply have to be determined (there may be several).


· The most relaxed requirement of those defined in the interval in question has to be chosen.


In the following paragraphs the different BEM elements are described further.
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Figure 9: Illustration of a general block-edge mask


BEM elements


			BEM element


			Region of applicability





			In-block 


			Block for which the BEM is derived 





			Baseline 


			Spectrum assigned for TDD and FDD UL and DL





			Transitional region 


			For FDD DL blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator. 


For TDD blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator, in spectrum that is not assigned to another operator, including the guard band 3590-3600 MHz, or in case of synchronized blocks with the same UL/DL configuration.





			Guard bands 


			3400-3410, 3490-3510 and 3590-3600 MHz (for an FDD allocation)











Baseline and guard band power limits


			BEM element


			Frequency range


			Power limit





			Baseline 


			FDD DL (3510-3590 MHz). 
Synchronized TDD blocks with the same UL/DL configuration (3400-3800 or 3600-3800 MHz). 


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna





			Baseline 


			FDD UL (3410-3490 MHz). 
TDD (3400-3800 or 3600-3800 MHz) (unless synchronized). 


			-34 dBm/5 MHz e.i.r.p. per cell(1)








			Guard band 


			3400-3410 MHz


			-34 dBm/5 MHz e.i.r.p. per cell








			Guard band 


			3490-3500 MHz


			-23 dBm/5 MHz e.i.r.p. per antenna





			Guard band 


			3500-3510 MHz


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p.  per antenna





			Guard band 


			3590-3600 MHz


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna








(1) In case of multiple antennas with different polarization, the power limit should be relaxed to -31 dBm/5 MHz e.i.r.p. per cell.





Additional baseline requirements for country specific cases


Additional base station baseline requirements for country specific cases


			Case


			BEM element


			Frequcy range


			Power limit





			A


			CEPT countries with military radiolocation systems below 3400 MHz


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation(1)


			-59 dBm/MHz e.i.r.p.(2)  





			B


			CEPT countries with military radiolocation systems below 3400 MHz


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation(1)


			-50 dBm/MHz e.i.r.p. (2)  





			C


			CEPT countries without adjacent band usage or with usage that does not need extra protection


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation


			Not necessary


(spurious levels from the standards apply)








(1) Administrations may choose to have a guard band below 3400 MHz. In that case the power limit may apply below the guard band only.


(2)  Administrations may select the limit from case A or B depending on the level of protection required for the radar in the region in question.


Cases A; B and C can be applied per region or country so that the adjacent band may have different levels of protection in different geographical areas, depending on the deployment of the adjacent band systems.


In-block power limit


			BEM element


			Frequency range


			Power limit





			In-block


			Block assigned to the operator


			Not obligatory. 
In case an upper bound is desired by an administration, a value of 68 dBm/5 MHz per antenna may be applied. 











For femto base stations, power control should be applied to minimize interference to adjacent channels.


Transitional region power limits


			BEM element


			Frequency range


			Power limit





			Transitional 


			-5 to 0 MHz offset from lower block edge 
0 to 5 MHz offset from upper block edge 


			Min(PMax – 40, 21) dBm/5 MHz 
e.i.r.p. per antenna





			Transitional 


			-10 to 5 MHz offset from lower block edge 5 to 10 MHz offset from upper block edge


			Min(PMax – 43, 15) dBm/5 MHz 
e.i.r.p. per antenna








Note: For TDD blocks the transitional region applies in case of synchronized adjacent blocks, and in-between adjacent TDD blocks that are separated by 5 or 10 MHz. The transition region does not extend below 3400 MHz or above 3800 MHz.





Baseline limits


There are two different types of baseline levels. The first is defined for FDD downlink spectrum. This requirement is expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit. The stricter of the two requirements applies. The fixed level prevents interference from increasing in the region where the limit derived from the relative requirement is less stringent. The values are derived from BS – UE interference analysis, and are expressed as e.i.r.p. limits per antenna. 


When two TDD blocks are synchronized and have the same UL/DL configuration, there will be no BS – BS interference. In this case, the same baseline as for the FDD DL region is used. 


The second type of baseline is defined for FDD UL and TDD spectrum, and is expressed as a fixed limit only, calculated based on BS – BS interference. The e.i.r.p. limit is given per cell. When multiple antennas are used, 3 dB should be subtracted from the e.i.r.p. value due to the different polarizations of the antennas. An exception for this type of baseline can be negotiated between adjacent operators for femto base stations in the case where macro base stations are not used in its proximity. In that case -25 dBm/5MHz e.i.r.p. per cell may be used.


In Figure 9 the baseline levels are presented for a TDD-only allocation and in Figure 10 and for an allocation with both FDD (3400-3600 MHz) and TDD (3600-3800 MHz). The baseline in the TDD allocations corresponds to a scenario where all operators are synchronized and use the same UL/DL configuration.


Figure 11 describes how the relative level and the fixed level are combined.
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Figure 10: Schematic description of baseline and guard band power levels for a TDD-only allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized.
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Figure 11: Schematic description of baseline and guard band power levels for a mixed FDD and TDD allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized.
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Figure 12: Combining the relative and the fixed limit for the baseline applying to FDD DL spectrum


Guard band limits


In the case of an FDD allocation there will be guard bands below the FDD UL, above the FDD DL, and in-between the FDD UL and DL, see Figure 10 above. For the guard band 3400-3410 MHz, the power limit is chosen to be the same as the baseline in the adjacent FDD UL spectrum, 3410-3490 MHz. Similarly, the baseline that applies in 3510-3590 MHz is also used in the guard band regions 3500-3510 MHz and 3590-3600 MHz. Finally, spurious requirements converted to 5 MHz bandwidth apply in the 3490-3500 MHz. 


In-block limits


The in-block power limit, as defined in Table 9 above, is not obligatory. The requirement on power control for femto base stations is because of the need to reduce interference from equipment that may be deployed by consumers and thus the exact location may not be known to the operators.


Different licensing methodologies might be chosen by administrations to licence TDD spectrum. Examples for those are a regulation methodology with no frequency separation between the block edges of two adjacent unsynchronised TDD networks, a regulation methodology with unlicensed separation between the block edges of the two adjacent operators or the definition of restricted blocks.


Transitional region limits


The transitional region is defined to enable the reduction of power from the in-block level to the baseline or guard band levels, and is defined as in Table 10 above. The general shape of the transitional region is presented below in Figure 12.


The requirements are defined for 5 MHz bandwidth, 0 to 5 MHz and 5 to 10 MHz offset from the upper and lower edges of an operator’s block. They are expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit, as for the baseline requirement in the FDD DL. The stricter of the two requirements applies. 


Combination of BEM elements


The BEM elements as described above are combined to provide a BEM for a particular block by choosing the most relaxed requirement of those that are defined for a frequency interval. Figure 12 provides an example of such a combination of BEM elements for an FDD block in the lower part of the FDD DL spectrum. 


			[image: ]











Figure 13: Combined BEM elements for an FDD block starting at 3510 MHz


UE In-block requirement


This report provides a recommended upper limit of 25dBm e.i.r.p. for the in-block power of the terminals.  


Co-existence with other services than MFCN


Co-existence studies for other services than MFCN have been carried out for both in-band and out-of-band scenarios. The in-band services considered are FSS, FS and BWA and the out-of-band services are civil and military Radiolocation.


The conclusions are as follows:


BWA


For the purpose of co-existence, it is assumed that BWA systems as defined above are similar to MFCN systems. Therefore no studies were carried out for MFCN – BWA co-existence.


Fixed Service


MFCN applies to all Mobile and Fixed communication networks including point-to-point Fixed links.


Due to the varying characteristics of different types of FS systems and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with mobile systems. Co-existence can be achieved through co-ordination on a case-by-case basis. Based on the results of analysis of both directions of interference (mobile service interfering into P-P and vice-versa) some general observations can be made. Overlapping-channel sharing meaning any opverlap between spectrum of interfering and interfered signals) between the mobile service and P-P links is not feasible in the same geographical area. Consequently if spectrum is used ubiquitously by the FS it cannot be used by the mobile service in the same region. With larger frequency separation and distances coordination is needed, depending on the characteristics of the mobile and the P-P services.


The studies that were carried out in ECC Report 302 on 3.5 MHz [12] take into account a single interferer. In the case of multiple interferers the co-existence could be more difficult to achieve.


Also interference from FS systems to mobile systems may exceed the acceptable interference level.


The similarities between Mobile Systems and P-MP Fixed Systems indicate that the results for mobile – mobile adjacent channel co-existence largely apply to the mobile – P-MP scenario as well. In case of BS – BS interference additional measures may thus be necessary, such as frequency separation and/or additional filters, whereas otherwise co-existence is expected to be possible without such measures. 


Fixed Satellite Service


Due to the varying characteristics of different types of FSS earth stations and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with MFCN. Co-existence should be achieved through co-ordination on a case-by-case basis, assuming FSS earth stations locations are known. However, some general observations can be made. Separation distances for co-existence vary considerably depending on type of equipment and deployment (e.g. tilt and clutter), but can be large. User equipment impact earth stations less than base stations, so separation that prevents interference from base stations will also protect earth stations from UE interference. There are several mitigation techniques that can be applied, in particular site shielding of earth stations. Interference from FSS satellites to MFCN may exceed the acceptable interference level, but in most cases only by a small margin.


Radiolocation


Due to the varying characteristics of different types of radar stations and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with MFCN, but some representative examples are provided. Co-existence should be achieved through co-ordination on a case-by-case basis. However, some general observations can be made for non-overlapping adjacent channels. For airborne radars the required separation distance is approximately 0 km, depending on the radar type and antenna type. For land-based/ship-borne radars the required separation distance is less than 1 km, depending on the radar type and antenna type. A frequency separation analyses concludes that for a 5 km separation, and considering wideband IMT-Advanced interference to wideband radars, the required frequency separation varies between 14 and 65 MHz, depending on radar type and scenario.


There are mitigation techniques which can reduce the separation distance or frequency separation required. In particular, for adjacent channel/adjacent band interference, improved receiver performance and decreased unwanted emissions can be efficient.


Regarding interference from radars to MFCN networks, installation of systems closer than approximately 5 km from the radar should be coordinated. It is necessary to establish a protection distance of approximately 11 km in some areas. Considering blocking effects, the radar may impact MFCN systems up to a distance of 30 km.


The analysis did not take into account the fact that radar antennas rotate and therefore only affect a particular MFCN base station or UE intermittently.


Adjacent band limit in the case of adjacent band usage by military systems


In some CEPT countries military radiolocation systems that are deployed below 3400 MHz need a fixed limit for protection from base station interference (cases A and B in Table 8). Other mitigation measures like geographical separation, coordination on a case by case basis or an additional guard band may be necessary for a TDD allocation.


For UEs other mitigation measures will be necessary such as e.g. geographical separation or an additional guard band for both FDD or TDD allocation.





[bookmark: _MON_1285142961][bookmark: _MON_1285169829][bookmark: _Toc359584082] task 2 of the mandate (channelling arrangements)


[bookmark: _Toc359584083]Channelling arrangements in the 3400-3600 MHz and 3600-3800 MHz


The aim of this section is to assess and justify the need to introduce channelling arrangements in addition to the BEM developed as task 1 of the mandate. The channelling arrangements should be sufficiently precise to enable the development of EU-wide equipment.


In the year 2011 CEPT approved ECC/DEC/(11)06 [4] that precisely provides channelling arrangements in the 3400-3600 MHz and 3600-3800 MHz frequency bands. The reasoning and justification that led to the improvement of the regulatory framework in terms of channelling arrangements is used as basis for this section.


In the year 2013 the frequency arrangement in the 3400-3600 MHz was subject to a review with the aim to identify a preferred frequency arrangement as set out in Decides 3 of ECC/DEC/(11)06.


The possibility of a preferred channelling arrangement for the 3,4-3,6 GHz band has been discussed by the ECC#34, as well as the possibility to have FDD and TDD on the same footing. The ECC identified a  preference for TDD as the harmonised frequency arrangement with FDD frequency arrangement as an alternative. 





Option A: CEPT has identified the frequency arrangement for the 3400-3600 MHz band based on TDD as described in Annex 1 of ECC/DEC/(11)06 as the preferred frequency arrangement. A frequency arrangement band based on FDD as described in Annex 2 of ECC/DEC/(11)06 is provided as an alternative.


Option C: CEPT has decided to maintain both frequency arrangements without indicating any preference. ECC/DEC/(11)06 to be revised to remove Decides 3.


[bookmark: _Toc359584084]Background information


Any harmonised frequency arrangements for the 3400-3800 MHz band should facilitate high data rate mobile/fixed communications networks (MFCN) including International Mobile Telecommunications (IMT) services supported by larger channel bandwidths as an evolution to the existing framework without the consequential requirement for a replacement of systems based on the existing regulatory framework. It aims at providing the basis to the mobile industry and administrations to respond to the growth of mobile broadband and technological developments for wider channel bandwidths and increased data rates.


At WRC-07, the 3400-3600 MHz band was allocated on a primary basis to the mobile, except aeronautical mobile, service and identified for IMT in almost all CEPT member countries.


The term IMT covers IMT-2000 and IMT-Advanced systems. A wide range of systems are defined under this term: 6 IMT-2000 radio interfaces and 2 IMT-Advanced radio interfaces ensure a competitive environment.


Recommendation ITU-R M.1036 [5] on frequency arrangements for implementation of the terrestrial component of IMT has been revised in 2012 to include, among others, the arrangements for the 3400-3600 MHz band.


At the beginning of 2012, ITU-R agreed on the IMT-Advanced technologies in cooperation with standardisation organisations paving the way for future mobile broadband usage going beyond IMT-2000.


The ECO (formerly ERO) carried out a survey in 2008 [8] which found diverse implementations of BWA/FWA within 3400-3800 MHz in CEPT countries, including some IMT systems. This is reflected in various licensing coverage (national, regional) and various frequency blocks choices (different portions of the 3400-3800 MHz band). Moreover, this survey showed that paired blocks are used or planned to be used in TDD mode in some countries.


As far as practicable, the frequency arrangements in ECC/DEC/(11)06 [4] are intended to be technology neutral and capable of facilitating competitive provision of services using a range of technologies and modes (fixed, nomadic and mobile) with sufficient flexibility to accommodate current wireless broadband services deployed in the band.


When developing these channelling arrangements, ECC considered the following CEPT regulatory framework that is in force for broadband and fixed wireless access systems (BWA/FWA) in the 3400-3800 MHz band:


ECC/REC/(04)05 [2] that offers guidelines for accommodation and assignment of multipoint fixed wireless systems in the frequency bands 3400-3600 MHz and 3600-3800 MHz;


ECC/DEC/(07)02 [1] on availability of frequency bands between 3400-3800 MHz for the harmonised implementation of Broadband Wireless Access systems (BWA). This Decision refers to ECC/REC/(04)05 [2] for frequency arrangements.


Annex 2 of this CEPT Report provides a comparison of the various ECC deliverables for the 3400-3800 MHz band.


[bookmark: _Toc359584085]EC context


The existing Commission Decision 2008/411/EC [3] on the harmonisation of the 3400-3800 MHz frequency band for terrestrial systems capable of providing electronic communications services in the Community is based on the results of studies in response to EC mandates that are documented in CEPT Reports 15 and 19 (which defines least restrictive technical conditions for the 3400-3800 MHz band).


Under the scope of this EC mandate (Task 1) CEPT is conducting additional analysis to determine whether the existing least restrictive technical conditions (BEM) are suitable also for the high data rate IMT services supporting larger channel bandwidths.


[bookmark: _Toc359584086]General justification for harmonised frequency arrangements


It was recognised by the ECC that implementation of MFCN including IMT systems providing high data rate applications in the band 3400-3800 MHz based on a harmonised frequency arrangement will maximise the opportunities and benefits for end users and society, reduce development and implementation costs of equipment and will secure future long term investments by providing economies of scale. Harmonised frequency arrangements facilitate economies of scale resulting in the availability of affordable equipment. A harmonised frequency arrangement will also reduce complexity in cross border coordination. Global roaming is facilitated by common frequency arrangements and measures for free circulation for IMT terminals. The opportunity to utilize larger channel bandwidths will support the provision of high data rates for IMT (especially with IMT-Advanced).


[bookmark: _Toc359584087]Justification of channeling arrangements in ECC/DEC/(11)06


[bookmark: _Toc359584088]Block size


ECC/DEC/(11)06 [4] chose to use block sizes of 5 MHz. It was considered that spectrum licensed for MFCN is generally assigned in multiples of 5 MHz, except where this is not possible, e.g. due to the presence of existing users. This block size enables (by combination of adjacent blocks) to utilize larger channel bandwidths creating the possibility to provide high data rates for IMT (especially with IMT-Advanced). Channel bandwidths such as 10, 20 and 40 MHz or more that could be accommodated in the bands 3400-3600 MHz and 3600-3800 MHz will enable higher data rates.


[bookmark: _Toc359584089]Sub-bands 3400-3600 MHz and 3600-3800 MHz are treated separately


The two sub-bands are treated as separate bands considering that they are treated differently in the Radio Regulations context and that the incumbent use of spectrum for each sub-band varies. For instance use of these two sub-bands for Fixed Satellite Service (FSS) is not the same (the band 3600-3800 MHz is used for FSS more intensively than the band 3400-3600 MHz).


[bookmark: _Toc359584090]Channeling arrangement for the sub-band 3600-3800 MHz


A TDD band plan has been chosen for this sub-band. It was considered that TDD may allow more flexible accommodation of current use of the frequency bands by other services. There is more flexibility to create “holes” in the band to protect incumbent users, as these holes are not replicated in the UL/DL band as is the case for FDD. For example TDD allows more efficient spectrum use when taking into account existing fixed satellite usage in case of geographical sharing. This is especially relevant to the 3600-3800 MHz band since this band is more intensively used for FSS than the band 3400-3600 MHz.


The TDD arrangement is based on a block size of 5 MHz starting at the lower edge of 3600 MHz (see Figure 13 below). If blocks need to be offset to accommodate other uses, the raster should be 100 kHz. Narrower blocks can be defined adjacent to other users, to allow full use of spectrum. It has to be noted that TDD in one extreme case also covers downlink only operation.


[image: ]


Figure 14: Harmonised frequency arrangement for the 3600-3800 MHz band based on TDD


[bookmark: _Toc359584091]Channeling arrangements for the sub-band 3400-3600 MHz


· Preferred Harmonised frequency arrangement for the bands 3400-3600 MHz





In this report CEPT has assessed and justified the need to introduce channelling arrangements in the 3400-3600 MHz band to develop a harmonised solution that is sufficiently precise for the development of EU-wide equipment.





For the 3400-3600 MHz band the harmonised channelling arrangement is composed of a 200 MHz TDD plan. (see Figure 14).


It is also noted in ECC/DEC/(11)06 [4] that although there are licensed paired frequency arrangements in many CEPT countries, TDD systems are currently used in a number of those countries in the band 3400-3600 MHz due to the better availability of TDD systems.


Figure 14 below is the frequency arrangement based on TDD duplex mode. The block size is 5 MHz starting at the lower edge of 3400 MHz. If blocks need to be offset to accommodate other users, the raster should be 100 kHz. Narrower blocks can be defined adjacent to other users, to allow full use of spectrum. It has to be noted that TDD in one extreme case also covers downlink only operation.


[image: ]


Figure 15:  Harmonised Frequency arrangement for the 3400-3600 MHz band based on TDD





· Approaches for individual administrations to meet specific national circumstances 





Administrations which do not wish to use the preferred harmonised frequency arrangement, may consider an alternative channelling arrangement based on the 2x80 MHz FDD plan (see Figures 15). The ECC Decision contains two band plans (FDD and TDD) for the 3400-3600 MHz band.











Option A: CEPT has identified the frequency arrangement for the 3400-3600 MHz band based on TDD as described in Annex 1 of ECC/DEC/(11)06 as the preferred frequency arrangement. A frequency arrangement band based on FDD as described in Annex 2 of ECC/DEC/(11)06 is provided as an alternative.





Option C: CEPT has decided to maintain both frequency arrangements without indicating any preference. ECC/DEC/(11)06 to be revised to remove Decides 3.





It is also noted in ECC/DEC/(11)06 [4] that although there are licensed paired frequency arrangements in many CEPT countries, TDD systems are currently used in a number of those countries in the band 3400-3600 MHz due to the better availability of TDD systems.


Figure 14 below is the frequency arrangement based on TDD duplex mode. The block size is 5 MHz starting at the lower edge of 3400 MHz. If blocks need to be offset to accommodate other users, the raster should be 100 kHz. Narrower blocks can be defined adjacent to other users, to allow full use of spectrum. It has to be noted that TDD in one extreme case also covers downlink only operation.
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Figure 16:  Frequency arrangement for the 3400-3600 MHz band based on TDD


Figure 15 below shows an alternative is the frequency arrangement based on FDD. The block size is 5 MHz starting at the lower edge of 3410 MHz. The sub-band 3410-3490 MHz is used for the uplink, the sub-band 3510-3590 MHz is used for the downlink. The resulting duplex gap is 20 MHz (3490-3510 MHz). If blocks need to be offset to accommodate other uses, the raster should be 100 kHz. Narrower blocks can be defined adjacent to other users, to allow full use of spectrum.
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Figure 17: Alternative Frequency arrangement for the 3400-3600 MHz band based on FDD 


[bookmark: _Toc359584092]Key principles related to the coordination of MFCN and FSS


There are currently 170 fixed satellite earth stations authorized within the EU Member States (deployed on 78 sites). As such, they are protected by Member States against harmful interference.


For MFCN and FSS coordination, similar principles can be used as for BWA and FSS coordination. Indeed in the case of BWA, the “central stations” are coordinated with the FSS earth stations. This implies that all the (fixed) terminal stations, operating under the control of central stations are consequently coordinated under the umbrella of the central stations (this typically requires to slightly extend the coordination distances). The same idea can be applied to MFCN where the BWA terminal stations are now replaced with mobile terminal stations that also operate under the control of the base stations (which need to be coordinated with the FSS stations).


[bookmark: _Toc359584093]Key principles for coordination between FSS and MFCN


The following key principles related to the coordination between Mobile/Fixed Communication Network stations and Fixed-Satellite Service (FSS) Earth stations should be implemented at national level in order to ensure coordination between these systems: 


1. Frequency coordination is primarily concerned with local implementation, local propagation conditions and local licensed use of the shared band. This is best dealt with by national administrations;


2. Some administrations have effective co-ordination arrangements in place. The implementation of these guidelines is at the discretion of the national administrations to the extent this may help them;


3. The key objectives of co-ordination processes are maximising efficient use of the available spectrum for the benefit of the EU whilst protecting existing licensed uses of the band;


4. Coordination processes and associated protection should only apply to registered/licensed spectrum users;


5. Data exchange and coordination processes are mutual and reciprocal to all band users;


6. Data on registered use of the band should be available to all users under relevant legal protections and confidentiality obligations;


7. The coordination process must be both accurate and fast to enable all operators to efficiently plan spectrum utilisation and network deployments;


8. Operators should have access to registered band usage to maximise the successful coordination of spectrum through propagation modelling without physical measurement at the planning stage;


9. All parties are responsible for the efficient use of spectrum. In deploying new MFCN stations and new FSS Earth stations, operators should be cognisant of the need to minimise constraints on the other service;


10. These guidelines primarily relate to co-ordination within national boundaries. For the situation where MFCN  and FSS stations are within the territories of different administrations, the use of these guidelines within bilateral agreements may help to expedite cross border co-ordination[footnoteRef:2]; [2:  For cross-border coordination with non-EU administrations not listed in the 5.430A footnote of RR the provisions of this footnote should be taken into account.] 



11. All parties should undertake reasonable efforts to successfully complete the coordination exercise as quickly as possible;


12. Either party has the inherent right to refer the co-ordination to the relevant NRA(s) if agreement cannot be reached.


[bookmark: _Toc359584094]Conclusions


With this report CEPT replies to the Mandate from the European Commission “Technical Conditions regarding spectrum harmonisation for terrestrial wireless systems in the 3400-3800 MHz frequency band” (provided in Annex 3).


[bookmark: _Toc359584095]Task 1 (Block Edge Mask)


The justification for the development of new BEM is included in Section 2.1 of this report.


The resulting new BEM is outlined in Section 2.2 of this report.


In this report the BEM was derived from a minimum coupling loss (MCL) analysis and simulations.


For the purposes of this report the term “BWA” (Broadband Wireless Access) refers to legacy BWA systems licenced under the existing 3400-3600 MHz licencing regimes as described in ECC/DEC/(07)02 [1] or 2008/411/EC [3]. The term “MFCN” (Mobile/fixed communications networks) includes IMT and other communications networks in the mobile and fixed services and for the purposes of this report refers to radio communication systems which should comply with the BEM defined in this report.


The base station BEM requirements as described below may be relaxed whenever there are bilateral agreements between operators. The BEM has not been developed to protect other services or applications in the band, and only applies in blocks that have been licensed to MFCN according to the new harmonised frequency arrangement. In the figures below it is assumed for simplicity that all blocks have been licensed to MFCN.


Figure 16 describes a general BEM. 
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Figure 18: Illustration of a general block-edge mask


Table 11 contains the different elements of the BEM in the 3400-3600 MHz and 3600-3800 MHz bands, together with the frequency regions where they apply. The guard bands apply in case of an FDD allocation in 3400-3600 MHz. It should be noted that whenever guard bands are mentioned in this report, it is understood that those apply only for an FDD allocation.


Tables 12 to 15 contain the power limits that apply for the different BEM elements. PMax is the maximum carrier power for the base station in question, measured as e.i.r.p.


To obtain a BEM for a specific block, these elements are combined as follows:


· For each 5 MHz interval in the 3400-3600 MHz and 3600-3800 MHz bands, used by MFCN according to the harmonised frequency arrangements, the BEM elements that apply have to be determined (there may be several).


· The most relaxed requirement of those defined in the interval in question has to be chosen.


In the following paragraphs the different BEM elements are described further.


BEM elements


			BEM element


			Region of applicability





			In-block 


			Block for which the BEM is derived 





			Baseline 


			Spectrum assigned for TDD and FDD UL and DL





			Transitional region 


			For FDD DL blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator. 


For TDD blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator, in spectrum that is not assigned to another operator, including the guard band 3590-3600 MHz, or in case of synchronized blocks with the same UL/DL configuration.





			Guard bands 


			3400-3410, 3490-3510 and 3590-3600 MHz (for an FDD allocation)











Baseline and guard band power limits


			BEM element


			Frequency range


			Power limit





			Baseline 


			FDD DL (3510-3590 MHz). 
Synchronized TDD blocks with the same UL/DL configuration (3400-3800 or 3600-3800 MHz). 


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna





			Baseline 


			FDD UL (3410-3490 MHz). 
TDD (3400-3800 or 3600-3800 MHz) (unless synchronized). 


			-34 dBm/5 MHz e.i.r.p. per cell(1)








			Guard band 


			3400-3410 MHz


			-34 dBm/5 MHz e.i.r.p. per cell





			Guard band 


			3490-3500 MHz


			-23 dBm/5 MHz e.i.r.p. per antenna





			Guard band 


			3500-3510 MHz


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p.  per antenna





			Guard band 


			3590-3600 MHz


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna








(1) In case of multiple antennas with different polarization, the power limit should be relaxed to -31 dBm/5 MHz e.i.r.p. per cell.





Additional baseline requirements for country specific cases


Additional base station baseline requirements for country specific cases


			Case


			BEM element


			Frequcy range


			Power limit





			A


			CEPT countries with military radiolocation systems below 3400 MHz


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation(1)


			-59 dBm/MHz e.i.r.p.(2)  





			B


			CEPT countries with military radiolocation systems below 3400 MHz


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation(1)


			-50 dBm/MHz e.i.r.p. (2)  





			C


			CEPT countries without adjacent band usage or with usage that does not need extra protection


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation


			Not necessary


(spurious levels from the standards apply)








(1) Administrations may choose to have a guard band below 3400 MHz. In that case the power limit may apply below the guard band only.


(2)  Administrations may select the limit from case A or B depending on the level of protection required for the radar in the region in question.





Cases A; B and C can be applied per region or country so that the adjacent band may have different levels of protection in different geographical areas, depending on the deployment of the adjacent band systems.


In-block power limit


			BEM element


			Frequency range


			Power limit





			In-block


			


Block assigned to the operator


			Not obligatory. 
In case an upper bound is desired by an administration, a value of 68 dBm/5 MHz per antenna may be applied. 











For femto base stations, power control should be applied to minimize interference to adjacent channels.


Transitional region power limits


			BEM element


			Frequency range


			Power limit





			Transitional 


			-5 to 0 MHz offset from lower block edge 
0 to 5 MHz offset from upper block edge 


			Min(PMax – 40, 21) dBm/5 MHz 
e.i.r.p. per antenna





			Transitional 


			-10 to 5 MHz offset from lower block edge 5 to 10 MHz offset from upper block edge


			Min(PMax – 43, 15) dBm/5 MHz 
e.i.r.p. per antenna








Note: For TDD blocks the transitional region applies in case of synchronized adjacent blocks, and in-between adjacent TDD blocks that are separated by 5 or 10 MHz. The transition region does not extend below 3400 MHz or above 3800 MHz.





Baseline limits


There are two different types of baseline levels. The first is defined for FDD downlink spectrum. This requirement is expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit. The stricter of the two requirements applies. The fixed level prevents interference from increasing in the region where the limit derived from the relative requirement is less stringent. The values are derived from BS – UE interference analysis, and are expressed as e.i.r.p. limits per antenna. 


When two TDD blocks are synchronized and have the same UL/DL configuration, there will be no BS – BS interference. In this case, the same baseline as for the FDD DL region is used. 


The second type of baseline is defined for FDD UL and TDD spectrum, and is expressed as a fixed limit only, calculated based on BS – BS interference. The e.i.r.p. limit is given per cell. When multiple antennas are used, 3 dB should be subtracted from the e.i.r.p. value due to the different polarizations of the antennas. An exception for this type of baseline can be negotiated between adjacent operators for femto base stations in the case where macro base stations are not used in its proximity. In that case -25 dBm/5MHz e.i.r.p. per cell may be used.


In Figure 17 the baseline levels are presented for a TDD-only allocation and in Figure 18 and for an allocation with both FDD (3400-3600 MHz) and TDD (3600-3800 MHz). The baseline in the TDD allocations corresponds to a scenario where all operators are synchronized and use the same UL/DL configuration.


Figure 19 describes how the relative level and the fixed level are combined.
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Figure 19: Schematic description of baseline and guard band power levels for a TDD-only allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized
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Figure 20: Schematic description of baseline and guard band power levels for a mixed FDD and TDD allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized
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Figure 21: Combining the relative and the fixed limit for the baseline applying to FDD DL spectrum


Guard band limits


In the case of an FDD allocation there will be guard bands below the FDD UL, above the FDD DL, and in-between the FDD UL and DL, see Figure 18 above. For the guard band 3400-3410 MHz, the power limit is chosen to be the same as the baseline in the adjacent FDD UL spectrum, 3410-3490 MHz. Similarly, the baseline that applies in 3510-3590 MHz is also used in the guard band regions 3500-3510 MHz and 3590-3600 MHz. Finally, spurious requirements converted to 5 MHz bandwidth apply in the 3490-3500 MHz. 


In-block limits


The in-block power limit, as defined in Table 14 above, is not obligatory. The requirement on power control for femto base stations is because of the need to reduce interference from equipment that may be deployed by consumers and thus the exact location may not be known to the operators.


Different licensing methodologies might be chosen by administrations to licence TDD spectrum. Examples for those are a regulation methodology with no frequency separation between the block edges of two adjacent unsynchronised TDD networks, a regulation methodology with unlicensed separation between the block edges of the two adjacent operators or the definition of restricted blocks.


Transitional region limits


The transitional region is defined to enable the reduction of power from the in-block level to the baseline or guard band levels, and is defined as in Table 15 above. The general shape of the transitional region is presented in Figure 20 below.


The requirements are defined for 5 MHz bandwidth, 0 to 5 MHz and 5 to 10 MHz offset from the upper and lower edges of an operator’s block. They are expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit, as for the baseline requirement in the FDD DL. The stricter of the two requirements applies. 


Combination of BEM elements


The BEM elements as described above are combined to provide a BEM for a particular block by choosing the most relaxed requirement of those that are defined for a frequency interval. Figure 20 provides an example of such a combination of BEM elements for an FDD block in the lower part of the FDD DL spectrum. 
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Figure 22: Combined BEM elements for an FDD block starting at 3510 MHz


UE In-block requirement


This report provides a recommended upper limit of 25dBm e.i.r.p. for the in-block power of the terminals.  


Co-existence with other services than MFCN


Co-existence studies for other services than MFCN have been carried out for both in-band and out-of-band scenarios. The in-band services considered are FSS, FS and BWA and the out-of-band services are civil and military Radiolocation.


The conclusions are as follows:


BWA


For the purpose of co-existence, it is assumed that BWA systems as defined above are similar to MFCN systems. Therefore no studies were carried out for MFCN – BWA co-existence.


Fixed Service


MFCN applies to all Mobile and Fixed communication networks including point-to-point Fixed links.


Due to the varying characteristics of different types of FS systems and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with mobile systems. Co-existence can be achieved through co-ordination on a case-by-case basis. Based on the results of analysis of both directions of interference (mobile service interfering into P-P and vice-versa) some general observations can be made. Overlapping-channel sharing meaning any overlap between spectrum of interfering and interfered signals) between the mobile service and P-P links is not feasible in the same geographical area. Consequently if spectrum is used ubiquitously by the FS it cannot be used by the mobile service in the same region. With larger frequency separation and distances coordination is needed, depending on the characteristics of the mobile and the P-P services.


The studies that were carried out in ECC Report on 3.5 GHz BEM [12]  take into account a single interferer. In the case of multiple interferers the co-existence could be more difficult to achieve.


Also interference from FS systems to mobile systems may exceed the acceptable interference level.


The similarities between Mobile Systems and P-MP Fixed Systems indicate that the results for mobile – mobile adjacent channel co-existence largely apply to the mobile – P-MP scenario as well. In case of BS – BS interference additional measures may thus be necessary, such as frequency separation and/or additional filters, whereas otherwise co-existence is expected to be possible without such measures. 


Fixed Satellite Service


Due to the varying characteristics of different types of FSS earth stations and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with MFCN. Co-existence should be achieved through co-ordination on a case-by-case basis, assuming FSS earth stations locations are known. However, some general observations can be made. Separation distances for co-existence vary considerably depending on type of equipment and deployment (e.g. tilt and clutter), but can be large. User equipment impact earth stations less than base stations, so separation that prevents interference from base stations will also protect earth stations from UE interference. There are several mitigation techniques that can be applied, in particular site shielding of earth stations. Interference from FSS satellites to MFCN may exceed the acceptable interference level, but in most cases only by a small margin.


Radiolocation


Due to the varying characteristics of different types of radar stations and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with MFCN, but some representative examples are provided. Co-existence should be achieved through co-ordination on a case-by-case basis. However, some general observations can be made for non-overlapping adjacent channels. For airborne radars the required separation distance is approximately 0 km, depending on the radar type and antenna type. For land-based/shipborne radars the required separation distance is less than 1 km, depending on the radar type and antenna type. A frequency separation analyses concludes that for a 5 km separation, and considering wideband IMT-Advanced interference to wideband radars, the required frequency separation varies between 14 and 65 MHz, depending on radar type and scenario.


There are mitigation techniques which can reduce the separation distance or frequency separation required. In particular, for adjacent channel/adjacent band interference, improved receiver performance and decreased unwanted emissions can be efficient.


Regarding interference from radars to MFCN networks, installation of systems closer than approximately 5 km from the radar should be coordinated. It is necessary to establish a protection distance of approximately 11 km in some areas. Considering blocking effects, the radar may impact MFCN systems up to a distance of 30 km.


The analysis did not take into account the fact that radar antennas rotate and therefore only affect a particular MFCN base station or UE intermittently.


Adjacent band limit in the case of adjacent band usage by military systems


In some CEPT countries military radiolocation systems that are deployed below 3400 MHz need a fixed limit for protection from base station interference (cases A and B in Table 13). Other mitigation measures like geographical separation, coordination on a case by case basis or an additional guard band may be necessary for a TDD allocation.


For UEs other mitigation measures will be necessary such as e.g. geographical separation or an additional guard band for both FDD or TDD allocation.


Cross-border coordination


Cross-border coordination in the band 3400-3800 MHz will be subject to an ECC Recommendation and national agreements as for cross-border coordination in other bands.


[bookmark: _Toc359584096]Task 2 (Channelling arrangements)


In this report CEPT has assessed and justified the need to introduce channelling arrangements in the 3400-3800 MHz band to develop a harmonised solution that is sufficiently precise for the development of EU-wide equipment.


· Preferred Harmonised frequency arrangement for the bands 3400-3800 MHz





In this report CEPT has assessed and justified the need to introduce channelling arrangements in the 3400-3800 MHz band to develop a harmonised solution that is sufficiently precise for the development of EU-wide equipment.





For the band 3400-3600 MHZ the harmonised channelling arrangement is composed of a 200 MHz TDD plan. For the band 3600-3800 MHz the harmonised channelling arrangement  is composed  of a 200 MHz TDD plan (see Figure 21 and 22 below respectively and Section 3.1.4.3 and 3.1.4.4 of this report for details).





· Approaches for individual administrations to meet specific national circumstances in the band 3400-3600 MHz





Administrations which do not wish to use the preferred harmonised frequency arrangement for the band 3400-3600 MHz, may consider an alternative channelling arrangement based on the 2x80 MHz FDD plan (see Figures 23 below and Section 3.1.4.4 of this report for details). For the 3400-3600 MHz band two channelling arrangements have been introduced: one comprising of a 200 MHz TDD plan, the other one comprising of the 2x80 MHz FDD plan (see Figures 22 and 24 below respectively and Section 3.1.4.4 of this report for details).








Option A: CEPT has identified the frequency arrangement for the 3400-3600 MHz band based on TDD as described in Annex 1 of ECC/DEC/(11)06 as the preferred frequency arrangement. A frequency arrangement band based on FDD as described in Annex 2 of ECC/DEC/(11)06 is provided as an alternative.





Option C: CEPT has decided to maintain both frequency arrangements without indicating any preference. ECC/DEC/(11)06 to be revised to remove Decides 3.





For the 3600-3800 MHz band one channelling arrangement has been introduced comprising of a 200 MHz TDD plan (see Figure 21 below and Section 3.1.4.3 of this report for details).
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Figure 23: Harmonised Frequency arrangement for the 3400-3600 MHz band based on TDD
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Figure 24: Harmonised frequency arrangement for the 3600-3800 MHz band based on TDD
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Figure 25: Frequency arrangement for the 3400-3600 MHz band based on TDD
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Figure 26: Alternative Frequency arrangement for the 3400-3600 MHz band based on FDD





[bookmark: _Toc359584097]Technical analysis for the justification of new BEM


Technical conditions for PMP FWS base stations


The technical conditions provided in this section are extracted from ECC/REC/(04)05 [2], Annexes 2 and 3.


a. Maximum e.i.r.p., defined in Annex 2 of ECC/REC/(04)05


The following texts have been extracted form Annex 2:


“Maximum e.i.r.p. density limits are set by administrations in their national licensing conditions in order to define pfd levels for co-ordination distances between different geographical areas or for cross-border agreements or sharing with other services. Transmit output power and e.i.r.p.  levels for Multipoint FWS systems are more driven by trade-offs between the required service coverage and other operational considerations. e.i.r.p.  density depends also on the system bandwidth that in modern PMP FWS might be flexibly changed.”


Maximum e.i.r.p. within a block:


			Station Type


			Max EIRP spectral density
(dBW/MHz)





			


			(Including tolerances and ATPC range, Note 1)





			Central Station (CS)
(and Repeater Station(RS) down-links)


			+23
Note 2





			Note 2: CS EIRP density value given in the table is considered suitable for conventional 90 deg sectorial antennas. Administrations may consider to adjust this value if other type of antennas are used (e.g. decrease the limit for omni-directional antennas, or increase when narrow-sector or adaptive antennas are used)











“For further enhancing the efficiency, administrations may allow operators to apply mutual co-ordination at the block edge and at the service border edge for potential further relaxation of the above e.i.r.p. limits, depending on requirements for protecting other services or systems, such as PP FS. This could be reached, for instance, by taking advantage of mitigation techniques such as the shielding effect, limiting the height of Central Stations, or for stations that are located far from the service area boundary.”


b. Reference Block Edge Mask, defined in Annex 3 of ECC/REC/(04)05


The following texts have been extracted form Annex 3:


“The block edge mask given in this annex was developed to ensure co-existence between PMP FWS applications only; different considerations would be required where the adjacent system is not a PMP FWS system, but for example ENG/OB or other.”


“The floor level in the mask provided in this annex has been based on co-existence studies reported in ECC Report 33 [7][7]; where the PMP FWS co-existence studies were mostly made with statistical tools and assumptions of typical radio systems, their deployment and service performance objectives. The reference points of the transition slope were chosen based on consideration of practical filters and various modulation envelopes. These studies and considerations may be subject to refinement as operational experience and system characteristics evolve. Therefore the block edge mask based upon these studies may also be subject to refinement.”


“Emissions from one operator’s frequency block into another operator’s frequency-adjacent block will need to be controlled. This was done in few other frequency bands by establishing fixed guard bands between the assignments. However, taking due account of the possible variety of broadband systems considered in this recommendation, different network and service requirements, and considering the expected broadening of the required bandwidth, it would be impossible to uniquely and efficiently set such guard bands and it is recommended that coordination and interference mitigation techniques be implemented between operators.”


“Also adjacent block receiver rejection concurs to a reduced interference scenario, however the study in Report 33 did not consider the effect of receiver selectivity since the technology neutrality assumption did not allow deciding on its typical parameters. Therefore it is not in the scope of this recommendation to set limits for it; nevertheless it is expected that ETSI standards will adequately cover the issue.”


“It should be also noted that when TDD or mixed FDD/TDD systems are placed in immediately adjacent blocks, the probability of occurrence of worst cases of interference between CSs is quite higher than in situations where only FDD are deployed. Therefore, even if the mask proposed in this annex would offer a suitably low probability of interference for such cases, when TDD systems are concerned additional mitigation techniques (geographic separation of stations, natural/physical shielding, etc.) and/or additional co-ordination (including networks synchronisation) between operators should be implemented as far as possible.”


Definition of the block edge mask:
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			Frequency offset break points


for the CS mask


			Definition


(% of the size of the assigned block, Note)





			A


			20%





			B


			35%








Note: X% of the smaller of adjacent blocks, if blocks are of unequal size


Figure 1: Central Station Block Edge Spectral Density Mask





Tabular description of Central Station Block Edge Spectral Density Mask


			Frequency offset


			CS Transmitter Output Power Density Limits(dBW/MHz)





			In-band (within assigned block)


			See Annex 2





			ΔF=0


			-36





			0<ΔF<A


			-36 - 41·(ΔF/A)





			A


			-77





			A<ΔF<B


			-77 - 12·((ΔF-A)/(B-A))





			ΔF≥B


			-89











ETSI requirements for LTE


The relevant document to consider is ETSI EN 301 908-14 V5.2.1 (2011-05) [6]: Evolved Universal Terrestrial Radio Access (E-UTRA) Base Stations (BS).


It should be noted that the bands 3400-3600 MHz and 3600-3800 MHz are not yet part of the E-UTRA Base Station operating bands ; see Table 1-1 in [6], copied below as Table 17.


E-UTRA Base Station operating bands


			E-UTRA band


			Direction of transmission


			E-UTRA Base Station operating bands





			1


			Transmit 


			2 110 MHz to 2 170 MHz





			


			Receive 


			1 920 MHz to 1 980 MHz





			3


			Transmit 


			1 805 MHz to 1 880 MHz 





			


			Receive 


			1 710 MHz to 1 785 MHz 





			7


			Transmit 


			2 620 MHz to 2 690 MHz 





			


			Receive 


			2 500 MHz to 2 570 MHz 





			8


			Transmit 


			925 MHz to 960 MHz 





			


			Receive 


			880 MHz to 915 MHz 





			20


			Transmit 


			791 MHz to 821 MHz





			


			Receive 


			832 MHz to 862 MHz





			33


			Transmit and Receive


			1 900 MHz to 1 920 MHz





			34


			Transmit and Receive


			2 010 MHz to 2 025 MHz





			38


			Transmit and Receive


			2 570 MHz to 2 620 MHz











The closest E-UTRA band from the 3.5 GHz band is band 7 (and 38). Therefore the comparison between the ETSI mask and the CEPT BEM has been made on that basis although this represents a tightening of the SEM.


a. e.i.r.p. defined by ETSI in band 7 and 38


ETSI currently defines no in-band e.i.r.p. limit, nor output power values.


b. Spectrum Emission Mask for band 7 and 38


The following tables are extracted from document ETSI EN 301 908-14 [6]. Three different types of base stations have been defined: wide area, local area and home.





Wide Area BS operating band unwanted emission limits for 5 MHz, 10 MHz, 15 MHz and 20 MHz channel bandwidth (E-UTRA bands 7 and 38)


			Frequency offset of measurement filter ‑3 dB point, f


			Frequency offset of measurement filter centre frequency, f_offset


			Test requirement


			Measurement bandwidth





			0 MHz  f < 5 MHz


			0,05 MHz  f_offset < 5,05 MHz


			





			100 kHz 





			5 MHz  f < 
min(10 MHz, fmax)


			5,05 MHz  f_offset < min(10,05 MHz, f_offsetmax)


			-12,5 dBm


			100 kHz 





			10 MHz  f  fmax


			10,5 MHz  f_offset < f_offsetmax 


			-15 dBm (see note)


			1 MHz 





			NOTE: The requirement is not applicable when fmax < 10 MHz.








 


Local Area BS operating band unwanted emission limits for 5 MHz, 10 MHz, 15 MHz and 20 MHz channel bandwidth


			Frequency offset of measurement filter ‑3 dB point, f


			Frequency offset of measurement filter centre frequency, f_offset


			Minimum requirement


			Measurement bandwidth





			0 MHz  f < 5 MHz


			0,05 MHz  f_offset < 5,05 MHz


			





			100 kHz 





			5 MHz  f < 


min(10 MHz, fmax)


			5,05 MHz  f_offset < 


min(10,05 MHz, f_offsetmax)


			-35,5 dBm


			100 kHz





			10 MHz  f  fmax


			10,05 MHz  f_offset < f_offsetmax 


			-37 dBm (see note)


			100 kHz 





			NOTE:	The requirement is not applicable when fmax < 10 MHz











Home BS operating band unwanted emission limits for 5 MHz, 10 MHz, 15 MHz and 20 MHz channel bandwidth


			Frequency offset of measurement filter ‑3 dB point, f


			Frequency offset of measurement filter centre frequency, f_offset


			Minimum requirement


			Measurement bandwidth





			0 MHz  f < 5 MHz


			0,05 MHz  f_offset < 5,05 MHz


			





			100 kHz 





			5 MHz  f < 10 MHz


			5,05 MHz  f_offset < 10,05 MHz


			-40,5 dBm


			100 kHz 





			10 MHz  f  fmax


			10,5 MHz  f_offset < f_offsetmax 


			P – 52 dB, 2 dBm ≤ P ≤ 20 dBm


-50 dBm, P < 2 dBm


(see note)


			1 MHz 





			NOTE:	For Home BS, the parameter P is defined as the aggregated maximum power of all transmit antenna ports of Home BS








Note: for home BS, with frequency offset ≥ 10 MHz, an output power of 20 dBm has been chosen for the purpose of this contribution ; the corresponding minimum requirement is therefore -32 dBm/MHz.





Analysis of these technical conditions


a. Maximum e.i.r.p.


As there is no value specified in the ETSI harmonised standard, the comparison with the value mentioned in the CEPT Recommendation is not possible. However, a short analysis is provided below:


The e.i.r.p. value as provided in ECC/REC/(04)05 [2] = 23 dBW/MHz=30 dBW/ 5 MHz=60 dBm/5 MHz


This value is similar to what would be expected for a macro base station (also in the order of 60 dBm/5 MHz).


Conclusion: the maximum e.i.r.p. (in-band value) set up in ECC/REC/(04)05 [2] is compatible with typical in-band e.i.r.p. mobile deployments.


b. BEM vs. SEM


· The three following figures show the comparisons of BEM and SEM for BEM based on a 5 MHz block assignment, as well as 10 MHz and 20 MHz. 


			
5 MHz


			[image: F6_3500_BEM%205]








Figure 2: BEM of ECC/REC/(04)05 based on 5 MHz block assignment





			10 MHz


			[image: F6_3500_BEM%2010]











Figure 3: BEM of ECC/REC/(04)05 based on 10 MHz block assignment





			20 MHz


			[image: F6_3500_BEM 20]











Figure 4: BEM of ECC/REC/(04)05 based on 20 MHz block assignment


It can be seen from the above figures that the SEM exceed the BEM for any value of block assignment.








[bookmark: _MON_1366021507]ETSI requirements for BWA


The relevant document to consider is ETSI EN 302 774 V1.1.1 (2011-05) “Broadband Wireless Access Systems (BWA) in the 3 400 MHz to 3 800 MHz frequency band (Base Stations)” [9].


Taking the same approach to compare the SEM of BWA and the current given BEM for the 3400-3600 MHz band, the conclusions are the same as described in Section 2.2 of this report.





[bookmark: _Toc359584098]Comparison of the 3400-3800 MHz ECC deliverables


This annex provides an overview of the current ECC framework for the band 3400-3800 MHz including a comparison of ECC/DEC/(07)02, ECC/REC/(04)05 and ECC/DEC/(11)06 that confirms the consistency of ECC framework according to evolution of market needs and the need to maintain this consistency in the future.





At this stage, there are three relevant deliverables for the band 3400-3800 MHz:


· ECC/DEC/(07)02 “Availability of frequency bands between 3400-3800 MHz for the harmonised implementation of Broadband Wireless Access systems (BWA)”


· ECC/REC/(04)05 “Guidelines for accommodations and assignments of multipoint fixed wireless systems 3400-3600 MHz and 3600-3800 MHz”


· ECC/DEC/(11)06 : “Harmonised frequency arrangements for mobile/fixed communications networks (MFCN) (including IMT) operating in the bands 3400-3600 MHz and 3600-3800 MHz”


scope of deliverables


ECC/REC/(04)05 covers Point multipoint fixed wireless systems (Point-to-Multipoint Fixed Wireless Systems (PMP FWS). It has a more narrow scope than the other two ECC deliverables.





ECC/DEC/(07)02 on Broadband Wireless Access systems (BWA) covers Fixed, Nomadic and, also, Mobile Wireless Access (MWA). It provides in its Annex considerations for an implementation of a flexible usage mode for BWA in 3400-3600 MHz and/or in 3600-3800 MHz on the basis initially of a fixed and nomadic usage. In particular, these considerations refers to ECC/REC/(04)05 and state that the technical conditions in ECC/DEC/(04)05 may be used for implementation of flexible usage mode. Moreover ECC/DEC/(07)02 mentions that the introduction of MWA usage mode will be subject to additional requirements for deployment of mobile TS Mobile Wireless Access (annex 1 §3 of the Decision).





ECC/DEC/(11)06, focusing primarily on a mobile usage includes a forward looking approach. The harmonised frequency arrangements for the 3400-3600 MHz and 3600-3800 MHz bands are intended to facilitate high data rate International Mobile Telecommunications (IMT) services supported by larger channel bandwidths as an evolution to the existing framework without the consequential requirement for a replacement of systems based on the existing regulatory framework.


co-existence with incumbent users


For ECC/DEC/(07)02, the designation of spectrum within 3400-3800 MHz for BWA should take due consideration of incumbent users (see decides 1 and 3).





Although the wording is different, ECC/DEC/(11)06 also designates spectrum for MFCN on a non-exclusive basis (“without prejudice to the protection and continued operation of other existing users in these bands”). It is assumed that transition from legacy terrestrial systems to future terrestrial systems will be managed at national level.


Band plan and duplex mode


ECC/DEC/(07)02 does not provided a definite duplex mode or any band plan.





ECC/DEC/(11)06 provides two possible band plans for the band 3400-3600 MHz, one TDD and one FDD. The band plan for 3600-3800 MHz is TDD.





ECC/REC/(04)05 lets the possibility to have a mix of FDD and TDD blocks (i.e. recommends paired blocks that can be used either for FDD or for TDD). The guidelines for these flexible arrangements are:


· the bands 3400-3600 MHz and 3600-3800 MHz are treated as separate bands;


· 100 MHz duplex separation for paired blocks;


· in the case of paired FDD blocks the lower block of the two paired FDD blocks is used for uplink; 


· that 3400 MHz to 3410 MHz is not included in the band plan.


block size


ECC/REC/(04)05 The blocks are designed to fit 3.5 MHz and 7 MHz channels (4 of them per block). The preferred size for blocks are multiple of these channels and may include internal guard bands. The resulting sizes for paired spectrum are (2x17.5 MHz, 2x21 MHz, 2x35 MHz, 2x42 MHz) and for unpaired spectrum (35 MHz, 42 MHz, 70 MHz and 84 MHz).


In case of external guard bands the sizes of the blocks may be reduced.





ECC/DEC/(11)06: the block sizes are multiples of 5 MHz. 


emission requirements


ECC/DEC/(07)02 refers to ECC/REC/(04)05 for emission levels. But since it covers also MWA which is not covered by ECC/REC/(04)05 additional requirements are provided for mobile terminal stations (in block emission level and spacing of the carrier from the block edge to protect adjacent networks).


· For the technical requirements it refers in its annex to ECC/REC/(04)05: “As a starting point, the guidance given in ECC/REC/(04)05 on technical conditions for implementation of flexible usage mode, to be set in the technology neutral BWA licence process, shall be considered”.


· For mobile terminals, the annex of ECC/DEC/(07)02 provides additional requirements





In the case of adjacent band TDD/FDD systems additional mitigation techniques should be considered (geographical separation of stations, natural/physical shielding, and/or additional co-ordination including networks synchronisation)





ECC/REC/(04)05 provides emission requirements in the form of Block Edge Masks (BEM). 


· For the Central Station (CS) BEM are provided with an “in block” limit (annex 2) and “out of block” limits (annex 3). 


· For the terminal stations (NB: which are fixed in the context of ECC Recommendation (04)05) only an “in block” limit is provided (annex 2). The equipment requirements in the relevant harmonised standards are considered to provide sufficient protection for adjacent networks, so that “out of block” BEM limits for terminals are not needed.





ECC/DEC/(11)06 There is no emission technical requirement. 


Least restrictive technical conditions suitable for IMT systems with larger channel bandwidth are developed separetly.


Harmonisation


ECC/DEC/(07)02 does not contain a harmonised band plan, since it refers to ECC/REC/(04)05 for detailed frequency arrangements, which itself allows for flexibility and a mix of duplex modes.





ECC/DEC/(11)06 provides one harmonised band plan for the band 3600-3800 MHz (TDD) and two harmonised band plans for the band 3400-3600 MHz (FDD and TDD). ECC decided that the band plans for the band 3400-3600 MHz should be subject to review no later than end 2013 with the aim to identify a preferred band plan.






[bookmark: _Toc359584099]EC mandate on 3400-3800 MHz


EC Mandate to the CEPT “Technical conditions regarding spectrum harmonisation for terrestrial wireless systems in the 3400-3800 MHz frequency band”
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MANDATE TO CEPT  




ON TECHNICAL CONDITIONS REGARDING SPECTRUM HARMONISATION FOR TERRESTRIAL 
WIRELESS SYSTEMS IN THE 3400-3800 MHZ FREQUENCY BAND 




1. PURPOSE 




In line with the requirements of Article 41 of Commission Decision 2008/411/EC2 
(hereinafter: the Commission Decision), which stipulates regular and timely review of this 
Decision, the main objective of this mandate is to review and amend the technical 
conditions for the harmonised use of the 3400-3800 MHz frequency band in order to adapt 
them to the latest developments in technology by preserving flexibility of use in line with 
the WAPECS approach. This mandate also takes into account the proposal by CEPT/ECC 
presented in a liaison statement to the Commission for the 38th RSC meeting of 15 
December 2011 (RSCOM11-68) to consider amending the technical conditions with a 
view to updating the Block Edge Mask (BEM) and introducing harmonized frequency 
arrangements. 




The deliverables of this Mandate should aim at ensuring flexibility in the deployment of 
wireless electronic communications services with different bandwidths, including 20 MHz 
and beyond, assuming mobile broadband access as a key utilization of the band. This 
Mandate is a follow-up to the first Commission Mandate of 4 January 2006, and it should 
promote efficient use of spectrum while keeping maximum flexibility in the scope of 
compatible wireless systems capable of providing electronic communications services 
which can be deployed. 




2. JUSTIFICATION 




Pursuant to Article 4(2) of the Radio Spectrum Decision3 the Commission may issue 
mandates to the CEPT for the development of technical implementing measures with a 
view to ensuring harmonised conditions for the availability and efficient use of radio 
spectrum; such mandates shall set the task to be performed and the timetable therefore. 
Therefore, CEPT is herewith mandated to undertake the work required to identify the most 
appropriate technical criteria for the inclusion of new technologies and frequencies in the 
Commission Decision in order to facilitate further deployment of wireless broadband 
access systems in the European Union. 




The first Mandate given by the Commission to CEPT in January 2006 on this issue led to 
the final CEPT Report 15 of 30 March 2007 (RSCOM07-06 Final) and subsequently to 
Commission Decision 2008/411/EC2, which was adopted by the Commission on 21 May 
2008. CEPT Report 15 concluded that deployment of fixed, nomadic and mobile 




                                                 
1 Art. 4 reads: "Member States shall keep the use of the 3400-3800 MHz band under scrutiny and report their 




findings to the Commission to allow regular and timely review of the Decision." 




2 Commission Decision of 21 May 2008 on the harmonisation of the 3400-3800 MHz frequency band for 
terrestrial systems capable of providing electronic communications services in the Community 




3 Decision 676/2002/EC of the European Parliament and of the Council of 7 March 2002 on a regulatory 
framework for radio spectrum policy in the European Community, OJL 108 of 24.4.2002 
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electronic communications networks is technically feasible within the 3400-3800 MHz 
frequency band under the technical conditions described in the ECC Decision 
ECC/DEC/(07)02 and Recommendation ECC/REC/(04)05.  




The deployment of wireless broadband technologies is crucial for increasing economic 
growth and social inclusion in line with targets of the Europe 2020 strategy. With its large 
total bandwidth, the 3400-3800 MHz frequency band has a significant potential to 
accommodate different types of wireless broadband access systems for the provision of a 
wide range of innovative electronic communications services. Since the adoption of 
Commission Decision 2008/411/EC wireless broadband technologies (e.g. LTE or Wi-Fi) 
have marked further development in terms of increased data rates and channel bandwidths. 
Therefore, a review of the harmonised technical conditions with view to a possible update 
in pace with recent technology developments would promote take-up of the spectrum in 
this band and contribute to achieving the DAE targets on broadband connectivity. 




Furthermore, the draft Radio Spectrum Policy Programme (RSPP), which has already been 
formally adopted by both the Council and the European Parliament and is expected to 
enter into force by the end of April 2012, sets out the objective to promote wider 
availability of wireless broadband services for the benefit of citizens and consumers in the 
Union also by making available the 3400–3800 MHz band under the terms and conditions 
of the Commission Decision 2008/411/EC. Subject to market demand, Member States 
shall carry out the authorisation process for this band by 31 December 2012 without 
prejudice to the existing deployment of services, and under conditions that allow 
consumers easy access to wireless broadband services. The RSPP also stipulates that 
Member States foster the ongoing upgrade by providers of electronic communications of 
their networks to the latest, most efficient technology, in order to create their own 
dividends in line with the principles of service and technology neutrality4.  




In addition, in the aforementioned liaison statement (RSCOM11-68) CEPT/ECC point out 
that a recent ECC analysis has revealed that the Block Edge Mask (BEM) contained in the 
Commission Decision 2008/411/EC5 is not suitable for wireless communications networks 
of large bandwidths (such as 20 MHz). It is stressed that while the currently valid BEM of 
the Commission Decision is justified in the absence of commonly agreed frequency 
arrangement and where maximum flexibility is needed for broadband wireless access 
deployments, it would be too restrictive if harmonized frequency arrangements were 
adopted. In this regard, the CEPT/ECC report presented at the 38th RSC meeting 
(RSCOM11-63, Annex 4) concludes that the currently valid BEM is not suitable for the 
introduction of fixed and mobile communications networks due to several reasons 
including considerations on the type of application, antenna gain, blocking, guard bands as 
well as spectrum emission masks developed by ETSI. 




Therefore, modification of the currently valid BEM of the Commission Decision should be 
investigated in view of the possibility to introduce harmonised frequency arrangements, in 
order to take into account the developments in wireless communications technology and 
facilitate the spectrum-efficient deployment of broadband fixed, mobile and nomadic 
communications systems  for the provision of electronic communications services, while 
observing the principles of technology and service neutrality enshrined in the EU 
regulatory framework. 




                                                 
4  Article 6 of the RSPP 




5  Based on the BEM included in ECC Recommendation ECC/REC/(04)05 
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In recognition of the fact that there are existing applications and there may be future 
applications in the 3400-3800 MHz frequency band other than terrestrial wireless 
broadband, particular attention should be paid to ensuring co-existence with existing 
systems, in particular satellite-based. 




3. TASK ORDER AND SCHEDULE 




In the work carried out under the Mandate, the overall policy objectives of supporting 
widespread and timely availability of wireless broadband access shall be given utmost 
consideration. In implementing this mandate, the CEPT shall, where relevant, take the 
utmost account of EU law applicable and support the principles of service and 
technological neutrality, non-discrimination and proportionality insofar as technically 
possible. CEPT is also requested to collaborate actively with the European 
Telecommunications Standardisation Institute (ETSI) which develops harmonised 
standards for conformity under Directive 1999/5/EC.  




CEPT is hereby mandated to undertake the following activities: 




(1) Assess and justify any need to revise the common minimal (least restrictive) 
technical conditions, including BEM, which underlie the harmonised use of in the 
3400-3800 MHz frequency band in the EU6 and, if necessary, identify modified 
conditions in view of accommodating developments in wireless broadband access 
technology in particular larger bandwidths. These conditions should be sufficient to 
avoid interference, facilitate cross-border coordination, and ensure co-existence 
with other existing systems and services in the same band and adjacent bands. 




(2) Assess and justify any need to introduce channelling arrangements in addition to 
(1) and, if necessary, develop a harmonised solution that is sufficiently precise for 
the development of EU-wide equipment. 




In performing the aforementioned tasks, avoid undue discrimination towards any specific 
technology and service, also allowing to the greatest extent possible alternative 
channelling arrangements and effective coordination with other existing systems and 
services to accommodate national circumstances and market demand, and the guidance 
provided by the Commission in consultation with the Radio Spectrum Committee7.  




CEPT should provide deliverables according to the following schedule: 




Delivery date Deliverable Subject 




December 2012 Interim Report from 
CEPT to the Commission




Description of work undertaken and 
interim results under this Mandate.   




 July 20138 Final Draft Report from 
CEPT to the Commission




Description of work undertaken and 
final results under this Mandate 




                                                 
6 In compliance with Commission Decision 2008/411/EC 




7 RSCOM10-28 (June 2010): "Effective implementation of Commission Decision 2008/411/EC on 3400-
3800 MHz"  




8 Subject to subsequent public consultation 
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November 2013 Final Report from CEPT 
to the Commission, 
taking into account the 
outcome of the public 
consultation 




Description of work undertaken and 
final results under this Mandate taking 
into account the results of the public 
consultation 




 




In addition, CEPT is requested to report on the progress of its work pursuant to this 
Mandate to all the meetings of the Radio Spectrum Committee taking place during the 
course of the Mandate.  




The Commission, with the assistance of the Radio Spectrum Committee pursuant to the 
Radio Spectrum Decision, may consider applying the results of this mandate in the EU, 
pursuant to Article 4 of the Radio Spectrum Decision. 
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Denmark


Denmark
Comments on ECC Deliverable Draft CEPT Report 49,


“Technical conditions regarding spectrum harmonisation for terrestrial wireless systems in the 3400-3800 MHz frequency band”

0
Sources

Danish Business Authority

Langelinje Alle 17.

2100 Copenhagen Ø


Denmark


1 
General Comments


Referring to the cover letter attached to the front of the Draft CEPT Report 49, The Danish Administration expresses its preference to 


Option C (CEPT has decided to maintain both frequency arrangements without indicating any preference. ECC/DEC/(11)06 to be revised to remove Decides 3.)

as described in the Executive Summary Task 2 chapter.


2
Proposals related to the ECC Deliverables


[Note: proponents are invited to use the following table to provide comments. It is also possible to provide as an annex the proposals with track changes and related justifications.]

		Comment number

		Section number/ Clause

		Paragraph Figure/ Table

		Type of comment (General/ Technical/Editorial)

		COMMENTS

		Proposed change



		DK1

		-

		-

		-

		-

		-
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France


France


DRAFT CEPT REPORT 49 - Page 48
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Cover letter





At its latest meeting, ECC approved the draft CEPT Report 49 for public consultation. This CEPT Report has been developed in response to the EC Mandate 3400-3800 MHz[footnoteRef:1].  [1:  See ECC(12)INFO01 – EC mandate 3400-3800 MHz, ECC(12)007 Annex 7 – roadmap for responding to EC mandate 3400-3800 MHz] 




Preferred channeling arrangement for the 3400-3600 MHz

The possibility of a preferred channeling arrangement for the 3400-3600 MHz band has been discussed by the 34th ECC meeting, as well as the possibility to have FDD and TDD on the same footing. The ECC identified a slight preference for TDD as the preferred frequency arrangement with FDD frequency arrangement as an alternative.

ECC invites additional views before taking a final decision on a preferred frequency arrangement at the next ECC meeting. 



The responses should be forwarded to the European Communications Office: 
Mr Alexander Gulyaev (alexander.gulyaev@eco.cept.org) not later than the deadline indicated on the ECC consultation webpage. 



The responses will be considered at the next ECC meeting.  



BEM for 3400-3800 MHz 



The relevant part of the CEPT Report includes also the proposed BEM to be implemented in a future regulatory framework.



Please note that those BEM have been studied in the draft ECC Report 203 on “Least Restrictive Technical Conditions (BEM) suitable for Mobile/Fixed Communication Networks (MFCN), including IMT, in the frequency bands 3400-3600 MHz and 3600-3800 MHz”. ECC highlights that this ECC Report is also subject to public consultation.
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[bookmark: _Toc359584077]Executive summary

This CEPT Report provides the answer to the Mandate issued by the European Commission on technical conditions regarding spectrum harmonisation for terrestrial wireless systems in the 3400-3800 MHz frequency band.

It provides the requested technical conditions (task 1) together with elements in relation with the possible channelling arrangements (task 2).. Under task 2, CEPT has also reviewed the key principles related to the coordination between Broadband Wireless Access (BWA) stations and Fixed-Satellite Service (FSS) Earth stations in order to ensure that relevant principles will be available when future for MFCN (including IMT) systems to be introduced in these bands in accordance with new technical conditions.  

TASK 1 (Block Edge Mask)

The base station technical requirements are defined in the Report are applicable to for base stations with different power levels, enabling network deployment with both macro cells and small cells. In the figures below it is assumed for simplicity that all blocks have been licensed to MFCN (individual license granted to mobile operators with rights of use of one or more than 5 MHz blocks).

The base station Block Edge Mask (BEM) requirements as described below may be relaxed whenever there are bilateral agreements between operators. The BEM has not been developed to protect other services or applications in the band, and only applies in blocks that have been licensed to MFCN according to the new harmonised frequency arrangement. In the figures below it is assumed for simplicity that all blocks have been licensed to MFCN.

Table 1 contains the different elements of the BEM in the 3400-3600 MHz and 3600-3800 MHz bands, together with the frequency regions where they apply. The guard bands apply in case of an FDD allocation in 3400-3600 MHz. It should be noted that whenever guard bands are mentioned in this report, it is understood that those apply only for an FDD allocation.

Tables 2 to 5 contain the power limits that apply for the different BEM elements. PMax is the maximum carrier power for the base station in question, measured as e.i.r.p.

To The determination of obtain the characteristics of a BEM for a specific block is based on the elements given in the following tables. It should be noted that when several characteristics are available for the given block, the most relaxed requirement should be chosen., these elements are combined as follows:

It should also be noted that these BEM characteristics apply to BS for cells from macro to femto.

For each 5 MHz interval in the 3400-3600 MHz and 3600-3800 MHz bands, used by MFCN according to the harmonized frequency arrangements, the BEM elements that apply have to be determined (there may be several).

The most relaxed requirement of those defined in the interval in question has to be chosen. 

The base station Block Edge Mask (BEM) requirements as described below may be relaxed whenever there are bilateral agreements between operators.

BEM elements

		BEM element

		Region of applicability



		In-block 

		Block for which the BEM is derived 



		Baseline 

		Spectrum assigned for TDD and FDD UL and DL



		Transitional region 

		For FDD DL blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator. 

For TDD blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator, in spectrum that is not assigned to another operator, including the guard band 3590-3600 MHz, or in case of synchronized blocks with the same UL/DL configuration.



		Guard bands 

		3400-3410, 3490-3510 and 3590-3600 MHz (for an FDD allocation)







As explained in ECC Report 131 (on the “derivation of a block edge mask (BEM) for terminal stations in the 2.6 GHz frequency band (2500-2690 MHz)”), the out-of-block component of the BEM itself consists of a baseline level (see table 2) and, where applicable (i.e., this depends mainly on the channel arrangement (duplex gap, guard band, and the particular status of blocks), intermediate levels (see table 5) which describe the transition from the in-block level to the baseline level as a function of frequency. 

In addition, the limits applicable at 3,4 GHz may depend of national context and various baseline levels below 3,4 MHz are proposed for national implementation (see Table 3). 

Finally, it is proposed to refer to the relevant applicable standard for the in block limit  





Baseline and guard band power limits

		BEM element

		Frequency range

		Power limit



		Baseline 

		FDD DL (3510-3590 MHz). 
Synchronized TDD blocks with the same UL/DL configuration (3400-3800 or 3600-3800 MHz). 

		Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna



		Baseline 

		FDD UL (3410-3490 MHz). 
Unsynchronised TDD blocks (3400-3800 or 3600-3800 MHz) (unless synchronized). 

		-34 dBm/5 MHz e.i.r.p. per cell(1)





		Guard band(2) 

		3400-3410 MHz

		-34 dBm/5 MHz e.i.r.p. per cell



		Guard band(2) 

		3490-3500 MHz

		-23 dBm/5 MHz e.i.r.p. per antenna



		Guard band(2) 

		3500-3510 MHz

		Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p.  per antenna



		Guard band(2) 

		3590-3600 MHz

		Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna





(1) In case of multiple antennas with different polarization, the power limit should be relaxed to -31 dBm/5 MHz e.i.r.p. per cell.

(2) Applicable to the FDD plan only.



Additional baseline requirements for country specific cases

Additional base station baseline requirements for country specific cases

		Case

		BEM element

		Frequcy range

		Power limit



		A

		CEPT countries with military radiolocation systems below 3400 MHz

		Additional Baseline

		Below 3400 MHz for both TDD and FDD allocation(1)

		-59 dBm/MHz e.i.r.p.(2)  



		B

		CEPT countries with military radiolocation systems below 3400 MHz

		Additional Baseline

		Below 3400 MHz for both TDD and FDD allocation(1)

		-50 dBm/MHz e.i.r.p. (2)  



		C

		CEPT countries without adjacent band usage or with usage that does not need extra protection

		Additional Baseline

		Below 3400 MHz for both TDD and FDD allocation

		Not necessary

(spurious levels from the standards apply)





(1) Administrations may choose to have a guard band below 3400 MHz. In that case the power limit may apply below the guard band only.

(2)  Administrations may select the limit from case A or B depending on the level of protection required for the radar in the region in question.



Cases A; B and C can be applied per region or country at national level so that the adjacent band may have different levels of protection in different geographical areas, depending on the deployment of the adjacent band systems below 3.4 GHz which may depend from national context.

In addition, the levels given in Table 3 are applicable to outdoor macro/micro cells. In case of indoor femto cell, the levels can be relaxed on a case by case basis.

In-block power limit

		BEM element

		Frequency range

		Power limit



		In-block

		Block assigned to the operator

		Not obligatory. 
In case an upper bound is desired by an administration, a value of 68 dBm/5 MHz per antenna may be applied. 



For femto base stations, power control as defined by the standardistion should be applied to minimize interference to adjacent channels.







For femto base stations, power control should be applied to minimize interference to adjacent channels.

Transitional region power limits

		BEM element

		Frequency range

		Power limit



		Transitional 

		-5 to 0 MHz offset from lower block edge 
0 to 5 MHz offset from upper block edge 

		Min(PMax – 40, 21) dBm/5 MHz 
e.i.r.p. per antenna



		Transitional 

		-10 to 5 MHz offset from lower block edge 5 to 10 MHz offset from upper block edge

		Min(PMax – 43, 15) dBm/5 MHz 
e.i.r.p. per antenna





Note: For TDD blocks the transitional region applies in case of synchronized adjacent blocks, and in-between adjacent TDD blocks that are separated by 5 or 10 MHz. The transition region does not extend below 3400 MHz or above 3800 MHz



Baseline limits

There are two different types of baseline levels: the first for FDD downlink spectrum (also applicable when two TDD blocks are synchronized) and the second for FDD UL (and TDD non synchronised) . 

· The first is defined for FDD downlink spectrum. 

This requirement is expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit. The stricter of the two requirements applies. The fixed level prevents interference from increasing in the region where the limit derived from the relative requirement is less stringent. The values are derived from BS – UE interference analysis, and are expressed as e.i.r.p. limits per antenna. 

When two TDD blocks are synchronized and have the same UL/DL configuration, there will be no BS – BS interference. In this case, the same baseline as for the FDD DL region is used. 

· The second type of baseline is defined for FDD UL and TDD spectrum, 

This baselineand is expressed as a fixed limit only, calculated based on BS – BS interference. The e.i.r.p. limit is given per cell. When multiple antennas are used, 3 dB should be subtracted from the e.i.r.p. value due to the different polarizations of the antennas. An exception for this type of baseline can be negotiated between adjacent operators for femto base stations in the case where macro base stations are not used in its proximity. In that case -25 dBm/5MHz e.i.r.p. per cell may be used.

In Figure 1 the baseline levels are presented for a TDD-only allocation and in Figure 2 and for an allocation with both FDD (3400-3600 MHz) and TDD (3600-3800 MHz). The baseline in the TDD allocations corresponds to a scenario where all operators are synchronized and use the same UL/DL configuration.

Figure 3 describes how the relative level and the fixed level are combined.
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Figure 1: Schematic description of baseline and guard band power levels for a TDD-only allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized.
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Figure 2: Schematic description of baseline and guard band power levels for a mixed FDD and TDD allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized.
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Figure 3: Combining the relative and the fixed limit for the baseline applying to FDD DL spectrum

Guard band limits (FDD band plan)

In the case of an FDD allocation there will be guard bands below the FDD UL, above the FDD DL, and in-between the FDD UL and DL, see Figure 2 above. 

· For the guard band 3400-3410 MHz, the power limit is chosen to be the same as the baseline in the adjacent FDD UL spectrum, 3410-3490 MHz. 

· Similarly, the baseline that applies in 3510-3590 MHz is also used in the guard band regions 3500-3510 MHz and 3590-3600 MHz. Finally, spurious requirements converted to 5 MHz bandwidth apply in the 3490-3500 MHz. 

In-block limits

The in-block power limit, as defined in Table 4 above, is not mandatoryobligatory. 

Nevertheless, tThe requirement on power control for femto base stations appliedis because dueof the need to reduce interference from equipment that may be deployed by consumers and thus the exact location may not be known to the operators. This is defined by standardisation 

Different licensing approaches might be chosen by administrations to licence TDD spectrum. 

· Examples for those are a regulatory approach with no frequency separation between the block edges of two adjacent unsynchronised TDD networks, a regulatory approach with unlicensed separation between the block edges of the two adjacent operators or the definition of restricted blocks between MFCN operators .

Transitional region limits

The transitional region is defined to enable the reduction of power from the in-block level to the baseline or guard band levels, and is defined as in Table 5 above. The general shape of the transitional region is presented in Figure 4 below.

The requirements are defined for 5 MHz bandwidth, 0 to 5 MHz and 5 to 10 MHz offset from the upper and lower edges of an operator’s block. They are expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit, as for the baseline requirement in the FDD DL. The stricter of the two requirements applies. 

Combination of BEM elements

The BEM elements as described above are combined to provide a BEM for a particular block by choosing the most relaxed requirement of those that are defined for a frequency interval. Figure 4 provides an example of such a combination of BEM elements for an FDD block in the lower part of the FDD DL spectrum. 
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Figure 4: Combined BEM elements for an FDD block starting at 3510 MHz

Licensing approaches for unsynchronised TDD networks



In the case of unsynchronized TDD networks, different licensing approaches may be applied at national level to avoid interference between adjacent operators:

· the regulator may introduce a separation between the block edges of the two adjacent operators, to enable sufficient roll-off of additional filters required to meet the baseline;

· in case of no frequency separation of adjacent operators’ blocks, operators may be required to limit the power used in the upper or lower part of their assigned spectrum, or both. The level allowed in these restricted blocks is set so that the owner should not create interference to its adjacent operator and is equal to: 4.1dBm (EIRP). At a national level, this value may be relaxed by the regulator if there is an agreement between operators.



UE In-block requirement

This report provides a recommended upper limit of 25dBm e.i.r.p. for the in-block power of the terminals.  

It should be noted that the interference between UEs belonging to different FDD operators will be very limited and that similarly, provided that the equipment is designed properly, in line with the 3GPP requirement, interference from TDD UEs to FDD UEs and vice versa will also be limited. 

On the contrary, interference may be strong between UEs of unsynchronized TDD networks. However, it is considered that scenarios where a UE is transmitting at the same time as a UE using an adjacent channel in the vicinity is receiving may be relatively rare, except in hot spots.

Co-existence with other services than MFCN

Co-existence studies for other services than MFCN have been carried out for both in-band and out-of-band scenarios. The in-band services considered are FSS, FS and BWA and the out-of-band services are civil and military Radiolocation. 

No single separation distance, guard band or signal strength limit can be provided for FSS and FS to ensure co-existence with MFCN.

It is assumed that BWA systems are similar to MFCN systems and that BWA can co-exist under the new BEM licensing regime. It should however be noted that BWA systems compliant to the former technical characteristics (as defined in ECC Recommendation (04)05) may suffer interference from MFCN systems compliant with the BEM described above. This situation results from the necessity to relax the constraints currently applicable to make possible a mobile use of the 3400-3800 MHz band.

As a consequence of the above, a transitional phase should be considered during which previous and new technical characteristics should coexist. During this transitional phase, it should however be made clear that any new authorisation shall be based on the new technical characteristics. This transitional phase may only apply in countries (and possibly neighbouring countries) where a BWA network has been effectively deployed and has not been updated with the new technical characteristics.

In some CEPT countries military radiolocation systems that are deployed below 3400 MHz need a fixed limit for protection from base station interference (cases A and B in Table 3). For the MFCN base stations             -59dBm/MHz is defined in Table 3. Other mitigation measures like geographical separation, coordination on a case by case basis or an additional guard band may be necessary for a TDD allocation.

For UEs other mitigation measures to be implemented at national level will be necessary such as e.g. geographical separation or an additional guard band for both FDD or TDD allocation.



TASK 2 

· (Channelling Arrangements)

In this report CEPT has assessed and justified the need to introduce channeling arrangements in the 3400-3800 MHz band to develop a harmonised solution that is sufficiently precise for the development of EU-wide equipment.



For the 3400-3600 MHz band two channeling arrangements have been introduced: one comprising of a 200 MHz TDD plan, the other one comprising of the 2x80 MHz FDD plan (see Figures 6 and 7 below respectively and Section 3.1.4.4 of this report for details).



A preferred channeling arrangement TDD for the 3,4-3,6 GHz band with an alternative FDD channeling arrangement is proposed ,.. 

It should be noted that a TDD band plan may allow more flexible accommodation of current use of the frequency bands by other services. There is more flexibility to create “holes” in the band to protect incumbent users, as these holes are not replicated in the UL/DL band as is the case for FDD. In particular, taking into account, a current variation of the usage of the frequency bands within CEPT where number of authorisations may vary from country to country including on license duration. This offer the possibility to introduce MFCN in the band according to market demand at national level 

In addition, TDD systems are currently used in a number of those countries in the band 3400-3600 MHz due to the better availability of TDD systems.



· Option A: CEPT has identified the frequency arrangement for the 3400-3600 MHz band based on TDD as described in Annex 1 of ECC/DEC/(11)06 as the preferred frequency arrangement. A frequency arrangement based on FDD as described in Annex 2 of ECC/DEC/(11)06 is provided as an alternative.



· Option C: CEPT has decided to maintain both frequency arrangements without indicating any preference. ECC/DEC/(11)06 to be revised to remove Decides 3.



For the 3600-3800 MHz band one channeling arrangement has been introduced comprising of a 200 MHz TDD plan (see Figure 5 below and Section 3.1.4.3 of this report for details).
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Figure 5: Harmonised frequency arrangement for the 3600-3800 MHz band based on TDD
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Figure 6: Frequency arrangement for the 3400-3600 MHz band based on TDD



[image: ]

Figure 7: Frequency arrangement for the 3400-3600 MHz band based on FDD

· Key principles related to the coordination of MFCN and FSS 



The following key principles related to the coordination between Mobile/Fixed Communication Network stations and Fixed-Satellite Service (FSS) Earth stations should be implemented at national level in order to ensure coordination between these systems: 

1. Frequency coordination is primarily concerned with local implementation, local propagation conditions and local licensed use of the shared band. This is best dealt with by national administrations;

2. Some administrations have effective co-ordination arrangements in place. The implementation of these guidelines is at the discretion of the national administrations to the extent this may help them;

3. The key objectives of co-ordination processes are maximising efficient use of the available spectrum for the benefit of the EU whilst protecting existing licensed uses of the band;

4. Coordination processes and associated protection should only apply to registered/licensed spectrum users;

5. Data exchange and coordination processes are mutual and reciprocal to all band users;

6. Data on registered use of the band should be available to all users under relevant legal protections and confidentiality obligations;

7. The coordination process must be both accurate and fast to enable all operators to efficiently plan spectrum utilisation and network deployments;

8. Operators should have access to registered band usage to maximise the successful coordination of spectrum through propagation modelling without physical measurement at the planning stage;

9. All parties are responsible for the efficient use of spectrum. In deploying new MFCN stations and new FSS Earth stations, operators should be cognisant of the need to minimise constraints on the other service;

10. These guidelines primarily relate to co-ordination within national boundaries. For the situation where MFCN  and FSS stations are within the territories of different administrations, the use of these guidelines within bilateral agreements may help to expedite cross border co-ordination[footnoteRef:2]; [2:  For cross-border coordination with non-EU administrations not listed in the 5.430A footnote of RR the provisions of this footnote should be taken into account.] 


11. All parties should undertake reasonable efforts to successfully complete the coordination exercise as quickly as possible;

12. Either party has the inherent right to refer the co-ordination to the relevant NRA(s) if agreement cannot be reached.
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[bookmark: _Toc359584078]Introduction

The European Commission has issued a Mandate to CEPT on technical conditions regarding spectrum harmonisation for terrestrial wireless systems in the 3400-3800 MHz frequency band (see Annex 3) to review and amend the technical conditions for the harmonised use of the 3400-3800 MHz frequency band in order to adapt them to the latest developments in technology by preserving flexibility of use in line with the WAPECS approach, including the updating of the Block Edge Mask (BEM) and introducing harmonised frequency arrangements.

CEPT is mandated to undertake the following tasks:

1) “Assess and justify any need to revise the common minimal (least restrictive) technical conditions, including BEM, which underlie the harmonised use of in the 3400-3800 MHz frequency band in the EU and, if necessary, identify modified conditions in view of accommodating developments in wireless broadband access technology in particular larger bandwidths. These conditions should be sufficient to avoid interference, facilitate cross-border coordination, and ensure co-existence with other existing systems and services in the same band and adjacent bands.”

2) “Assess and justify any need to introduce channelling arrangements in addition to (1) and, if necessary, develop a harmonised solution that is sufficiently precise for the development of EU-wide equipment.”

CEPT has developed a roadmap to structure the work in response to this Mandate to address the following issues:

a) assess and justify any need to revise the common minimal (least restrictive) technical conditions including BEM

b) identify modified conditions in view of accommodating developments in wireless broadband access technology in particular larger bandwidths

c) assess and justify any need to introduce channeling arrangements in addition to the LRTC (BEM)

d) if necessary, develop a harmonised solution that is sufficiently precise for the development of EU-wide equipment.

e) a review of the key principles related to the coordination between Broadband Wireless Access (BWA) stations and Fixed-Satellite Service (FSS) Earth stations in order to ensure that relevant principles will be available when future for MFCN (including IMT) systems to be introduced in these bands in accordance with new conditions.



		

		



		

		



		

		



		

		





[bookmark: _Toc359584079][bookmark: _Ref274743743]task 1 of the mandate (Block edge mask)

[bookmark: _Toc359584080]Justification for the need to revise the existing BEM

Regarding the work on issue (a) (see Introduction), ECC agreed on the justification for the need to revise the common minimal (least restrictive) technical conditions including BEM. The justification being the following:

In 2004 ECC adopted ECC/REC/ (04)05 [2] on “Guidelines for accommodation and assignment of Multipoint Fixed Wireless systems in frequency bands 3400-3600 MHz and 3600-3800 MHz” and in 2007 ECC/DEC/(07)02 [1] on “Availability of frequency bands between 3400-3800 MHz for the harmonised implementation of Broadband Wireless Access systems (BWA)”. In 2008 the BEM contained in ECC/REC/(04)05 [2] were included in the Commission Decision 2008/411/EC [3] on the harmonisation of the 3400-3800 MHz frequency band for terrestrial systems capable of providing electronic communications services in the Community.

WRC-07 identified the band 3400-3600 MHz for IMT, so ECC developed band plans for MFCN systems including IMT (see ECC/DEC/(11)06 [4]). 

ECC analyzed the existing BEM contained in ECC/REC/(04)05 [2], which were developed for PMP FWS systems in 2004 and concluded that it is not suitable for the introduction of MFCN systems including IMT in the 3400-3600 MHz band, due to the following reasons:

· The BEM available have been designed to ensure co-existence between PMP FWS applications only.

· The BEM were derived with the assumption of an internal guard band (half a channel width).

· The effect of blocking was not considered for establishing the BEM (which may lead to more stringent masks).

· The BEM may not even be suitable when PMP FWS are based on adjacent TDD blocks.

· The BEM is developed under the assumption that a high gain antenna leads to a lower probability of interference than a low gain antenna. While that might be appropriate for Fixed Wireless Systems, it is certainly inappropriate for other types of MFCN systems.

· The ETSI SEM (for 3GPP band class 7/38) do not allow an operation to fit to the BEM. It is anticipated that the SEMs of IMT-Advanced systems would not allow an operation to fit the BEM of the ECC/REC/(04)05 [2] as well (due to their large bandwidths).

· The existing 3.5 GHz BEM is justified in cases, where there is no commonly agreed band plan and maximum flexibility is needed (like the case of  deployments). When band plans are available and adopted, there is no need for the unnecessarily tight BEM but it should be adjusted to the more harmonised conditions in order to facilitate affordable equipment, maximise the spectrum efficiency (e.g. by reduced guard bands) and thus maximize the available amount of spectrum.	Comment by DESCHAMPS Benoist: It is proposed to delete this sentence which is confusing.

The technical analysis is provided in Annex 1 of this report.

[bookmark: _Toc359584081]Development of the new BEM

In this report the BEM was derived from a minimum coupling loss (MCL) analysis and simulations.

For the purposes of this report the term “BWA” (Broadband Wireless Access) refers to legacy BWA systems licenced under the existing 3400-3600 MHz licencing regimes as described in ECC/DEC/(07)02 or 2008/411/EC. The term “MFCN” (Mobile/fixed communications networks) includes IMT and other communications networks in the mobile and fixed services and for the purposes of this report refers to radio communication systems which should comply with the BEM defined in this report.

The base station BEM requirements as described below may be relaxed whenever there are bilateral agreements between operators. The BEM has not been developed to protect other services or applications in the band, and only applies in blocks that have been licensed to MFCN according to the new harmonised frequency arrangement. In the figures below it is assumed for simplicity that all blocks have been licensed to MFCN.	Comment by DESCHAMPS Benoist: See comment above

Figure 8 describes a general BEM. Table 6 contains the different elements of the BEM in the 3400-3600 MHz and 3600-3800 MHz bands, together with the frequency regions where they apply. The guard bands apply in case of an FDD allocation in 3400-3600 MHz. It should be noted that whenever guard bands are mentioned in this report, it is understood that those apply only for an FDD allocation.

Tables 7 to 10 contain the power limits that apply for the different BEM elements. PMax is the maximum carrier power for the base station in question, measured as e.i.r.p.

To The determination of obtain the characteristics of a BEM for a specific block is based on the elements given in the following tables. It should be noted that when several characteristics are available for the given block, the most relaxed requirement should be chosen., these elements are combined as follows:

It should also be noted that these BEM characteristics apply to BS for cells from macro to femto.

· For each 5 MHz interval in the 3400-3600 MHz and 3600-3800 MHz bands, used by MFCN according to the harmonized frequency arrangements, the BEM elements that apply have to be determined (there may be several).

· The most relaxed requirement of those defined in the interval in question has to be chosen.

In the following paragraphs the different BEM elements are described further.
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Figure 8: Illustration of a general block-edge mask

BEM elements

		BEM element

		Region of applicability



		In-block 

		Block for which the BEM is derived 



		Baseline 

		Spectrum assigned for TDD and FDD UL and DL



		Transitional region 

		For FDD DL blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator. 

For TDD blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator, in spectrum that is not assigned to another operator, including the guard band 3590-3600 MHz, or in case of synchronized blocks with the same UL/DL configuration.



		Guard bands 

		3400-3410, 3490-3510 and 3590-3600 MHz (for an FDD allocation)







Baseline and guard band power limits

		BEM element

		Frequency range

		Power limit



		Baseline 

		FDD DL (3510-3590 MHz). 
Synchronized TDD blocks with the same UL/DL configuration (3400-3800 or 3600-3800 MHz). 

		Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna



		Baseline 

		FDD UL (3410-3490 MHz). 
Unsynchronised TDD blocks (3400-3800 or 3600-3800 MHz) (unless synchronized). 

		-34 dBm/5 MHz e.i.r.p. per cell(1)





		Guard band(2) 

		3400-3410 MHz

		-34 dBm/5 MHz e.i.r.p. per cell





		Guard band(2) 

		3490-3500 MHz

		-23 dBm/5 MHz e.i.r.p. per antenna



		Guard band(2) 

		3500-3510 MHz

		Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p.  per antenna



		Guard band(2) 

		3590-3600 MHz

		Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna





(1) In case of multiple antennas with different polarization, the power limit should be relaxed to -31 dBm/5 MHz e.i.r.p. per cell.

(2) Applicable to the FDD plan only.



Additional baseline requirements for country specific cases

Additional base station baseline requirements for country specific cases

		Case

		BEM element

		Frequcy range

		Power limit



		A

		CEPT countries with military radiolocation systems below 3400 MHz

		Additional Baseline

		Below 3400 MHz for both TDD and FDD allocation(1)

		-59 dBm/MHz e.i.r.p.(2)  



		B

		CEPT countries with military radiolocation systems below 3400 MHz

		Additional Baseline

		Below 3400 MHz for both TDD and FDD allocation(1)

		-50 dBm/MHz e.i.r.p. (2)  



		C

		CEPT countries without adjacent band usage or with usage that does not need extra protection

		Additional Baseline

		Below 3400 MHz for both TDD and FDD allocation

		Not necessary

(spurious levels from the standards apply)





(1) Administrations may choose to have a guard band below 3400 MHz. In that case the power limit may apply below the guard band only.

(2)  Administrations may select the limit from case A or B depending on the level of protection required for the radar in the region in question.

Cases A; B and C can be applied per region or country so that the adjacent band may have different levels of protection in different geographical areas, depending on the deployment of the adjacent band systems.

In-block power limit

		BEM element

		Frequency range

		Power limit



		In-block

		Block assigned to the operator

		Not obligatory. 
In case an upper bound is desired by an administration, a value of 68 dBm/5 MHz per antenna may be applied. 







For femto base stations, power control should be applied to minimize interference to adjacent channels.

Transitional region power limits

		BEM element

		Frequency range

		Power limit



		Transitional 

		-5 to 0 MHz offset from lower block edge 
0 to 5 MHz offset from upper block edge 

		Min(PMax – 40, 21) dBm/5 MHz 
e.i.r.p. per antenna



		Transitional 

		-10 to 5 MHz offset from lower block edge 5 to 10 MHz offset from upper block edge

		Min(PMax – 43, 15) dBm/5 MHz 
e.i.r.p. per antenna





Note: For TDD blocks the transitional region applies in case of synchronized adjacent blocks, and in-between adjacent TDD blocks that are separated by 5 or 10 MHz. The transition region does not extend below 3400 MHz or above 3800 MHz.



Baseline limits

There are two different types of baseline levels. The first is defined for FDD downlink spectrum. This requirement is expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit. The stricter of the two requirements applies. The fixed level prevents interference from increasing in the region where the limit derived from the relative requirement is less stringent. The values are derived from BS – UE interference analysis, and are expressed as e.i.r.p. limits per antenna. 

When two TDD blocks are synchronized and have the same UL/DL configuration, there will be no BS – BS interference. In this case, the same baseline as for the FDD DL region is used. 

The second type of baseline is defined for FDD UL and TDD spectrum, and is expressed as a fixed limit only, calculated based on BS – BS interference. The e.i.r.p. limit is given per cell. When multiple antennas are used, 3 dB should be subtracted from the e.i.r.p. value due to the different polarizations of the antennas. An exception for this type of baseline can be negotiated between adjacent operators for femto base stations in the case where macro base stations are not used in its proximity. In that case -25 dBm/5MHz e.i.r.p. per cell may be used.

In Figure 9 the baseline levels are presented for a TDD-only allocation and in Figure 10 and for an allocation with both FDD (3400-3600 MHz) and TDD (3600-3800 MHz). The baseline in the TDD allocations corresponds to a scenario where all operators are synchronized and use the same UL/DL configuration.

Figure 11 describes how the relative level and the fixed level are combined.
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Figure 9: Schematic description of baseline and guard band power levels for a TDD-only allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized.
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Figure 10: Schematic description of baseline and guard band power levels for a mixed FDD and TDD allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized.
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Figure 11: Combining the relative and the fixed limit for the baseline applying to FDD DL spectrum

Guard band limits (FDD allocation)

In the case of an FDD allocation there will be guard bands below the FDD UL, above the FDD DL, and in-between the FDD UL and DL, see Figure 10 above. For the guard band 3400-3410 MHz, the power limit is chosen to be the same as the baseline in the adjacent FDD UL spectrum, 3410-3490 MHz. Similarly, the baseline that applies in 3510-3590 MHz is also used in the guard band regions 3500-3510 MHz and 3590-3600 MHz. Finally, spurious requirements converted to 5 MHz bandwidth apply in the 3490-3500 MHz. 

In-block limits

The in-block power limit, as defined in Table 9 above, is not obligatory. The requirement on power control for femto base stations is because of the need to reduce interference from equipment that may be deployed by consumers and thus the exact location may not be known to the operators.

Different licensing methodologies might be chosen by administrations to licence TDD spectrum. Examples for those are a regulation methodology with no frequency separation between the block edges of two adjacent unsynchronised TDD networks, a regulation methodology with unlicensed separation between the block edges of the two adjacent operators or the definition of restricted blocks.

Transitional region limits

The transitional region is defined to enable the reduction of power from the in-block level to the baseline or guard band levels, and is defined as in Table 10 above. The general shape of the transitional region is presented below in Figure 12.

The requirements are defined for 5 MHz bandwidth, 0 to 5 MHz and 5 to 10 MHz offset from the upper and lower edges of an operator’s block. They are expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit, as for the baseline requirement in the FDD DL. The stricter of the two requirements applies. 

Combination of BEM elements

The BEM elements as described above are combined to provide a BEM for a particular block by choosing the most relaxed requirement of those that are defined for a frequency interval. Figure 12 provides an example of such a combination of BEM elements for an FDD block in the lower part of the FDD DL spectrum. 
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Figure 12: Combined BEM elements for an FDD block starting at 3510 MHz

UE In-block requirement

This report provides a recommended upper limit of 25dBm e.i.r.p. for the in-block power of the terminals.  

It should be noted that the interference between UEs belonging to different FDD operators will be very limited and that similarly, provided that the equipment is designed properly, in line with the 3GPP requirement, interference from TDD UEs to FDD UEs and vice versa will also be limited. On the contrary, interference may be strong between UEs of unsynchronized TDD networks. However, it is considered that scenarios where a UE is transmitting at the same time as a UE using an adjacent channel in the vicinity is receiving may be relatively rare, except in hot spots.

Co-existence with other services than MFCN

Co-existence studies for other services than MFCN have been carried out for both in-band and out-of-band scenarios. The in-band services considered are FSS, FS and BWA and the out-of-band services are civil and military Radiolocation.

The conclusions are as follows:

BWA

For the purpose of co-existence, it is assumed that BWA systems as defined above are similar to MFCN systems. Therefore no studies were carried out for MFCN – BWA co-existence. It should however be noted that BWA systems compliant to the former technical characteristics (as defined in ECC Recommendation (04)05) may suffer interference from MFCN systems compliant with the BEM described above. This situation results from the necessity to relax the constraints currently applicable to make possible a mobile use of the 3400-3800 MHz band.

As a consequence of the above, a transitional phase should be considered during which previous and new technical characteristics should coexist. During this transitional phase, it should however be made clear that any new authorisation shall be based on the new technical characteristics. This transitional phase may only apply in countries (and possibly neighbouring countries) where a BWA network has been effectively deployed and has not been updated with the new technical characteristics.

Fixed Service

MFCN applies to all Mobile and Fixed communication networks including point-to-point Fixed links.

Due to the varying characteristics of different types of FS systems and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with mobile systems. Co-existence can be achieved through co-ordination on a case-by-case basis. Based on the results of analysis of both directions of interference (mobile service interfering into P-P and vice-versa) some general observations can be made. Overlapping-channel sharing meaning any opverlap between spectrum of interfering and interfered signals) between the mobile service and P-P links is not feasible in the same geographical area. Consequently if spectrum is used ubiquitously by the FS it cannot be used by the mobile service in the same region. With larger frequency separation and distances coordination is needed, depending on the characteristics of the mobile and the P-P services.

The studies that were carried out in ECC Report 302 on 3.5 MHz [12] take into account a single interferer. In the case of multiple interferers the co-existence could be more difficult to achieve.

Also interference from FS systems to mobile systems may exceed the acceptable interference level.

The similarities between Mobile Systems and P-MP Fixed Systems indicate that the results for mobile – mobile adjacent channel co-existence largely apply to the mobile – P-MP scenario as well. In case of BS – BS interference additional measures may thus be necessary, such as frequency separation and/or additional filters, whereas otherwise co-existence is expected to be possible without such measures. 

MFCN UEs and BWA terminal stations have similar characteristics, which justifies that the conclusions of the ECC Report 100 on the coexistence of BWA TS with Fixed Service can be extended to MFCN UEs. As such, the coordination of MFCN BS and FS will be sufficient to ensure that MFCN UEs do not interfere with FS.

Fixed Satellite Service

Due to the varying characteristics of different types of FSS earth stations and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with MFCN. Co-existence should be achieved through co-ordination on a case-by-case basis, assuming FSS earth stations locations are known. However, some general observations can be made. Separation distances for co-existence vary considerably depending on type of equipment and deployment (e.g. tilt and clutter), but can be large. User equipment impact earth stations less than base stations, so separation that prevents interference from base stations will also protect earth stations from UE interference. There are several mitigation techniques that can be applied, in particular site shielding of earth stations. Interference from FSS satellites to MFCN may exceed the acceptable interference level, but in most cases only by a small margin.

The coordination of MFCN BS and FSS will ensure that MFCN UEs do not interfere with FSS, based on the analysis conducted in ECC Report 100 [16] and ITU-R Report M.2109 [18].

Radiolocation

Due to the varying characteristics of different types of radar stations and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with MFCN, but some representative examples are provided. Co-existence should be achieved through co-ordination on a case-by-case basis. However, some general observations can be made for non-overlapping adjacent channels. For airborne radars the no required separation distance is requiredapproximately 0 km, depending on the radar type and antenna type. For land-based/ship-borne radars the required separation distance is less than 1 km, depending on the radar type and antenna type. A frequency separation analyses concludes that for a 5 km separation, and considering wideband IMT-Advanced interference to wideband radars, the required frequency separation varies between 14 and 65 MHz, depending on radar type and scenario.

There are mitigation techniques which can reduce the separation distance or frequency separation required. In particular, for adjacent channel/adjacent band interference, improved receiver performance and decreased unwanted emissions can be efficient.

Regarding interference from radars to MFCN networks, installation of systems closer than approximately 5 km from the radar should be coordinated. It is necessary to establish a protection distance of approximately 11 km in some areas. Considering blocking effects, the radar may impact MFCN systems up to a distance of 30 km.

It is not necessary to adopt specific emission requirements for MFCN UEs to protect radiolocation in adjacent bands if the coordination distance between MFCN BS and Radiolocation stations exceeds from several kms the typical coverage range of MFCN UEs. Further studies would be required in the case of implementation of MFCN BSs in close proximity to radiolocation stations.

With regard to blocking of radars by mobile systems, studies have shown that additional isolation on the separation distance would be required between the mobile service base station and the radar. As an example, for a separation distance of 1km this additional required isolation is in the order of 20-60dB depending on the radar characteristics such as antenna height, gain, radiation patterns, radar frequency and bandwidth, number and size of mobile blocks, etc. The actual impact should be determined on a case-by-case basis. Currently, it is planned in a number of administrations to address this issue by improving the radar adjacent band rejection capability through enhancing receiving chains where needed. 

It should be noted that the non-linear responses could be dominant for some radar frequencies compared with other effects.

The analysis did not take into account the fact that radar antennas rotate and therefore only affect a particular MFCN base station or UE intermittently.

Adjacent band limit in the case of adjacent band usage by military systems

In some CEPT countries military radiolocation systems that are deployed below 3400 MHz need a fixed limit for protection from base station interference (cases A and B in Table 8). Other mitigation measures like geographical separation, coordination on a case by case basis or an additional guard band may be necessary for a TDD allocation.

For UEs other mitigation measures will be necessary such as e.g. geographical separation or an additional guard band for both FDD or TDD allocation.



[bookmark: _MON_1285142961][bookmark: _MON_1285169829][bookmark: _Toc359584082] task 2 of the mandate (channelling arrangements)

[bookmark: _Toc359584083]Channelling arrangements in the 3400-3600 MHz and 3600-3800 MHz

The aim of this section is to assess and justify the need to introduce channelling arrangements in addition to the BEM developed as task 1 of the mandate. The channelling arrangements should be sufficiently precise to enable the development of EU-wide equipment.

In the year 2011 CEPT approved ECC/DEC/(11)06 [4] that precisely provides channelling arrangements in the 3400-3600 MHz and 3600-3800 MHz frequency bands. The reasoning and justification that led to the improvement of the regulatory framework in terms of channelling arrangements is used as basis for this section.

In the year 2013 the frequency arrangement in the 3400-3600 MHz was subject to a review with the aim to identify a preferred frequency arrangement as set out in Decides 3 of ECC/DEC/(11)06.

· A preferred channeling arrangement TDD for the 3,4-3,6 GHz band with an alternative FDD channeling arrangement is proposed ,.. 

It should be noted that a TDD band plan may allow more flexible accommodation of current use of the frequency bands by other services. There is more flexibility to create “holes” in the band to protect incumbent users, as these holes are not replicated in the UL/DL band as is the case for FDD. In particular, taking into account, a current variation of the usage of the frequency bands within CEPT where number of authorisations may vary from country to country including on license duration. This offer the possibility to introduce MFCN in the band according to market demand at national level 

In addition, TDD systems are currently used in a number of those countries in the band 3400-3600 MHz due to the better availability of TDD systems.

· A TDD frequency arrangement at 3,6-3,8 GHz is proposed

Option A: CEPT has identified the frequency arrangement for the 3400-3600 MHz band based on TDD as described in Annex 1 of ECC/DEC/(11)06 as the preferred frequency arrangement. A frequency arrangement band based on FDD as described in Annex 2 of ECC/DEC/(11)06 is provided as an alternative.

Option C: CEPT has decided to maintain both frequency arrangements without indicating any preference. ECC/DEC/(11)06 to be revised to remove Decides 3.

[bookmark: _Toc359584084]Background information

Any harmonised frequency arrangements for the 3400-3800 MHz band should facilitate high data rate mobile/fixed communications networks (MFCN) including International Mobile Telecommunications (IMT) services supported by larger channel bandwidths as an evolution to the existing framework without the consequential requirement for a replacement of systems based on the existing regulatory framework. It aims at providing the basis to the mobile industry and administrations to respond to the growth of mobile broadband and technological developments for wider channel bandwidths and increased data rates.

At WRC-07, the 3400-3600 MHz band was allocated on a primary basis to the mobile, except aeronautical mobile, service and identified for IMT in almost all CEPT member countries.

The term IMT covers IMT-2000 and IMT-Advanced systems. A wide range of systems are defined under this term: 6 IMT-2000 radio interfaces and 2 IMT-Advanced radio interfaces ensure a competitive environment.

Recommendation ITU-R M.1036 [5] on frequency arrangements for implementation of the terrestrial component of IMT has been revised in 2012 to include, among others, the arrangements for the 3400-3600 MHz band.

At the beginning of 2012, ITU-R agreed on the IMT-Advanced technologies in cooperation with standardisation organisations paving the way for future mobile broadband usage going beyond IMT-2000.

The ECO (formerly ERO) carried out a survey in 2008 [8] which found diverse implementations of BWA/FWA within 3400-3800 MHz in CEPT countries, including some IMT systems. This is reflected in various licensing coverage (national, regional) and various frequency blocks choices (different portions of the 3400-3800 MHz band). Moreover, this survey showed that paired blocks are used or planned to be used in TDD mode in some countries.

As far as practicable, the frequency arrangements in ECC/DEC/(11)06 [4] are intended to be technology neutral and capable of facilitating competitive provision of services using a range of technologies and modes (fixed, nomadic and mobile) with sufficient flexibility to accommodate current wireless broadband services deployed in the band.

When developing these channelling arrangements, ECC considered the following CEPT regulatory framework that is in force for broadband and fixed wireless access systems (BWA/FWA) in the 3400-3800 MHz band:

ECC/REC/(04)05 [2] that offers guidelines for accommodation and assignment of multipoint fixed wireless systems in the frequency bands 3400-3600 MHz and 3600-3800 MHz;

ECC/DEC/(07)02 [1] on availability of frequency bands between 3400-3800 MHz for the harmonised implementation of Broadband Wireless Access systems (BWA). This Decision refers to ECC/REC/(04)05 [2] for frequency arrangements.

Annex 2 of this CEPT Report provides a comparison of the various ECC deliverables for the 3400-3800 MHz band.

[bookmark: _Toc359584085]EC context

The existing Commission Decision 2008/411/EC [3] on the harmonisation of the 3400-3800 MHz frequency band for terrestrial systems capable of providing electronic communications services in the Community is based on the results of studies in response to EC mandates that are documented in CEPT Reports 15 and 19 (which defines least restrictive technical conditions for the 3400-3800 MHz band).

Under the scope of this EC mandate (Task 1) CEPT is conducting additional analysis to determine whether the existing least restrictive technical conditions (BEM) are suitable also for the high data rate IMT services supporting larger channel bandwidths.

[bookmark: _Toc359584086]General justification for harmonised frequency arrangements

It was recognised by the CEPTECC that implementation of MFCN including IMT systems providing high data rate applications in the band 3400-3800 MHz based on a harmonised frequency arrangement will maximise the opportunities and benefits for end users and society, reduce development and implementation costs of equipment and will secure future long term investments by providing economies of scale. Harmonised frequency arrangements facilitate economies of scale resulting in the availability of affordable equipment. A harmonised frequency arrangement will also reduce complexity in cross border coordination. Global roaming is facilitated by common frequency arrangements and measures for free circulation for IMT terminals. The opportunity to utilize larger channel bandwidths will support the provision of high data rates for IMT (especially with IMT-Advanced).

[bookmark: _Toc359584087]Justification of channeling arrangements in ECC/DEC/(11)06

[bookmark: _Toc359584088]Block size

CEPT ECC/DEC/(11)06 [4] chose to use block sizes of 5 MHz. It was considered that spectrum licensed for MFCN is generally assigned in multiples of 5 MHz, except where this is not possible, e.g. due to the presence of existing users. This block size enables (by combination of adjacent blocks) to utilize larger channel bandwidths creating the possibility to provide high data rates for IMT (especially with IMT-Advanced). Channel bandwidths such as 10, 20 and 40 MHz or more that could be accommodated in the bands 3400-3600 MHz and 3600-3800 MHz will enable higher data rates.

[bookmark: _Toc359584089]Sub-bands 3400-3600 MHz and 3600-3800 MHz are treated separately

The two sub-bands are treated as separate bands considering that they are treated differently in the Radio Regulations context and that the incumbent use of spectrum for each sub-band varies. For instance use of these two sub-bands for Fixed Satellite Service (FSS) is not the same (the band 3600-3800 MHz is used for FSS more intensively than the band 3400-3600 MHz).

[bookmark: _Toc359584090]Channeling arrangement for the sub-band 3600-3800 MHz

A TDD band plan has been chosen for this sub-band. It was considered that TDD may allow more flexible accommodation of current use of the frequency bands by other services. There is more flexibility to create “holes” in the band to protect incumbent users, as these holes are not replicated in the UL/DL band as is the case for FDD. For example TDD allows more efficient spectrum use when taking into account existing fixed satellite usage in case of geographical sharing. This is especially relevant to the 3600-3800 MHz band since this band is more intensively used for FSS than the band 3400-3600 MHz.

The TDD arrangement is based on a block size of 5 MHz starting at the lower edge of 3600 MHz (see Figure 13 below). If blocks need to be offset to accommodate other uses, the raster should be 100 kHz. Narrower blocks can be defined adjacent to other users, to allow full use of spectrum. It has to be noted that TDD in one extreme case also covers downlink only operation.

[image: ]

Figure 13: Harmonised frequency arrangement for the 3600-3800 MHz band based on TDD

[bookmark: _Toc359584091]Channeling arrangements for the sub-band 3400-3600 MHz

The ECC Decision contains two band plans (FDD and TDD) for the 3400-3600 MHz band.



A preferred channeling arrangement TDD for the 3,4-3,6 GHz band with an alternative FDD channeling arrangement is proposed ,.. 

It should be noted that a TDD band plan may allow more flexible accommodation of current use of the frequency bands by other services. There is more flexibility to create “holes” in the band to protect incumbent users, as these holes are not replicated in the UL/DL band as is the case for FDD. In particular, taking into account, a current variation of the usage of the frequency bands within CEPT where number of authorisations may vary from country to country including on license duration. This offer the possibility to introduce MFCN in the band according to market demand at national level 

In addition, TDD systems are currently used in a number of those countries in the band 3400-3600 MHz due to the better availability of TDD systems.







Option A: CEPT has identified the frequency arrangement for the 3400-3600 MHz band based on TDD as described in Annex 1 of ECC/DEC/(11)06 as the preferred frequency arrangement. A frequency arrangement band based on FDD as described in Annex 2 of ECC/DEC/(11)06 is provided as an alternative.



Option C: CEPT has decided to maintain both frequency arrangements without indicating any preference. ECC/DEC/(11)06 to be revised to remove Decides 3.



It is also noted in ECC/DEC/(11)06 [4] that although there are licensed paired frequency arrangements in many CEPT countries, TDD systems are currently used in a number of those countries in the band 3400-3600 MHz due to the better availability of TDD systems.

Figure 14 below is the frequency arrangement based on TDD duplex mode. The block size is 5 MHz starting at the lower edge of 3400 MHz. If blocks need to be offset to accommodate other users, the raster should be 100 kHz. Narrower blocks can be defined adjacent to other users, to allow full use of spectrum. It has to be noted that TDD in one extreme case also covers downlink only operation.
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Figure 14:  Frequency arrangement for the 3400-3600 MHz band based on TDD

Figure 15 below is the frequency arrangement based on FDD. The block size is 5 MHz starting at the lower edge of 3410 MHz. The sub-band 3410-3490 MHz is used for the uplink, the sub-band 3510-3590 MHz is used for the downlink. The resulting duplex gap is 20 MHz (3490-3510 MHz). If blocks need to be offset to accommodate other uses, the raster should be 100 kHz. Narrower blocks can be defined adjacent to other users, to allow full use of spectrum.
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Figure 15: Frequency arrangement for the 3400-3600 MHz band based on FDD 

[bookmark: _Toc359584092]Key principles related to the coordination of MFCN and FSS

There are currently 170 fixed satellite earth stations authorized within the EU Member States (deployed on 78 sites). As such, they are protected by Member States against harmful interference.

For MFCN and FSS coordination, similar principles can be used as for BWA and FSS coordination. Indeed in the case of BWA, the “central stations” are coordinated with the FSS earth stations. This implies that all the (fixed) terminal stations, operating under the control of central stations are consequently coordinated under the umbrella of the central stations (this typically requires to slightly extend the coordination distances). The same idea can be applied to MFCN where the BWA terminal stations are now replaced with mobile terminal stations that also operate under the control of the base stations (which need to be coordinated with the FSS stations).

[bookmark: _Toc359584093]Key principles for coordination between FSS and MFCN

The following key principles related to the coordination between Mobile/Fixed Communication Network stations and Fixed-Satellite Service (FSS) Earth stations should be implemented at national level in order to ensure coordination between these systems: 

13. Frequency coordination is primarily concerned with local implementation, local propagation conditions and local licensed use of the shared band. This is best dealt with by national administrations;

14. Some administrations have effective co-ordination arrangements in place. The implementation of these guidelines is at the discretion of the national administrations to the extent this may help them;

15. The key objectives of co-ordination processes are maximising efficient use of the available spectrum for the benefit of the EU whilst protecting existing licensed uses of the band;

16. Coordination processes and associated protection should only apply to registered/licensed spectrum users;

17. Data exchange and coordination processes are mutual and reciprocal to all band users;

18. Data on registered use of the band should be available to all users under relevant legal protections and confidentiality obligations;

19. The coordination process must be both accurate and fast to enable all operators to efficiently plan spectrum utilisation and network deployments;

20. Operators should have access to registered band usage to maximise the successful coordination of spectrum through propagation modelling without physical measurement at the planning stage;

21. All parties are responsible for the efficient use of spectrum. In deploying new MFCN stations and new FSS Earth stations, operators should be cognisant of the need to minimise constraints on the other service;

22. These guidelines primarily relate to co-ordination within national boundaries. For the situation where MFCN  and FSS stations are within the territories of different administrations, the use of these guidelines within bilateral agreements may help to expedite cross border co-ordination[footnoteRef:3]; [3:  For cross-border coordination with non-EU administrations not listed in the 5.430A footnote of RR the provisions of this footnote should be taken into account.] 


23. All parties should undertake reasonable efforts to successfully complete the coordination exercise as quickly as possible;

24. Either party has the inherent right to refer the co-ordination to the relevant NRA(s) if agreement cannot be reached.

[bookmark: _Toc359584094]Conclusions

With this report CEPT replies to the Mandate from the European Commission “Technical Conditions regarding spectrum harmonisation for terrestrial wireless systems in the 3400-3800 MHz frequency band” (provided in Annex 3).

[bookmark: _Toc359584095]Task 1 (Block Edge Mask) (to be aligned with executive summary)

The justification for the development of new BEM is included in Section 2.1 of this report.

The resulting new BEM is outlined in Section 2.2 of this report.

In this report the BEM was derived from a minimum coupling loss (MCL) analysis and simulations.

For the purposes of this report the term “BWA” (Broadband Wireless Access) refers to legacy BWA systems licenced under the existing 3400-3600 MHz licencing regimes as described in ECC/DEC/(07)02 [1] or 2008/411/EC [3]. The term “MFCN” (Mobile/fixed communications networks) includes IMT and other communications networks in the mobile and fixed services and for the purposes of this report refers to radio communication systems which should comply with the BEM defined in this report.

The base station BEM requirements as described below may be relaxed whenever there are bilateral agreements between operators. The BEM has not been developed to protect other services or applications in the band, and only applies in blocks that have been licensed to MFCN according to the new harmonised frequency arrangement. In the figures below it is assumed for simplicity that all blocks have been licensed to MFCN.

Figure 16 describes a general BEM. 
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Figure 16: Illustration of a general block-edge mask

Table 11 contains the different elements of the BEM in the 3400-3600 MHz and 3600-3800 MHz bands, together with the frequency regions where they apply. The guard bands apply in case of an FDD allocation in 3400-3600 MHz. It should be noted that whenever guard bands are mentioned in this report, it is understood that those apply only for an FDD allocation.

Tables 12 to 15 contain the power limits that apply for the different BEM elements. PMax is the maximum carrier power for the base station in question, measured as e.i.r.p.

To The determination of obtain the characteristics of a BEM for a specific block is based on the elements given in the following tables. It should be noted that when several characteristics are available for the given block, the most relaxed requirement should be chosen., these elements are combined as follows:

It should also be noted that these BEM characteristics apply to BS for cells from macro to femto.

· For each 5 MHz interval in the 3400-3600 MHz and 3600-3800 MHz bands, used by MFCN according to the harmonized frequency arrangements, the BEM elements that apply have to be determined (there may be several).

· The most relaxed requirement of those defined in the interval in question has to be chosen.

In the following paragraphs the different BEM elements are described further.

BEM elements

		BEM element

		Region of applicability



		In-block 

		Block for which the BEM is derived 



		Baseline 

		Spectrum assigned for TDD and FDD UL and DL



		Transitional region 

		For FDD DL blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator. 

For TDD blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator, in spectrum that is not assigned to another operator, including the guard band 3590-3600 MHz, or in case of synchronized blocks with the same UL/DL configuration.



		Guard bands 

		3400-3410, 3490-3510 and 3590-3600 MHz (for an FDD allocation)







As explained in ECC Report 131 (on the “derivation of a block edge mask (BEM) for terminal stations in the 2.6 GHz frequency band (2500-2690 MHz)”), the out-of-block component of the BEM itself consists of a baseline level (see table 2) and, where applicable (i.e., this depends mainly on the channel arrangement (duplex gap, guard band, and the particular status of blocks), intermediate levels (see table 5) which describe the transition from the in-block level to the baseline level as a function of frequency.



Baseline and guard band power limits

		BEM element

		Frequency range

		Power limit



		Baseline 

		FDD DL (3510-3590 MHz). 
Synchronized TDD blocks with the same UL/DL configuration (3400-3800 or 3600-3800 MHz). 

		Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna



		Baseline 

		FDD UL (3410-3490 MHz). 
Unsynchronised TDD blocks (3400-3800 or 3600-3800 MHz) (unless synchronized). 

		-34 dBm/5 MHz e.i.r.p. per cell(1)





		Guard band(2) 

		3400-3410 MHz

		-34 dBm/5 MHz e.i.r.p. per cell



		Guard band(2) 

		3490-3500 MHz

		-23 dBm/5 MHz e.i.r.p. per antenna



		Guard band(2) 

		3500-3510 MHz

		Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p.  per antenna



		Guard band(2) 

		3590-3600 MHz

		Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna





(1) In case of multiple antennas with different polarization, the power limit should be relaxed to -31 dBm/5 MHz e.i.r.p. per cell.

(2) Applicable to the FDD plan only.



Additional baseline requirements for country specific cases

Additional base station baseline requirements for country specific cases

		Case

		BEM element

		Frequcy range

		Power limit



		A

		CEPT countries with military radiolocation systems below 3400 MHz

		Additional Baseline

		Below 3400 MHz for both TDD and FDD allocation(1)

		-59 dBm/MHz e.i.r.p.(2)  



		B

		CEPT countries with military radiolocation systems below 3400 MHz

		Additional Baseline

		Below 3400 MHz for both TDD and FDD allocation(1)

		-50 dBm/MHz e.i.r.p. (2)  



		C

		CEPT countries without adjacent band usage or with usage that does not need extra protection

		Additional Baseline

		Below 3400 MHz for both TDD and FDD allocation

		Not necessary

(spurious levels from the standards apply)





(1) Administrations may choose to have a guard band below 3400 MHz. In that case the power limit may apply below the guard band only.

(2)  Administrations may select the limit from case A or B depending on the level of protection required for the radar in the region in question.



Cases A; B and C can be applied per region or country so that the adjacent band may have different levels of protection in different geographical areas, depending on the deployment of the adjacent band systems.

In-block power limit

		BEM element

		Frequency range

		Power limit



		In-block

		

Block assigned to the operator

		Not obligatory. 
In case an upper bound is desired by an administration, a value of 68 dBm/5 MHz per antenna may be applied. 







For femto base stations, power control should be applied to minimize interference to adjacent channels.

Transitional region power limits

		BEM element

		Frequency range

		Power limit



		Transitional 

		-5 to 0 MHz offset from lower block edge 
0 to 5 MHz offset from upper block edge 

		Min(PMax – 40, 21) dBm/5 MHz 
e.i.r.p. per antenna



		Transitional 

		-10 to 5 MHz offset from lower block edge 5 to 10 MHz offset from upper block edge

		Min(PMax – 43, 15) dBm/5 MHz 
e.i.r.p. per antenna





Note: For TDD blocks the transitional region applies in case of synchronized adjacent blocks, and in-between adjacent TDD blocks that are separated by 5 or 10 MHz. The transition region does not extend below 3400 MHz or above 3800 MHz.



Baseline limits

There are two different types of baseline levels. The first is defined for FDD downlink spectrum. This requirement is expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit. The stricter of the two requirements applies. The fixed level prevents interference from increasing in the region where the limit derived from the relative requirement is less stringent. The values are derived from BS – UE interference analysis, and are expressed as e.i.r.p. limits per antenna. 

When two TDD blocks are synchronized and have the same UL/DL configuration, there will be no BS – BS interference. In this case, the same baseline as for the FDD DL region is used. 

The second type of baseline is defined for FDD UL and TDD spectrum, and is expressed as a fixed limit only, calculated based on BS – BS interference. The e.i.r.p. limit is given per cell. When multiple antennas are used, 3 dB should be subtracted from the e.i.r.p. value due to the different polarizations of the antennas. An exception for this type of baseline can be negotiated between adjacent operators for femto base stations in the case where macro base stations are not used in its proximity. In that case -25 dBm/5MHz e.i.r.p. per cell may be used.

In Figure 17 the baseline levels are presented for a TDD-only allocation and in Figure 18 and for an allocation with both FDD (3400-3600 MHz) and TDD (3600-3800 MHz). The baseline in the TDD allocations corresponds to a scenario where all operators are synchronized and use the same UL/DL configuration.

Figure 19 describes how the relative level and the fixed level are combined.
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Figure 17: Schematic description of baseline and guard band power levels for a TDD-only allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized
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Figure 18: Schematic description of baseline and guard band power levels for a mixed FDD and TDD allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized
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Figure 19: Combining the relative and the fixed limit for the baseline applying to FDD DL spectrum

Guard band limits

In the case of an FDD allocation there will be guard bands below the FDD UL, above the FDD DL, and in-between the FDD UL and DL, see Figure 18 above. For the guard band 3400-3410 MHz, the power limit is chosen to be the same as the baseline in the adjacent FDD UL spectrum, 3410-3490 MHz. Similarly, the baseline that applies in 3510-3590 MHz is also used in the guard band regions 3500-3510 MHz and 3590-3600 MHz. Finally, spurious requirements converted to 5 MHz bandwidth apply in the 3490-3500 MHz. 

In-block limits

The in-block power limit, as defined in Table 14 above, is not obligatory. The requirement on power control for femto base stations is because of the need to reduce interference from equipment that may be deployed by consumers and thus the exact location may not be known to the operators.

Different licensing methodologies might be chosen by administrations to licence TDD spectrum. Examples for those are a regulation methodology with no frequency separation between the block edges of two adjacent unsynchronised TDD networks, a regulation methodology with unlicensed separation between the block edges of the two adjacent operators or the definition of restricted blocks.

Transitional region limits

The transitional region is defined to enable the reduction of power from the in-block level to the baseline or guard band levels, and is defined as in Table 15 above. The general shape of the transitional region is presented in Figure 20 below.

The requirements are defined for 5 MHz bandwidth, 0 to 5 MHz and 5 to 10 MHz offset from the upper and lower edges of an operator’s block. They are expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit, as for the baseline requirement in the FDD DL. The stricter of the two requirements applies. 

Combination of BEM elements

The BEM elements as described above are combined to provide a BEM for a particular block by choosing the most relaxed requirement of those that are defined for a frequency interval. Figure 20 provides an example of such a combination of BEM elements for an FDD block in the lower part of the FDD DL spectrum. 
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Figure 20: Combined BEM elements for an FDD block starting at 3510 MHz

Licensing approaches for unsynchronised TDD networks

In the case of unsynchronized TDD networks, different licensing approaches may be applied to avoid interference between adjacent operators:

· In the case where there is no frequency separation between the block edges of two adjacent operators, and unless there is a bilateral agreement between the operators, the baseline should be met starting from the edge of the other operator. Each operator would in this case need to introduce a power reduction or an in-block guard band to reach this baseline. Spectrum usage could be increased by a bilateral agreement to the effect of each operator contributing half of the required region for guard band, or with decreased power;

· the regulator may introduce a separation between the block edges of the two adjacent operators, to enable sufficient roll-off of additional filters required to meet the baseline;

· in case of no frequency separation of adjacent operators’ blocks, operators may be required to limit the power used in the upper or lower part of their assigned spectrum, or both. The level allowed in these restricted blocks is set so that the owner should not create interference to its adjacent operator and is equal to: 4.1dBm (EIRP). At a national level, this value may be relaxed by the regulator if there is an agreement between operators.



UE In-block requirement

This report provides a recommended upper limit of 25dBm e.i.r.p. for the in-block power of the terminals.  

It should be noted that the interference between UEs belonging to different FDD operators will be very limited and that similarly, provided that the equipment is designed properly, in line with the 3GPP requirement, interference from TDD UEs to FDD UEs and vice versa will also be limited. On the contrary, interference may be strong between UEs of unsynchronized TDD networks. However, it is considered that scenarios where a UE is transmitting at the same time as a UE using an adjacent channel in the vicinity is receiving may be relatively rare, except in hot spots.

Co-existence with other services than MFCN

Co-existence studies for other services than MFCN have been carried out for both in-band and out-of-band scenarios. The in-band services considered are FSS, FS and BWA and the out-of-band services are civil and military Radiolocation.

The conclusions are as follows:

BWA

For the purpose of co-existence, it is assumed that BWA systems as defined above are similar to MFCN systems. Therefore no studies were carried out for MFCN – BWA co-existence. It should however be noted that BWA systems compliant to the former technical characteristics (as defined in ECC Recommendation (04)05) may suffer interference from MFCN systems compliant with the BEM described above. This situation results from the necessity to relax the constraints currently applicable to make possible a mobile use of the 3400-3800 MHz band.

As a consequence of the above, a transitional phase should be considered during which previous and new technical characteristics should coexist. During this transitional phase, it should however be made clear that any new authorisation shall be based on the new technical characteristics. This transitional phase may only apply in countries (and possibly neighbouring countries) where a BWA network has been effectively deployed and has not been updated with the new technical characteristics.

Fixed Service

MFCN applies to all Mobile and Fixed communication networks including point-to-point Fixed links.

Due to the varying characteristics of different types of FS systems and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with mobile systems. Co-existence can be achieved through co-ordination on a case-by-case basis. Based on the results of analysis of both directions of interference (mobile service interfering into P-P and vice-versa) some general observations can be made. Overlapping-channel sharing meaning any overlap between spectrum of interfering and interfered signals) between the mobile service and P-P links is not feasible in the same geographical area. Consequently if spectrum is used ubiquitously by the FS it cannot be used by the mobile service in the same region. With larger frequency separation and distances coordination is needed, depending on the characteristics of the mobile and the P-P services.

The studies that were carried out in ECC Report on 3.5 GHz BEM [12]  take into account a single interferer. In the case of multiple interferers the co-existence could be more difficult to achieve.

Also interference from FS systems to mobile systems may exceed the acceptable interference level.

The similarities between Mobile Systems and P-MP Fixed Systems indicate that the results for mobile – mobile adjacent channel co-existence largely apply to the mobile – P-MP scenario as well. In case of BS – BS interference additional measures may thus be necessary, such as frequency separation and/or additional filters, whereas otherwise co-existence is expected to be possible without such measures. 

MFCN UEs and BWA terminal stations have similar characteristics, which justifies that the conclusions of the ECC Report 100 on the coexistence of BWA TS with Fixed Service can be extended to MFCN UEs. As such, the coordination of MFCN BS and FS will be sufficient to ensure that MFCN UEs do not interfere with FS.

Fixed Satellite Service

Due to the varying characteristics of different types of FSS earth stations and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with MFCN. Co-existence should be achieved through co-ordination on a case-by-case basis, assuming FSS earth stations locations are known. However, some general observations can be made. Separation distances for co-existence vary considerably depending on type of equipment and deployment (e.g. tilt and clutter), but can be large. User equipment impact earth stations less than base stations, so separation that prevents interference from base stations will also protect earth stations from UE interference. There are several mitigation techniques that can be applied, in particular site shielding of earth stations. Interference from FSS satellites to MFCN may exceed the acceptable interference level, but in most cases only by a small margin.

The coordination of MFCN BS and FSS will ensure that MFCN UEs do not interfere with FSS, based on the analysis conducted in ECC Report 100 [16] and ITU-R Report M.2109 [18].

Radiolocation

Due to the varying characteristics of different types of radar stations and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with MFCN, but some representative examples are provided. Co-existence should be achieved through co-ordination on a case-by-case basis. However, some general observations can be made for non-overlapping adjacent channels. For airborne radars the no required separation distance is requiredapproximately 0 km, depending on the radar type and antenna type. For land-based/shipborne radars the required separation distance is less than 1 km, depending on the radar type and antenna type. A frequency separation analyses concludes that for a 5 km separation, and considering wideband IMT-Advanced interference to wideband radars, the required frequency separation varies between 14 and 65 MHz, depending on radar type and scenario.

There are mitigation techniques which can reduce the separation distance or frequency separation required. In particular, for adjacent channel/adjacent band interference, improved receiver performance and decreased unwanted emissions can be efficient.

Regarding interference from radars to MFCN networks, installation of systems closer than approximately 5 km from the radar should be coordinated. It is necessary to establish a protection distance of approximately 11 km in some areas. Considering blocking effects, the radar may impact MFCN systems up to a distance of 30 km.

It is not necessary to adopt specific emission requirements for MFCN UEs to protect radiolocation in adjacent bands if the coordination distance between MFCN BS and Radiolocation stations exceeds from several kms the typical coverage range of MFCN UEs. Further studies would be required in the case of implementation of MFCN BSs in close proximity to radiolocation stations.

The analysis did not take into account the fact that radar antennas rotate and therefore only affect a particular MFCN base station or UE intermittently.

Adjacent band limit in the case of adjacent band usage by military systems

In some CEPT countries military radiolocation systems that are deployed below 3400 MHz need a fixed limit for protection from base station interference (cases A and B in Table 13). Other mitigation measures like geographical separation, coordination on a case by case basis or an additional guard band may be necessary for a TDD allocation.

For UEs other mitigation measures will be necessary such as e.g. geographical separation or an additional guard band for both FDD or TDD allocation.

Cross-border coordination

Cross-border coordination in the band 3400-3800 MHz will be subject to an ECC Recommendation and national agreements as for cross-border coordination in other bands.

[bookmark: _Toc359584096]Task 2 (Channelling arrangements and coordination with FSS)

· CHANNELING ARRANGEMENT 

In this report CEPT has assessed and justified the need to introduce channelling arrangements in the 3400-3800 MHz band to develop a harmonised solution that is sufficiently precise for the development of EU-wide equipment.

For the 3400-3600 MHz band two channelling arrangements have been introduced: one comprising of a 200 MHz TDD plan, the other one comprising of the 2x80 MHz FDD plan (see Figures 22 and 24 below respectively and Section 3.1.4.4 of this report for details).

A preferred channeling arrangement TDD  with an alternative FDD channeling arrangement is proposed ,.. 

It should be noted that a TDD band plan may allow more flexible accommodation of current use of the frequency bands by other services. There is more flexibility to create “holes” in the band to protect incumbent users, as these holes are not replicated in the UL/DL band as is the case for FDD. In particular, taking into account, a current variation of the usage of the frequency bands within CEPT where number of authorisations may vary from country to country including on license duration. This offer the possibility to introduce MFCN in the band according to market demand at national level 

In addition, TDD systems are currently used in a number of those countries in the band 3400-3600 MHz due to the better availability of TDD systems.





Option A: CEPT has identified the frequency arrangement for the 3400-3600 MHz band based on TDD as described in Annex 1 of ECC/DEC/(11)06 as the preferred frequency arrangement. A frequency arrangement band based on FDD as described in Annex 2 of ECC/DEC/(11)06 is provided as an alternative.



Option C: CEPT has decided to maintain both frequency arrangements without indicating any preference. ECC/DEC/(11)06 to be revised to remove Decides 3.



For the 3600-3800 MHz band one channelling arrangement has been introduced comprising of a 200 MHz TDD plan (see Figure 21 below and Section 3.1.4.3 of this report for details).
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Figure 21: Harmonised frequency arrangement for the 3600-3800 MHz band based on TDD
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Figure 22: Frequency arrangement for the 3400-3600 MHz band based on TDD
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Figure 23: Frequency arrangement for the 3400-3600 MHz band based on FDD

· Key principles related to the coordination of MFCN and FSS 



The following key principles related to the coordination between Mobile/Fixed Communication Network stations and Fixed-Satellite Service (FSS) Earth stations should be implemented at national level in order to ensure coordination between these systems: 

25. Frequency coordination is primarily concerned with local implementation, local propagation conditions and local licensed use of the shared band. This is best dealt with by national administrations;

26. Some administrations have effective co-ordination arrangements in place. The implementation of these guidelines is at the discretion of the national administrations to the extent this may help them;

27. The key objectives of co-ordination processes are maximising efficient use of the available spectrum for the benefit of the EU whilst protecting existing licensed uses of the band;

28. Coordination processes and associated protection should only apply to registered/licensed spectrum users;

29. Data exchange and coordination processes are mutual and reciprocal to all band users;

30. Data on registered use of the band should be available to all users under relevant legal protections and confidentiality obligations;

31. The coordination process must be both accurate and fast to enable all operators to efficiently plan spectrum utilisation and network deployments;

32. Operators should have access to registered band usage to maximise the successful coordination of spectrum through propagation modelling without physical measurement at the planning stage;

33. All parties are responsible for the efficient use of spectrum. In deploying new MFCN stations and new FSS Earth stations, operators should be cognisant of the need to minimise constraints on the other service;

34. These guidelines primarily relate to co-ordination within national boundaries. For the situation where MFCN  and FSS stations are within the territories of different administrations, the use of these guidelines within bilateral agreements may help to expedite cross border co-ordination[footnoteRef:4]; [4:  For cross-border coordination with non-EU administrations not listed in the 5.430A footnote of RR the provisions of this footnote should be taken into account.] 


35. All parties should undertake reasonable efforts to successfully complete the coordination exercise as quickly as possible;

36. Either party has the inherent right to refer the co-ordination to the relevant NRA(s) if agreement cannot be reached.



[bookmark: _Toc359584097]Technical analysis for the justification of new BEM

Technical conditions for PMP FWS base stations

The technical conditions provided in this section are extracted from ECC/REC/(04)05 [2], Annexes 2 and 3.

a. Maximum e.i.r.p., defined in Annex 2 of ECC/REC/(04)05

The following texts have been extracted form Annex 2:

“Maximum e.i.r.p. density limits are set by administrations in their national licensing conditions in order to define pfd levels for co-ordination distances between different geographical areas or for cross-border agreements or sharing with other services. Transmit output power and e.i.r.p.  levels for Multipoint FWS systems are more driven by trade-offs between the required service coverage and other operational considerations. e.i.r.p.  density depends also on the system bandwidth that in modern PMP FWS might be flexibly changed.”

Maximum e.i.r.p. within a block:

		Station Type

		Max EIRP spectral density
(dBW/MHz)



		

		(Including tolerances and ATPC range, Note 1)



		Central Station (CS)
(and Repeater Station(RS) down-links)

		+23
Note 2



		Note 2: CS EIRP density value given in the table is considered suitable for conventional 90 deg sectorial antennas. Administrations may consider to adjust this value if other type of antennas are used (e.g. decrease the limit for omni-directional antennas, or increase when narrow-sector or adaptive antennas are used)







“For further enhancing the efficiency, administrations may allow operators to apply mutual co-ordination at the block edge and at the service border edge for potential further relaxation of the above e.i.r.p. limits, depending on requirements for protecting other services or systems, such as PP FS. This could be reached, for instance, by taking advantage of mitigation techniques such as the shielding effect, limiting the height of Central Stations, or for stations that are located far from the service area boundary.”

b. Reference Block Edge Mask, defined in Annex 3 of ECC/REC/(04)05

The following texts have been extracted form Annex 3:

“The block edge mask given in this annex was developed to ensure co-existence between PMP FWS applications only; different considerations would be required where the adjacent system is not a PMP FWS system, but for example ENG/OB or other.”

“The floor level in the mask provided in this annex has been based on co-existence studies reported in ECC Report 33 [7][7]; where the PMP FWS co-existence studies were mostly made with statistical tools and assumptions of typical radio systems, their deployment and service performance objectives. The reference points of the transition slope were chosen based on consideration of practical filters and various modulation envelopes. These studies and considerations may be subject to refinement as operational experience and system characteristics evolve. Therefore the block edge mask based upon these studies may also be subject to refinement.”

“Emissions from one operator’s frequency block into another operator’s frequency-adjacent block will need to be controlled. This was done in few other frequency bands by establishing fixed guard bands between the assignments. However, taking due account of the possible variety of broadband systems considered in this recommendation, different network and service requirements, and considering the expected broadening of the required bandwidth, it would be impossible to uniquely and efficiently set such guard bands and it is recommended that coordination and interference mitigation techniques be implemented between operators.”

“Also adjacent block receiver rejection concurs to a reduced interference scenario, however the study in Report 33 did not consider the effect of receiver selectivity since the technology neutrality assumption did not allow deciding on its typical parameters. Therefore it is not in the scope of this recommendation to set limits for it; nevertheless it is expected that ETSI standards will adequately cover the issue.”

“It should be also noted that when TDD or mixed FDD/TDD systems are placed in immediately adjacent blocks, the probability of occurrence of worst cases of interference between CSs is quite higher than in situations where only FDD are deployed. Therefore, even if the mask proposed in this annex would offer a suitably low probability of interference for such cases, when TDD systems are concerned additional mitigation techniques (geographic separation of stations, natural/physical shielding, etc.) and/or additional co-ordination (including networks synchronisation) between operators should be implemented as far as possible.”

Definition of the block edge mask:
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		Frequency offset break points

for the CS mask

		Definition

(% of the size of the assigned block, Note)



		A

		20%



		B

		35%





Note: X% of the smaller of adjacent blocks, if blocks are of unequal size

Figure 1: Central Station Block Edge Spectral Density Mask



Tabular description of Central Station Block Edge Spectral Density Mask

		Frequency offset

		CS Transmitter Output Power Density Limits(dBW/MHz)



		In-band (within assigned block)

		See Annex 2



		ΔF=0

		-36



		0<ΔF<A

		-36 - 41·(ΔF/A)



		A

		-77



		A<ΔF<B

		-77 - 12·((ΔF-A)/(B-A))



		ΔF≥B

		-89







ETSI requirements for LTE

The relevant document to consider is ETSI EN 301 908-14 V5.2.1 (2011-05) [6]: Evolved Universal Terrestrial Radio Access (E-UTRA) Base Stations (BS).

It should be noted that the bands 3400-3600 MHz and 3600-3800 MHz are not yet part of the E-UTRA Base Station operating bands ; see Table 1-1 in [6], copied below as Table 17.

E-UTRA Base Station operating bands

		E-UTRA band

		Direction of transmission

		E-UTRA Base Station operating bands



		1

		Transmit 

		2 110 MHz to 2 170 MHz



		

		Receive 

		1 920 MHz to 1 980 MHz



		3

		Transmit 

		1 805 MHz to 1 880 MHz 



		

		Receive 

		1 710 MHz to 1 785 MHz 



		7

		Transmit 

		2 620 MHz to 2 690 MHz 



		

		Receive 

		2 500 MHz to 2 570 MHz 



		8

		Transmit 

		925 MHz to 960 MHz 



		

		Receive 

		880 MHz to 915 MHz 



		20

		Transmit 

		791 MHz to 821 MHz



		

		Receive 

		832 MHz to 862 MHz



		33

		Transmit and Receive

		1 900 MHz to 1 920 MHz



		34

		Transmit and Receive

		2 010 MHz to 2 025 MHz



		38

		Transmit and Receive

		2 570 MHz to 2 620 MHz







The closest E-UTRA band from the 3.5 GHz band is band 7 (and 38). Therefore the comparison between the ETSI mask and the CEPT BEM has been made on that basis although this represents a tightening of the SEM.

a. e.i.r.p. defined by ETSI in band 7 and 38

ETSI currently defines no in-band e.i.r.p. limit, nor output power values.

b. Spectrum Emission Mask for band 7 and 38

The following tables are extracted from document ETSI EN 301 908-14 [6]. Three different types of base stations have been defined: wide area, local area and home.



Wide Area BS operating band unwanted emission limits for 5 MHz, 10 MHz, 15 MHz and 20 MHz channel bandwidth (E-UTRA bands 7 and 38)

		Frequency offset of measurement filter ‑3 dB point, f

		Frequency offset of measurement filter centre frequency, f_offset

		Test requirement

		Measurement bandwidth



		0 MHz  f < 5 MHz

		0,05 MHz  f_offset < 5,05 MHz

		



		100 kHz 



		5 MHz  f < 
min(10 MHz, fmax)

		5,05 MHz  f_offset < min(10,05 MHz, f_offsetmax)

		-12,5 dBm

		100 kHz 



		10 MHz  f  fmax

		10,5 MHz  f_offset < f_offsetmax 

		-15 dBm (see note)

		1 MHz 



		NOTE: The requirement is not applicable when fmax < 10 MHz.





 

Local Area BS operating band unwanted emission limits for 5 MHz, 10 MHz, 15 MHz and 20 MHz channel bandwidth

		Frequency offset of measurement filter ‑3 dB point, f

		Frequency offset of measurement filter centre frequency, f_offset

		Minimum requirement

		Measurement bandwidth



		0 MHz  f < 5 MHz

		0,05 MHz  f_offset < 5,05 MHz

		



		100 kHz 



		5 MHz  f < 

min(10 MHz, fmax)

		5,05 MHz  f_offset < 

min(10,05 MHz, f_offsetmax)

		-35,5 dBm

		100 kHz



		10 MHz  f  fmax

		10,05 MHz  f_offset < f_offsetmax 

		-37 dBm (see note)

		100 kHz 



		NOTE:	The requirement is not applicable when fmax < 10 MHz







Home BS operating band unwanted emission limits for 5 MHz, 10 MHz, 15 MHz and 20 MHz channel bandwidth

		Frequency offset of measurement filter ‑3 dB point, f

		Frequency offset of measurement filter centre frequency, f_offset

		Minimum requirement

		Measurement bandwidth



		0 MHz  f < 5 MHz

		0,05 MHz  f_offset < 5,05 MHz

		



		100 kHz 



		5 MHz  f < 10 MHz

		5,05 MHz  f_offset < 10,05 MHz

		-40,5 dBm

		100 kHz 



		10 MHz  f  fmax

		10,5 MHz  f_offset < f_offsetmax 

		P – 52 dB, 2 dBm ≤ P ≤ 20 dBm

-50 dBm, P < 2 dBm

(see note)

		1 MHz 



		NOTE:	For Home BS, the parameter P is defined as the aggregated maximum power of all transmit antenna ports of Home BS





Note: for home BS, with frequency offset ≥ 10 MHz, an output power of 20 dBm has been chosen for the purpose of this contribution ; the corresponding minimum requirement is therefore -32 dBm/MHz.



Analysis of these technical conditions

a. Maximum e.i.r.p.

As there is no value specified in the ETSI harmonised standard, the comparison with the value mentioned in the CEPT Recommendation is not possible. However, a short analysis is provided below:

The e.i.r.p. value as provided in ECC/REC/(04)05 [2] = 23 dBW/MHz=30 dBW/ 5 MHz=60 dBm/5 MHz

This value is similar to what would be expected for a macro base station (also in the order of 60 dBm/5 MHz).

Conclusion: the maximum e.i.r.p. (in-band value) set up in ECC/REC/(04)05 [2] is compatible with typical in-band e.i.r.p. mobile deployments.

b. BEM vs. SEM

· The three following figures show the comparisons of BEM and SEM for BEM based on a 5 MHz block assignment, as well as 10 MHz and 20 MHz. 

		
5 MHz

		[image: F6_3500_BEM%205]





Figure 2: BEM of ECC/REC/(04)05 based on 5 MHz block assignment



		10 MHz

		[image: F6_3500_BEM%2010]







Figure 3: BEM of ECC/REC/(04)05 based on 10 MHz block assignment



		20 MHz

		[image: F6_3500_BEM 20]







Figure 4: BEM of ECC/REC/(04)05 based on 20 MHz block assignment

It can be seen from the above figures that the SEM exceed the BEM for any value of block assignment.





[bookmark: _MON_1366021507]ETSI requirements for BWA

The relevant document to consider is ETSI EN 302 774 V1.1.1 (2011-05) “Broadband Wireless Access Systems (BWA) in the 3 400 MHz to 3 800 MHz frequency band (Base Stations)” [9].

Taking the same approach to compare the SEM of BWA and the current given BEM for the 3400-3600 MHz band, the conclusions are the same as described in Section 2.2 of this report.



[bookmark: _Toc359584098]Comparison of the 3400-3800 MHz ECC deliverables

This annex provides an overview of the current ECC framework for the band 3400-3800 MHz including a comparison of ECC/DEC/(07)02, ECC/REC/(04)05 and ECC/DEC/(11)06 that confirms the consistency of ECC framework according to evolution of market needs and the need to maintain this consistency in the future.



At this stage, there are three relevant deliverables for the band 3400-3800 MHz:

· ECC/DEC/(07)02 “Availability of frequency bands between 3400-3800 MHz for the harmonised implementation of Broadband Wireless Access systems (BWA)”

· ECC/REC/(04)05 “Guidelines for accommodations and assignments of multipoint fixed wireless systems 3400-3600 MHz and 3600-3800 MHz”

· ECC/DEC/(11)06 : “Harmonised frequency arrangements for mobile/fixed communications networks (MFCN) (including IMT) operating in the bands 3400-3600 MHz and 3600-3800 MHz”

scope of deliverables

ECC/REC/(04)05 covers Point multipoint fixed wireless systems (Point-to-Multipoint Fixed Wireless Systems (PMP FWS). It has a more narrow scope than the other two ECC deliverables.



ECC/DEC/(07)02 on Broadband Wireless Access systems (BWA) covers Fixed, Nomadic and, also, Mobile Wireless Access (MWA). It provides in its Annex considerations for an implementation of a flexible usage mode for BWA in 3400-3600 MHz and/or in 3600-3800 MHz on the basis initially of a fixed and nomadic usage. In particular, these considerations refers to ECC/REC/(04)05 and state that the technical conditions in ECC/DEC/(04)05 may be used for implementation of flexible usage mode. Moreover ECC/DEC/(07)02 mentions that the introduction of MWA usage mode will be subject to additional requirements for deployment of mobile TS Mobile Wireless Access (annex 1 §3 of the Decision).



ECC/DEC/(11)06, focusing primarily on a mobile usage includes a forward looking approach. The harmonised frequency arrangements for the 3400-3600 MHz and 3600-3800 MHz bands are intended to facilitate high data rate International Mobile Telecommunications (IMT) services supported by larger channel bandwidths as an evolution to the existing framework without the consequential requirement for a replacement of systems based on the existing regulatory framework.

co-existence with incumbent users

For ECC/DEC/(07)02, the designation of spectrum within 3400-3800 MHz for BWA should take due consideration of incumbent users (see decides 1 and 3).



Although the wording is different, ECC/DEC/(11)06 also designates spectrum for MFCN on a non-exclusive basis (“without prejudice to the protection and continued operation of other existing users in these bands”). It is assumed that transition from legacy terrestrial systems to future terrestrial systems will be managed at national level.

Band plan and duplex mode

ECC/DEC/(07)02 does not provided a definite duplex mode or any band plan.



ECC/DEC/(11)06 provides two possible band plans for the band 3400-3600 MHz, one TDD and one FDD. The band plan for 3600-3800 MHz is TDD.



ECC/REC/(04)05 lets the possibility to have a mix of FDD and TDD blocks (i.e. recommends paired blocks that can be used either for FDD or for TDD). The guidelines for these flexible arrangements are:

· the bands 3400-3600 MHz and 3600-3800 MHz are treated as separate bands;

· 100 MHz duplex separation for paired blocks;

· in the case of paired FDD blocks the lower block of the two paired FDD blocks is used for uplink; 

· that 3400 MHz to 3410 MHz is not included in the band plan.

block size

ECC/REC/(04)05 The blocks are designed to fit 3.5 MHz and 7 MHz channels (4 of them per block). The preferred size for blocks are multiple of these channels and may include internal guard bands. The resulting sizes for paired spectrum are (2x17.5 MHz, 2x21 MHz, 2x35 MHz, 2x42 MHz) and for unpaired spectrum (35 MHz, 42 MHz, 70 MHz and 84 MHz).

In case of external guard bands the sizes of the blocks may be reduced.



ECC/DEC/(11)06: the block sizes are multiples of 5 MHz. 

emission requirements

ECC/DEC/(07)02 refers to ECC/REC/(04)05 for emission levels. But since it covers also MWA which is not covered by ECC/REC/(04)05 additional requirements are provided for mobile terminal stations (in block emission level and spacing of the carrier from the block edge to protect adjacent networks).

· For the technical requirements it refers in its annex to ECC/REC/(04)05: “As a starting point, the guidance given in ECC/REC/(04)05 on technical conditions for implementation of flexible usage mode, to be set in the technology neutral BWA licence process, shall be considered”.

· For mobile terminals, the annex of ECC/DEC/(07)02 provides additional requirements



In the case of adjacent band TDD/FDD systems additional mitigation techniques should be considered (geographical separation of stations, natural/physical shielding, and/or additional co-ordination including networks synchronisation)



ECC/REC/(04)05 provides emission requirements in the form of Block Edge Masks (BEM). 

· For the Central Station (CS) BEM are provided with an “in block” limit (annex 2) and “out of block” limits (annex 3). 

· For the terminal stations (NB: which are fixed in the context of ECC Recommendation (04)05) only an “in block” limit is provided (annex 2). The equipment requirements in the relevant harmonised standards are considered to provide sufficient protection for adjacent networks, so that “out of block” BEM limits for terminals are not needed.



ECC/DEC/(11)06 There is no emission technical requirement. 

Least restrictive technical conditions suitable for IMT systems with larger channel bandwidth are developed separetly.

Harmonisation

ECC/DEC/(07)02 does not contain a harmonised band plan, since it refers to ECC/REC/(04)05 for detailed frequency arrangements, which itself allows for flexibility and a mix of duplex modes.



ECC/DEC/(11)06 provides one harmonised band plan for the band 3600-3800 MHz (TDD) and two harmonised band plans for the band 3400-3600 MHz (FDD and TDD). ECC decided that the band plans for the band 3400-3600 MHz should be subject to review no later than end 2013 with the aim to identify a preferred band plan.




[bookmark: _Toc359584099]EC mandate on 3400-3800 MHz

EC Mandate to the CEPT “Technical conditions regarding spectrum harmonisation for terrestrial wireless systems in the 3400-3800 MHz frequency band”
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MANDATE TO CEPT  



ON TECHNICAL CONDITIONS REGARDING SPECTRUM HARMONISATION FOR TERRESTRIAL 
WIRELESS SYSTEMS IN THE 3400-3800 MHZ FREQUENCY BAND 



1. PURPOSE 



In line with the requirements of Article 41 of Commission Decision 2008/411/EC2 
(hereinafter: the Commission Decision), which stipulates regular and timely review of this 
Decision, the main objective of this mandate is to review and amend the technical 
conditions for the harmonised use of the 3400-3800 MHz frequency band in order to adapt 
them to the latest developments in technology by preserving flexibility of use in line with 
the WAPECS approach. This mandate also takes into account the proposal by CEPT/ECC 
presented in a liaison statement to the Commission for the 38th RSC meeting of 15 
December 2011 (RSCOM11-68) to consider amending the technical conditions with a 
view to updating the Block Edge Mask (BEM) and introducing harmonized frequency 
arrangements. 



The deliverables of this Mandate should aim at ensuring flexibility in the deployment of 
wireless electronic communications services with different bandwidths, including 20 MHz 
and beyond, assuming mobile broadband access as a key utilization of the band. This 
Mandate is a follow-up to the first Commission Mandate of 4 January 2006, and it should 
promote efficient use of spectrum while keeping maximum flexibility in the scope of 
compatible wireless systems capable of providing electronic communications services 
which can be deployed. 



2. JUSTIFICATION 



Pursuant to Article 4(2) of the Radio Spectrum Decision3 the Commission may issue 
mandates to the CEPT for the development of technical implementing measures with a 
view to ensuring harmonised conditions for the availability and efficient use of radio 
spectrum; such mandates shall set the task to be performed and the timetable therefore. 
Therefore, CEPT is herewith mandated to undertake the work required to identify the most 
appropriate technical criteria for the inclusion of new technologies and frequencies in the 
Commission Decision in order to facilitate further deployment of wireless broadband 
access systems in the European Union. 



The first Mandate given by the Commission to CEPT in January 2006 on this issue led to 
the final CEPT Report 15 of 30 March 2007 (RSCOM07-06 Final) and subsequently to 
Commission Decision 2008/411/EC2, which was adopted by the Commission on 21 May 
2008. CEPT Report 15 concluded that deployment of fixed, nomadic and mobile 



                                                 
1 Art. 4 reads: "Member States shall keep the use of the 3400-3800 MHz band under scrutiny and report their 



findings to the Commission to allow regular and timely review of the Decision." 



2 Commission Decision of 21 May 2008 on the harmonisation of the 3400-3800 MHz frequency band for 
terrestrial systems capable of providing electronic communications services in the Community 



3 Decision 676/2002/EC of the European Parliament and of the Council of 7 March 2002 on a regulatory 
framework for radio spectrum policy in the European Community, OJL 108 of 24.4.2002 
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electronic communications networks is technically feasible within the 3400-3800 MHz 
frequency band under the technical conditions described in the ECC Decision 
ECC/DEC/(07)02 and Recommendation ECC/REC/(04)05.  



The deployment of wireless broadband technologies is crucial for increasing economic 
growth and social inclusion in line with targets of the Europe 2020 strategy. With its large 
total bandwidth, the 3400-3800 MHz frequency band has a significant potential to 
accommodate different types of wireless broadband access systems for the provision of a 
wide range of innovative electronic communications services. Since the adoption of 
Commission Decision 2008/411/EC wireless broadband technologies (e.g. LTE or Wi-Fi) 
have marked further development in terms of increased data rates and channel bandwidths. 
Therefore, a review of the harmonised technical conditions with view to a possible update 
in pace with recent technology developments would promote take-up of the spectrum in 
this band and contribute to achieving the DAE targets on broadband connectivity. 



Furthermore, the draft Radio Spectrum Policy Programme (RSPP), which has already been 
formally adopted by both the Council and the European Parliament and is expected to 
enter into force by the end of April 2012, sets out the objective to promote wider 
availability of wireless broadband services for the benefit of citizens and consumers in the 
Union also by making available the 3400–3800 MHz band under the terms and conditions 
of the Commission Decision 2008/411/EC. Subject to market demand, Member States 
shall carry out the authorisation process for this band by 31 December 2012 without 
prejudice to the existing deployment of services, and under conditions that allow 
consumers easy access to wireless broadband services. The RSPP also stipulates that 
Member States foster the ongoing upgrade by providers of electronic communications of 
their networks to the latest, most efficient technology, in order to create their own 
dividends in line with the principles of service and technology neutrality4.  



In addition, in the aforementioned liaison statement (RSCOM11-68) CEPT/ECC point out 
that a recent ECC analysis has revealed that the Block Edge Mask (BEM) contained in the 
Commission Decision 2008/411/EC5 is not suitable for wireless communications networks 
of large bandwidths (such as 20 MHz). It is stressed that while the currently valid BEM of 
the Commission Decision is justified in the absence of commonly agreed frequency 
arrangement and where maximum flexibility is needed for broadband wireless access 
deployments, it would be too restrictive if harmonized frequency arrangements were 
adopted. In this regard, the CEPT/ECC report presented at the 38th RSC meeting 
(RSCOM11-63, Annex 4) concludes that the currently valid BEM is not suitable for the 
introduction of fixed and mobile communications networks due to several reasons 
including considerations on the type of application, antenna gain, blocking, guard bands as 
well as spectrum emission masks developed by ETSI. 



Therefore, modification of the currently valid BEM of the Commission Decision should be 
investigated in view of the possibility to introduce harmonised frequency arrangements, in 
order to take into account the developments in wireless communications technology and 
facilitate the spectrum-efficient deployment of broadband fixed, mobile and nomadic 
communications systems  for the provision of electronic communications services, while 
observing the principles of technology and service neutrality enshrined in the EU 
regulatory framework. 



                                                 
4  Article 6 of the RSPP 



5  Based on the BEM included in ECC Recommendation ECC/REC/(04)05 
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In recognition of the fact that there are existing applications and there may be future 
applications in the 3400-3800 MHz frequency band other than terrestrial wireless 
broadband, particular attention should be paid to ensuring co-existence with existing 
systems, in particular satellite-based. 



3. TASK ORDER AND SCHEDULE 



In the work carried out under the Mandate, the overall policy objectives of supporting 
widespread and timely availability of wireless broadband access shall be given utmost 
consideration. In implementing this mandate, the CEPT shall, where relevant, take the 
utmost account of EU law applicable and support the principles of service and 
technological neutrality, non-discrimination and proportionality insofar as technically 
possible. CEPT is also requested to collaborate actively with the European 
Telecommunications Standardisation Institute (ETSI) which develops harmonised 
standards for conformity under Directive 1999/5/EC.  



CEPT is hereby mandated to undertake the following activities: 



(1) Assess and justify any need to revise the common minimal (least restrictive) 
technical conditions, including BEM, which underlie the harmonised use of in the 
3400-3800 MHz frequency band in the EU6 and, if necessary, identify modified 
conditions in view of accommodating developments in wireless broadband access 
technology in particular larger bandwidths. These conditions should be sufficient to 
avoid interference, facilitate cross-border coordination, and ensure co-existence 
with other existing systems and services in the same band and adjacent bands. 



(2) Assess and justify any need to introduce channelling arrangements in addition to 
(1) and, if necessary, develop a harmonised solution that is sufficiently precise for 
the development of EU-wide equipment. 



In performing the aforementioned tasks, avoid undue discrimination towards any specific 
technology and service, also allowing to the greatest extent possible alternative 
channelling arrangements and effective coordination with other existing systems and 
services to accommodate national circumstances and market demand, and the guidance 
provided by the Commission in consultation with the Radio Spectrum Committee7.  



CEPT should provide deliverables according to the following schedule: 



Delivery date Deliverable Subject 



December 2012 Interim Report from 
CEPT to the Commission



Description of work undertaken and 
interim results under this Mandate.   



 July 20138 Final Draft Report from 
CEPT to the Commission



Description of work undertaken and 
final results under this Mandate 



                                                 
6 In compliance with Commission Decision 2008/411/EC 



7 RSCOM10-28 (June 2010): "Effective implementation of Commission Decision 2008/411/EC on 3400-
3800 MHz"  



8 Subject to subsequent public consultation 
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November 2013 Final Report from CEPT 
to the Commission, 
taking into account the 
outcome of the public 
consultation 



Description of work undertaken and 
final results under this Mandate taking 
into account the results of the public 
consultation 



 



In addition, CEPT is requested to report on the progress of its work pursuant to this 
Mandate to all the meetings of the Radio Spectrum Committee taking place during the 
course of the Mandate.  



The Commission, with the assistance of the Radio Spectrum Committee pursuant to the 
Radio Spectrum Decision, may consider applying the results of this mandate in the EU, 
pursuant to Article 4 of the Radio Spectrum Decision. 



  



 








			1. PURPOSE


			2. JUSTIFICATION


			3. TASK ORDER AND SCHEDULE













image1.emf














image2.emf















image5.emf
Germany


Germany
Comments on ECC Deliverable

“Draft CEPT Report 49”

0
Sources

Administration/Company/Entity: Germany

Name and Appointment of contributor:

1 
General Comments


2
Proposals related to the ECC Deliverables


[Note: proponents are invited to use the following table to provide comments. It is also possible to provide as an annex the proposals with track changes and related justifications.]

		Comment number

		Section number/ Clause

		Paragraph Figure/ Table

		Type of comment (General/ Technical/Editorial)

		COMMENTS

		Proposed change



		D/1

		Task 2 (Channeling arrangements)



		All concerned places in the document

		General

		Contributors were asked to comment on the status of frequency arrangements.

Germany is of the view that only Option A should be kept in the final document for the following reasons:


Many industry representatives asked for guidance on the use of the frequency band. An equal footing will not provide such guidance. Furthermore, from a technical point of view it makes sense to have the same channeling arrangement in the whole band 3.4-3.8 GHz.


Calculations for mobile data traffic show that asymmetry in DL und UL will rise up to a ratio of 10:1. A TDD arrangement gives more flexibility to the operators to optimize their networks in this regard. 


For countries still wishing to implement FDD in the 3.4-3.6 GHz band this option still gives them the freedom to do so.

		Reinsertion of the following text:


CEPT has identified the frequency arrangement for the 3400-3600 MHz band based on TDD as described in Annex 1 of ECC/DEC/(11)06 as the preferred frequency arrangement. A frequency arrangement based on FDD as described in Annex 2 of ECC/DEC/(11)06 is provided as an alternative.



		XX/2
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Bollore Telecom
[bookmark: _MailOriginal]From: Adrien Demarez [mailto:adrien.demarez@bolloretelecom.eu] 
Sent: 21. august 2013 22:16
To: Alexander Gulyaev
Subject: Bolloré Telecom comments on public consultation for CEPT report 49

Dear Alexander,

We would like to thank CEPT for giving us the opportunity to comment CEPT report 49 that is currently under public consultation http://www.cept.org/ecc/tools-and-services/ecc-consultation

 
Bolloré Telecom has mosty one remark on the following text "The possibility of a preferred channeling arrangement for the 3,4-3,6 GHz band has been discussed by the ECC#34, as well as the possibility to have FDD and TDD on the same footing. The ECC identified a slight preference for TDD as the preferred frequency arrangement with FDD frequency arrangement as an alternative. ECC invites additional views before taking a final decision on a preferred frequency arrangement at the next ECC meeting.”

Bolloré Telecom supports the conclusion that there is a preference for a TDD preferred band plan. From our perspective, the preference for TDD among industry players is significant, not "slight". Many industry players that have a short or mid-term project for this band advocate for TDD for all the reasons explained in ECC-PT1 (13)025rev1 http://www.cept.org/Documents/ecc-pt1/8731/ECC-PT1(13)025rev1_Multi-company_Channel-plan-3400-3600-MHz or in the 10-companies reply in http://www.cept.org/Documents/ecc-pt1/10417/Annex-replies_Annex-replies . Besides, whatever the opinion and arguments are regarding TDD vs FDD, we believe that the most important is to give guidance i.e. to identify a preferred band plan so that operators and vendors can start to invest, as industry player cannot be satisfied with two band plans at an equal footing.
 
As a consequence,

- We would like to confirm Bolloré Telecom support to a TDD-preferred band plan.

- We do neither support FDD as a preferred band plan, nor two band plans at the same level. We would accept FDD as an alternative band plan provided TDD is clearly identified as preferred, however we would prefer to have only a single TDD band plan with no FDD option in order to be very clear and consistent with the band plan defined for 3.6-3.8 GHz.

- We suggest deleting the word “slight” from the quoted sentence in CEPT report 49.

Best regards,
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CATT
[bookmark: _MailOriginal]From: dingyu [mailto:dingyu@catt.cn] 
Sent: 22. august 2013 12:44
To: Alexander Gulyaev
Cc: 'Xueming Pan'
Subject: CATT Views on CEPT public consultation of the 3.5 GHz frequency arrangements



Dear Mr Alexander Gulyaev,



[bookmark: _GoBack]This is Ding Yu from CATT (China Academy of Telecommunication & Technology). As an GTI member, I would like express our views on TDD in 3400-3600 MHz bands.



The mobile traffic is expected to increase by 1000x in 2020. Statistics show that a majority of mobile traffics is generated in hotspot and indoor environments. Exploiting new spectrum resource and increasing the area spectral efficiency are promising techniques to meet the throughput demand in further wireless networks. 3400-3600MHz band is especially suitable for indoor or hotspot deployment due to the propagation characteristic. Low power nodes covering a small area are of great interest to the industry. 



For the band of 3400 – 3600 MHz, TDD is the preferred duplex mode over FDD for the following reasons:

1.    No guard band is required for TDD. On the hand, FDD requires guard band between the UL and DL spectrum, which reduces the spectrum utilization. Currently in 3GPP the specification is standardized based on 2*80MHz for FDD, e.g. 3410-2490MHz (Uplink)/3510-3590MHz (Downlink). Thus 40MHz spectrum is wasted.

2.    Simpler terminal implementation for TDD without the need of duplexer, which reduces the terminal cost.

3.    TDD provides more efficiency resource utilization as the ratio of downlink and uplink subframes can changed. The downlink and uplink traffic radio in hotspot and indoor environments can fluctuate significantly over time. The ability to adapt the radio of downlink and uplink subframes to the radio of downlink and uplink traffic loads improve packet throughput and user experience. FDD does not provide such benefits since the allocated bandwidths for downlink and uplink are fixed.

4.    In TDD system, channel reciprocity can be exploited to reduce feedback overhead and improve CSI accuracy.  CSI obtained by channel reciprocity is free from quantization and feedback compression errors, and thus it is more accurate than that of reported by UE.



Overall, our preference is that TDD is the preferred duplex mode for 3400 – 3600 MHz.



Thanks.



BR/Ding Yu
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China Mobile
[bookmark: _MailOriginal]From: Chen Xing [mailto:chenxing@chinamobile.com] 
Sent: 23. august 2013 10:52
To: Alexander Gulyaev
Cc: '徐小超'; '刘光毅'; 'Li Nan'; 'Tang Hai'
Subject: Comments on CEPT Report 49 from China Mobile



Dear Mr. Gulyaev,



Thank you for the opportunity to comment on CEPT Report 49 about the channeling arrangement for the 3400-3600MHz.

China mobile, one of the biggest operators in the world, is building the world’s largest LTE TDD network and expect to exploit 3.5GHz band to support subscribers’ demand of mobile internet service. We are pleased to provide some information and opinions on 3.5GHz band plan, and hope to cooperate with EU operators to promote the global uniform spectrum allocation for 3.5GHz band and facilitate the fast deployment of 3.5GHz with global market scale.

Regarding the channeling arrangement, we would like to suggest the CEPT ECC considering the advantages of TDD mode and the matured ecosystem of 3.5GHz world widely, and choose “Preferred TDD” for 3.5GHz and cooperate with other regulators to promote a global uniform allocation for TDD.

Please find the attachment for the detailed comments.

Thank you.



[bookmark: _GoBack]Sincerely



Department of Technology

China Mobile Communications Corporation
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August 21, 2013



Alexander Gulyaev


CEPT Electronic Communications Committee


Subject:  Comments on CEPT Report 49


Dear Mr. Gulyaev,


Thank you for the opportunity to comment on CEPT Report 49 about the channeling arrangement for the 3400-3600MHz.


China mobile, as one of the biggest operators in the world, has over 60% market share of China and covers more than 745 million customers by August 2013. Currently, China Mobile is building the world’s largest LTE TDD network and in great need of 3.5GHz band for high traffic demand of coming Mobile Broadband Era.


Since both EU and China are important markets in the world, and EU is one of the main regions for global roaming of China Mobile, we are pleased to provide some information and opinions on 3.5GHz band plan, and hope to cooperate with EU operators to promote the global uniform spectrum allocation for 3.5GHz band and facilitate the fast deployment of 3.5GHz with global market scale.


Progress of 3.5GHz band in China



3.5GHz is being increasingly recognized as the most probable global harmonized TDD band and will play a key role in meeting the explosive mobile data demands. Chinese regulator attaches importance of the booming mobile internet service, and has allocated 3400-3600MHz for IMT in WRC-07 to satisfy the great spectrum requirement, especially for hotspot and indoor coverage. Based on the feasibility study, it is recognized that 3.5GHz is very suitable for TDD application. 


Up to now, China has carried out many activities related to 3.5GHz band spectrum allocation and application as below,


· To support the spectrum allocation, the coexistence between LTE TDD and FSS on 3.5GHz has been validated by CCSA (China Communications Standards Association), and the corresponding field test is being conducted.


· With the encouragement of market requirement, multiple vendors have delivered TDD products of 3.5GHz band. Huawei has developed a TDD Pico demo considering coexistence with FSS and backward compatibility, which achieves up to 520Mbps per UE with 4*4 MIMO based on 2*20MHz carrier aggregation. The field test of Macro + Pico coupling network will be provided in 2013.


· To improve the performance of hotspot and indoor coverage, China also participated actively in the study of feature “LTE small cell enhancement” of 3GPP Release 12 and its evolution, and considers 3.5 GHz band to be the most promising TDD band to deploy small cell.


In addition to 3400-3600MHz, Chinese regulator has proposed 3300-3400MHz for IMT under agenda item 1.1 of WRC-15, which is been validating for TDD application. Thus, a 300MHz band from 3300 to 3600 MHz will be potentially available for TDD in China.


Advantages of TDD band plan for 3.5GHz


For the channeling arrangement for the 3400-3600MHz in EU, we suggest the Committee taking into account of the TDD advantages below.


· Matured TDD ecosystem on 3.5G


LTE TDD has been the dominate technology on 3.5GHz band with a fast growing ecosystem. Besides the UK Broadband announced the world’s first LTE TDD 3.5GHz deployment in 2012/02, more than 12 operators (in Bahrain, Belgium, Croatia, France, Germany, Ireland, Italy, Mongolia, Montenegro, Nigeria, Poland, Russia) are deploying LTE TDD on 3.5GHz or have publicly announced commercial contracts
. Many EU WiMAX operators are planning to evolve to LTE TDD from 2013 and onwards. Currently, LTE-TDD eNodeB and near 10 types of CPE on 3.5GHz are available in the market, and portable hotspots and smartphones will be introduced in 2013. The industry is capable to support the fast deployment of TDD on 3.5GHz band world widely, while choosing LTE FDD may cause substantial delay since no certified infrastructure and devices is announced.


· Larger market scale


It is predicted that 3.5GHz band will bring a flourishing market with the harmonized spectrum allocation. Besides the countries already deployed LTE TDD on 3.5GHz, some other countries also shows preference on TDD, such as USA, Canada, Japan, China and so on. Furthermore, TDD on 3.4-3.6GHz could combine with 3.6-3.8GHz to provide a 400MHz band for future mobile broadband and form a giant uniform market for EU, which also avoids the coexistence interference of FDD&TDD and obtains contiguous broad spectrum without guard band.


· High spectrum Efficiency for traffic asymmetry


The traffic in Mobile Broadband Era is asymmetrical in nature. According to the statistics from the converged LTE TDD/ FDD Network of China Mobile Hong kong(CMHK), the monthly DL/UL data traffic ratio was 7~13 from 2012/05 to 2013/05, which cannot be met by the 1:1 DL/UL spectrum allocation of FDD. It is forecasted that the asymmetrical traffic of hotspot/indoor network will be more extreme in the future. 


Thus, TDD shall be adopted to provide efficient spectrum usage by properly choosing DL/UL configuration. Meanwhile, eIMTA (Enhanced Interference Mitigation & Traffic Adaptation) of 3GPP Release 12 can further improve spectrum utilization by allowing eNodeB to select the DL/UL pattern dynamically according to the traffic load.


· Easy coexistence with WiMAX and FSS deployment in EU


LTE TDD could coexist with WiMAX by frame configuration and symbol puncturing according to the UL/DL ratio of WiMAX system, and in contrast FDD requires guard band to avoid interference. Furthermore, the WiMAX evolution to LTE TDD has been verified by Mobile of Saudi Arabia, which not only protects its WiMAX investment but also gets a booming LTE user growth of 1.7 million in 12 Months.


Since not requiring FDD’s paired spectrum with fixed duplex distance, TDD is easier to create “holes” in the band to protect incumbent users. Then, TDD allows more flexible accommodation of the current FSS and Radiolocation spectrum use as necessary.


Status of the Global LTE TDD Market


LTE TDD has already been a mainstream technology supported by a very well established and fast growing ecosystem. The growth of network deployment is accelerating around the world in terms of operator commitments and commercial launches as well as subscriber numbers. By August 2013, 18 LTE TDD networks were commercially launched in 14 countries with over 3 million commercial users, and 41 LTE TDD commercial networks have been deployed or firmly planned. Some operators in the world’s most important markets in value terms and subscriber terms are aligned in the LTE TDD development, such as Softbank, Sprint/Clearwire, and China Mobile. According to the Plan & Actions of GTI (the Global TD-LTE Initiative), over 500,000 LTE TDD base stations will be constructed to cover over 2 billion population by 2014.


Summary


Regarding the 3.5GHz band, we would like to suggest the CEPT ECC considering the advantages of TDD mode and the matured ecosystem of 3.5GHz world widely, and choose “Preferred TDD” for 3.5GHz and cooperate with other regulators to promote a global uniform allocation for TDD.


Sincerely


Department of Technology



China Mobile Communications Corporation


ADD: Department of Technology, CMCC29, Jinrong Avenue, Xicheng District, Beijing 



100033, PRC


� GSA, “Status of the Global LTE TDD Market”, July 20, 2013
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DaTang group
THREE COMMETNS FROM “DATANG GROUP” COMPANIES ARE INCLUDED IN THIS ANNEX



COMMENT FROM DaTang Group

From: 徐红茹 [mailto:xuhr@datanggroup.cn] 
Sent: 21. august 2013 07:39
To: Alexander Gulyaev
Cc: 段辰辉; 王蓓蓓; chenjing1@datangmobile.cn; limengxi@datangmobile.cn
Subject: comments about 3400-3600 MHz band



Dear Mr Alexander Gulyaev：

We are from DATANG TELECOM TECHONOLOGY&INDUSTRY GROUP in China. We have got the information from the website of CEPT that ECC is asking for comments about 3400-3600 MHz band. We strongly support its usage in the development of TDD.

TDD industry is on the rise and it needs support from various areas. If 3400-3600 MHz band can be used in the TDD industry in the future, we believe that it will play a vital role in the development of TDD.

We hope that CEPT can accept our suggestion.

The website of our company is www.datanggroup.cn

Thank you very much!

Best regards.





DATANG TELECOM TECHONOLOGY&INDUSTRY GROUP

xuhongru

＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝

创新 市场 诚信 责任

徐红茹

大唐电信科技产业控股有限公司　战略发展部

电话：010-62301823

手机：18811059961

传真：010-62301918

地址：北京市海淀区学院路40号

网址：www.datanggroup.cn







COMMENT FROM “LeadCore Techonology Co.”

From: 刘光军 [mailto:liuguangjun@leadcoretech.com] 
Sent: 21. august 2013 11:05
To: Alexander Gulyaev
Subject: Fw: CEPT public consultation of the 3.5 GHz frequency arrangements
Importance: High



Dear Mr Alexander Gulyaev：

We are from DATANG TELECOM TECHONOLOGY&INDUSTRY GROUP in China. We have got the information from the website of CEPT that ECC is asking for comments about 3400-3600 MHz band. We strongly support its usage in the development of TDD.

TDD industry is on the rise and it needs support from various areas. If 3400-3600 MHz band can be used in the TDD industry in the future, we believe that it will play a vital role in the development of TDD.

We hope that CEPT can accept our suggestion.

The website of our company is www.leadcoretech.com



Thank you very much!

Best regards.



COMMENT FROM “LinkTester Technology Co.”

From: 李孟喜 [mailto:limengxi@dtlinktester.com] 
Sent: 21. august 2013 11:25
To: Alexander Gulyaev
Cc: zhangyuan@dtlinktester.com; fanju@dtlinktester.com
Subject: Comments about channeling arrangement for 3400-3600 MHz band



Dear Mr Alexander Gulyaev：



We are from DaTang LinkTester Technology Co., Ltd in China. 



In recent ECC meetings, channeling arrangements for the 3400-3600 MHz band have been discussed. 



With the fast development of mobile communication and emerging services, the demands for the limited frequency resource are booming. Small scattered frequency resource can be used more efficiently by TDD. Furthermore, TDD provides more support for asymmetrical service. We strongly promote TDD in 3400-3600 MHz bands. It will boost the development of TDD industry at a critical moment. 



Best regards,



DaTang LinkTester Technology Co.,Ltd
3F,Innovation Mansion,No 12,Xueyuan South Road, Haidian District,Beijing

Website：http://www.dtlinktester.com/
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Comments on ECC Deliverable  


Draft CEPT Report 49  
“Technical conditions regarding spectrum harmonisation for terrestrial wireless systems  


in the 3400-3800 MHz frequency band” 
 


 
 


0 Sources 
  
Administration/Company/Entity: Deutsche Telekom AG 
Name and Appointment of contributor: Thomas Konschak 
 
 
1  General Comments 
 
Deutsche Telekom AG (DTAG) would like to thank European Communications Office (ECO) for the opportunity to comment on the Draft 
CEPT Report 49 “Technical conditions regarding spectrum harmonisation for terrestrial wireless systems  
in the 3400-3800 MHz frequency band”. 
 
In particular DTAG would like to comment on the provisions on the channel arrangement for the band 3.400 to 3.600 MHz. For the sake of 
harmonisation and economy of scales DTAG supports the idea of deciding on one preferred channelling arrangement. The discussion both in 
ECC PT1 and the recent ECC meeting didn’t come to a final conclusion.  
 
DTAG is of the view that an equal footing of both FDD and TDD doesn’t give any guidance to the industry and operators and fails to provide 
regulatory guidance and certainty to the industry for the usage of this band and therefore is not suited to reach the objective of harmonisation and 
economy of scale.   
 
DTAG supports the proposed TDD arrangement as preferred channel arrangement for the band 3.400-3.600 MHz. With regard to the current text 
of this option DTAG proposes to delete the word “slight” to give a clear indication of the preference. DTAG doesn’t support FDD as preferred 
option but introducing FDD as an alternative arrangement if required would be appropriate. 
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E-Plus Mobilfunk
From: Michael.Kraemer@eplus-gruppe.de [mailto:Michael.Kraemer@eplus-gruppe.de] 
Sent: 16. august 2013 16:07
To: Alexander Gulyaev
Subject: Public Consultation CEPT-Report 49



Hello Alexander,



In our view CEPT Report 49 should contain a preferred channeling arrangement for the 3400-3600 MHz band and not both arrangements on the same footing.



[bookmark: _GoBack]In addition to the various technical arguments already provided during the discussed at the ECC PT1 level (e.g. better coexistence / spectrum usage in conjunction with FSS earth stations, better global alignment with regions outside CEPT where only part of the band is available) such a preferred arrangement is also in line with the approach taken for the 800 MHz band in ECC-Decision (09)03 and the request from the EC as described in the Mandate.



Currently we see no market take-up at all for FDD in this band but at the same time also a very slow market take-up for TDD and this is certainly in part due to the unclear regulatory framework and the missing guidance from regulators on the future usage of this band. Thus more guidance from administrations is required to speed up the market development and a preferred channeling arrangement based on TDD is the most appropriate way to do this.



Therefore, we believe that CEPT-Report 49 should contain a clear (not just slight) preference for TDD for the 3400-3600 MHz band, whilst an FDD usage is still possible via the alternative arrangement.



Best regards,

Michael



Michael Krämer
Frequency Management
Technology Strategy

E-Plus Mobilfunk GmbH & Co. KG
E-Plus-Straße 1
40472 Düsseldorf
M  +49 177-448 2225
T  +49 211-448 2225
F  +49 211-448 5559
michael.kraemer@eplus-gruppe.de
www.eplus-gruppe.de
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PC 3.4 - 3.8 ECC Report 203 Ericsson Comments.doc

Comments on Draft ECC Report 203


“Least Restrictive Technical Conditions suitable for Mobile/Fixed Communication Networks (MFCN), including IMT, in the frequency bands 3400-3600 MHz and 3600-3800 MHz”


0
Sources


Administration/Company/Entity: Ericsson 


Name and Appointment of contributor: Sverker Magnusson 


1 
General Comments


Ericsson finds that the Draft ECC Report 203 responds to the questions in the EC Mandate in a satisfactory way, and thus supports the report without any substantial technical changes. 


2
Proposals related to the ECC Deliverables



			Comment number


			Section number/ Clause


			Paragraph Figure/ Table


			Type of comment (General/ Technical/Editorial)


			COMMENTS


			Proposed change





			Ericsson/1


			0 Executive summary


			p.2


paragraphs 1-7


			Editorial


			Various improvements on readability and precision of explanations. 


			See updated report 





			Ericsson/2 





			0 Executive summary


			p.3


paragraph 1


			Editorial


			


			Move first sentence to after Table 5.





			Ericsson/3


			0 Executive summary


			p.3


Figure 1


			Editorial


			Proposed modifications have not been introduced into the figure. 


			Remove “f0”,”PBL” and PIB” to achieve consistency and remove redundancy. 





			Ericsson/4


			0 Executive summary


			p.3


Table 1


			General


			


			Modification to definition of transitional region in the case of TDD spectrum





			Ericsson/5


			0 Executive summary


			p.3 


Table 1


			General


			


			Comment on applicability of transitional regions for TDD moved from Table 5 (note) to Table 1. 





			Ericsson/6


			0 Executive summary


			p.3


Table 1


			Editorial


			


			Modification of guard band definition. 





			Ericsson/7


			0 Executive summary


			p.3



Table 1


			General


			


			An extra row is added in the table to incorporate also the Additional Baseline for protection of radar. 





			Ericsson/8


			0 Executive summary


			p.3



Table 2


			Editorial


			


			Table split into two, to separate Baseline and Guard band information. 





			Ericsson/9


			0 Executive summary


			p.3



Table 2


			Technical


			


			Removal of footnote 1), as it does not apply for Tx and Rx antennas using same polarization. 





			Ericsson/10


			0 Executive summary


			p.3 – 4



Tables 2-5 (now 2-6)


			Editorial


			


			Rearrangement of tables so that they follow in the same order as they are presented in Table 1. 





			Ericsson/11


			0 Executive summary


			p.4



Below Table 4


			Editorial


			


			Text about femto BS power control changed into note of Table 4. 





			Ericsson/12


			0 Executive summary


			p.4


Above (original) Table 3


			Editorial


			


			Removal of bold text about “Additional baseline …”, as it is merely duplication of Table header. 





			Ericsson/13


			0 Executive summary


			p.4


(original) Table 3


			Editorial


			


			Frequcy -> Frequency 





			Ericsson/14


			0 Executive summary


			p.4


(original) Table 3


			Editorial


			


			Case C, add references for spurious emissions





			Ericsson/15


			0 Executive summary


			p.4


below (original) Table 4


			General


			


			Proposal to remove sentence about “Examples of different licensing approaches …” 





			Ericsson/16


			0 Executive summary


			p.4


(original) Table 5


			Editorial


			


			Word “region” missing in two places





			Ericsson/17


			0 Executive summary


			p.5-6


			Editorial


			


			Rearrange order of paragraphs to align it with Table 1. 





			Ericsson/18


			0 Executive summary


			p.5



Baseline limits


			Editorial


			


			Modifications to explanation of the first type of baseline level. 





			Ericsson/19


			0 Executive summary


			p.5



Baseline limits


			Editorial


			


			Modifications to explanation of the first type of baseline level. 





			Ericsson/20


			0 Executive summary


			p.5



Baseline limits


			Technical


			


			Removal of sentence about antenna polarization, which doesn’t apply in the case of similarly polarized antennas as may be expected in this case. 





			Ericsson/21


			0 Executive summary


			p.5



Baseline limits


			Editorial


			


			Modification to explanation of special baseline case for femto cells. 





			Ericsson/22


			0 Executive summary


			p.5



Baseline limits and (original) Figures 2 and 3


			General


			


			Correction of descriptions of Figures 2 and 3





			Ericsson/23


			0 Executive summary


			p.5



(original) Figures 2 and 3


			Editorial


			


			For discussion: the labels “(relative)” and “(fixed)” may be confusing. They refer to baseline type 1 and type 2, but may be understood as component 1 (relative) and component 2 (fixed) of type 1. Perhaps it is better to remove these labels. 





			Ericsson/24


			0 Executive summary


			p.6



Figure 4


			Editorial


			


			Move Figure 4 to where the corresponding concepts are discussed in the text. 





			Ericsson/25


			0 Executive summary


			p.6



Paragraph on “In-block limits”


			General


			


			Remove sentence about different licensing approaches. 





			Ericsson/26


			0 Executive summary


			p.6



After paragraph on transitional region


			General


			


			Introduction of paragraph on Additional baseline, to align text with Table 1. 





			Ericsson/27


			0 Executive summary


			p.6



Transitional region limits


			Editorial


			


			Further clarifications





			Ericsson/28


			0 Executive summary


			p.7


combination …


			Editorial


			


			Add clarification for frequency intervals





			Ericsson/29


			0 Executive summary


			p.7


Combination…, end of first paragraph


			Editorial


			


			Explanation that the Additional baseline has not been included in the Figure. 





			Ericsson/30


			0 Executive summary


			p.7



Fixed Service


			General


			


			It is proposed to remove the sentence “MFCN applies to all Mobile and Fixed …”. MFCN is explained already in the introduction of the Executive Summary. 





			Ericsson/31


			0 Executive summary


			p.7



Fixed Service


			Editorial


			


			Clarification of sentence describing overlapping channel sharing





			Ericsson/32


			0 Executive summary


			p.8



Radiolocation


			General


			


			Simplification of text, and removal of some specific numbers that may give a feeling of precision in the results that is not justified. 





			Ericsson/33


			1 introduction


			p.14



paragraph 3


			Editorial


			


			Editorial improvements





			Ericsson/34


			1 Introduction


			p.14



paragraph 4


			General


			


			Removal of beginning of paragraph 4. There is no need to comment on the success or not of previous BEMs. Furthermore BEM is not equivalent to LRTC. 





			Ericsson/35


			2.1.1


			p.16



Table 7, note (1)


			


			


			It is proposed to remove this note. 





			Ericsson/36


			2.1.3


			p.17



Table 8


			Editorial


			


			Cell range is an ambiguous concept, so it is proposed to remove that row. Intersite distance is sufficient to define the deployment. 





			Ericsson/37


			2.1.3


			p.17



Table 8


			General


			


			Specification of F.1336 Recommendation. 





			Ericsson/38


			2.1.3 & 2.1.4


			p.17 -18



Tables 8 and 9


			Editorial


			


			Removal of footnote indications (2) from pico and femto. (there is no footnote) 





			Ericsson/39


			2.1.3 & 2.1.4


			p. 17-18, 



Tables 8 and 9


			Editorial


			


			Microcells are “Medium range BS” now, not Wide area BS. 





			Ericsson/40


			2.1.5


			p.19 



paragraph 4


			General


			


			It is proposed to remove the paragraph on Annex 8 of F.1336, as it has not been used. 





			Ericsson/41


			3.2


			p.22


			General


			


			Clarification of TDD Case when BS-BS interference applies or not. 





			Ericsson/42


			3.2.1


			p.22


			Editorial


			


			The reference to 3GPP document needs to be inserted (place highlighted yellow). 





			Ericsson/43


			3.2.2 and onwards


			p.23 and onwards



Tables 13-16, 19, 51-54 and 57


			Editorial


			The changes have not been introduced into the updated document. 


			It is proposed to reduce the number of digits in the results. 





			Ericsson/44


			3.2.3


			p.23



paragraph 2 of section. 


			Editorial


			


			Improvement of English. 





			Ericsson/45


			3.3.1


			p.24


			Editorial


			


			Simplified presentation of general simulation methodology. 



Paragraph on negative additional isolation moved here from p.27. 





			Ericsson/46


			3.3.2


			p.24



first paragraph


			Editorial


			


			Improved English





			Ericsson/47


			3.3.3.2


			p.27 – 28



Figures 16 and 17


			Editorial


			


			Figures cover both micro and pico, thus the term “medium range” is inappropriate. 





			Ericsson/48


			3.4.1






			p.34-37






			General, Editorial and Technical
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			It is proposed to remove the paragraph starting with “A simplistic method…”, as the proposed 3 dB reduction does not apply when interferer and interfered BS have the same antenna configuration, which is likely in this case. 
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			Editorial
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The Figure numbers in the text are not aligned with those of the Figures. 
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			Technical


			


			The real emissions from operator A should perhaps reach the baseline before moving into the spectrum of operator B, or it is necessary to explain why it doesn’t. 
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			Starting from “The BEM requirements as described below…”, the text is identical to that in the executive summary. It is thus proposed that the same modifications are incorporated into the conclusion as to the executive summary. 
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A block edge mask (BEM) for the bands 3400-3600 MHz and 3600-3800 MHz was introduced through ECC Recommendation ECC/REC/(04)05 [1], followed by ECC Decision ECC/DEC/(07)02 [2] and EC Decision 2008/411/EC [3]. However it is recognised that the development of this BEM was based onderived primarily to the assumption that there was a need to ensure co-existence with between systems primarily intended for fixed services, e.g. Fixed Wireless Systems. In addition, it has to be highlighted that the harmonized technical conditions contained in EC Decision 2008/411/EC do not establish a harmonised frequency arrangement. Consequently, as stated in a Mandate from the European Commission on the 3.5 GHz band [42][42], CEPT was requested to investigate the modification of the currently valid BEM of the EC Decision 2008/411 in view of the possibility to introduce harmonised frequency arrangements, in order to take into account the developments in wireless communications technology and to facilitate the spectrum-efficient deployment of broadband fixed, mobile and nomadic communications systems.


CEPT has thus carried out studies to determine appropriate least restrictive technical conditions (LRTC) for MFCN. In this report Tthe BEM was derived from through minimum coupling loss (MCL) analysis and simulations.


For the purposes of this report the term Broadband Wireless Access (BWA) refers to legacy BWA systems licenced under the existing 3400-3600 MHz licencing regimes as described in ECC/DEC/(07)02 [2] or 2008/411/EC [3]. The term MFCN includes IMT and other communications networks in the mobile and fixed services and for the purposes of this report refers to radio communication systems which should comply with the BEM defined belowin this report.


The base station BEM requirements as described below may be relaxed whenever there are bilateral agreements between operators. For the spectrum 3400 – 3800 MHz, Tthe BEM has not been developed to protect other services or applications in the band, and only applies in blocks that have been licensed to MFCN according to the new harmonized frequency arrangement. (In the figures below it is assumed for simplicity that all blocks have been licensed to MFCN.) The BEM incorporates protection of military radiolocation below 3400 MHz.  


Figure 1 describes a general BEM. Table 1 contains the different elements of the BEM in the 3400-3600 MHz and 3600-3800 MHz bands, together with the frequency regions where they apply. The guard bands apply in case of an FDD allocation in 3400-3600 MHz. It should be noted that whenever guard bands are mentioned in this report, it is understood that those apply only for an FDD allocation.


Tables 21 to 5 contain the power limits that apply for the different BEM elements. PMax is the maximum carrier power for the base station in question, measured as e.i.r.p.


To obtain a BEM for a specific block, these elements are combined as follows:


For each 5 MHz interval in the 3400-3600 MHz and 3600-3800 MHz bands, used by MFCN according to the harmonized frequency arrangements, determine the BEM elements that apply have to be determined (there may be several).


Choose Tthe most relaxed requirement of those defined in the interval in question has to be chosen.


In the following paragraphs the different BEM elements are described further.
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Illustration of a general block-edge mask


BEM elements


			BEM element


			Region of applicability





			In-block 


			Block for which the BEM is derived 





			Baseline 


			Spectrum assigned for TDD and FDD UL and DL





			Transitional region 


			For FDD DL blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator. 


For TDD blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator. Transitional regions do not apply to TDD blocks allocated to other operators, unless networks are synchronised and there is alignment of UL/DL configuration., in spectrum that is not assigned to another operator, including the guard band 3590–3600 MHz, or in case of synchronized blocks with the same UL/DL configuration. The transitional regions do not apply below 3400 MHz or above 3800 MHz. 





			Guard bands 


			3400-3410, 3490-3510 and 3590-3600 MHz (for applies in case of an FDD allocation)





			Additional baseline


			Below 3400 MHz








In-block power limit


			BEM element


			Frequency range


			Power limit





			In-block


			Block assigned to the operator


			Not obligatory. 
In case an upper bound is desired by an administration, a value of 68 dBm/5 MHz per antenna may be applied. 








Note: For femto base stations, power control should be applied to minimize interference to adjacent channels.


Baseline and guard band power limits


			BEM element


			Frequency range


			Power limit





			Baseline 


			FDD DL (3510-3590 MHz). 
Synchronized TDD blocks with the same UL/DL configuration (3400-3800 or 3600-3800 MHz). 


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna





			Baseline 


			FDD UL (3410-3490 MHz). 
TDD (3400-3800 or 3600-3800 MHz) (unless synchronized). 


			-34 dBm/5 MHz e.i.r.p. per cell(1)








			Guard band 


			3400-3410 MHz


			-34 dBm/5 MHz e.i.r.p. per cell








			Guard band 


			3490-3500 MHz


			-23 dBm/5 MHz e.i.r.p. per antenna





			Guard band 


			3500-3510 MHz


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p.  per antenna





			Guard band 


			3590-3600 MHz


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna








(1) In case of multiple antennas with different polarization, the power limit should be relaxed to -31 dBm/5 MHz e.i.r.p. per cell.





Transitional region power limits


			BEM element


			Frequency range


			Power limit





			Transitional region


			-5 to 0 MHz offset from lower block edge 
0 to 5 MHz offset from upper block edge 


			Min(PMax – 40, 21) dBm/5 MHz 
e.i.r.p. per antenna





			Transitional region


			-10 to 5 MHz offset from lower block edge 5 to 10 MHz offset from upper block edge


			Min(PMax – 43, 15) dBm/5 MHz 
e.i.r.p. per antenna








Note: For TDD blocks the transitional region applies in case of synchronized adjacent blocks, and in-between adjacent TDD blocks that are separated by 5 or 10 MHz. The transition region does not extend below 3400 MHz or above 3800 MHz





Guard band power limits


			BEM element


			Frequency range


			Power limit





			Guard band 


			3400-3410 MHz


			-34 dBm/5 MHz e.i.r.p. per cell








			Guard band 


			3490-3500 MHz


			-23 dBm/5 MHz e.i.r.p. per antenna





			Guard band 


			3500-3510 MHz


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p.  per antenna





			Guard band 


			3590-3600 MHz


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna











Additional baseline requirements for country specific cases


Additional base station baseline requirements for country specific cases


			Case


			BEM element


			Frequency range


			Power limit





			A


			CEPT countries with military radiolocation systems below 3400 MHz


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation(1)


			-59 dBm/MHz e.i.r.p.(2)  





			B


			CEPT countries with military radiolocation systems below 3400 MHz


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation(1)


			-50 dBm/MHz e.i.r.p. (2)  





			C


			CEPT countries without adjacent band usage or with usage that does not need extra protection


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation


			Not necessary


(spurious levels from the standards apply)


Ericsson: reference CEPT/ITU-R Recs? 








(1) Administrations may choose to have a guard band below 3400 MHz. In that case the power limit may apply below the guard band only.


(2)  Administrations may select the limit from case A or B depending on the level of protection required for the radar in the region in question.





Cases A, B and C can be applied per region or country so that the adjacent band may have different levels of protection in different geographic areas, depending on the deployment of the adjacent band systems.


In-block power limit


			BEM element


			Frequency range


			Power limit





			In-block


			Block assigned to the operator


			Not obligatory. 
In case an upper bound is desired by an administration, a value of 68 dBm/5 MHz per antenna may be applied. 











Examples for different licensing approaches can be found in Section 3.5.


For femto base stations, power control should be applied to minimize interference to adjacent channels.


Transitional region power limits


			BEM element


			Frequency range


			Power limit





			Transitional 


			-5 to 0 MHz offset from lower block edge 
0 to 5 MHz offset from upper block edge 


			Min(PMax – 40, 21) dBm/5 MHz 
e.i.r.p. per antenna





			Transitional 


			-10 to 5 MHz offset from lower block edge 5 to 10 MHz offset from upper block edge


			Min(PMax – 43, 15) dBm/5 MHz 
e.i.r.p. per antenna








Note: For TDD blocks the transitional region applies in case of synchronized adjacent blocks, and in-between adjacent TDD blocks that are separated by 5 or 10 MHz. The transition region does not extend below 3400 MHz or above 3800 MHz





In the following paragraphs the different BEM elements are described further.


In-block limits


The in-block power limit, as defined in Table 4 above, is not obligatory. The requirement on power control for femto base stations results from the need to reduce interference from equipment that may be deployed by consumers and may thus not be coordinated with surrounding networks. 


Baseline limits


There are two different types of baseline levels. The first is defined for FDD downlink spectrum, and for the case when two TDD blocks are synchronized and have the same UL/DL configuration, i.e. when there is no BS – BS interference. This requirement BEM element is expressed as by combining attenuation relative to the maximum carrier power, combined with a fixed upper limit. The stricter of the two requirements applies. The fixed level provides an upper bound on the interference from a BS, see Figure 2. prevents interference from increasing in the region where the limit derived from the relative requirement is less stringent. The values are derived from BS – UE interference analysis, and are expressed as e.i.r.p. limits per antenna. 


When two TDD blocks are synchronized and have the same UL/DL configuration, there will be no BS – BS interference. In this case, the same baseline as for the FDD DL region is used. 
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Combining the relative and the fixed limit for the baseline applying to FDD DL spectrum and to synchronized TDD spectrum with alignment of UL/DL configuration





The second type of baseline is defined for FDD UL and TDD spectrum without synchronization or alignment of UL/DL configuration, and is expressed as a fixed limit only, calculated based on BS – BS interference. The e.i.r.p. limit is given per cell. When multiple antennas are used, 3 dB should be subtracted from the e.i.r.p. value due to the different polarizations of the antennas. An exception for this type of baseline can be negotiated between adjacent operators for femto base stations in the case when there is no risk for interference  to where macro base stations are not used in its proximity. In that case -25 dBm/5MHz e.i.r.p. per cell may be used.


In Figure 32 the baseline levels are presented for a TDD-only allocation and in Figure 3 for an allocation with both FDD (3400-3600 MHz) and TDD (3600-3800 MHz). In the figures it is assumed that the TDD blocks are either all synchronised or all unsychronised.  The baseline in the TDD allocations corresponds to a scenario where all operators are synchronized and use the same UL/DL configuration.


Figure 4 describes how the relative level and the fixed level are combined.
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Schematic description of baseline and guard band power levels for a TDD-only allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized and use the same UL/DL configuration. 
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Schematic description of baseline and guard band power levels for a mixed FDD and TDD allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized and use the same UL/DL configuration. 
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Combining the relative and the fixed limit for the baseline applying to FDD DL spectrum


Transitional region limits


The transitional region power limits are defined to enable the reduction of power from the in-block level to the baseline or guard band levels, and is defined as in Table 5 above. The general shape of the transitional region is presented in Figure 5 below.


The requirements are defined for 0–5 MHz and 5–10 MHz offset from the upper and lower edges of an operator’s block. (See Table 1 for further details of applicability.) They are expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit, as for the baseline requirement in the FDD DL. The stricter of the two requirements applies. 





Guard band limits


In the case of an FDD allocation there will be guard bands below the FDD UL, above the FDD DL, and in-between the FDD UL and DL, see Figure 3 above. For the guard band 3400-3410 MHz, the power limit is chosen to be the same as the baseline in the adjacent FDD UL spectrum, 3410-3490 MHz. Similarly, the baseline that applies in 3510-3590 MHz band is also used in the guard band regions 3500-3510 MHz and 3590-3600 MHz. Finally, spurious requirements converted to 5 MHz bandwidth apply in the 3490-3500 MHz band. 


Additional baseline limits 


The additional baseline limits have been introduced to reflect the need for protection for military radiolocation in some countries. For further details see below, “Coexistence with other services than MFCN.” 


In-block limits


The in-block power limit, as defined in Table 4 above, is not obligatory. The requirement on power control for femto base stations is because of the need to reduce interference from equipment that may be deployed by consumers and thus the exact location may not be known to the operators.


Examples of different licensing approaches can be found in Section 3.5.


Transitional region limits


The transitional region is defined to enable the reduction of power from the in-block level to the baseline or guard band levels, and is defined as in Table 5 above. The general shape of the transitional region is presented in Figure 5 below.


The requirements are defined for a 5 MHz bandwidth, 0–5 MHz and 5–10 MHz offset from the upper and lower edges of an operator’s block. They are expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit, as for the baseline requirement in the FDD DL. The stricter of the two requirements applies.






Combination of BEM elements


The BEM elements as described above are combined to provide a BEM for a particular block by choosing the most relaxed requirement of those that are defined for each 5 Mhz a frequency interval. Figure 5 provides an example of such a combination of BEM elements for an FDD block in the lower part of the FDD DL spectrum. Spectrum below 3400 MHz has not been included in this figure, although the BEM element Additional baseline may be applied to protect military radiolocation. 
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Combined BEM elements for an FDD block starting at 3510 MHz


[bookmark: _MON_1285142961][bookmark: _MON_1285169829]UE In-block requirement


This report provides a recommended upper limit of 25 dBm e.i.r.p. for the in-block power of the terminals. 


Co-existence with other services than MFCN


Co-existence studies for other services than MFCN have been carried out for both in-band and out-of-band scenarios. The in-band services considered are FSS, FS and BWA and the out-of-band services are civil and military Radiolocation.


The conclusions are as follows:


BWA


For the purpose of co-existence, it is assumed that BWA systems as defined above are similar to MFCN systems. Therefore no studies were carried out for MFCN – BWA co-existence.


Fixed Service


MFCN applies to all Mobile and Fixed communication networks including point-to-point Fixed links.


Due to the varying characteristics of different types of FS systems and their deployment, no single separation distance, guard band or signal strength limit can be provided to guarantee co-existence with mobile systems. Co-existence can be achieved through coordination on a case-by-case basis. Based on the results of analysis of both directions of interference (mobile service interfering into P-P and vice-versa) some general observations can be made. Overlapping -channel sharing, i.e.  a scenario with meaning any amount of overlap between spectrum of interfering and interfered signals, between the mobile service and P-P links is not feasible in the same geographical area. Consequently if spectrum is used ubiquitously by the FS it cannot be used by the mobile service in the same region. With larger frequency separation and distances coordination is needed, depending on the characteristics of the mobile and the P-P services.


The studies in this report take into account a single interferer. In the case of multiple interferers co-existence could be more difficult to achieve.


Also interference from FS systems to mobile systems may exceed the acceptable interference level.


The similarities between Mobile Systems and P-MP Fixed Systems indicate that the results for mobile – mobile adjacent channel co-existence largely apply to the mobile – P-MP scenario as well. In case of BS – BS interference additional measures may thus be necessary, such as frequency separation and/or additional filters, whereas otherwise co-existence is expected to be possible without such measures. 


Fixed Satellite Service


Due to the varying characteristics of different types of FSS earth stations and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with MFCN. Co-existence should be achieved through co-ordination on a case-by-case basis, assuming FSS earth stations locations are known. However, some general observations can be made. Separation distances for co-existence vary considerably depending on type of equipment and deployment (e.g. tilt and clutter), but can be large. User equipment impact earth stations less than base stations, so separation that prevents interference from base stations will also protect earth stations from UE interference. There are several mitigation techniques that can be applied, in particular site shielding of earth stations. Interference from FSS satellites to MFCN may exceed the acceptable interference level, but in most cases only by a small margin.


Radiolocation


Due to the varying characteristics of different types of radar stations and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with MFCN, but some representative examples are provided. Co-existence should be achieved through co-ordination on a case-by-case basis. However, some general observations can be made. Separation distances due to interference from MFCN to radars can be large, but may be limited to a few km in case of sufficient frequency separation to enable roll-off for MFCN unwanted emissions and good selectivity of radars. An alternative analysis  for non-overlapping adjacent channels. For airborne radars the required separation distance is approximately 0 km, depending on the radar type and antenna type. For land-based/shipborne radars the required separation distance is less than 1 km, depending on the radar type and antenna type. A frequency separation analysis concludes that for a 5 km separation, and considering wideband IMT-Advanced interference to wideband radars, the required frequency separation varies between 14 and 65 MHz, depending on radar type and scenario.


There are mitigation techniques which can reduce the separation distance or frequency separation required. In particular, for adjacent channel/adjacent band interference, improved receiver performance and decreased unwanted emissions can be efficient.


Regarding interference from radars to MFCN networks, it is concluded that adjacent channel interference may be perceived by MFCN stations at distances of up to tens of kilometres.  installation of systems closer than approximately 5 km from the radar should be coordinated. It is necessary to establish a protection distance of approximately 11 km in some areas. Considering blocking effects, the radar may impact MFCN systems up to a distance of 30 km. The analysis did however not take into account the fact that interference from radars are of an intermittent nature (pulsed interference and rotating antenna), which means that the results may be pessimistic.  antennas rotate and therefore only affect a particular MFCN base station or UE intermittently.


Adjacent band limit in the case of adjacent band usage by military systems


In some CEPT countries military radiolocation systems that are deployed below 3400 MHz need a fixed limit for protection from base station interference (cases A and B in Table 3). Other mitigation measures like geographical separation, coordination on a case by case basis or an additional guard band may be necessary for a TDD allocation.


For UEs other mitigation measures will be necessary such as e.g. geographical separation or an additional guard band for both FDD and TDD allocation.
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In 2004 ECC adopted ECC/REC/(04)05 [1][1] on “Guidelines for accommodation and assignment of Multipoint Fixed Wireless systems in frequency bands 3400-3600 MHz and 3600-3800 MHz” and in 2007 ECC/DEC/(07)02 [2][2] on “availability of frequency bands between 3400-3800 MHz for the harmonised implementation of Broadband Wireless Access systems (BWA)”. In 2008 the Block Edge Masks (BEM) contained in ECC/REC/(04)05 [1] were included in the European Commission Decision 2008/411/EC [3][3] (on the harmonisation of the 3400-3800 MHz frequency band for terrestrial systems capable of providing electronic communications services in the Community).


WRC-07 identified the band 3400-3600 MHz for IMT, and subsequently ECC adopted ECC/DEC/(11)06 [4][4] which contains the harmonised frequency arrangements for MFCN systems including IMT for 3400-3600 and 3600-3800 MHz as shown in the following figures.
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Frequency arrangement for the 3400-3600 MHz band based on TDD
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Frequency arrangement for the 3400-3600 MHz band based on FDD
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Frequency arrangement for the 3600-3800 MHz band based on TDD[image: ][image: ][image: ][image: ]


As the BEM contained in ECC/REC/(04)05 [1][1] wasere developed for P-MP FWS systems in 2004 it is not suitable for the introduction of MFCN systems including IMT in the 3400-3600 MHz and 3600-3800 MHz band. Consequently ECC proposed in 2011 to develop a new Report on suitable BEM for this frequency range. CEPT had later onsubsequently received a Mandate from the European Commission [42] to undertake studies on technical conditions, including BEM, in the 3400-3600 and 3600-3800 MHz bands. The mandate also requested that attention be paid toCEPT to consider co-existence with existing systems in the same band and adjacent bands.


The proposal to apply the BEM approach was based on the fact that it has been able to fulfil the objectives set out in several WAPECS Mandates from the European Commission and it was therefore decided to use this approach as a working assumption for the development of the least restrictive technical conditions for the 3400-3600 MHz and 3600-3800 MHz bands. Co-existence with other services, co-channel or adjacent channel and applications is not necessarily guaranteed by the BEM for MFCN, as other methods may be more efficient depending on co-existence scenario, such as frequency or distance separation, or specific site engineering.


The BEM is a ‘regulatory mask’, and should not be confused with Spectrum Emission Masks (SEM) for base stations and user equipment employed by SDOs. The BEM concept does not in itself define the means by which the equipment in an operator’s network meets the BEM.


For user equipment, the BEM proposed by this ECC Report is restricted to in-block power, which is in line with previous decisions of the European Commission on UE BEMs. UE aspects are taken into consideration however when deriving the BS BEM and in the analysis of interference to and from other services.


[bookmark: _Toc359586073]Definitions


This section provides the parameters and characteristics of the systems that are deployed in the 3400-3800 MHz band or whose deployment is foreseen in the near future and which have been included in the compatibility studies in section 4.
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The term MFCN includes IMT and other communications networks in the mobile and fixed services. The parameters presented below represent typical characteristics for MFCN equipment and deployments. Examples of specific technologies that may be deployed are LTE [32] [33] [34] [35] and WiMAX. Relevant for the analysis in this report is also the Multi Standard Radio specification of 3GPP [36] [37].
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The following table includes parameters for macrocell, microcell, picocell and femtocell base stations for typical mobile base stations.


Base station parameters


			


			Macrocell
(Wide area BS)


			Microcell
(Medium range BS)


			Picocell(1)
(Local area BS)


			Femtocell(1)
(Home area BS)





			Output power per antenna port


			43 dBm for 5MHz, 46 dBm for 10 and 20 MHz


			35dBm for 5, 10 and 20 MHz


			24 dBm for 5, 10 and 20 MHz


			20 dBm for 5, 10 and 20 MHz





			ACS


			45 dB


			45 dB


			45 dB


			45 dB





			ACLR for first and second adjacent channels (same bandwidth as assigned channel)


			45 dB 


			45 dB


			45 dB


			45 dB





			BS feeder loss


			0 dB


			0 dB


			0 dB


			0 dB





			Signal/Channel bandwidth


			5 MHz, 10 MHz, 20 MHz, 40 MHz


			5 MHz, 10 MHz, 20 MHz, 40 MHz


			5 MHz, 10 MHz, 20 MHz, 40 MHz


			5 MHz, 10 MHz, 20 MHz, 40 MHz





			Noise figure (BS)(21)


			5 dB


			8dB


			13 dB


			13 dB





			N=F.k.T.B(BS)


			-102 dBm/5MHz


-99 dBm/10 MHz


-96 dBm/20 MHz


-93 dBm/40 MHz


=-109 dBm/MHz


			-99 dBm/5MHz 


-96 dBm/10 MHz


-93 dBm/20 MHz


-90 dBm/40 MHz


=-106 dBm/MHz


			-94 dBm/5MHz


-91 dBm/10 MHz


-88 dBm/20 MHz


-85 dBm/40 MHz


=-101 dBm/MHz


			-94 dBm/5MHz


-91 dBm/10 MHz


-88 dBm/20 MHz


-85 dBm/40 MHz


=-101 dBm/MHz





			I/N protection criterion for MCL analysis 


			-6 dB


			-6 dB


			-6 dB


			-6 dB








 (1) The difference between picocells and femtocells lies in the scenarios they are used in: picocell BS can be deployed in indoor line-of-sight scenarios, whereas femtocell BS are only deployed in indoor non line-of-sight scenarios.


(12) Extracted from 3GPP TR 36.824 for LTE macro BS (5 dB) andfrom 3GPP TR 36.931 for LTE pico BS (13 dB)






[bookmark: _Toc345429011][bookmark: _Toc359586076]User equipment parameters


The following table includes parameters for mobile user equipment in macrocell, microcell, picocell and femtocell environments of a typical mobile network.


User equipment parameters


			Parameter


			Value





			Maximum output power 


			23 dBm





			ACS


			33 dB (for 5 and 10 MHz channel), 27dB (for 20 MHz channel BW) 





			Antenna Type


			Isotropic





			Antenna height


			1.5m





			Signal/Channel bandwidth


			5 MHz, 10 MHz, 20 MHz





			Noise figure


			9 dB





			N=F.k.T.B


			-98 dBm/5 MHz


-95 dBm/10 MHz


-92 dBm/20 MHz


-89 dBm/40 MHz


=-105 dBm/MHz
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The following table includes typical mobile deployment parameters for macrocell, microcell, picocell and femtocell base stations. 


Deployment parameters


			


			Macrocell(Wide area BS)


			Microcell
(Medium rangeWide area BS)


			Picocell 2
(Local area BS)


			Femtocell2
(Home area BS)





			Intersite distance within the same network for an urban scenario


			350m


			-


			-


			-





			Cell range / 3GPP


			233m


			-


			-


			-





			Cell radius for omnicells


			-


			defined per simulation case


			defined per simulation case


			defined per simulation case





			Antenna Type


			ITU-R F.1336-3
Sector antenna with peak side lobes for worst-case analysis (k = 0.7), and with average side lobes for statistical analysis (k = 0.2) 


			ITU-R F.1336-3


Omni antenna with peak side lobes for worst-case analysis (k = 0), and with average side lobes for statistical analysis (k = 0)


			isotropic


			isotropic





			BS max antenna gain 


			17 dBi


			6 dBi


			0 dBi


			0 dBi





			e.i.r.p.


			60 dBm for 5 MHz  and 63 dBm for 10 and 20 MHz. 


			41 dBm


			24 dBm


			20 dBm 





			Antenna downtilt


			6°


			0°


			0°


			0°





			3dB horizontal beamwidth


			65°


			N.A.


			N.A.


			N.A. 





			Antenna height (BS)


			30 m


			6 m


			3 m


			1 m
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The following table includes additional parameters that are needed for statistical studies.


Additional parameters for statistical studies


			


			Macrocell
(Wide area BS)


			Microcell
(Medium rangeWide area BS)


			Picocell2
(Local area BS)


			Femtocell2
(Home area BS) 





			Minimum number of interfering BSs


			57


			19


			20


			20





			Number of active users on the uplink (transmitting at the same time)


			3


			3


			3


			3





			Pathloss correlation- standard deviation


			8 dB


			8 dB


			-


			-





			MCL between BS to UE 


			70 dB


			53 dB (3m Free Space) 


			50 dB (2m Free Space)


			50 dB





			Bit rate mapping 


			As defined in TR 36.942


			As defined in TR 36.942 


			As defined in TR 36.942


			As defined in TR 36.942





			Handover margin


			3dB


			3dB 


			Not applicable


			Not applicable -











The minimum transmit power of a mobile UE is considered to be -40 dBm.


The following table includes the minimum horizontal distance between two base stations of different networks that were used in the MCL calculations.


Minimum horizontal distance between two BS of different networks for the MCL calculation


			Direct Horizontal Distance


			MACRO


			MICRO


			PICO


			FEMTO





			MACRO


			70 m


			30 m


			30 m


			30 m





			MICRO


			30 m


			30 m


			15 m


			15 m





			PICO


			30 m


			15 m


			10 m


			10 m





			FEMTO


			30 m


			15 m


			10 m


			10 m











[bookmark: _Toc345429018][bookmark: _Toc359586079]Base Station antenna model for MFCN networks


Recommendation ITU-R F.1336-3 [8][8] is used for the macro and micro base station antenna patterns. For micro base stations the antenna pattern is assumed to be omnidirectional in the horizontal plane (Section 2 of F.1336-3), whereas for macro base stations three sector base stations are assumed (Section 3 of 
F.1336-3). 


For statistical analysis the antenna patterns representing average side lobes are used, whereas for worst-case analysis (Minimum Coupling Loss), the antenna patterns representing peak side lobes are used. 


The parameter k determines the side-lobe levels, and is set to different values depending on frequency and antenna type (sector vs omni) as follows:


· k = 0 for average and peak side lobe patterns for omni antennas (valid for 3 to 70 GHz) 


· for sectoral antennas and peak side lobe patterns k = 0.7 ( valid for 1 to 6 GHz) 


· for sectoral antennas and average side lobe patterns k = 0.2 ( valid for 1 to 6 GHz). 


Annex 8 of Recommendation ITU-R F.1336-3 [8] contains an alternative side lobe model to improve the sectorial antenna reference radiation patterns in the main text of the Recommendation.


The vertical antenna patterns (average and peak side lobes) of a 3.5 GHz omni antenna with peak gain 6 dBi are presented in Figure 9. The horizontal and vertical antenna patterns (average and peak side lobes) of a 3.5 GHz sector antenna with 3 dB beam width of 65 degrees and 17 dBi antenna gain derived from Recommendation ITU-R F.1336-3 [8][8] are plotted in Figure 10.
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[bookmark: _Ref348010669]ITU-R Recommendation F.1336-3 omni antenna patterns, vertical dimension, for 6 dBi maximum gain. Average (blue) and peak (red) side lobes
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Horizontal pattern	Vertical pattern


[bookmark: _Ref348010693]ITU-R Recommendation F.1336-3 sector antenna patterns, 17 dBi maximum gain, 
65 degrees 3 dB beamwidth. Average (blue) and peak (red) side lobe patterns
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The parameters for FSS systems can be found in ECC Report 100 [16][16] and ITU-R Report M.2109 [18][18]. For further details on co-existence with FSS, including FSS parameters, see Section 7.2 and Annex 5, which contains a summary of previous studies.
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The parameters for FS systems has been derived from ECC Report 100, having updated some technical parameters of P-P type2, to make them more adherent to a typical SDH 128 QAM STM-1 radio link in 3,6-4,2 GHz band, in respect of ERC/REC 12-08 30 MHz channel arrangement. For the P-P studies an antenna that was modeled with the Recommendation ITU-R F.699.5 (see Figure 11) has been used. For Net Filter Discrimination function (NFD), estimating the BWA interfering power that reaches the P-P type 2 interfered receiver when increasing frequency separation between the two carriers, it has been used the receiver selectivity mask of ETSI TR 101 127 [43] for a system based on 128 QAM modulation scheme (system A), and the calculation method of ETSI TR 101 854 [44] (see Figure 12). P-P type 1 was not taken into account.


Fixed service P-P links parameters used in the sharing studies


			


			P-P type 2 





			Bandwidth 


			30 MHz 





			Channel raster 


			30 MHz 





			Antenna gain 


			39 dBi 





			Transmitter output power 


			30 dBm 





			Feeder loss 


			3 dB 





			Noise figure F 


			2 dB 





			Noise level N (kTBF) 


			-97 dBm 





			Antenna height 


			30-50 m 





			Tilt 


			0° 
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P-P systems antenna diagram with 39 dBi antenna gain modelled with the Recommendation ITU-R F.699.5. This is a typical antenna 3 meter diameter
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NFD function used in the sharing studies with BWA interfering a P-P type 2 system
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The parameters for radiolocation systems can be found in ECC Report 100 [16], ECC Report 174 [19] and ITU-R Report M.2111 [20]. For further details on co-existence with radiolocation, including radiolocation parameters, see Section 7.4 and Annex 6, which contains a summary of previous studies.
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Annex 1 contains a detailed description of the propagation models used in this report. Each particular study refers to one or more of the propagation models from this annex.
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This section contains summaries of the Intra-MFCN interference studies that were taken as the basis for the BEM. Detailed information on the analysis can be found in Annexes 2 and 3. Co-existence with other services is considered separately in Section 7.
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For the derivation of the BEM, interference was considered between base stations and from base stations to UEs for all combinations of macro, micro, pico and femto cells.


[bookmark: _Toc345429033][bookmark: _Toc359586086]BS to BS interference


In this section interference from one base station to another is investigated. This type of interference needs to be considered for the FDD uplink band and for the TDD band(s), except from the case of two synchronized base stations that have also aligned their UL/DL configuration.


[bookmark: _Toc345429034][bookmark: _Toc359586087]MCL analysis


Table 12 below contains a summary of the results of the BS to BS MCL analysis that are presented in detail in Annex 2. For each type of base station the most restrictive scenario has been highlighted in bold. The e.i.r.p. value for each scenario corresponds to the acceptable e.i.r.p. level that can be transmitted in the interfered base stations uplink channel. It has been assumed that receiver selectivity is sufficient to make transmitter leakage the dominant source of interference. The values are derived per cell. It is noted that a micro base station may be placed indoors, in which case there is no wall attenuation between it and other indoor base stations. The micro BS – micro BS interference scenario will nevertheless remain the limiting case for the micro BS.


For all BSs but for the femto BS, the strictest requirement results from interference to a BS of the same type. For the femto BS however, the strictest requirement results from interference to a macro BS. In the case where it can be guaranteed that no macro BSs are in the vicinity of the femto BS, an e.i.r.p. level of 
-25 dBm/5MHz as baseline may be applied. This corresponds to a relaxation of 1.5 dB in relation to the limits derived from interference to other pico and femto base stations, but would enable deployment of femto BSs in such areas without additional filtering in comparison with (ref to LTE specs). Due to the limited size of a femto BS, such additional filtering may be difficult. Therefore an exception for the baseline could be negotiated between adjacent operators for femto base stations in the case where macro base stations are not used in its proximity.


Acceptable e.i.r.p. levels per cell to avoid BS-BS interference, dBm/5MHz e.i.r.p.


			Interfered





Interferer


			MFCN


outdoor macro BS 


			MFCN


outdoor micro BS


			MFCN


indoor pico BS


			MFCN
indoor femto BS





			MFCN


outdoor macro BS


			-34.9


			-6.7


			-8.9


			-8.9





			MFCN


outdoor micro BS


			-20.7


			-37.9


			-8.9


			-8.9





			MFCN


indoor pico BS


			-33.9


			-26.0


			-36.5


			-26.5





			MFCN
indoor femto BS


			-33.9


			-26.0


			-26.5


			-26.5











[bookmark: _Toc359586088]Simulation Analysis


Table 13 below shows the UL throughput degradation for the average and cell edge (5% level) for BS-to-BS interference. The need for significant additional isolation is clearly visible. Detailed information about the simulations can be found in Annex 3.


BS-to-BS scenario, UL throughput degradation


			Additional Isolation 
(dB)


			BS-to-BS case





			


			Average throughput


degradation


			5% degradation





			0


			100 %


			100 %





			2


			100 %


			100 %





			7


			100 %


			100 %





			12


			99.927 %


			100 %





			17


			87.548 %


			100 %





			22


			61.755 %


			53.232 %





			27


			35.215 %


			23.355 %





			32


			15.422 %


			8.547 %





			37


			5.577 %


			2.768 %








[bookmark: _Toc359586089]Interference generated in-between two unsynchronized TDD blocks


It is assumed in this section that the adjacent TDD blocks are not synchronized. The MCL and simulation analysis above provide results for transmitter leakage into the interfered block. To ensure sufficiently low interference it is also necessary to limit the unwanted emissions in the transitional region (sometimes referred to as restricted channel) between two adjacent blocks. The interference from this region depends on both the transmitter leakage and the selectivity of the receiver. 


Assuming that the selectivity of the receiver is aligned with e.g. 3GPP TS 37.104 [36], in the order of 45 dB, and that the suppression of the transmitter leakage is in the same range, also aligned with 3GPP TS 37.104, the interference generated in the receiver from emissions in-between the two blocks will be suppressed by about 90 dB in relation to the interfering carrier power. In the case of a typical macro base station as interferer, this is equivalent to 43 dBm + 17 dBi – 90 dB = - 30 dBm/5 MHz e.i.r.p. co-channel interference. According to the results from the MCL BS-to-BS interference analysis, this is roughly 5 dB too high. Considering further that Iin the case of unsynchronized adjacent TDD blocks, as assumed here, there is a need for additional filtering for the base stations, in the range of 50 dB, or other mitigation techniques such as increased separation distances providing the same additional protection. These additional mitigation techniques will prevent excessive interference for this interference scenario.


Figure 13 below shows the interference region in the frequency domain considered in this section.
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Interference as a result of limited ACLR and ACS


[bookmark: _Toc345429035][bookmark: _Toc359586090]BS to UE interference


[bookmark: _Toc359586091]Simulation Methodology


Simulations are performed using the well-known Monte-Carlo simulation methodology elaborated in 3GPP TR 36.942 [6]. In general, the simulations are performed using the following procedure:


1. Run the system under observation (interfered system) independently without the impact of any interfering system in the adjacent band with the simulation parameters as discussed in Section 2. This provides the baseline performance of the system (SINR, throughput, etc.)


2. Introduce the interfering system in the adjacent band with more or lessout any additional isolation (i.e. restricted channel) and evaluate the impact on the interfered system in terms of performance (throughput) degradation of the link


3. Introduce a restricted channel (additional isolation) in between the two systems and repeat step 2 to identify the required restricted channel for acceptable performance of the interfered system


Negative additional isolation c simulations where the requirements on transmitter and receiver side are further relaxed (as compared to the 3GPP requirements). This means that the interfering transmitter allows higher emission levels (i.e. interference) in the adjacent band and the interfered receiver has a lower selectivity. This has been included to provide a complete picture of how the isolation affects throughput degradation, not to reflect a real scenario. The scenario with 0 dB additional isolation is the baseline reference where two systems are operating in adjacent blocks. 





[bookmark: _Toc359586092]Macro - macro


Figure 14 illustrates the deployment scenario for macro-to-macro investigations. It is observed that two systems are simulated in an off-settled configuration where base stations belonging to the interfered system (in blue) are deployed at the cell edge of the BS in interfering system (in red). The results in this section are presented in detail in Annex 3.
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Macro - macro deployment scenario






For uplink and downlink interference when two macro cellular systems are operated in the same geographical area on adjacent channels, the throughput degradations are calculated with reference to the baseline scenario where the interfered system is operating independently without any impact from the interfering system as explained in Section 3.3.1, where


· average throughput degradation is the reduction in throughput averaged over all the users (dropped randomly) in the simulation area, irrespective of user location;


· while the 5th percentile (5%) throughput degradation is a representative of the users having the least (or worst) throughput in the system. In general, these users can be considered as cell edge users and are (generally) the users affected the most by adjacent channel interference (due to the interfering system).


The following table shows the average and 5% level throughput degradation.


Downlink throughput degradation


			Additional 
isolation 
(dB)


			DOWNLINK





			


			Average throughput


degradation


			5% throughput


degradation





			-13


			9.502 %


			52.995 %





			-8


			4.829 %


			26.280 %





			0


			1.263 %


			6.406 %





			2


			0.811 %


			3.515 %





			7


			0.282 %


			1.131 %





			12


			0.093 %


			0.650 %





			17


			0.029 %


			0.411 %











[bookmark: _Toc345429036][bookmark: _Toc359586093]Macro – micro


[bookmark: _Toc359586094]Macro - outdoor micro


The results in this section are presented in detail in Annex 3. 


In this section results are presented for an interference scenario where a macro and a Manhattan type micro system are operating in the same geographical area on adjacent channels. 


[bookmark: _Toc345429037]Macro as interferer:


The results presented in this section are for the case when the macro system is operating as the interferer and the micro cells placed outdoors in the Manhattan grid (as shown in the figure below) are interfered.
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Macro - micro (Manhattan) deployment scenario


Downlink throughput degradation


			Additional 
isolation 
(dB)


			DOWNLINK





			


			Average throughput


degradation


			5% throughput


degradation





			-13


			4.096 %


			5.892 %





			-8


			1.523 %


			2.630 %





			0


			0.627 %


			1.572 %





			2


			0.168 %


			0.0647 %





			7


			0.0536


			0.0204





			12


			0.0169 %


			0.0064 %





			17


			0.0053 %


			0.002 %











[bookmark: _Toc345429038]Micro as interferer:


This section presents the results for the macro - micro scenario where the micro system is operating outdoors as the interferer and the macro system is interfered.


One important thing to note here is that the results contained in Table 16 are for one reference cell in the macro system, which is overlapped completely by the micro (Manhattan) grid (see Figure 15). For the DL, only the UEs in this reference macro cell are considered and for the UL case, the BS of this reference cell is considered for evaluation.






Downlink Throughput degradation


			Additional 
Isolation 
(dB)


			DOWNLINK





			


			Average throughput


Degradation


			5% throughput


Degradation





			-13


			3.122 %


			33.88 %





			-8


			1.617 %


			31.73 %





			0


			0.468 %


			12.278 %





			2


			0.314 %


			7.665 %





			7


			0.1168 %


			2.558 %





			12


			0.0393 %


			0.823 %





			17


			0.0127 %


			0.261 %











The negative additional isolation represents the scenario where the requirements on transmitter and receiver side are further relaxed (as compared to the 3GPP specified baseline requirements). This means that the interfering transmitter allows higher emission levels (i.e. interference) in the adjacent band and the interfered receiver has a lower selectivity. This has been included to provide a complete picture of how the isolation affects throughput degradation, not to reflect a real scenario. The scenario with 0 dB additional isolation is the baseline reference where two systems are operating in adjacent blocks. 


[bookmark: _Toc359586095]Macro – indoor micro


In this section results are presented for an interference scenario where a macro and a Manhattan type micro system are operating in the same geographical area on adjacent channels. However, the micro base stations are located indoors with building size of (75x75 m), and propagation model ITU-R Report M.2135 [7] (presented in Annex A1.2) is employed.


Two cases were studied for macro – indoor micro interference. In case 1 all interfered micro UEs are located indoors, whereas in case 2 only 50% of the interfered micro UEs are located indoors (see also the following Figures 16 and 17 for the configurations of the two cases). Table 17 shows the average throughput loss in relation to additional isolation. The details of the simulations can be found in Annex A3.2.3.
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Macro - medium range (micro/pico) BS – case 1
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Macro - medium range (micro/pico) BS – case 2


Average throughput degradation


			Additional isolation (dB)


			Macro – micro case 1 


			Macro - micro case 2





			-13


			0.3 %


			12 %





			-8


			0.05 %


			9 %





			0


			0 %


			5.6 %





			3


			0 %


			5 %





			8


			0 %


			2 %





			13


			0 %


			1.6 %





			18


			0 %


			1 %








[bookmark: _Toc345429039][bookmark: _Toc359586096]Macro – pico/femto


The macro - pico scenario is essentially the same as the macro - indoor micro scenario, where the BS is located indoors in a Manhattan structure, with BS parameters adjusted to that of a pico BS. In this case, the pico BS are placed indoors (as shown in Figure 16) and the impact of macro BS transmission in DL is observed on the interfered UEs connected to pico BS. The following table shows the average throughput degradation for the macro – pico scenario.






Average throughput degradation


			Additional isolation 
(dB)


			Macro – pico





			-13


			2.5 %





			-8


			1.3 %





			0


			0.5 %





			3


			0.1 %





			8


			0 %





			13


			0 %





			18


			0 %











[bookmark: _Toc345429040][bookmark: _Toc359586097]Micro – micro


[bookmark: _Toc359586098]Outdoor micro – outdoor micro


The results in this section are presented in detail in Annex 3. 


The micro - micro case governs the scenario where two systems are being operated (in adjacent channels) outdoors in a Manhattan structure. Figure 18 illustrates this scenario, where the BS for the two systems are shown (in red and blue). Moreover, the UEs in this scenario are also located outdoors on the horizontal or vertical streets. Recursive street level propagation model (as elaborated in Annex A1.3) is employed.
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Micro – micro deployment scenario (Manhattan)


Downlink throughput degradation


			Additional 
isolation 
(dB)


			DOWNLINK





			


			Average throughput


degradation


			5% throughput


degradation





			-13


			2.159 %


			6.210 %





			-8


			0.763 %


			2.093 %





			0


			0.138 %


			0.242 %





			2


			0.0828 %


			0.188 %





			7


			0.0264 %


			0.102 %





			12


			0.0083 %


			0.101 %





			17


			0.0026 %


			0.084 %











[bookmark: _Toc359586099]Indoor micro – indoor micro


The results in this section are presented in detail in Annex 3. The indoor micro - micro scenario represents the case when two operators place BS in the same building. A Manhattan deployment structure was employed in the simulation analysis with varying building sizes, where both the BS and UEs were placed indoors. In particular, four different cases were studied:


· Case 1: Non-co-located scenario, with size of building (75x75 m) – as shown in Figure 19


· Case 2: Non-co-located scenario, with size of building (50x50 m) – as shown in Figure 19


· Case 3: Co-located scenario, with size of building (75x75 m) – as shown in Figure 20


· Case 4: Co-located scenario, with size of building (50x50 m) – as shown in Figure 20


The following two figures show the configurations for the non-co-located (1&2) and the co-located cases (3&4).
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Configuration for the non-co-located cases 1 & 2
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Configuration for the co-located cases 3 & 4


The following table shows the results of the simulations for the average throughput degradation.


Average throughput degradation


			Additional isolation (dB)


			Non-co-located (75x75m) – case 1


			Non-co-located (50x50m) – case 3


			Co-located (75x75m) – case 2


			Co-located (50x50m) – case 4





			-13


			21 %


			16.4 %


			16 %


			12 %





			-8


			13 %


			8.5 %


			7.4 %


			4.07 %





			0


			5.4 %


			2.7 %


			1.9 %


			0.73 %





			3


			3.8 %


			1.6 %


			1.1 %


			0.34 %





			8


			1.4 %


			0.28 %


			0.2 %


			0 %





			13


			0.3 %


			0 %


			0 %


			0 %





			18


			0 %


			0 %


			0 %


			0 %








[bookmark: _Toc345429041][bookmark: _Toc359586100]Indoor micro – indoor pico/femto


The micro - pico scenario is essentially the same as the indoor micro - micro scenario (in Section 3.3.5.2), where the BS are located indoors in a Manhattan structure, with interfered BS parameters adjusted to that of a pico BS. Table 21 below shows the results for average throughput degradation for the two cases that were studied for the micro – pico/femto scenario. The details of the simulations can be found in Annex A3.2.7.


Average throughput degradation


			Additional isolation (dB)


			Co-located (50x50m) – 


case 1


			Co-located (40x40m) –  


case 2





			-13


			50.6 %


			45.6 %





			-8


			35.4 %


			29.4 %





			0


			13.3 %


			8 %





			3


			8.83 %


			4.4 %





			8


			3.55 %


			1 %





			13


			1.48 %


			0.25 %





			18


			0.39 %


			0 %








[bookmark: _Toc345429042][bookmark: _Toc359586101]Pico/femto – pico/femto


Analysis presented in Section 3.3.6 covers the scenario where the users connected to pico/femto BS are being interfered by indoor micro BSs. This scenario represents the case where the interference generated towards the pico/femto UEs is higher than what would be the case with pico/femto BS interferers. Specifically, an indoor micro BS causes 11 dB higher interference than a pico BS (35 dBm – 24 dBm). 


Since it is noted that the performance of pico/femto UEs does not suffer from significant degradation when exposed to interference from an indoor micro BS (located in the same building), it can be concluded that an interfering pico/femto BS will not cause significant degradation either. Hence, no simulation analysis is conducted for this scenario. 


[bookmark: _Toc359586102]Requirements on BEM due to BS - UE interference


From the simulations carried out in Sections 3.3.1 – 3.3.6, the conclusion can be drawn that the interference in the downlink is sufficiently low in the adjacent channels. It is thus possible to use the unwanted emissions applied in the simulations to derive BEM requirements to protect the UEs from BS interference. Such requirements will also be sufficient to avoid BS to UE interference in the case of synchronized TDD systems. 


An ACLR of 45 dB cannot be applied directly for interference to 5 MHz channels, as it is valid only in the case of interferer and interfered of the same bandwidth (3GPP TS 36.104, Section 6.6.2.1, Table 6.6.2.1-1) [5]. For instance, it does not apply for an interferer of 10 MHz interfering with a channel of 5 MHz bandwidth. ACLR from different bandwidths to UMTS channels, however, applies for the first and second carriers with 2.5 and 7.5 MHz offset from the interfering block edge (3GPP TS 36.104, Section 6.6.2.1, Table 6.6.2.1-1) [5]. The ACLR value of 45 dB must be corrected for the UMTS bandwidth of 3.84 MHz, and also for the RRC filter assumed for the measurements instead of a square filter (0.246 dB, 3GPP TS 36.104, Section 3.1) [5]. Furthermore the ACLR into the first UMTS channel is not valid for the first 0.58 MHz ((5-3.84)/2 MHz), where only the spectrum mask applies. Table 22 below contains the suppression relative to the interferer’s carrier power. The calculation process is as follows: 


1. The SEM is integrated in the interval 0 – 0.58 MHz.  


2. Between 0.58 and 5 MHz, the integrated SEM is compared with the value obtained from the ACLR. This ACLR is modified based on the increased bandwidth, from 3.84 MHz to 5 – 0.58 = 4.42 MHz, and based on conversion from RRC filter to square filter, resulting in 44.1 dB. In order to compare with the integrated SEM, this modified ACLR is subtracted from the BS power, to obtain an absolute interference level. The minimum of these two values is then assigned to this frequency interval. 


3. The values from 0 – 0.58 MHz and 0.58 – 5 MHz are added up, and the resulting absolute value is then converted to a suppression level for 0 – 5 MHz relative the base station power. 


4. For 5 – 10 MHz, the integrated SEM is converted to a suppression value relative the base station power, and is then compared with the ACLR (converted from 3.84 MHz to 5 MHz). The strictest value is chosen. 


5. For 5 MHz intervals beyond 10 MHz offset, the SEM is integrated between 10 and 15 MHz as it remains constant beyond 10 MHz offset. It is then compared with the calculated relative suppression for 5 – 10 MHz and the strictest is chosen. This is based on the observation that suppression increases with the off-set. 


The SEMS are from the MSR specification (3GPP TS 37.104, Section 6.6.2) [36], except from the femto SEM which is from the LTE specification (3GPP TS 36.104, Section 6.6.3) [5].


Calculation of relative suppression from spectrum masks and ACLR 


			BS type


			Power


			Integrated SEM 0 - 0.58 MHz (dBm)


			Integrated SEM 0.58 - 5 MHz (dBm)


			ACLR (dB) 


			Absolute power from ACLR (dBm) 


			Min of integrated SEM and ACLR for 0.58 - 5 MHz (dBm)


			Sum of 0 - 0.58 MHz and 0.58 - 5 MHz 


			Sum converted to relative value for 0-5 MHz


			Integrated SEM 5-10 MHz (dBm)


			Integrated SEM converted to suppression (dB)


			ACLR


			Strictest of SEM and ACLR for 5-10 MHz


			Integrated SEM 10-15 MHz (dBm)


			Integrated SEM converted to suppression (dB)


			Strictest of SEM and value for 5-10 MHz





			Macro


			49


			-2,6


			-5,5


			44,1


			4,9


			-5,5


			-0,8


			49,8


			-6,0


			55,0


			43,6


			49,8


			-8,0


			57,0


			57,0





			


			43


			-2,6


			-5,5


			44,1


			-1,1


			-5,5


			-0,8


			43,8


			-6,0


			49,0


			43,6


			43,8


			-8,0


			51,0


			51,0





			


			39


			-2,6


			-5,5


			44,1


			-5,1


			-5,5


			-0,8


			39,8


			-6,0


			45,0


			43,6


			43,6


			-8,0


			47,0


			47,0





			micro >31 dBm


			38


			-7,6


			-6,9


			44,1


			-6,1


			-6,9


			-4,3


			42,3


			-11,0


			49,0


			43,6


			43,6


			-11,0


			49,0


			49,0





			 


			32


			-13,6


			-12,5


			44,1


			-12,1


			-12,5


			-10,2


			42,2


			-17,0


			49,0


			43,6


			43,6


			-17,0


			49,0


			49,0





			micro<31 dBm


			31


			-14,8


			-13,4


			44,1


			-13,1


			-13,4


			-11,2


			42,2


			-18,0


			49,0


			43,6


			43,6


			-18,0


			49,0


			49,0





			


			27


			-14,8


			-13,4


			44,1


			-17,1


			-17,1


			-12,8


			39,8


			-18,0


			45,0


			43,6


			43,6


			-18,0


			45,0


			45,0





			pico


			24


			-22,8


			-17,1


			44,1


			-20,1


			-20,1


			-18,3


			42,3


			-20,0


			44,0


			43,6


			43,6


			-20,0


			44,0


			44,0





			 


			21


			-22,8


			-17,1


			44,1


			-23,1


			-23,1


			-20,0


			41,0


			-20,0


			41,0


			43,6


			43,6


			-20,0


			41,0


			43,6





			femto


			20


			-28,7


			-22,6


			44,1


			-24,1


			-24,1


			-22,9


			42,9


			-25,0


			45,0


			43,6


			43,6


			-25,0


			45,0


			45,0





			


			12


			-28,7


			-22,6


			44,1


			-32,1


			-32,1


			-28,9


			40,9


			-25,0


			37,0


			43,6


			43,6


			-25,0


			37,0


			43,6











These suppression values are thus in some cases slightly lower than what was assumed in the simulations of BS-to-UE interference (ACLR = 45 dB). Noting that the limiting factor for the interference in that analysis is the selectivity of the UE, in the range of 30 dB, it is clear that a relaxation of the transmitter leakage requirements of a few dB will not result in any noticeable increase in interference for the UEs. The suppression according to the table above is consequently sufficient to prevent interference from BSs to UEs. 


[bookmark: _Toc345429044]



[bookmark: _Toc359586103]Base station BEM


BEM requirements as described below may be relaxed whenever there are bilateral agreements between operators. 


The BEM has not been explicitly constructed to protect other services or applications in the band and only applies in blocks that have been licensed to MFCN according to the new harmonized frequency arrangement. In the figures below it is for simplicity assumed that all blocks have been licensed to MFCN. Interference to other services is managed by other means, such as geographical or frequency separation, or special site arrangements.


[bookmark: _Toc359586104]Block Edge Mask elements


Table 23 contains the different elements of the BEM for 3400-3800 MHz, together with the frequency regions where they apply. The guard bands apply in case of an FDD allocation in 3400-3600 MHz. 


Tables 24 and 25 contain the power limits that apply for the different BEM elements. PMax is the maximum carrier power for the base station in question, measured in e.i.r.p. To obtain a BEM for a specific block, these elements are combined as follows: 


· For each 5 MHz interval in the range 3400-3800 MHz, used by MFCN according to the harmonized frequency arrangement, determine which BEM elements apply. Note that there may be more than one. 


· Choose the most relaxed requirement of those defined in the interval in question.  


In the following paragraphs the different BEM elements are described in detail.  
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Illustration of a general block-edge mask






BEM elements


			BEM element


			Region of applicability





			In-block 


			Block for which the BEM is derived 





			Baseline 


			Spectrum assigned for TDD and FDD UL and DL





			Transitional region 


			For FDD DL blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator. 


For TDD blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator, in spectrum that is not assigned to another operator, including the guard band 3590-3600 MHz, or in case of synchronized blocks with the same UL/DL configuration.





			Guard bands 


			3400-3410, 3490-3510 and 3590-3600 MHz 
(for a FDD allocation)











Baseline and guard band power limits


			BEM element


			Frequency range


			Power limit





			Baseline 


			FDD DL (3510-3590 MHz). 
Synchronized TDD blocks with the same UL/DL configuration (3400-3800 or 3600-3800 MHz). 


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna





			Baseline 


			FDD UL (3410-3490 MHz). 
TDD (3400-3800 or 3600-3800 MHz) (unless synchronized). 


			-34 dBm/5 MHz e.i.r.p. per cell(1)  





			Guard band 


			3400-3410 MHz


			-34 dBm/5 MHz 
e.i.r.p. per cell





			Guard band 


			3490-3500 MHz


			-23 dBm/5 MHz 
e.i.r.p. per antenna





			Guard band 


			3500-3510 MHz


			Min(PMax – 43, 13) dBm/5 MHz e.i.r.p. per antenna





			Guard band 


			3590-3600 MHz


			Min(PMax – 43, 13) dBm/5 MHz e.i.r.p. per antenna








(1)  In case of multiple antennas with different polarization, the power limit should be relaxed to -31 dBm/5 MHz e.i.r.p. per cell.









Additional baseline requirements for country specific cases


Additional base station baseline requirements for country specific cases


			Case


			BEM element


			Frequcy range


			Power limit





			A


			CEPT countries with military radiolocation systems below 3400 MHz


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation(1)


			-59 dBm/MHz e.i.r.p.(2)





			B


			CEPT countries with military radiolocation systems below 3400 MHz


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation(1)


			-50 dBm/MHz e.i.r.p.(2)





			C


			CEPT countries without adjacent band usage or with usage that does not need extra protection


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation


			Not necessary


(spurious levels from the standards apply)








(1) Administrations may choose to have a guard band below 3400 MHz. In that case the power limit may apply below the guard band only.


(2) Administrations may select the limit from case A or B depending on the level of protection required for the radar in the region in question.





Cases A, B and C can be applied per region or country so that the adjacent band may have different levels of protection in different geographic areas, depending on the deployment of the adjacent band systems.


In-block power limit


			BEM element


			Frequency range


			Power limit





			In-block


			Block assigned to the operator


			Not obligatory. 
In case an upper bound is desired by an administration, a value of 68 dBm/5 MHz per antenna may be applied











Examples of different licensing approaches can be found in Section 3.5.


For femto base stations, power control should be applied to minimize interference to adjacent channels.






Transitional region power limits


			BEM element


			Frequency range


			Power limit





			Transitional 


			-5 to 0 MHz offset from lower block edge 
0 to 5 MHz offset from upper block edge 


			Min(PMax – 40, 21) dBm/5 MHz 
e.i.r.p. per antenna





			Transitional 


			-10 to 5 MHz offset from lower block edge 5 to 10 MHz offset from upper block edge


			Min(PMax – 43, 15) dBm/5 MHz 
e.i.r.p. per antenna








Note: For TDD blocks the transitional region applies in case of synchronized adjacent blocks, and in-between adjacent TDD blocks that are separated by 5 or 10 MHz. The transition region does not extend below 3400 MHz or above 3800 MHz.





Baseline limits


Baseline levels apply to emissions in other operators’ blocks. In a frequency arrangement with FDD in 3400-3600 MHz, the baseline levels are thus defined in 3410-3490 MHz, 3510-3590 MHz and 3600-3800 MHz, and for a TDD-only arrangement the baseline levels are defined for 3400-3800 MHz. 


There are two different types of baseline levels. The first is defined for FDD downlink spectrum. This requirement is expressed as suppression relative the maximum carrier power, combined with a fixed upper limit. The stricter of the two requirements applies. The fixed limit is based on integration of the MSR wide area base station spectrum mask beyond 10 MHz offset from the block edge, and adding the corresponding antenna gain of 21 dBi. The fixed level prevents interference from increasing in the region where the limit derived from the relative requirement is less stringent. The values are derived from BS – UE interference analysis, and are expressed as e.i.r.p. limits per antenna. The fixed level applies per antenna.


When two TDD blocks are synchronized and have the same UL/DL configuration, there will be no BS – BS interference. In this case, the same baseline as for the FDD DL region is used. 


The second type of baseline is defined for FDD UL and TDD spectrum, and is expressed as a fixed limit only. The UL baseline level is based on the BS to BS interference analysis in Section 3.2. For simplicity a single value is chosen since the requirements for different types of base stations are within a few dB of each other, see Table 24. The e.i.r.p. limit is given per cell. In case there are several antennas in an installation, this must be taken into account in the interference analysis.


A simplistic method for calculating the total power used in the cell is to add up the power from each antenna column/element. This will overestimate the interference power, as for most directions the antenna powers will not add up constructively, and since this does not take into account different polarization of different antenna columns/elements and the narrow lobes of advanced antennas. Considering the complexity of describing such phenomena, it is proposed to add up the powers from different antenna columns/elements and then to subtract 3 dB based on different polarization.


An exception for this type of baseline can be negotiated between adjacent operators for femto base stations in the case where macro base stations are not used in its proximity. In that case -25 dBm/5MHz e.i.r.p. per cell may be used.


In Figure 22 the baseline levels are presented for a TDD-only allocation and in Figure 23 for an allocation with both FDD (3400-3600 MHz) and TDD (3600-3800 MHz). The baseline in the TDD allocations corresponds to a scenario where all operators are synchronized and use the same UL/DL configuration. 


Figure 24 describes how the relative level and the fixed level are combined. 
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Schematic description of baseline and guard band power levels for a TDD-only allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized
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Schematic description of baseline and guard band power levels for a mixed FDD and TDD allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized
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Combining the relative and the fixed limit for the baseline applying to FDD DL spectrum


Consider an example for an offset of 5 to 10 MHz, thus with a relative limit of 43 dB and an upper bound of 13 dBm e.i.r.p. per antenna. For a 35 dBm base station with a 6 dBi antenna, the relative limit is 35 + 6 – 43 = -2 dBm/5 MHz e.i.r.p., which is lower than the upper bound. The requirement thus becomes -2 dBm/5 MHz e.i.r.p.. For a 46 dBm base station with a 17 dBi antenna, the relative limit is 46 + 17 – 43 = 20 dBm/5 MHz e.i.r.p., which is higher than the upper bound. The requirement thus becomes 13 dBm/5 MHz e.i.r.p.. It should be clear from this analysis that the upper level will only apply to macro base stations.


To perform BEM compliance measurements for the baseline consisting of a relative value combined with a fixed upper bound, first determine which of the two requirements applies, as described above. An absolute limit e.i.r.p. per antenna is then obtained. For measurements incorporating the antenna(s), the allowed power must be multiplied by the number of antennas. For measurements at an antenna connector, the BS antenna gain should be subtracted from the e.i.r.p. limit obtained.


Guard band limits


In the case of an FDD allocation there will be guard bands below the FDD UL, above the FDD DL, and in-between the FDD UL and DL, see Figure 25 below. For the guard band 3400-3410, the power limit is chosen to be the same as the baseline in the adjacent FDD UL spectrum, 3410-3490 MHz. Similarly, the baseline that applies in 3510-3590 MHz is also used in the guard band regions 3500-3510 and 3590-3600 MHz. Finally, spurious requirements converted to 5 MHz bandwidth apply in 3490-3500 MHz. 
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Guard bands in an FDD allocation


In-block limits


The in-block power limit, as defined in Table 26 above, is not obligatory. The requirement on power control for femto base stations results from the need to reduce interference from equipment that may be deployed by consumers and may thus not be coordinated with surrounding networksThe requirement on power control for femto base stations is due to the need to reduce interference from equipment that may be deployed by consumers and thus may not be under the control of the operators. 


The femto BS shall be capable of adjusting the transmitter output power to minimize the interference level on the adjacent channels licensed to other operators in the same geographical area. As an example, see Section 6.2.4 of 3GPP TS 36.104 [5].


Examples of different licensing approaches can be found in Section 3.5


Transitional region limits


The transitional region is defined to enable the reduction of power from the in-block level to the baseline or guard band levels. In the case of transitional regions for FDD downlink blocks, the size of the transitional region is 10 MHz, which may thus be outside the FDD DL band. For TDD blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator, in spectrum that is not assigned to another operator, including the guard band 3590-3600 MHz, or in case of synchronized blocks with the same UL/DL configuration. Thus it applies only out-of-block, and not in the case where a “guard band” is created within the block of an operator in order to meet the baseline requirements in the adjacent block. TDD transition regions do not extend below 3400 MHz or above 3800 MHz. The general shape of the transitional region is presented below in Figures 26 and 27. 


The requirements are defined for 5 MHz bandwidth, 0 to 5 MHz and 5 to 10 MHz offset from the upper and lower edges of an operator’s block. They are expressed as suppression relative the maximum carrier power, combined with a fixed upper limit, as for the baseline requirement in the FDD DL. The fixed upper bound is based on integration of the MSR wide area base station spectrum mask for these 5 MHz channels, and adding the corresponding antenna gain, 21 dBi. The stricter of the two requirements applies. Calculations are carried out as for the DL baseline above. As for the DL baseline, the upper level will only apply to macro base stations.


In the example in Figure 28, the frequency separation to the adjacent block below is 10 MHz, whereas the frequency separation to the block above is 5 MHz, leading to transitional regions of 10 and 5 MHz respectively, assuming that band edges are no closer than that.
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In-block and transitional regions for a TDD block with 10 MHz transitional region below and 5 MHz transitional region above
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In-block and transitional regions for an FDD block






Combination of BEM elements


The BEM elements as described above are combined to provide a BEM for a particular block by choosing the most relaxed requirement of those that are defined for a frequency interval. Figure 31 provides an example of such a combination of BEM elements for an FDD block in the lower part of the FDD DL spectrum. Figures 28-30 contain examples of such combinations of BEM elements, for TDD and FDD blocks.
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Combined BEM elements for a TDD block in a TDD only allocation without synchronization, 10 MHz transitional region below and 5 MHz transitional region above
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Combined BEM elements for a TDD block in a TDD only allocation with synchronization between all the operators
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Combined BEM elements for a TDD block in an FDD and TDD allocation 
without synchronization
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Combined BEM elements for an FDD block starting at 3510 MHz


[bookmark: _Toc342249816][bookmark: _Toc342249817][bookmark: _Toc342249818][bookmark: _Toc342249819][bookmark: _Toc342249820][bookmark: _Toc342249821][bookmark: _Toc342249822][bookmark: _Toc342249823][bookmark: _Toc342249824][bookmark: _Toc342249825][bookmark: _Toc342249826][bookmark: _Toc342249827][bookmark: _Toc342249828][bookmark: _Toc342249829][bookmark: _Toc342249830][bookmark: _Toc342249831][bookmark: _Toc342249832][bookmark: _Toc342249833][bookmark: _Toc342249834][bookmark: _Toc342249835][bookmark: _Toc342249836][bookmark: _Toc342249837][bookmark: _Toc342249838][bookmark: _Toc342249839][bookmark: _Toc342249840][bookmark: _Toc342249841][bookmark: _Toc342249842][bookmark: _Toc342249843][bookmark: _Toc342249844][bookmark: _Toc342249845][bookmark: _Toc342249846][bookmark: _Toc342249847][bookmark: _Toc342249848][bookmark: _Toc342249849][bookmark: _Toc345429051][bookmark: _Toc359586105]Licensing approaches for unsynchronised TDD networks


In the case of unsynchronized TDD networks, different licensing approaches may be applied to avoid interference between adjacent operators.


The following figure depicts the case where there is no frequency separation between the block edges of two adjacent operators. Unless there is a bilateral agreement between the operators, the baseline should be met starting from the edge of the other operator. Each operator would in this case need to introduce a power reduction or an in-block guard band to reach this baseline. Spectrum usage could be increased by a bilateral agreement to the effect of each operator contributing half of the required region for guard band, or with decreased power.


Figure 32 shows a case where there is no frequency separation between two unsynchronized TDD networks. The legend below applies for figures 32, 33 and 34.





Baseline


Spectrum In Block allocated to operator A


Spectrum In Block allocated to operator B


Real spectrum emission from operator A


Real spectrum emission from operator B








dBm/MHz





























Licensing approach with no frequency separation between the block edges of two adjacent unsynchronised TDD networks


Figure 33 shows a case where the regulator has introduced a separation between the block edges of the two adjacent operators, to enable sufficient roll-off of additional filters required to meet the baseline.























Licensing approach with separation between the block edges of the two adjacent operators


Figure 34 displays the case without frequency separation of adjacent operators’ blocks, but where the operators are required to limit the power used in the upper or lower part of their assigned spectrum, or both. The level allowed in these restricted blocks is set so that the owner should not create interference to its adjacent operator.


Restricted subBlock 


Restricted subBlock


























Licensing approach with restricted blocks


[bookmark: _Toc359586106]UE BEM AND UE TO UE INTERFERENCE


[bookmark: _Toc359586107]UE BEM


This ECC Report provides a recommended upper limit of 25 dBm e.i.r.p. for the in-block power of the terminals, which is in line with the existing EC Decisions, see [3][3] [45][45] [46][46].


Since any possible additional requirements on UEs are not included in the relevant EC Decisions, these requirements have to be taken into account by ETSI when developing harmonised standards. Close cooperation between ETSI and CEPT as well as SDOs may be necessary to ensure that any additional requirements on UEs are taken into account in the harmonized standards. 


CEPT Report 39 [38] contains a more detailed discussion about responsibilities of different organizations regarding UE BEMs, which is also provided in Annex 4. 


[bookmark: _Toc359586108]UE TO UE INTERFERENCE


The interference between UEs belonging to different FDD operators will be very limited due to the duplex gap and efficient filtering of duplex filters for both transmitters and receivers. 


Interference from TDD UEs to FDD UEs and vice versa will also be limited provided equipment is designed properly. For instance, 3GPP has defined an additional requirement of -50 dBm/MHz as inter-band protection level (Table 6.6.3.2-1 in 3GPP TS 36 101 [32][32]):


1. Band 22 (FDD 3410-3590 MHz) UE is specified with the following requirements:


i. c.	-50 dBm/MHz for the protection of band 43 (TDD 3600-3800 MHz)


ii. d. -50 dBm/MHz over 3525-3590 MHz and -40 dBm/MHz over 3510-3525 MHz for the protection of other operators in the band 22.


2. Band 42 (TDD 3400-3600 MHz) UE is specified with the following requirements:


i. c.	-50 dBm/MHz for the protection of band 43 (TDD 3600-3800 MHz) with some exceptions due to technical feasibility constraint.


3. Band 43 (TDD 3600-3800 MHz) UE is specified with the following requirements:


ii. d. -50 dBm/MHz for the protection of band 42 and/or band 22 with some exceptions due to technical feasibility constraint.


UE to UE interference will be strongest between unsynchronized TDD networks. When a UE is transmitting at the same time as a UE using an adjacent channel in the vicinity is receiving, interference may be strong, and within a given frequency band the TDD bands, there is no additional requirement on UE OOB emissions. The table below provides the UE OOB emission levels for various frequency offsets (the 20 MHz channel spectrum mask). A mitigating effect is that such scenarios may be relatively rare, except for in hot spots.


UE OOB emission levels


			Frequency offset (MHz)


			dBm/MHz





			0 - 1


			-5,8





			1 - 5


			-10





			5 - 10


			-13





			10 - 15


			-13





			15 - 20


			-13





			20 - 25


			-25





			> 25


			-30











This ECC Report only provides the in-block power for UEs, and the UE to UE interference is not studied further here. See also Annex 4 for a further discussion on this issue.


[bookmark: _Toc359586109][bookmark: _Toc345429054]BS filter aspects for TDD blocks


From Section X above one may conclude that in case of unsynchronized TDD blocks, it is necessary to apply additional base station filters to achieve the required baseline performance in adjacent blocks. To be effective, these filters will need a roll-off region, which can be either in the operator’s own block, or in a region separating the two adjacent TDD blocks. Expected filter performance and the size of the associated roll-off regions are studied below. Both metal and ceramic filters are investigated. The results do not incorporate all details such as temperature drift, and should be seen only as a basic indication of what can be achieved. Macro and micro base stations are treated separately, as the smaller size of the micro base will restrict which filter solutions are possible.


[bookmark: _GoBack]TheFor figures indicate that for a macro base station, a ceramic filter with bandwidth of 20 MHz can achieve 50 dB suppression within 5 MHz offset from the channel edge. An advanced ceramic filter may also achieve this for a channel of 100 MHz bandwidth, although there may be complexity issues associated with such a filter.


For a micro base station, a ceramic filter of bandwidth 20 MHz can achieve 40 dB suppression within 5 MHz offset from the channel edge, although with some additional complexities compared to the macro base station. For 100 MHz channel bandwidth, 10 MHz of roll-off region is required to achieve this suppression, as filters achieving 40 dB suppression within 5 MHz too strongly affect the in-block signal.
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Macro base station, 20 MHz bandwidth
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Macro base station 100 MHz BW
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Micro base station 20 MHz bandwidth
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Micro base station 100 MHz bandwidth


[bookmark: _Toc359586110]Mitigation techniques for intra-mfcn interference


There are a number of ways to reduce interference between MFCN networks deployed in the same or adjacent geographical areas. These mitigation techniques may be used to meet the requirements of the block edge masks or to obtain additional interference reduction when the block edge masks do not provide sufficient protection.


[bookmark: _Toc345429055][bookmark: _Toc359586111]Synchronization and alignment of UL/DL transmissions in TDD spectrum


When TDD spectrum is used without synchronization and alignment of UL/DL transmission, there could be BS to BS and UE to UE interference. In particular BS to BS interference is known to require special treatment, as is also obvious from Sections 3.2 above, containing MCL and simulation analysis of such scenarios for different types of base station deployments. Indeed, additional filtering is required, and due to the roll-off region of such filters, it is not possible to allocate adjacent full-power blocks without a certain separation, see further Section 5 (filter requirements). Usage of unsynchronized TDD systems thus has two drawbacks, additional equipment and loss of spectrum for full-power deployment.


These drawbacks can be removed by synchronization of TDD operator’s networks, and by alignment of UL/DL transmissions. The interference will then only be from BS to UE and from UE to BS. These are the same interference scenarios as for an FDD allocation, and consequently no additional filters or frequency separation is necessary, provided that Tx and Rx leakage characteristics of the TDD equipment is similar to that of FDD systems.


Synchronization is technically feasible for outdoor cells (using GNSS like GPS), and the main technical challenge comes from indoor femtocells cases. However for this kind of scenario, it may be that synchronization between operators is not necessary, considering the expected average distance, probability of interference (i.e. two femtocells on adjacent channel close to each other, wall penetration loss, etc.).


The one remaining drawback of such an arrangement is the lack of flexibility in terms of split between UL and DL transmissions. Unless substantial geographical separation between different deployment areas is available, this UL/DL alignment between operators may also be necessary between different geographical areas.


[bookmark: _Toc345429056][bookmark: _Toc359586112]Additional filtering


Additional filtering can be applied to base stations on both the transmitter and the receiver side to reduce leakage to and from adjacent channels. Indeed, the solution with 5 or 10 MHz separation between FDD and TDD blocks or unsynchronized full-power TDD blocks requires such additional filtering for the kind of typical MFCN characteristics presented in Section 2.1.1.


[bookmark: _Toc345429058][bookmark: _Toc359586113]Restricted blocks / Guard bands


In the case of unsynchronised adjacent band networks or between FDD and TDD networks, all kind of interference scenario may occur. The scenarios that are not dealt with by standardisation are the BS to BS interference and the UE to UE interference. For BS to BS interference, the situation requires additional filters, but also a frequency separation between full-power blocks of different operators, to allow filter roll-off. This separation may be achieved by specifically assigned channels in-between full-power blocks, or by operator-internal assignment of spectrum that is used with lower power or not at all.


[bookmark: _Toc359586114]Site coordination


Site coordination enables limitation of BS to BS interference in the case where the base stations are deployed in close proximity to each other. Measures that can be applied are for instance choice of antenna tilt or azimuthal direction, horizontal or vertical antenna separation (see [8]), and general selection of antenna placement.


The BEM power limits have been calculated based on specific assumptions regarding physical separation of interfering and interfered antennas, which are not necessarily always satisfied in reality. Deriving BEM conditions from an absolute worst case would place unrealistically strict requirements on all BS equipment. For deployment scenarios where the BEM assumptions do not hold, site coordination may provide effective measures to ensure sufficiently low interference.


[bookmark: _Toc345429061][bookmark: _Toc359586115]Inter-service interference


Table 29 contains the allocations for 3300-4200 MHz in the ITU Radio Regulations (edition of 2012) for Regions 1-3, with footnotes concerning Europe summarized in the table below. The services present in 3400-3800 MHz or in adjacent bands considered for co-existence analysis in this report are thus Radiolocation, Fixed Service and Fixed Satellite Service. 


ITU Radio Regulations


			Allocation to services





			Region 1


			Region 2


			Region 3





			3 300-3 400


RADIOLOCATION


			3 300-3 400


RADIOLOCATION


Amateur


Fixed


Mobile


			3 300-3 400


RADIOLOCATION


Amateur





			5.149 (SM : not this band) 


5.429 


5.430 (SM : not this part of the world) 


			5.149


			5.1495.429





			3 400-3 600


FIXED


FIXED-SATELLITE
(space-to-Earth)


Mobile  5.430A


Radiolocation


























5.431


			3 400-3 500


FIXED


FIXED-SATELLITE (space-to-Earth)


Amateur


Mobile  5.431A


Radiolocation  5.433


5.282


			3 400-3 500


FIXED


FIXED-SATELLITE (space-to-Earth)


Amateur


Mobile  5.432B


Radiolocation  5.433


5.282  5.432  5.432A





			


			3 500-3 700


FIXED


FIXED-SATELLITE (space-to-Earth)


MOBILE except aeronautical mobile


Radiolocation  5.433


			3 500-3 600


FIXED


FIXED-SATELLITE (space-to-Earth)


MOBILE except aeronautical mobile  5.433A


Radiolocation  5.433





			3 600-4 200


FIXED


FIXED-SATELLITE
(space-to-Earth)


Mobile


			


			3 600-3 700


FIXED


FIXED-SATELLITE (space-to-Earth)


MOBILE except aeronautical mobile


Radiolocation


5.435





			


			3 700-4 200


FIXED


FIXED-SATELLITE (space to-Earth)


MOBILE except aeronautical mobile











Footnote 5.429 is an additional allocation of 3300-3400 MHz to fixed and mobile on a primary basis for some countries in Regions 1 and 2, however none of those in Europe. It concerns European countries only in the sense that countries bordering the Mediterranean shall not claim protection for their fixed and mobile services from the radiolocation service and is therefore not studied any further in this report.


Footnote 5.430 A states that the band 3400-3600 MHz is allocated to the mobile, except aeronautical mobile, service on a primary basis for a number of European and other countries including subject to agreement obtained under No. 9.21 with other administrations and is identified for International Mobile Telecommunications (IMT). However this identification does not preclude the use of this band by any application of the services to which it is allocated and does not establish priority in the Radio Regulations. “Before an administration brings into use a (base or mobile) station of the mobile service in this band, it shall ensure that the power flux-density (pfd) produced at 3 m above ground does not exceed −154.5 dB(W/(m2  4 kHz)) for more than 20% of time at the border of the territory of any other administration. This limit may be exceeded on the territory of any country whose administration has so agreed.”


Footnote 5.431 provides an additional allocation in Germany, Israel and the United Kingdom, where the band 3400-3475 MHz is also allocated to the amateur service on a secondary basis. It does thus not require protection and is not studied in this report.


Service with allocations on secondary basis, such as amateur radio and radiolocation above 3.4 GHz, are not studied here. Furthermore ECC Report 100 [16][16] contains an analysis of co-existence between BWA and ENG/OB. 


The co-existence analysis is in general not based on the BS BEM, but rather the basic characteristics of the MFCN networks, see Section 2.2, in order to provide the appropriate information for those cases when due to bilateral operator agreements the requirements on base stations have been relaxed. 


[bookmark: _Toc345429062][bookmark: _Toc359586116]Co-existence between MFCN and existing BWA systems


For the purpose of co-existence, it is assumed that BWA systems are similar to MFCN systems. Therefore no studies were carried out for MFCN – BWA co-existence.


[bookmark: _Toc345429063][bookmark: _Toc359586117]Co-existence between MFCN and FSS systems


Co-existence between the existing BWA/Mobile Services and FSS has been studied in ECC Report 100 [16][16] and ITU-R Report M.2109 [18][18]. These reports are summarized in Annex 5, and conclusions are drawn below. 


[bookmark: _Toc345429064][bookmark: _Toc359586118]Conclusion on FSS co-existence


Due to the varying characteristics of different types of FSS earth stations (e.g. bandwidths, antenna diameter, antenna gain) their deployment (antenna height, elevation angle) and the terrain surrounding them, as well as differences in characteristics of different BWA or MFCN systems, no single separation distance, guard band or signal strength limit can be provided to guarantee co-existence with MFCN. Successful co-existence should be achieved through co-ordination on a case-by-case basis. However, some general observations can be made: 


· Co-channel co-existence is not possible when FSS earth stations are deployed ubiquitously since then no minimum separation distance can be guaranteed.


· Separation distances for co-existence vary considerably depending on type of equipment and deployment (e.g. tilt and clutter), but can be large. 


· BWA TS/MFCN UE impact earth stations less than CS/BS, so separation that prevents interference from CS/BS will also protect earth stations from TS/UE interference. 


· LNB of satellite receivers need to be considered for adjacent frequency band operation. 


· There are several mitigation techniques that can be applied, in particular site shielding of earth stations.


· Interference from FSS satellites to MFCN may exceed the acceptable interference level, but in most cases only by a small margin. 


It is noted that the results above are primarily based on co-existence with MFCN macro cells only. Micro, pico and femto cell co-existence will result in considerably lower separation distances due to lower power and shielding offered by houses in the vicinity of the base stations. 


[bookmark: _Toc359586119]Co-existence between mobile systems and fs systems


Co-existence between mobile systems and FS systems has been studied and results are summarized in Annexes 7, 8 and 9. The method used is the same of ECC Report 100 [16], apart from some input parameters provided in Section 2.3. Conclusions are drawn below.


[bookmark: _Toc359586120]Conclusion on MFCN and FS co-existence


Due to the varying characteristics of different types of FS systems and their deployment, no single separation distance, guard band or signal strength limit can be provided to guarantee co-existence with mobile systems. Successful co-existence can be searched through co-ordination on a case-by-case basis. 


Based on the results of analysis of both directions of interference (MFCN interfering into P-P and vice-versa) some general observations can be made:


· Overlapping-channel sharing (with that meaning any overlapping between spectrum of interfering and the interfered) between mobile systems and P-P links is not feasible in the same geographic area. Consequently if spectrum is used ubiquitously by the FS it cannot be used by MFCN in the same region.


· With larger frequency separation and distances, coordination is needed depending on MFCN and P-P characteristics


The studies in the annex take into account a single interferer. In the case of multiple interferences the co-existence could be more difficult. 


Annex 9 contains analysis of interference between the Mobile Service and FS P-MP systems. The conclusion is that the similarities between Mobile Systems and P-MP Fixed Systems indicate that the results for mobile – mobile adjacent channel co-existence largely apply to the mobile – P-MP scenario as well. In case of BS – BS interference additional measures may thus be necessary, such as frequency separation and/or additional filters, whereas otherwise co-existence is expected to be possible without such measures.


[bookmark: _Toc345429065][bookmark: _Toc359586121]Co-existence between MFCN and Radiolocation systems


Co-existence between MFCN and Radiolocation has been studied in ECC Reports 100 [16][16] and ECC Report 174 [19][19] and ITU-R Report M.2111 [20][20]. The results from these studies are summarized in Annex 6 and conclusions are drawn below. 


[bookmark: _Toc345429066][bookmark: _Toc359586122]Conclusion on MFCN and Radiolocation co-existence 


Due to the varying characteristics of different types of radar stations, their deployment (antenna height, elevation angle) and the terrain surrounding them, as well as differences in characteristics of different MFCN systems, no single separation distance, guard band or signal strength limit can be provided to guarantee co-existence with MFCN. Successful co-existence should be achieved through co-ordination on a case-by-case basis. However, some general observations can be made.


Sharing studies of MFCN interference to different types of radars, assuming non-overlapping adjacent channel analysis and with IMT-Advanced unwanted emissions of -17 dBm/MHz, have shown the following: 


· For airborne radars the required separation distance is approximately 0 km, depending on the radar type and antenna type. 


· For land-based/shipborne radars the required separation distance is less than 1 km, depending on the radar type and antenna type. 


A frequency separation analyses concludes that for a 5 km separation, and considering IMT-Advanced interference to radars, the required frequency separation varies between 14 and 65 MHz, depending on radar type and scenario. 


There are mitigation techniques which can reduce the separation distance or frequency separation required. In particular, for adjacent channel/adjacent band interference, improved receiver performance and decreased unwanted emissions can be efficient.


Regarding interference from radars to MFCN networks, the following observations have been made:


· Installation of BWA systems closer than ca. 5 km from the radar should be coordinated;


· In order to guarantee a limited C/I degradation of the P-MP BWA system, it is necessary to establish a protection distance of approximately 11 km in some areas (this value may be much less in some directions);


· Considering the degradation for blocking effect, the radar can have impact in the BWA systems until 30 km (this value may be much less in some directions).


A radar system radiates directional beams and, for instance, an interfered BWA CS in a rotation period of the radar will only be affected x percentage of time. This probability was not considered in the main studies and in this manner the minimum separation distances obtained between the systems are somewhat pessimistic. Measurements of continuous versus intermittent interference indicate that radar pulses cause less considerably less damage than a continuous wave interference with the same power. 


[bookmark: _Toc359586123]Protection of adjacent band services


In some CEPT countries military radiolocation systems that are deployed below 3400 MHz need a fixed limit for protection from base station interference (cases A and B in Table 32). Other mitigation measures like geographical separation, coordination on a case by case basis or an additional guard band may be necessary for a TDD allocation.


For UEs other mitigation measures will be necessary such as e.g. geographical separation or an additional guard band for an FDD or a TDD allocation.


[bookmark: _Toc345429067][bookmark: _Toc359586124]Cross-border coordination 


This section describes the basic idea of how to manage interference between MFCN networks across borders (or between different regions within one country), i.e. interference between operators using overlapping frequencies in adjacent geographical areas. 


For the case when networks on either side of a boundary are coordinated in the sense that the same frequency arrangement is used, cross-border coordination between MFCN networks is a well-known problem. For detailed descriptions of how cross-border coordination is managed in CEPT see the relevant cross-border Recommendations ERC/REC/(01)01 [27][27], ECC/REC/(05)08 [28][28], ECC/REC/(08)02 [29][29], ECC/REC/(11)04 [30][30], ECC/REC/(11)05) [31][31]. Considering the system characteristics of the MFCN networks, see Section 2.2, expected to be deployed in 3400-3800 MHz, the general methodology should apply also for this frequency range: 


· Apply the appropriate field strength (or pfd) trigger levels from the appropriate CEPT cross-border Recommendation. These field strengths are typically defined for a height 3 meters above ground level, at the borderline and possibly also some distance into the adjacent country/region. 


· A propagation model is selected, e.g. ITU-R Recommendation P.1546, and the field strength at the borderline (and/or some distance into the other country/region) is calculated for e.g. 10% time and 50% of locations. Coordination is then required when base stations cause field strengths exceeding the trigger levels. 


· A detailed field strength analysis can then be carried out to incorporate more details from the deployment and the detailed topography of the region in question. 


Modifications are introduced to the interfering network to ensure that the field strength (pfd) levels are sufficiently low on the other side of the border. Cross-border coordination requires special care when different frequency allocations (FDD vs TDD) are used on either side of a border or when TDD operators on either side of the border do not synchronize their systems and choose the same uplink-downlink configuration, due to BS-BS interference. Such interference may appear in the 3400-3800 MHz range due to the multiple frequency arrangements and the TDD allocations. Although the same principles apply as for the case above, trigger levels are considerably lower and may lead to substantially increased separation distances, leading to important geographical zones in border area without coverage. 


Part of this band is allocated to BWA systems without frequency arrangement harmonisation between neighbouring countries. In addition in some countries, there are regional licenses. The border coordination rules are applied at the cross borders between neighbouring countries, as well as between different regions within the same country. 


FDD frequency arrangement exhibit no BS to BS co-channel interference. If TDD network synchronisation with coordinated UL/DL configuration, over all networks present in the cross-border area, the situation will be similar to FDD frequency arrangement situation with the additional constraint to ensure synchronisation of the networks on both sides of the border. 


It should be noted that at the moment of finalisation of this report there were on-going studies within CEPT which will detail the various field strength values that may be used for technology neutral co-ordination of dissimilar systems. Cross-border coordination in the band 3400-3800 MHz will be subject to an ECC Recommendation and national agreements as for other cross-border coordination in other bands. 
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WRC-07 identified the band 3400-3600 MHz for IMT, and subsequently ECC adopted ECC/DEC/(11)06 [4][4] which contains the harmonised frequency arrangements for MFCN systems including IMT for 3400-3600 MHz and 3600-3800 MHz as shown in the following figures.
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Frequency arrangement for the 3400-3600 MHz band based on TDD
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Frequency arrangement for the 3400-3600 MHz band based on FDD


[image: ]


Frequency arrangement for the 3600-3800 MHz band based on TDD[image: ][image: ][image: ][image: ]


A base station BEM has been derived for these harmonised frequency arrangements. The BEM requirements as described below may be relaxed whenever there are bilateral agreements between operators. The BEM has not been constructed to protect other services or applications in the band, and only applies in blocks that have been licensed to MFCN according to the new harmonized frequency arrangement. In the figures below it is for simplicity assumed that all blocks have been licensed to MFCN.


Figure 42 describes a general BEM. Table 30 contains the different elements of the BEM for 3400-3600 MHz and 3600-3800 MHz bands, together with the frequency regions where they apply. The guard bands apply in case of an FDD allocation in 3400-3600 MHz. 


Tables 31 to 34 contain the power limits that apply for the different BEM elements. PMax is defined as the maximum carrier power for the base station in question, measured in e.i.r.p..


To obtain a BEM for a specific block, these elements are combined as follows:


For each 5 MHz interval in the 3400-3600 MHz and 3600-3800 MHz bands, used by MFCN according to the harmonized frequency arrangements, the BEM elements that apply have to be determined (there may be several).


The most relaxed requirement of those defined in the interval in question has to be chosen.


In the following paragraphs the different BEM elements are described further.
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Illustration of a general block-edge mask


BEM elements


			BEM element


			Region of applicability





			In-block 


			Block for which the BEM is derived 





			Baseline 


			Spectrum assigned for TDD and FDD UL and DL





			Transitional region 


			For FDD DL blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator. 


For TDD blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator, in spectrum that is not assigned to another operator, including the guard band 3590-3600 MHz, or in case of synchronized blocks with the same UL/DL configuration.





			Guard bands 


			3400-3410, 3490-3510 and 3590-3600 MHz (for a FDD allocation)











Baseline and guard band power limits


			BEM element


			Frequency range


			Power limit





			Baseline 


			FDD DL (3510-3590 MHz). 
Synchronized TDD blocks with the same UL/DL configuration (3400-3800 or 3600-3800 MHz). 


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna





			Baseline 


			FDD UL (3410-3490 MHz). 
TDD (3400-3800 or 3600-3800 MHz) (unless synchronized).


			-34 dBm/5 MHz 
e.i.r.p. per cell(1)





			Guard band 


			3400-3410 MHz


			-34 dBm/5 MHz 
e.i.r.p. per cell





			Guard band 


			3490-3500 MHz


			-23 dBm/5 MHz 
e.i.r.p. per antenna





			Guard band 


			3500-3510 MHz


			Min(PMax – 43, 13) dBm/5 MHz e.i.r.p. per antenna





			Guard band 


			3590-3600 MHz


			Min(PMax – 43, 13) dBm/5 MHz e.i.r.p. per antenna








(1) In case of multiple antennas with different polarization, the power limit should be relaxed to -31 dBm/5 MHz e.i.r.p. per cell.








Additional baseline requirements for country specific cases


Additional base station baseline requirements for country specific cases


			Case


			BEM element


			Frequcy range


			Power limit





			A


			CEPT countries with military radiolocation systems below 3400 MHz


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation(1)


			-59 dBm/MHz e.i.r.p.(2)





			B


			CEPT countries with military radiolocation systems below 3400 MHz


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation(1)


			-50 dBm/MHz e.i.r.p.(2)





			C


			CEPT countries without adjacent band usage or with usage that does not need extra protection


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation


			Not necessary


(spurious levels from the standards apply)








(1) Administrations may choose to have a guard band below 3400 MHz. In that case the power limit may apply below the guard band only.


(2) Administrations may select the limit from case A or B depending on the level of protection required for the radar in the region in question. 





Cases A, B and C can be applied per region or country so that the adjacent band may have different levels of protection in different geographic areas, depending on the deployment of the adjacent band systems.


In-block power limit


			BEM element


			Frequency range


			Power limit





			In-block


			Block assigned to the operator


			Not obligatory. 
In case an upper bound is desired by an administration, a value of 68 dBm/5 MHz per antenna may be applied. 











Examples of different licensing approaches can be found in Section 3.5.


For femto base stations, power control should be applied to minimize interference to adjacent channels.


Transitional region power limits


			BEM element


			Frequency range


			Power limit





			Transitional 


			-5 to 0 MHz offset from lower block edge 
0 to 5 MHz offset from upper block edge 


			Min(PMax – 40, 21) dBm/5 MHz 
e.i.r.p. per antenna





			Transitional 


			-10 to 5 MHz offset from lower block edge 5 to 10 MHz offset from upper block edge


			Min(PMax – 43, 15) dBm/5 MHz 
e.i.r.p. per antenna








Note: For TDD blocks the transitional region applies in case of synchronized adjacent blocks, and in-between adjacent TDD blocks that are separated by 5 or 10 MHz. The transition region does not extend below 3400 MHz or above 3800 MHz.






Baseline limits


There are two different types of baseline levels. The first is defined for FDD downlink spectrum. This requirement is expressed as suppression relative the maximum carrier power, combined with a fixed upper limit. The stricter of the two requirements applies. The fixed level prevents interference from increasing increasing in the region where the limit derived from the relative requirement is less stringent. The values are derived from BS – UE interference analysis, and are expressed as e.i.r.p. limits per antenna. 


When two TDD blocks are synchronized and have the same UL/DL configuration, there will be no BS – BS interference. In this case, the same baseline as for the FDD DL region is used. 


The second type of baseline is defined for FDD UL and TDD spectrum, and is expressed as a fixed limit only, calculated based on BS – BS interference. The e.i.r.p. limit is given per cell. When multiple antennas are used, 3 dB should be subtracted from the e.i.r.p. value due to the different polarization of antennas. An exception for this type of baseline can be negotiated between adjacent operators for femto base stations in the case where macro base stations are not used in its proximity. In that case -25 dBm/5MHz e.i.r.p. per cell may be used.


In Figure 43 the baseline levels are presented for a TDD-only allocation and in Figure 44 and for an allocation with both FDD (3400-3600 MHz) and TDD (3600-3800 MHz). The baseline in the TDD allocations corresponds to a scenario where all operators are synchronized and use the same UL/DL configuration.


Figure 45 describes how the relative level and the fixed level are combined.
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Schematic description of baseline and guard band power levels for a TDD-only allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized
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Schematic description of baseline and guard band power levels for a mixed FDD and TDD allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized
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Combining the relative and the fixed limit for the baseline applying to FDD DL spectrum


Guard band limits


In the case of an FDD allocation there will be guard bands below the FDD UL, above the FDD DL, and in-between the FDD UL and DL, see Figure 44 above (red lines). For the guard band 3400-3410, the power limit is chosen to be the same as the baseline in the adjacent FDD UL spectrum, 3410-3490 MHz. Similarly, the baseline that applies in 3510-3590 MHz is also used in the guard band regions 3500-3510 and 3590-3600 MHz. Finally, spurious requirements converted to 5 MHz bandwidth apply in 3490-3500 MHz. 


In-block limits


The in-block power limit, as defined in Table 33 above, is not obligatory. The requirement on power control for femto base stations is due to the need to reduce interference from equipment that may be deployed by consumers and thus may not be under the control of the operators. 


Examples of different licensing approaches can be found in Section 3.5.


Transitional region limits


The transitional region is defined to enable the reduction of power from the in-block level to the baseline or guard band levels, and is defined as in Table 34 above. The general shape of the transitional region is presented below in Figure 46 as the green line.


The requirements are defined for 5 MHz bandwidth, 0 to 5 MHz and 5 to 10 MHz offset from the upper and lower edges of an operator’s block. They are expressed as suppression relative the maximum carrier power, combined with a fixed upper limit, as for the baseline requirement in the FDD DL. The stricter of the two requirements applies.






Combination of BEM elements


The BEM elements as described above are combined to provide a BEM for a particular block by choosing the most relaxed requirement of those that are defined for a frequency interval. Figure 46 provides an example of such a combination of BEM elements for an FDD block in the lower part of the FDD DL spectrum. 
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Combined BEM elements for an FDD block starting at 3510 MHz


UE BEM


This ECC Report provides a recommended upper limit of 25 dBm e.i.r.p. for the in-block power of the terminals. 


Co-existence with other services than MFCN


Co-existence studies for other services than MFCN have been carried out for both in-band and out of band scenarios. The in-band services considered are FSS, FS and BWA and the out of band services are civil and military Radiolocation.


The conclusions are as follows:


BWA


For the purpose of co-existence, it is assumed that BWA systems are similar to MFCN systems. Therefore no studies were carried out for MFCN – BWA co-existence.


Fixed Service


MFCN applies to all Mobile and Fixed communication networks including point-to-point Fixed links.


Due to the varying characteristics of different types of FS systems and their deployment, no single separation distance, guard band or signal strength limit can be provided to guarantee co-existence with mobile systems. Successful co-existence can be searched through co-ordination on a case-by-case basis. Based on the results of analysis of both directions of interference (mobile service interfering into P-P and vice-versa) some general observations can be made. Overlapping-channel sharing meaning any overlapping between spectrum of interfering and interfered signals) between the mobile service and P-P links is not feasible in the same geographic area. Consequently if spectrum is used ubiquitously by the FS it cannot be used by mobile services in the same region. With larger frequency separation and distances coordination is needed, depending on the characteristics of the mobile and the P-P services.


The studies in this report take into account a single interferer. In the case of multiple interferences the co-existence could be more difficult.


Also interference from FS systems to mobile systems may exceed the acceptable interference level. . 


The similarities between Mobile Systems and P-MP Fixed Systems indicate that the results for mobile – mobile adjacent channel co-existence largely apply to the mobile – P-MP scenario as well. In case of BS – BS interference additional measures may thus be necessary, such as frequency separation and/or additional filters, whereas otherwise co-existence is expected to be possible without such measures. 


Fixed Satellite Service


Due to the varying characteristics of different types of FSS earth stations and their deployment, no single separation distance, guard band or signal strength limit can be provided to guarantee co-existence with MFCN. Successful co-existence should be achieved through co-ordination on a case-by-case basis, assuming FSS earth stations locations are known. However, some general observations can be made. Separation distances for co-existence vary considerably depending on type of equipment and deployment (e.g. tilt and clutter), but can be large. User equipment impact earth stations less than base stations, so separation that prevents interference from BS will also protect earth stations from UE interference. There are several mitigation techniques that can be applied, in particular site shielding of earth stations. Interference from FSS satellites to MFCN may exceed the acceptable interference level, but in most cases only by a small margin.


Radiolocation


Due to the varying characteristics of different types of radar stations and their deployment, no single separation distance, guard band or signal strength limit can be provided to guarantee co-existence with MFCN, but some representative examples are provided. Successful co-existence should be achieved through co-ordination on a case-by-case basis. However, some general observations can be made for non-overlapping adjacent channels. For airborne radars the required separation distance is approximately 0 km, depending on the radar type and antenna type. For land-based/shipborne radars the required separation distance is less than 1 km, depending on the radar type and antenna type. A frequency separation analyses concludes that for a 5 km separation, and considering wideband IMT-Advanced interference to wideband radars, the required frequency separation varies between 14 and 65 MHz, depending on radar type and scenario.


There are mitigation techniques which can reduce the separation distance or frequency separation required. In particular, for adjacent channel/adjacent band interference, improved receiver performance and decreased unwanted emissions can be efficient.


Regarding interference from radars to MFCN networks, installation of systems closer than ca. 5 km from the radar should be coordinated. It is necessary to establish a protection distance of approximately 11 km in some areas. Considering blocking effects, the radar may impact MFCN systems up to a distance of 30 km.


The analysis did not take into account the fact that radar antennas rotate and therefore only affect a particular MFCN base station or UE intermittently.


Adjacent band limit in the case of adjacent band usage by military systems


In some CEPT countries military radiolocation systems that are deployed below 3400 MHz need a fixed limit for protection from base station interference (cases A and B in Table 32). Other mitigation measures like geographical separation, coordination on a case by case basis or an additional guard band may be necessary for a TDD allocation.


For UEs other mitigation measures will be necessary such as e.g. geographical separation or an additional guard band for an FDD or a TDD allocation.
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ANNEX 1: [bookmark: _Toc359586126][bookmark: _Ref347997656]PROPAGATION MODELS 


Free Space model


This is a basic propagation model, which describes the theoretical minimum propagation path loss between transmitter and receiver antennas in free space, when direct line of sight (LOS) is assumed. For the calculation of Free Space Attenuation, see Recommendation ITU-R P.525-2 [50]. This propagation model is valid for all frequencies above 30 MHz:








where:


 = frequency [MHz],


d = distance between transmitter and receiver [km].


ITU-R Report M.2135


The propagation models in Report ITU-R M.2135-1 [7] are based on the work in Winner II (Wireless World Initiative New Radio phase II), and are valid for the frequency range 2 - 6 GHz. 


The models cover different propagation scenarios for indoor and outdoor environments in urban, suburban and rural settings. The upper limit on distance (5 km) does not prevent it from being used in this context due to the small cell radius used in the simulations.


The full description of the propagation models in Report ITU-R M.2135-1, Section 1.3.1, is included below. 


Extract from Report ITU-R M.2135-1 (12/2009)


“Path loss models for the various propagation scenarios have been developed based on measurement results carried out in references[footnoteRef:1]* [Dong et al., 2007; Fujii, 2003; Lu et al., 2007; Xinying et al., 2007; Xu et al., 2007; Zhang et al., 2007 and 2008], as well as results from the literature. The models can be applied in the frequency range of 2-6 GHz and for different antenna heights. The rural path-loss formula can be applied to the desired frequency range from 450 MHz to 6 GHz. The path loss models have been summarized in Table 35. Note that the distribution of the shadow fading is log-normal, and its standard deviation for each scenario is given in the following table.  [1: *	IST-WINNER II Deliverable 1.1.2 v.1.2. WINNER II Channel Models, IST-WINNER2, Tech. Rep.,  2008 (http://www.ist-winner.org/deliverables.html).] 
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Summary table of the primary module path loss models


			Scenario


			Path loss (dB)
Note: fc is given in GHz and distance in m!


			Shadow fading std (dB)


			Applicability range, antenna height default values





			Indoor Hotspot (InH)


			LoS


			PL = 16.9 log10(d) + 32.8 + 20 log10(fc)


			 = 3


			3 m < d < 100 m
hBS = 3-6 m
hUT = 1-2.5 m





			


			NLoS


			PL = 43.3 log10(d) + 11.5 + 20 log10(fc)


			 = 4


			10 m < d < 150 m
hBS = 3-6 m
hUT = 1-2.5 m











TABLE A1-2 (continued)


			Scenario


			Path loss (dB)
Note: fc is given in GHz and distance in m!


			Shadow fading std (dB)


			Applicability range, antenna height default values





			Urban Micro (UMi)


			LoS


			PL = 22.0 log10(d) + 28.0 + 20 log10(fc) 

PL = 40 log10(d1) + 7.8 – 18 log10(h′BS) –18 log10(h′UT) + 2 log10(fc)


			 = 3

 = 3


			10 m < d1 < d′BP (1)

d′BP < d1 < 5 000 m(1)
hBS = 10 m(1), hUT  = 1.5 m(1)





			


			NLoS


			Manhattan grid layout:









where:
  
  and





         


        PLLOS: path loss of scenario UMi LoS and 
        k,l  {1,2}.


Hexagonal cell layout:


PL = 36.7 log10(d) + 22.7 + 26 log10(fc)


			


  = 4













  = 4


			


10 m < d1 + d2  < 5 000 m,


w/2 < min(d1,d2 )(2)


w = 20 m (street width)


h′BS = 10 m, hUT  = 1.5 m.


When 0 < min(d1,d2 )  < w/2 , the LoS PL is applied.









10 m < d < 2 000 m


hBS = 10 m
hUT =1-2.5 m





			
 


			O-to-I


			





Manhattan grid layout (θ known):








For hexagonal layout (θ unknown):


PLtw = 20, other values remain the same. 


			


 = 7


			


10 m < dout + din< 1 000 m,


0 m < din< 25 m,


hBS = 10 m, hUT = 3(nFl -1)
+ 1.5 m,


nFl = 1


Explanations: see (3)





			Urban Macro (UMa)


			LoS


			PL = 22.0 log10(d) + 28.0 + 20 log10(fc)











			 = 4





 = 4





			10 m < d < d′BP (1)





d′BP < d < 5 000 m(1)


hBS = 25 m(1), hUT = 1.5 m(1)





			


			NLoS


			PL = 161.04 – 7.1 log10 (W) + 7.5 log10 (h) 
– (24.37 – 3.7(h/hBS)2) log10 (hBS) 
+ (43.42 – 3.1 log10 (hBS)) (log10 (d)  3) +


20 log10(fc) – (3.2 (log10 (11.75 hUT))2  4.97)


			 = 6








			10 m < d < 5 000 m


h = avg. building height
W = street width


hBS =  25 m, hUT  = 1.5 m,
W = 20 m, h = 20 m.


The applicability ranges:
5 m < h < 50 m
5 m < W < 50 m 
10 m < hBS < 150 m 
1 m < hUT < 10 m











TABLE A1-2 (end)


			Scenario


			Path loss (dB)
Note: fc is given in GHz and distance in m!


			Shadow fading std (dB)


			Applicability range, antenna height default values





			Suburban Macro (SMa, optional)


			LoS


			PL1 = 20 log10(40d fc/3) + min(0.03h1.72,10) log10(d) 
– min(0.044h1.72,14.77) + 0.002 log10(h)d





PL2 = PL1  (dBP) + 40 log10(d/dBP)


			σ = 4








σ = 6


			10 m < d < dBP (4)








dBP < d < 5 000 m


hBS =  35 m, hUT  = 1.5 m,
W = 20 m, h = 10 m


(The applicability ranges of h, W, hBS, hUT are same as in UMa NLoS)





			


			NLoS


			PL = 161.04 – 7.1 log10 (W) + 7.5 log10 (h) 
– (24.37 – 3.7(h/hBS)2) log10 (hBS) 
+ (43.42 – 3.1 log10 (hBS)) (log10 (d) 3) +


20 log10(fc) – (3.2 (log10 (11.75 hUT))2  4.97)


			 = 8


			10 m < d < 5 000 m


hBS = 35 m, hUT = 1.5 m,
W = 20 m, h = 10 m 


(Applicability ranges of h, W, hBS, hUT are same as in UMa NLoS)





			Rural Macro (RMa)


			LoS


			PL1 = 20 log10(40d fc/3) + min(0.03h1.72,10) log10(d) 
– min(0.044h1.72,14.77) + 0.002 log10(h)d





 PL2 = PL1  (dBP) + 40 log10(d/dBP)


			 = 4








 = 6





			10 m < d < dBP (4)








dBP < d < 10 000 m,
hBS = 35 m, hUT = 1.5 m,
W = 20 m, h = 5 m


(Applicability ranges of h, W, hBS, hUT are same as UMa NLoS)





			


			NLoS


			PL = 161.04 – 7.1 log10 (W) + 7.5 log10 (h) 
– (24.37 – 3.7(h/hBS)2) log10 (hBS) 
+ (43.42 – 3.1 log10 (hBS)) (log10 (d)  3) +


20 log10(fc) – (3.2 (log10 (11.75 hUT)) 2  4.97)


			 = 8


			10 m < d < 5 000 m,



hBS = 35 m, hUT = 1.5 m,
W = 20 m, h = 5 m


(The applicability ranges of h, W, hBS, hUT are same as UMa NLoS)











			Notes to Table A1-2:


(1)	Break point distance d′BP  = 4 h′BS h′UT fc/c, where fc is the centre frequency (Hz), c = 3.0  108 m/s is the propagation velocity in free space, and h′BS and h′UT are the effective antenna heights at the BS and the UT, respectively. The effective antenna heights h′BS and h′UT are computed as follows:


h′BS = hBS – 1.0 m, h′UT = hUT – 1.0 m


	where: hBS and hUT  are the actual antenna heights, and the effective environment height in urban environments is assumed to be equal to 1.0 m.


(2)	The distances d1 and d2 are defined below in Fig. 12.


(3)	PLb: basic path-loss, PL B1: loss of UMi outdoor scenario, PLtw: loss through wall, PLin: loss inside,  dout: distance from BS to the wall next to UT location, din: perpendicular distance from wall to UT (assumed evenly distributed between 0 and 25 m), θ: angle between LoS to the wall and a unit vector normal to the wall.


(4)	Break point distance dBP  = 2π hBS hUT fc/c, where fc is the centre frequency in Hz, c = 3.0  108 m/s is the propagation velocity in free space, and hBS and hUT are the antenna heights at the BS and the UT, respectively.














The LoS probabilities are given in Table A1-3. Note that probabilities are used only for system level simulations.


TABLE A1-3


			Scenario


			LoS probability as a function of distance, d (m)





			InH


			[image: ]





			UMi


			PLOS = min (18/d,1)  (1 – exp (–d / 36)) + exp (–d / 36)


(for outdoor users only)





			UMa


			PLOS = min (18/d,1)  (1 – exp (–d / 63)) + exp (–d / 63)





			SMa


			[image: ]





			RMa


			[image: ]











The NLoS path loss model for scenario UMi is dependent on two distances, d1 and d2 in the case of the Manhattan grid. These distances are defined with respect to a rectangular street grid, as illustrated in Fig. 12, where the UT is shown moving along a street perpendicular to the street on which the BS is located (the LoS street). d1 is the distance from the BS to the centre of the perpendicular street, and d2 is the distance of the UT along the perpendicular street, measured from the centre of the LoS street.


Figure 8


Geometry for d1 - d2 path-loss model


[image: ]


1.3.1.1	Autocorrelation of shadow fading





The long-term (log-normal) fading in the logarithmic scale around the mean path loss PL (dB) is characterized by a Gaussian distribution with zero mean and standard deviation. Due to the slow fading process versus distance x, adjacent fading values are correlated. Its normalized autocorrelation function R(x) can be described with sufficient accuracy by the exponential function (Recommendation  ITU-R P.1816 – The prediction of the time and the spatial profile for broadband land mobile services using UHF and SHF bands):








			(6)





with the correlation length dcor being dependent on the environment, see the correlation parameters for shadowing and other large scale parameters in Table A1-7.


TABLE A1-7


Channel model parameters


In Table A1-7: DS: rms delay spread, ASD: rms azimuth spread of departure angles, ASA: rms azimuth spread of arrival angles, SF: shadow fading, and K: Ricean K-factor.


The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.



			Scenarios


			InH


			UMi


			SMa


			UMa


			RMa





			


			LoS


			NLoS


			LoS


			NLoS


			O–to–I


			LoS


			NLoS


			LoS


			NLoS


			LoS


			NLoS





			Delay spread (DS)
log10(s)


			


			–7.70


			–7.41


			–7.19


			–6.89


			–6.62


			–7.23


			–7.12


			–7.03


			–6.44


			–7.49


			–7.43





			


			


			0.18


			0.14


			0.40


			0.54


			0.32


			0.38


			0.33


			0.66


			0.39


			0.55


			0.48





			AoD spread (ASD) log10(degrees)


			


			1.60


			1.62


			1.20


			1.41


			1.25


			0.78


			0.90


			1.15


			1.41


			0.90


			0.95





			


			


			0.18


			0.25


			0.43


			0.17


			0.42


			0.12


			0.36


			0.28


			0.28


			0.38


			0.45





			AoA spread (ASA) log10(degrees)


			


			1.62


			1.77


			1.75


			1.84


			1.76


			1.48


			1.65


			1.81


			1.87


			1.52


			1.52





			


			


			0.22


			0.16


			0.19


			0.15


			0.16


			0.20


			0.25


			0.20


			0.11


			0.24


			0.13





			Shadow fading (SF) (dB)


			


			3


			4


			3


			4


			7


			4


			8


			4


			6


			4


			8





			K–factor (K) (dB)


			


			7


			N/A


			9


			N/A


			N/A


			9


			N/A


			9


			N/A


			7


			N/A





			


			


			4


			N/A


			5


			N/A


			N/A


			7


			N/A


			3.5


			N/A


			4


			N/A





			Cross–correlations*


			ASD vs DS


			0.6


			0.4


			0.5


			0


			0.4


			0


			0


			0.4


			0.4


			0


			–0.4





			


			ASA vs DS


			0.8


			0


			0.8


			0.4


			0.4


			0.8


			0.7


			0.8


			0.6


			0


			0





			


			ASA vs SF


			–0.5


			–0.4


			–0.4


			–0.4


			0


			–0.5


			0


			–0.5


			0


			0


			0





			


			ASD vs SF


			–0.4


			0


			–0.5


			0


			0.2


			–0.5


			–0.4


			–0.5


			–0.6


			0


			0.6





			


			DS vs SF


			–0.8


			–0.5


			–0.4


			–0.7


			–0.5


			–0.6


			–0.4


			–0.4


			–0.4


			–0.5


			–0.5





			


			ASD vs ASA


			0.4


			0


			0.4


			0


			0


			0


			0


			0


			0.4


			0


			0





			


			ASD vs K


			0


			N/A


			–0.2


			N/A


			N/A


			0


			N/A


			0


			N/A


			0


			N/A





			


			ASA vs K


			0


			N/A


			–0.3


			N/A


			N/A


			0


			N/A


			–0.2


			N/A


			0


			N/A





			


			DS vs K


			–0.5


			N/A


			–0.7


			N/A


			N/A


			0


			N/A


			–0.4


			N/A


			0


			N/A





			


			SF vs K


			0.5


			N/A


			0.5


			N/A


			N/A


			0


			N/A


			0


			N/A


			0


			N/A





			Delay distribution


			Exp


			Exp


			Exp


			Exp


			Exp


			Exp


			Exp


			Exp


			Exp


			Exp


			Exp





			AoD and AoA distribution


			Laplacian


			Wrapped Gaussian


			Wrapped Gaussian


			Wrapped Gaussian


			Wrapped Gaussian





			Delay scaling parameter r


			3.6


			3


			3.2


			3


			2.2


			2.4


			1.5


			2.5


			2.3


			3.8


			1.7





			XPR (dB)


			


			11


			10


			9


			8.0


			9


			8


			4


			8


			7


			12


			7





			Number of clusters


			15


			19


			12


			19


			12


			15


			14


			12


			20


			11


			10





			Number of rays per cluster


			20


			20


			20


			20


			20


			20


			20


			20


			20


			20


			20





			Cluster ASD


			5


			5


			3


			10


			5


			5


			2


			5


			2


			2


			2





			Cluster ASA


			8


			11


			17


			22


			8


			5


			10


			11


			15


			3


			3





			Per cluster shadowing std  (dB)


			6


			3


			3


			3


			4


			3


			3


			3


			3


			3


			3





			Correlation distance (m)


			DS


			8


			5


			7


			10


			10


			6


			40


			30


			40


			50


			36





			


			ASD


			7


			3


			8


			10


			11


			15


			30


			18


			50


			25


			30





			


			ASA


			5


			3


			8


			9


			17


			20


			30


			15


			50


			35


			40





			


			SF


			10


			6


			10


			13


			7


			40


			50


			37


			50


			37


			120





			


			K


			4


			N/A


			15


			N/A


			N/A


			10


			N/A


			12


			N/A


			40


			N/A














End of extract from Report ITU-R M.2135-1 (12/2009)





Recursive Street level propagation


This propagation model is used between micro cell base stations and outdoor UEs. The model is presented in [49][49] and is also used in 3GPP TR 25.942 [9]. 


The proposed model is a recursive model that calculates the path loss as a sum of LOS and NLOS segments. The shortest path along streets between the BS and the UE has to be found within the Manhattan environment.


The path loss in dB is given by the formula:








where:


· dn  - is the "illusory" distance;


·  - is the wavelength;


· n is the number of straight street segments between BS and UE (along the shortest path).








The illusory distance is the sum of these street segments and can be obtained by recursively using the expressions  and  where c is a function of the angle of the street crossing. For a 90° street crossing the value c should be set to 0,5. Further, sn-1 is the length in meters of the last segment. A segment is a straight path. The initial values are set according to: k0 is set to 1 and d0 is set to 0. The illusory distance is obtained as the final dn when the last segment has been added.


The model is extended to cover the micro cell dual slope behavior, by modifying the expression to:





	.


where:





	.


Before the break point xbr the slope is 2 [unit missing], after the break point it increases to 4 [unit missing]. The break point xbr is set to 300 m. x is the distance from the transmitter to the receiver.


To take into account effects of propagation going above rooftops it is also needed to calculate the pathloss according to the shortest geographical distance. This is done by using the COST Walfish-Ikegami Model and with antennas below rooftops:


L = 24 + 45 log (d+20).


where:


· d is the shortest physical geographical distance from the transmitter to the receiver in metros.


The final pathloss value is the minimum between the path loss value from the propagation through the streets and the path loss based on the shortest geographical distance, plus the log-normally distributed shadowing (LogF) with standard deviation of 10 dB should be added:


Pathloss_micro = min (Manhattan pathloss, macro path loss) + LogF.


Indoor propagation: Recommendation ITU-R P.1238


Section 3 of Recommendation ITU-R P.1238 [41] [41] contains models for indoor propagation, and is included in its entirety below. 


Extract from Recommendation ITU-R P.1238-7 (02/2012)


3	Path loss models


The use of this indoor transmission loss model assumes that the base station and portable terminal are located inside the same building. The indoor base to mobile/portable radio path loss can be estimated with either site-general or site‑specific models. 





3.1	Site-general models


The models described in this section are considered to be site-general as they require little path or site information. The indoor radio path loss is characterized by both an average path loss and its associated shadow fading statistics. Several indoor path loss models account for the attenuation of the signal through multiple walls and/or multiple floors. The model described in this section accounts for the loss through multiple floors to allow for such characteristics as frequency reuse between floors. The distance power loss coefficients given below include an implicit allowance for transmission through walls and over and through obstacles, and for other loss mechanisms likely to be encountered within a single floor of a building. Site-specific models would have the option of explicitly accounting for the loss due to each wall instead of including it in the distance model.


The basic model has the following form:





		Ltotal    20 log10 f    N log10 d    Lf  (n)  –  28                   dB	(1)





where:


	N :	distance power loss coefficient;


	f :	frequency (MHz);


	d :	separation distance (m) between the base station and portable terminal (where d  1 m);


	Lf  :	floor penetration loss factor (dB);


	n :	number of floors between base station and portable terminal (n  1).





Typical parameters, based on various measurement results, are given in Tables 2 and 3. Additional general guidelines are given at the end of the section.


TABLE 2


Power loss coefficients, N, for indoor transmission loss calculation


			Frequency


			Residential


			Office


			Commercial





			900 MHz


			–


			33


			20





			1.2-1.3 GHz


			–


			32


			22





			1.8-2 GHz


			28


			30


			22





			2.4 GHz


			28


			30


			





			3.5 GHz


			


			27


			





			4 GHz


			–


			28


			22





			5.2 GHz


			30 (apartment) 
28 (house) (2)


			31


			–





			5.8 GHz


			


			24


			





			60 GHz(1)


			–


			22


			17





			70 GHz(1)


			–


			22


			–





			(1)	60 GHz and 70 GHz values assume propagation within a single room or space, and do not include any allowance for transmission through walls. Gaseous absorption around 60 GHz is also significant for distances greater than about 100 m which may influence frequency reuse distances (see Recommendation ITU-R P.676).


(2)	Apartment: Single or double storey dwellings for several households. In general most walls separating rooms are concrete walls.


	House: Single or double storey dwellings for a household. In general most walls separating rooms are wooden walls.








TABLE 3


Floor penetration loss factors, Lf (dB) with n being the number of floors
penetrated, for indoor transmission loss calculation (n  1)


			Frequency


			Residential


			Office


			Commercial





			900 MHz


			–


			9 (1 floor)
19 (2 floors)
24 (3 floors)


			–





			1.8-2 GHz


			4 n


			15 + 4 (n – 1)


			6 + 3 (n – 1)





			2.4 GHz


			10(1) (apartment)
5 (house)


			14


			





			3.5 GHz


			


			18 (1 floor)
26 (2 floors)


			





			5.2 GHz


			13(1) (apartment)
7(2) (house)


			16 (1 floor)


			–





			5.8 GHz


			


			22 (1 floor)
28 (2 floors)


			





			(1)	Per concrete wall.


(2)	Wooden mortar.











For the various frequency bands where the power loss coefficient is not stated for residential buildings, the value given for office buildings could be used.


It should be noted that there may be a limit on the isolation expected through multiple floors. The signal may find other external paths to complete the link with less total loss than that due to the penetration loss through many floors.


When the external paths are excluded, measurements at 5.2 GHz have shown that at normal incidence the mean additional loss due to a typical reinforced concrete floor with a suspended false ceiling is 20 dB, with a standard deviation of 1.5 dB. Lighting fixtures increased the mean loss to 30 dB, with a standard deviation of 3 dB, and air ducts under the floor increased the mean loss to 36 dB, with a standard deviation of 5 dB. These values, instead of Lf, should be used in site-specific models such as ray-tracing.


The indoor shadow fading statistics are log-normal and standard deviation values (dB) are given in Table 4.


TABLE 4


Shadow fading statistics, standard deviation (dB),
for indoor transmission loss calculation


			Frequency
(GHz)


			Residential


			Office


			Commercial





			1.8-2


			8


			10


			10





			3.5


			


			8


			





			5.2


			–


			12


			–





			5.8


			


			17


			











Although available measurements have been made under various conditions which make direct comparisons difficult and only select frequency bands have been reported upon, a few general conclusions can be drawn, especially for the 900-2 000 MHz band.


–	Paths with a line-of-sight (LoS) component are dominated by free-space loss and have a distance power loss coefficient of around 20.


–	Large open rooms also have a distance power loss coefficient of around 20; this may be due to a strong LoS component to most areas of the room. Examples include rooms located in large retail stores, sports arenas, open‑plan factories, and open-plan offices.


–	Corridors exhibit path loss less than that of free-space, with a typical distance power coefficient of around 18. Grocery stores with their long, linear aisles exhibit the corridor loss characteristic.


–	Propagation around obstacles and through walls adds considerably to the loss which can increase the power distance coefficient to about 40 for a typical environment. Examples include paths between rooms in closed-plan office buildings.


–	For long unobstructed paths, the first Fresnel zone breakpoint may occur. At this distance, the distance power loss coefficient may change from about 20 to about 40.


–	The decrease in the path loss coefficient with increasing frequency for an office environment (Table 2) is not always observed or easily explained. On the one hand, with increasing frequency, loss through obstacles (e.g. walls, furniture) increases, and diffracted signals contribute less to the received power; on the other hand, the Fresnel zone is less obstructed at higher frequencies, leading to lower loss. The actual path loss is dependent on these opposing mechanisms.





3.2	Site-specific models



For estimating the path-loss or field strength, site-specific models are also useful. Models for indoor field strength prediction based on the uniform theory of diffraction (UTD) and ray-tracing techniques are available. Detailed information of the building structure is necessary for the calculation of the indoor field strength. These models combine empirical elements with the theoretical electromagnetic approach of UTD. The method takes into account direct, single‑diffracted and single-reflected rays, and can be extended to multiple diffraction or multiple reflection as well as to combinations of diffracted and reflected rays. By including reflected and diffracted rays, the path loss prediction accuracy is significantly improved.



End of extract from Recommendation ITU-R P.1238-7 (02/2012)


[bookmark: _Toc359586127]MCL ANALYSIS OF BS TO BS INTERFERENCE


OOB e.i.r.p. = acceptable out-of-block e.i.r.p. emissions, i.e. emissions into the frequency block of the interfered base station measured after the transmitting antenna in the direction of the antenna boresight. 


The requirements calculated here are based on Minimum Coupling Loss analysis for interference between base stations belonging to different operators, reflecting the need for worst-case analysis in the BS-BS interference scenarios. For each type of base station, such an MCL analysis is carried out for all other types of base stations. The strictest requirement obtained for each type of base station is then used.


Protection levels based on I/N = -6 dB: 


Macro BS (NF 5 dB): -108 dBm/5 MHz


Micro BS (NF 8 dB): -105 dBm/5 MHz


Pico BS (NF 13 dB): -100 dBm/5 MHz 


Femto BS (NF 13 dB): -100 dBm/5 MHz.





Using the acceptable interference as defined above, OOB e.i.r.p. can be determined from the following equations: 


Iacc = OOB e.i.r.p. – Tx tilt/Tx antenna decoupling – Propagation Loss – wall penetration loss + Grx – Rx tilt/Rx antenna decoupling


OOB e.i.r.p. = Iacc + Tx tilt/Rx antenna decoupling + Prop loss + wall penetration loss – Grx + Rx tilt/Rx antenna decoupling


No feeder loss is assumed. All calculations are done for a bandwidth of 5 MHz. Table 35 shows the minimum horizontal distance between different types of base stations. See Section 2.1.3 for antenna heights for different base stations.


Minimum horizontal distance between two Base Stations of different networks 
for the MCL calculations


			Minimum horizontal distance


			MACRO


			MICRO


			PICO


			FEMTO





			MACRO


			70 m


			30 m


			30 m


			30 m





			MICRO


			30 m


			30 m


			15 m


			15 m





			PICO


			30 m


			15 m


			10 m


			10 m





			FEMTO


			30 m


			15 m


			10 m


			10 m








INTERFERENCE FROM MACRO BS


Macro BS to macro BS


[bookmark: _Ref340040311][bookmark: _Ref340040162]It is assumed that the antennas of the two macro base stations are on the same level, and that there is an antenna decoupling loss of 4.8 dB at each antenna due to downtilt, 6 degrees, of the antennas.





Macro BS to macro BS OOB e.i.r.p. analysis


			F (MHz)


			3600





			Protection level (dBm) at BS Rx


			-108.0





			Tx Downtilt Loss (dB)


			4.8





			PL (dB)


			80.5





			Wall penetration loss (dB)


			0





			- Rx Ant. Gain (dBi)


			- 17





			Downtilt Loss (dB)


			4.8





			OOB e.i.r.p. Level (dBm/MHz)


			-34.9








Macro BS to micro BS


In the co-existence scenario between macro BS and micro BS, macro BS antenna height is 30m and micro BS antenna height is 6m. As a consequence of this height difference there is an additional antenna decoupling loss at both antennas, which is calculated with the Recommendation ITU-R F.1336 [8][8] sector antenna and omni antenna models, peak side lobes in both cases.


Macro BS to micro BS OOB e.i.r.p. analysis


			F (MHz)


			3600





			Protection level (dBm) at BS Rx


			-105.0





			Tx antenna decoupling (dB)


			12.9





			PL (dB)


			75.2





			Wall penetration loss (dB)


			0





			- Rx Ant. Gain (dBi)


			- 6





			Rx antenna decoupling (dB)


			16.2





			OOB e.i.r.p. Level (dBm/MHz)


			-6.7








Macro BS to pico/femto BS


[bookmark: _Ref340040415]In the calculation for the co-existence scenario from macro BS to pico/femto BS, it is supposed that the pico/femto BS is placed roughly level with the base station, so that there is a worst case assumption of the main lobe of the macro BS antenna pointing directly at the pico/femto base station. It is assumed that there is a wall in-between the macro base station antenna and the antenna of the pico/femto cell. 


Macro BS to pico/femto BS OOB e.i.r.p. analysis


			F (MHz)


			3600





			Protection level (dBm) at BS Rx


			-100.0





			Tx antenna decoupling (dB)


			0 





			PL (dB)


			73.1 





			Wall penetration loss (dB)


			18





			- Rx Ant. Gain (dBi)


			- 0 





			Rx antenna decoupling (dB)


			 0





			OOB e.i.r.p. Level (dBm/MHz)


			-8.9 








interference from Micro BS


Micro BS to macro BS


Similarly to the macro – micro case, antenna decoupling due to the vertical antenna diagrams of macro and micro have been applied. 


Micro BS to macro BS OOB e.i.r.p. analysis


			F (MHz)


			3600





			Protection level (dBm) at BS Rx


			-108.0





			Tx antenna decoupling (dB)


			16.2





			PL (dB)


			75.2





			Wall penetration loss (dB)


			0





			- Rx Ant. Gain (dBi)


			- 17





			Rx antenna decoupling (dB)


			12.9





			OOB e.i.r.p. Level (dBm/MHz)


			-20.7








Micro BS to micro BS


The calculation of the baseline OOB e.i.r.p. level for micro BS for the co-existence scenario micro BS to micro BS is summarized in the table below. As seen from simulations, there is an “interference margin” in the UL of micro cells, so we can assume there is an additional margin which has not been taken into account in the table below. 


Micro BS to micro BS OOB e.i.r.p. analysis


			F (MHz)


			3600





			Protection level (dBm) at BS Rx


			-105.0





			Tx Downtilt Loss (dB)


			0





			PL (dB)


			73.1





			Wall penetration loss (dB)


			0





			- Rx Ant. Gain (dBi)


			-6





			Downtilt Loss (dB)


			0





			OOB e.i.r.p. Level (dBm/MHz)


			-37.9








Micro BS to pico/femto BS


The calculation of the baseline OOB e.i.r.p. level for micro BS for the co-existence scenario micro BS to pico/femto BS is summarized in the following table. For this co-existence scenario, since pico/femto BS antennas are placed inside of building, an indoor penetration factor of 18 dB is used in the calculation of potential interference from the outdoor micro BS to the indoor pico/femto BS. No antenna decoupling has been assumed in these calculations, although there is a minor difference in micro and pico/femto BS antenna height even if the pico/femto base stations are located on the ground floor of the building. 


Micro BS to pico/femto BS OOB e.i.r.p. analysis


			F (MHz)


			3600





			Protection level (dBm) at BS Rx


			-100.0





			Tx antenna decoupling (dB)


			0





			PL (dB)


			73.1





			Wall penetration loss (dB)


			18





			- Rx Ant. Gain (dBi)


			- 0





			Rx antenna decoupling (dB)


			0





			OOB e.i.r.p. Level (dBm/MHz)


			-8.9








INTERFERENCE FROM pico bs


Pico BS to macro BS


The calculation of the baseline OOB e.i.r.p. level for pico BS with the co-existence scenario pico BS to macro BS is summarized in the table below. In the calculation, by considering pico BS is inside of the building and the macro BS is in an outdoor area, an indoor penetration factor of 18 dB is used. No antenna decoupling loss is assumed, as the pico BS may be on the same level as the macro BS antenna.


Pico BS to macro BS OOB e.i.r.p. analysis


			F (MHz)


			3600





			Protection level (dBm) at BS Rx


			-108.0





			Tx Downtilt Loss (dB)


			0





			PL (dB)


			73.1





			Wall penetration loss (dB)


			18





			- Rx Ant. Gain (dBi)


			-17





			Downtilt Loss (dB)


			0





			OOB e.i.r.p. Level (dBm/MHz)


			-33.9








Pico BS to micro BS


The calculation of the baseline OOB e.i.r.p. level for pico BS with the co-existence scenario pico BS to micro BS is summarized in the following table. In the calculation, by considering that the pico BS is inside the building and the micro BS is in an outdoor area, an indoor penetration factor of 18 dB is used.


Pico BS to micro BS OOB e.i.r.p. analysis


			F (MHz)


			3600





			Protection level (dBm) at BS Rx


			-105.0





			Tx Downtilt Loss (dB)


			0





			PL (dB)


			67.0





			Wall penetration loss (dB)


			18





			- Rx Ant. Gain (dBi)


			-6





			Downtilt Loss (dB)


			0





			OOB e.i.r.p. Level (dBm/MHz)


			-26.0








Pico BS to pico BS


The calculation of the baseline OOB e.i.r.p. level for pico BS with the co-existence scenario pico BS to pico/femto BS is summarised in Table 44. In the calculation, free space propagation model is used in the pathloss calculation. It is assumed that there is no wall between the base stations. 


Pico BS to Pico BS OOB e.i.r.p. analysis


			F (MHz)


			3600





			Protection level (dBm) at BS Rx


			-100.0





			Tx Downtilt Loss (dB)


			0





			PL (dB)


			63.5





			Wall penetration loss (dB)


			0





			- Rx Ant. Gain (dBi)


			0





			Downtilt Loss (dB)


			0





			OOB e.i.r.p. Level (dBm/MHz)


			-36.5








Pico BS to femto BS


For the pico – femto scenario it is assumed that there is a wall of indoor type in-between the base station antennas, corresponding to 10 dB penetration loss.


Pico BS to femto BS OOB e.i.r.p. analysis


			F (MHz)


			3600





			Protection level (dBm) at BS Rx


			-100.0





			Tx Downtilt Loss (dB)


			0





			PL (dB)


			63.5





			Wall penetration loss (dB)


			10





			- Rx Ant. Gain (dBi)


			0





			Rx Downtilt Loss (dB)


			0





			OOB e.i.r.p. Level (dBm/MHz)


			-26.5








INTERFERENCE FROM Femto BS


Femto BS to macro BS


The calculation of the baseline OOB e.i.r.p. level for femto BS with the co-existence scenario femto BS to macro BS is summarized in the following table. In the calculation, an 18 dB indoor penetration loss is used.


Macro BS to macro BS OOB e.i.r.p. analysis


			F (MHz)


			3600





			Protection level (dBm) at BS Rx


			-108.0





			Tx Downtilt Loss (dB)


			0





			PL (dB)


			73.1





			Wall penetration loss (dB)


			18





			- Rx Ant. Gain (dBi)


			-17





			Downtilt Loss (dB)


			0





			OOB e.i.r.p. Level (dBm/MHz)


			-33.9








Femto BS to Micro BS


The calculation of the baseline OOB e.i.r.p. level for femto BS with the co-existence scenario femto BS to micro BS is summarised in Table 47. 


Femto BS to micro BS OOB e.i.r.p. analysis


			F (MHz)


			3600





			Protection level (dBm) at BS Rx


			-105.0





			Tx Downtilt Loss (dB)


			0





			PL (dB)


			67.0





			Wall penetration loss (dB)


			18





			- Rx Ant. Gain (dBi)


			-6





			Downtilt Loss (dB)


			0





			OOB e.i.r.p. Level (dBm/MHz)


			-26.0 








Femto BS to pico/femto BS


The calculation of the baseline OOB e.i.r.p. level for femto BS with the co-existence scenario femto BS to femto/pico BS is summarised in the table below.
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			F (MHz)


			3600





			Protection level (dBm) at BS Rx


			-100.0





			Tx Downtilt Loss (dB)


			0





			PL (dB)


			63.5





			Wall penetration loss (dB)


			10





			- Rx Ant. Gain (dBi)


			0





			Downtilt Loss (dB)


			0





			OOB e.i.r.p. Level (dBm/MHz)


			-26.5 








SUMMARY


The following table contains a summary of the results from the sections above. The most restrictive scenario for each type of base stations is in bold letters.


OOB e.i.r.p. levels based on BS-BS interference, dBm/MHz e.i.r.p. 


			Victim


Interferer


			MFCN


outdoor macro BS 


			MFCN


outdoor micro BS


			MFCN


indoor pico BS


			MFCN
indoor femto BS





			MFCN


outdoor macro BS


			-34.9


			-6.7


			-8.9


			-8.9





			MFCN


outdoor micro BS


			-20.7


			-37.9


			-8.9


			-8.9





			MFCN


indoor pico BS


			-33.9


			-26.0


			-36.5


			-26.5





			MFCN
indoor femto BS


			-33.9


			-26.0


			-26.5


			-26.5
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Simulation Methodology


Simulations are performed using the well-known Monte-Carlo simulation methodology elaborated in [6][6]. The MFCN simulation parameters employed can be found in section 2. In general, the simulations are performed using the following procedure:


1. Run the system under observation (interfered system) independently without the impact of any interferer in the adjacent band with the simulation parameters as mentioned in the Table below. This provides the baseline performance of the system (SINR, throughput, etc.)


2. Introduce the interfering system in the adjacent band without any additional isolation and evaluate the impact on the victim system in terms of performance (throughput) degradation of the link 


3. Introduce (additional isolation in between the two systems and repeat step 2 to identify the required additional isolation for acceptable performance of the interfered system


Table 50 below summarizes the parameters used in the simulation analysis.


Simulation Parameters


			Simulation Parameters





			Parameter


			Value





			Bandwidth


			10 MHz





			Frequency


			3.5 GHz





			Handover margin


			3 dB





			Parameters for Macro Deployment





			Nr. of sites


			19





			Nr. of cells per site


			3 cells/site





			Nr. of active users per cell


			3





			Inter-Site Distance (ISD)


			500 m (3GPP Case 1)





			Propagation Model


			ITU-R Report M.2135





			Inter-site fading correlation


			0.5





			Maximum Coupling Gain


			-70 dB (i.e. ~= 30m from BS)





			BS antenna type


			ITU-R F.1336 [8]
sectorized, with K=0.7 and averaged side-lobes





			BS antenna gain


			17 dBi





			BS antenna height


			30 m





			BS noise figure


			5 dB





			BS antenna tilt


			6 degrees





			Horizontal 3 dB beam-width


			65 degrees





			UE antenna type


			Omni (3 dimensional)





			UE antenna gain


			0 dBi





			UE antenna height


			1.5 m





			Max BS transmit power


			46 dBm





			Max UE transmit power


			23 dBm





			UE noise figure


			9 dB





			Uplink Power Control


			Pset 1 (from [6] in section 5.1.1.6, Table 5.3)





			Parameters for Micro Deployment





			Model


			Manhattan Structure [9]





			Nr. of city blocks


			8





			Block size


			80 m





			Road width


			20 m





			Nr. of sites


			32





			Nr. of cells per site


			1 cell/site





			Nr. of active users per cell


			3





			Propagation Model


			Manhattan Propagation (section 5.1.4.3 in [9])
and for detailed modeling [10]





			Maximum Coupling Gain


			-53 dB (i.e.  3m from BS)





			Max BS transmit power


			35 dBm





			BS noise figure


			8 dB





			BS antenna type


			ITU-R F1336 Omni, with K=0 and averaged side-lobes





			BS antenna gain


			6 dBi





			BS antenna height


			6 m





			UE Parameters


			Same as for macro deployment





			Uplink Power Control


			Pset1 for micro cells [11]
Plxile = 105, Gamma = 1











Simulation Results


Macro - macro Scenario


The figure below shows the deployment structure for the macro - macro scenario, where the interferer and the interfered system are off-set by a distance that is equal to the cell radius.
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Macro - macro deployment scenario


The table below shows the average throughput degradation for


1. Uplink: when the uplink transmissions of the interfering system’s UEs cause interference to the uplink transmissions of the interfered links.


2. Downlink: when the downlink transmissions of the interfering system’s BS cause interference to the downlink transmissions of the interfered links.


Uplink and downlink UE throughput degradation


			Additional 
isolation 
(dB)


			UPLINK


			DOWNLINK





			


			Average throughput


degradation


			5% throughput
degradation


			Average throughput


degradation


			5% throughput


degradation





			-13


			13.143 %


			31.240 %


			9.502 %


			52.995 %





			-8


			5.704 %


			10.941 %


			4.829 %


			26.280 %





			0


			0.891 %


			1.683 %


			1.263 %


			6.406 %





			2


			0.316 %


			0.607 %


			0.811 %


			3.515 %





			7


			0.185 %


			0.185 %


			0.282 %


			1.131 %





			12


			0.105 %


			0.010 %


			0.093 %


			0.650 %





			17


			0.067 %


			0.001 %


			0.029 %


			0.411 %











For the UL scenario, the transmit power of the UEs is based on the power control algorithm previously agreed in 3GPP in [6] for macro UEs and is illustrated in the following figure:
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Uplink transmit power of the UEs


Table 52 articulates the throughput degradation for the average and cell edge UEs. For BS-BS type of interference, the significant need for additional isolation is clearly visible.


BS-to-BS scenario, UL throughput degradation


			ACLRl 
offset X 
(dB)


			BS-to-BS case (victim uplink)





			


			Average throughput


degradation


			5% degradation





			0


			100 %


			100 %





			2


			100 %


			100 %





			7


			100 %


			100 %





			12


			99.927 %


			100 %





			17


			87.548 %


			100 %





			22


			61.755 %


			53.232 %





			27


			35.215 %


			23.355 %





			32


			15.422 %


			8.547 %





			37


			5.577 %


			2.768 %








Marco - outdoor Manhattan micro scenario


This section imparts the simulation analysis for a macro - micro deployment, where the micro cells are placed in a Manhattan grid (see [9][9] and [10][10] for details).
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Macro – micro (Manhattan) deployment scenario


It is to be noted that, for the uplink scenario, the power control of the UEs previously agreed in 3GPP in [6] (for macro UEs) and in [11] (for micro UEs) has been employed and the power transmitted by the UEs and is illustrated in the following figure:
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Uplink transmit power of the UEs


It can be observed that the transmit power of victim UEs (connected to micro BS) is much lower than the maximum available transmit power and there is room for increasing the transmit power to cater for high adjacent channel interference.


Macro as interferer


The results presented in this section are for the case when the macro system is operating as the interferer and the micro cells placed in the Manhattan grid as shown in Figure 49 is the interfered system.


Uplink and downlink UE throughput degradation


			Additional 
isolation 
(dB)


			UPLINK


			DOWNLINK





			


			Average throughput


degradation


			5% throughput
degradation


			Average throughput


degradation


			5% throughput


degradation





			-13


			19.50 %


			30.119 %


			4.096 %


			5.892 %





			-8


			10.146 %


			11.746 %


			1.523 %


			2.630 %





			0


			3.022   %


			1.900 %


			0.627 %


			1.572 %





			2


			2.029 %


			1.337 %


			0.168 %


			0.0647 %





			7


			0.796 %


			0.0407 %


			0.0536


			0.0204





			12


			0.281 %


			0.008 %


			0.0169 %


			0.0064 %





			17


			0.092 %


			0.0027 %


			0.0053 %


			0.002 %











Micro as interferer


This section presents the results for the macro-micro scenario where the micro system is operating as the interferer and the macro system is the interfered system.


One important thing to note here is that the results contained in the table below is for one reference cell in the macro system, which is overlapped completely by the micro (Manhattan) grid see Figure 49. For the DL, only the UEs in this reference macro cell are considered and for the UL case, the BS of this reference cell is considered for evaluation.


Uplink and downlink UE throughput degradation


			Additional 
isolation 
(dB)


			UPLINK


			DOWNLINK





			


			Average throughput


degradation


			5% throughput
degradation


			Average throughput


degradation


			5% throughput


degradation





			-13


			1.838 %


			0.1991 %


			3.122 %


			33.88 %





			-8


			0.6703 %


			0.0630 %


			1.617 %


			31.73 %





			0


			0.3766 %


			0.0106 %


			0.468 %


			12.278 %





			2


			0.0729 %


			0.0063 %


			0.314 %


			7.665 %





			7


			0.0232 %


			0.0019 %


			0.1168 %


			2.558 %





			12


			0.0073 %


			0.0006 %


			0.0393 %


			0.823 %





			17


			0.0023 %


			0.0002 %


			0.0127 %


			0.261 %











Macro – indoor micro (Manhattan grid layout)


This section provides more details on the scenario where the macro BS (in downlink) interferes with the UEs connected to micro or pico BS that are deployed indoors. A Manhattan deployment structure is employed for the simulations where one micro BS is placed inside each building. Under such a scenario, the performance of the UEs connected to the micro BS can vary depending on their location. For instance, if the UEs are located indoors, they will have better signal strength from the micro BS and incur lower interference from the macro BS at the same time. Thus, to investigate these varying constraints, two scenarios were simulated as follows:


· Case 1: All interfered micro UEs are located indoors (see Figure 51).


· Case 2: 50% of interfered micro UEs are located indoors (see Figure 52).
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Case 1 configuration
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Case 2 configuration


Figure 53 illustrates the deployment scenario where the micro system (in red) is placed in a Manhattan structure that is encapsulated within interfering (macro) system (in blue). The figure shows a zoomed in version for the deployment to illustrate the Manhattan grid, in the simulations: 57 macro cells were simulated.
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Deployment for macro-to-indoor micro scenario


The following figures illustrate the average throughput degradation in relation to the additional isolation between the two systems. The baseline throughput degradation is observed with additional isolation of 0 dB when two systems are operating in adjacent channel without any restricted channel between them.


[image: ]


Average throughput degradation - additional isolation - case 1 (100%  indoor UEs)
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Average throughput degradation - additional isolation - case 2 (50% indoor UEs)





Average throughput degradation


			Additional isolation (dB)


			Macro – micro case 1 


			Macro - micro case 2





			-13


			0.3 %


			12 %





			-8


			0.05 %


			9 %





			0


			0 %


			5.6 %





			3


			0 %


			5 %





			8


			0 %


			2 %





			13


			0 %


			1.6 %





			18


			0 %


			1 %











Macro – Indoor pico (Manhattan grid layout)


The macro - indoor pico scenario is essentially the same as the macro - indoor micro scenario, where both the interfered BS and UEs are located indoors in a Manhattan structure, with BS parameters adjusted to that of a pico BS. In this case, the impact of macro BS transmission in DL is observed on the interfered UEs connected to pico BS.
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Average throughput degradation: macro-to-indoor pico (100% indoor UEs)





Average throughput degradation


			Additional isolation 


(dB)


			Macro – pico





			-13


			2.5 %





			-8


			1.3 %





			0


			0.5 %





			3


			0.1 %





			8


			0 %





			13


			0 %





			18


			0 %











Outdoor micro (Manhattan) - outdoor micro (Manhattan) Scenario


The micro - micro case governs the scenario where two systems are being operated in a Manhattan structure as shown in the figure below (the dots in the Figure 57 below represent BS). The recursive street level propagation model (elaborated in Annex A1.3) is employed for this scenario. It is to be noted that the UEs in this scenario are also placed outdoors, on the vertical or horizontal streets.
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The transmit powers for the UL scenario are illustrated in Figure 58.
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Transmit power for the UL scenario


Uplink and downlink UE Throughput degradation


			Additional 
Isolation 
(dB)


			UPLINK


			DOWNLINK





			


			Average throughput


Degradation


			5% throughput
Degradation


			Average throughput


Degradation


			5% throughput


Degradation





			-13


			3.193 %


			1.277 %


			2.159 %


			6.210 %





			-8


			1.299 %


			0.445 %


			0.763 %


			2.093 %





			0


			0.289 %


			0.142 %


			0.138 %


			0.242 %





			2


			0.182 %


			0.084 %


			0.0828 %


			0.188 %





			7


			0.062 %


			0.026 %


			0.0264 %


			0.102 %





			12


			0.020 %


			0.008 %


			0.0083 %


			0.101 %





			17


			0.006 %


			0.002 %


			0.0026 %


			0.084 %








Indoor micro - indoor micro (Manhattan grid layout)


The indoor micro - micro scenario represents the case when two operators place BS in the same building. A Manhattan deployment structure was employed in the simulation analysis with varying building sizes, where both the BS and UEs were placed indoors. The propagation model employed is Report ITU-R M.2135 [7]  propagation (as elaborated in Annex A1.2). Furthermore, the performance of the interfered system can vary between the co-located and non-collocated scenario. Thus four different cases were considered to investigate the interfered system performance, as follows:


· Case 1: Non-co-located scenario, with size of building (75x75 m) – Figure 59


· Case 2: Non-co-located scenario, with size of building (50x50 m) – Figure 59 


· Case 3: Co-located scenario, with size of building (75x75 m) – Figure 60


· Case 4: Co-located scenario, with size of building (50x50 m) – Figure 60.
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Non-co-located indoor scenario
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Co-located indoor scenario
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Deployment non-co-located scenario
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Average throughput degradation


Average throughput degradation for indoor micro - indoor micro scenario


			


			Non-Colocated (75x75m)


			Colocated (75x75m)


			Non-Colocated (50x50m)


			Colocated (50x50m)





			Add. Isolation = -13 dB 


			21%


			16.4%


			16%


			12%





			Add. Isolation = -8 dB 


			13%


			8.5%


			7.4%


			4.07%





			Add. Isolation = 0 dB 


			5.4%


			2.7%


			1.9%


			0.73%





			Add. Isolation = 3 dB 


			3.8%


			1.6%


			0.2%


			0.34%





			Add. Isolation = 8 dB 


			1.4%


			0.28%


			0.2%


			0%





			Add. Isolation = 13 dB 


			0.3%


			0%


			0%


			0%





			Add. Isolation = 18 dB 


			0%


			0%


			0%


			0%











Indoor micro - indoor pico (Manhattan grid layout)


The micro - pico scenario is essentially the same as the indoor micro - micro scenario as elaborated in the previous section, where the BS are located indoors in a Manhattan structure, with interfered BS parameters adjusted to that of a pico BS. However, having only collocated BS deployment was considered for the simulations as the comparison between co-located and non-co-located BS deployment for micro-to-micro BS showed the benefits of co-location for indoor scenarios. Moreover, the size of the buildings was reduced to suite the coverage area for a pico BS. In summary, the following two scenarios were simulated:


· Case 1: Micro-to-pico co-located scenario, with size of building (50x50 m) – Figure 63


· Case 2: Micro-to-pico co-located scenario, with size of building (40x40 m) – Figure 63.
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Average throughput degradation (Micro – pico scenario)


Average throughput degradation for indoor Micro- indoor pico scenario


			


			Colocated (50x50m)


			Colocated (40x40m)





			Add. Isolation = -13 dB 


			50.6%


			45.6%





			Add. Isolation = -8 dB 


			35.4%


			29.4%





			Add. Isolation = 0 dB 


			13.3%


			8.0%





			Add. Isolation = 3 dB 


			8.83%


			4.4%





			Add. Isolation = 8 dB 


			3.55%


			1%





			Add. Isolation = 13 dB 


			1.48%


			0.25%





			Add. Isolation = 18 dB 


			0.39%


			0%
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The following is an excerpt from CEPT Report 39 [38], Section 2.4, discussing the BEM in relation to ETSI harmonised standards. 
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Another concern is about the management within the EU of interference between terminals. Since they are not included in the relevant EC decisions, CEPT assumes that these conditions have to be taken into account with care when developing harmonised standards by ETSI. There may be an issue because within the EU, mobile terminals are generally exempted from individual licensing and also because network operators are required to connect terminal stations having an appropriate interface and meeting the essential requirements of Article 3 of the R&TTE Directive [48] (in the context of spectrum masks, the relevant provision is Article 3.2, relating to harmful interference). To ensure that interference between terminals is managed effectively it is therefore extremely important that ETSI takes account of relevant ECC work on WAPECS bands – amending their harmonised standards as necessary. It has to be noted that some administrations assume that interference between terminals will be successfully handled by ensuring conformity to the R&TTE Directive – if ETSI does not take this issue into account in the development of harmonised standards then this may not be a safe assumption.


The R&TTE Directive relates to both placing equipment on the market and putting it into service. In the past, there has generally been a one-to-one correspondence between harmonized standard, application/technology and frequency band (i.e., one applicable harmonized standard for an application or technology in a particular frequency band), and the national measures for license exemption have almost always been based on this standard. In other words, the spectrum emission mask for the terminal relative to the nominal channel edge will be the same as the block edge mask relative to the block edge, or more stringent. 


However, this one-to-one correspondence may not necessarily apply under the WAPECS concept. There might be different criteria for putting equipment into service, associated with different operational restrictions. Without the appropriate directions given in the harmonised standards to ensure compliance, this could lead to a non-compliance with the CEPT sharing criteria. Therefore it is important to ensure that the development of harmonised standards takes account of the sharing criteria developed by CEPT for terminals in order to avoid such non-compliances.


· Only few administrations referred to additional technical conditions for terminal equipment on the basis of CEPT or ECC reports. 


· One administration refers explicitly to these technical conditions even in the licensing process. 


This is clearly an area for which the RSPG Opinion on streamlining of regulatory environment [47] is particularly relevant. CEPT should cooperate with ETSI to ensure that development of harmonised standards will include instructions on how the CEPT sharing criteria can be met by equipment.”
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SUMMARY OF FSS CO-EXISTENCE ANALYSIS IN ECC REPORT 100


The following is a summary of Section 5.4 of ECC Report 100 [16][16]. 


The BWA system characteristics in the analysis are as follows (Table 5.4.1 of Report 100):


Basic BWA characteristics used for the sharing with FSS


			


			BWA CS


			BWA TS





			


			CS-1 


(critical case)


			CS-2 (typical)


			TS-1 
(critical case)


			TS-2


(typical)


			TS-3 (“Omni”)





			TX peak output power (dBm)


			43 (for nomadic)


			35


			30


			22


			20





			Channel bandwidth 
(MHz)


			7


			7


			7


			7


			7





			Feeder loss 
(dB)


			1


			1


			1


			1


			1





			Power control
(dB)


			0


			0


			0-30 dB


(12 dB)


			0-30 dB


(12 dB)


			0-30 dB


(12 dB)





			Peak antenna gain 
(dBi)


			17


			17


			20


			10


			0





			Antenna gain pattern


			Rec. ITU-R F.1336 


			Rec. ITU-R F.1336 


			Rec. ITU-R F.1336


			Rec. ITU-R F.1336


			Omni





			Antenna elevation 
(deg)


			0


			0


			0


			0


			0





			Antenna height a.g.l. 
(m)


			50


			30


			20


			10


			1.5





			Noise figure 
(dB)


			5


			5


			7


			7


			7





			Receiver noise in reference bandwidth of 4 kHz 
(dBW)


			-163.0


			-163.0


			-161.0


			-161.0


			-161.0





			Number of co-channel TSs per CS


			n/a


			n/a


			16 with 25% activity factor


			16 with 25% activity factor


			16 with 25% activity factor











The characteristics are not identical to those expected for the MFCN networks studied, but similar enough to make the results relevant. CS-1 bandwidth is 7 MHz and the antenna height is 50 m instead of 30 m, but is otherwise the same as for a MFCN base station according to Tables 6 and 8. CS-2 also has 7 MHz bandwidth and 35 dBm output power, but is otherwise the same as a MFCN base station. As for the TSs, the bandwidth and TX output power is slightly lower than for a MFCN UE, but the distance is very small. 


Earth Station parameters for six different types are presented in Table 61 below (Table 5.4.2 from ECC Report 100 [16][16]).


ES parameters


			


			ST-1


			ST2


			ST3


			ST4


			ST5


			ST-6





			Antenna Diameter (m)


			4.5


			4.5


			8


			8


			32


			32





			Gain (dBi)


			42.6


			42.6


			47.7


			47.7


			59.8


			59.8





			Antenna Diagram


			ITU-R S.465


			ITU-R S.465


			ITU-R S.465


			ITU-R S.465


			ITU-R S.465


			ITU-R S.465





			Antenna Height (m)


			3


			3


			5


			5


			25


			25





			Noise temperature (K)


			70


			70


			82


			82


			70


			70





			Elevation angle (°)


			4


			33


			4


			33


			4


			33





			Azimuth (°)


			104


			190


			104


			190


			104


			190











Interference from BWA CSs into FSS ES receivers is summarized in Table 62 (Table 5.4.3 of ECC Report 100). The results are expressed as mitigation distances, “which is defined as the geographical area delimited by the distance on a given azimuth and elevation from an ES, sharing the same frequency band with terrestrial stations, within which there is a potential for the level of permissible interference to be exceeded and co-ordination is necessary to ensure successful operation between terrestrial stations and ES.”


The results are for co-channel interference, from a single MFCN BS, and for a “generic scenario” without terrain profile included in the propagation calculations. The separation distances correspond to I/N values no lower than -10 dB for 20% of the time. No short-term interference has been considered here. For such an analysis a terrain model must be incorporated (see further below) 


Based on the comparison between the BWA parameters in this study and those expected for MFCN BSs, mitigation distances for MFCN can be expected to be somewhere in-between those of CS-1 and CS-2. Note that in reality operation of BWA stations within the mitigation distances may be possible due to the influence of the terrain and clutter.
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			Type of FSS ES 


			Interfering BWA station


CS-1


			Interfering BWA station


CS-2





			


			Distance (km) 


			Distance (km) 





			ST 1


			122


			 71





			ST 2


			 53


			 43





			ST 3


			119


			 68





			ST 4


			 55


			 44





			ST 5


			128


			 76





			ST 6


			 67


			 56











Sensitivity to variations in three different parameters are presented in Figure 5.4.4 of Report 100 [16][16]: off-axis angle, elevation angle and ES antenna diameter. Off-axis angle and elevation angle of the ES may influence mitigation distances considerably.
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Influence of the FSS ES and BWA CS parameters on the mitigation area


Examples of ES co-existence based on propagation with terrain profile and incorporating short-term interference are also provided. The parameters and results from two of those are presented in Tables 63 and 64 respectively (from Section 5.4.2.4 of Report 100 [16][16]). 


Details of two combined ES sites used in detailed analysis 


			Brookmans Park


			





			Location


			N51:43:44, W0:10:39





			Antenna height a.g.l. (m)


			5





			Antenna gain (dBi)


			47.7





			Antenna elevation (deg)


			31





			Antenna azimuth (deg)


			180





			Delta N


			45





			Goonhilly


			





			Location


			N50:02:55, W5:10:46





			Antenna height a.g.l. (m)


			25





			Antenna gain (dBi)


			59.8





			Antenna elevation (deg)


			32





			Antenna azimuth (deg)


			173





			Delta N


			45
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			Type of interfering BWA/BWA station


			FSS ES Antenna
8 m diameter (47.7 dBi gain) at Brookmans Park


			FSS ES Antenna1
32 m diameter (59.8 dBi gain) at Goonhilly 





			


			Long Term Propagation


			Short Term Propagation





			Maximum mitigation distance


			Long Term Propagation


			Short Term Propagation


			Maximum mitigation distance





			CS-1


			100


			3002


			300


			115


			3202


			3202





			CS-2


			80


			2252


			2252


			100


			2702


			2702











Aggregation of interference to ESs by multiple base stations has also been studied, with the result that depending on BWA deployment, the increase in distance may be between 15 and 25%. 


The analysis of BWA TS interference to ESs show that in all cases a co-ordination between the CS and the ES is sufficient to protect the FSS ES from both the BWA CS and the BWA TS, due to the considerably shorter separation distance required for TSs. 


Two types of adjacent band interference mechanisms were studied, unwanted emissions from BWA stations and saturation of ES LNBs, assuming that they have been made to receive in the entire 3400-4200 MHz band. Separation distances due to the first type of interference are summarized in Table 65 below (Table 5.4.10 of ECC Report 100) and those due to the second type in Tables 66 and 67 (Tables 5.4.11 and 5.4.12 of ECC Report 100 [16]). 


Summary of required separation distance between BWA CS or TS and FSS ES


			


			


			Required Separation Distance (km)





			Type of BWA Station


			FSS ES antenna off-axis angle


			


			





			CS-1 and CS-2 


			5°


			1.087-4.33


			





			


			15°


			0.277-1.1


			





			


			30°


			0.117-0.464


			





			TS-1


			5°


			13.7


			





			


			15°


			3.48


			





			


			30°


			1.47


			





			TS-2 (Indoor)(1) 


			5°


			0.77


			





			


			15°


			0.196


			





			


			30°


			0.083


			





			TS-3 (Mobile)


			5°


			1.37


			





			


			15°


			0.348


			





			


			30°


			0.147


			








(1) For indoor TS (TS-2), an additional excess path loss of 15 dB  for building penetration is taken into account in calculating separation distances given in table 5.4.10. (this note is from ECC Report 100 [16])
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			CS-1


			CS-2





			Arrival angle of BWA signal at FSS E/S


			5


			15


			30


			5


			15


			30





			FSS E/S antenna off-axis gain (dBi)1


			14.5


			2.6


			-4.9


			14.5


			2.6


			-4.9





			BWA e.i.r.p. (dBm)


			60


			52





			LNB Saturation Level (dBm)


			50





			Excess over LNB Saturation Level (dB)


			124.5


			112.6


			105.1


			116.5


			104.6


			97.1





			Frequency (MHz)


			3700





			Required Separation Distance (km)


			10.89


			2.76


			1.16


			4.33


			1.10


			0.46
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			TS-1


			TS-2 (Indoor)2


			TS-3 (Mobile)





			Arrival angle of BWA signal at FSS E/S 


			5


			15


			30


			5


			15


			30


			5


			15


			30





			FSS E/S antenna off-axis gain (dBi)1


			14.5


			2.6


			-4.9


			14.5


			2.6


			-4.9


			14.5


			2.6


			-4.9





			BWA e.i.r.p. 
(dBm)


			50


			32


			20





			LNB Saturation Level
(dBm)


			50





			Excess over LNB Saturation Level (dB)


			114.5


			102.6


			95.1


			96.5


			84.6


			77.1


			84.5


			72.6


			65.1





			Frequency 
(MHz)


			3700





			Required Separation Distance 
(km)


			3.44


			0.87


			0.37


			0.43


			0.11


			0.05


			0.11


			0.03


			0.01











Interference from FSS spacecraft into BWA stations may exceed the required interference criterion by a few dB in few cases however the probability of such cases is expected to be low. 


Summary of FSS co-existence analysis in ITU-R Report M.2109


This Report provides a summary of the sharing studies between IMT‑Advanced systems and geostationary satellite networks in the fixed-satellite service (FSS) in the 3400-4200 and 4500-4800 MHz bands. 


The table below contains the FSS parameters used in the analysis. In addition, the following parameters were used:


· Antenna diameters: 2.4 m and 11m (feeder link).


· Antenna heights: 30 m (urban case) and 3m (rural case).


Typical downlink FSS parameters in the 4 GHz band


			Parameter


			Typical value





			Range of operating frequencies


			3400-4200 MHz, 4500-4800 MHz





			Earth station off-axis gain towards the local horizon (dBi)(1)


			Elevation Angle(2)


			5°


			10°


			20°


			30°


			48°


			>85°





			


			Off-axis gain


			14.5


			7.0


			–0.5


			–4.9


			–10


			0





			Antenna reference pattern


			Recommendation ITU‑R S.465 (up to 85°)





			Range of emission bandwidths


			40 kHz – 72 MHz





			Receiving system noise temperature


			100 K





			Earth station deployment


			All regions, in all locations (rural, semi-urban, urban)(3)





			(1)	The values were derived by assuming a local horizon at 0° of elevation.


(2)	5° is considered as the minimum operational elevation angle.


(3)	FSS antennas in this band may be deployed in a variety of environments. Smaller antennas 
(1.8 m-3.8 m) are commonly deployed on the roofs of buildings or on the ground in urban, semi-urban or rural locations, whereas larger antennas are typically mounted on the ground and deployed in semi‑urban or rural locations.
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The table below contains the IMT-Advanced parameters used in the analysis.


IMT-Advanced base station parameters


			Parameter


			Value


			Value considered in the simulations





			e.i.r.p. density range: macro base station
scaled to 1 MHz bandwidth


			39 to 46 dBm/MHz


			46 dBm/MHz





			e.i.r.p. density range: micro base station
scaled to 1 MHz bandwidth


			15 to 22 dBm/MHz


			22 dBm/MHz





			Maximum e.i.r.p.(1) 
(Transmitter output power + antenna gain – feeder loss)


			59 dBm (macro base station)
35 dBm (micro base station)


			





			Antenna type (Tx/Rx)


(the gain is assumed to be flat within one sector)


			Sectored for macrocell
omni for microcell


			





			Receiver thermal noise
(including noise figure)


			–109 dBm/MHz


			





			Protection criterion (I/N)
interference to individual base station


			–6 dB or –10 dB(2)


			





			Protection criterion (I/N)
vs satellite systems


			–10 dB


			





			(1)	e.i.r.p. range of values assume range of frequency bandwidth between 20 and 100 MHz.


(2)	This value has to be used when assessing compatibility between a non primary allocated system and a primary allocated system (e.g. between UWB and IMT-Advanced).








IMT-Advanced mobile station parameters


			Parameter


			Value


			Value to be considered in the simulations





			Maximum Tx PSD range output power(1)


			4 to 11 dBm/MHz


			7.5 dBm/MHz(2)





			Maximum e.i.r.p.


			24 dBm


			





			Receiver thermal noise (dBm/MHz)
(Including noise figure)


			–109 to –105 dBm/MHz


			





			Protection criterion (I/N)


			–6 dB


			





			(1)	With reference signal bandwidth between 20 and 100 MHz.


(2)	A median value is selected considering the effect of automatic transmit power control (ATPC).











IMT-Advanced network parameters


			Parameter


			Value





			Macro cell antenna gain


			20 dBi





			Micro cell antenna gain


			5 dBi





			Macro cell feeder loss


			4 dB





			Micro cell feeder loss


			0 dB





			Antenna pattern for vertical sharing


			Rec. ITU-R F.1336





			Mobile station antenna gain


			0 dBi





			Base station Antenna downtilt (Micro)


			0 degree





			Base station Antenna downtilt (Macro)


			2 degrees





			Base station antenna height (Micro)


			5 m





			Base station antenna height (Macro)


			30 m





			Mobile station antenna height (mobile station)


			1.5 m





			Intersite distance (Micro)


			600 m





			Intersite distance (Macro)


			5 km





			Intersite distance (Macro) for urban case


			1,5 km





			Active users density (Dense Urban/Macro)


			18/km²





			Active users density (Dense Urban/Micro)


			115/km²





			Active users density (Suburban/Macro)


			15/km²





			Active users density (Suburban /Micro)


			19/km²





			Frequency reuse pattern


			1 and 6
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The following values were assumed to define the spectrum mask, valid for the bandwidths between 20 MHz and 100 MHz, where the 3rd adjacent channel and above has been calculated based on spurious emission:


IMT-Advanced out-of-band parameters


			Offset


			ACLR limit





			1st adjacent channel


			45 dB





			2nd adjacent channel


			50 dB





			3rd adjacent channel and above


			66 dB
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11 different studies were carried out with varying assumptions on propagation, single vs aggregate interference and compliance with FSS and IMT parameters above. The table below presents the results in terms of required separation distances for both long-term and short-term interference for the case of flat terrain (generic study). Upper and lower bounds are provided, based on the different studies. The differences in results depend on assumptions about FSS ES antenna elevation angles, propagation models, interference apportionment, BS downtilt, etc. 


Analysis was also carried out for specific cases, i.e. with terrain information included in the propagation calculations. The results are similar to those for the generic case, but, as expected, with a somewhat higher variance in separation distances, as terrain may both shelter from interference and reduce the propagation loss. 


Separation distances (km) for generic (flat terrain) interference analysis


			


			Macro BS


			Micro BS


			Mobile Station





			Co-channel
Long-term
Single interferer


			33 – 70


			15 – 50


			0 – 1.5





			Co-channel
Long-term
Aggregate interference


			51 – 61


			46 – 58


			0 – 1.5





			Co-channel
Short-term
Single interferer


			34 – 430


			N.A.


			1.5





			Adjacent channel
Long-term
Single interferer


			0.07 – 80


			2 – 51


			0.5 – 32.5





			Adjacent channel
Long-term
Aggregate interference


			0.35 – 45


			4 – 35


			N.A.





			LNA/LNB saturation
Long-term
Single interferer


			10 – 30


			0.6 – 2


			0.17 – 0.55











Different mitigation techniques were also investigated: 


1. Sector disabling. One way to reduce the transmitting output power level could be to disable the antenna sector that points towards the FSS earth station, noting that such an area would be covered through the use of other frequency bands by IMT-Advanced systems. Compared with normal full active sector mode, the application of this mitigation technique has shown that the separation distance ranges are reduced by between 0 and 49% in generic studies (without terrain horizon profile) and between 0 and 83% for one specific site (with terrain horizon profile). 


2. MIMO. By using this technique, a gain reduction in the base station transmit antenna diagram is generated towards the interfered FSS earth station. By using the MIMO technique, the minimum separation distance is 35 m in case of an IMT-Advanced base station and single FSS receiving earth station under the assumption of 0o direction of earth station (DOE) estimation error which implies that null beam to the FSS receiving earth station is formulated perfectly. In the case of an IMT-Advanced base station and 3 FSS receiving earth stations, the minimum separation distance increases up to 3.5 km under the same assumptions. Other results have shown that under the assumption of 8° DOE estimation error, the minimum separation distances is 22 km, but this still reduces the minimum separation distance by approximately 50% in the considered case.As for the sector disabling technique, this approach would require the use of other frequencies to cover the area where the base transmit antenna gain is reduced. 


3. Site shielding. In Recommendation ITU-R SF.1486 [23][23] , interference attenuation effect, in a range about 30 dB, due to the site shielding isolation obtained by providing physical or natural shielding at the FSS earth stations is described. If such shielding isolation is taken into account, the required separation distance to protect FSS earth station receivers from IMT-Advanced transmitters can be reduced. However, the required distance separation between IMT-Advanced transmitter and a FSS receiving earth station using site shielding has to be evaluated on a site-by-site basis and is dependent on characteristics and location of each site. The possibility of applying site shielding may not be guaranteed for all sites.


4. Antenna downtilting. A possible mitigation technique to improve sharing is antenna downtilting at the IMT-Advanced base stations. One study shows that for one specific site in urban macro environment, the required separation distance is decreased by approximately 30% and 50% for the long-term and short-term interference criteria, respectively, when the antenna downtilt at IMT-Advanced transmitter is changed from 2° to 7°. However, the impact of this technique may vary for different locations and results may be different at other locations.


5. Dynamic spectrum allocation. If information can be made available to IMT-advanced networks what FSS channels are used at a specific point in time, free spectrum may be used dynamically. This may be achieved with a database that is updated dynamically. 


6. Usage of beacon: A beacon that is transmitted from the FSS earth station locations may provide dynamic information on its spectrum usage, and could thus provide information to IMT-Advanced systems on unused spectrum. 


With respect to co-channel interference from FSS into IMT-Advanced, studies have provided a range of margins relative to the required I/N criterion (from 9 to –11 dB) depending on the assumptions (particularly the type of IMT-Advanced base station considered and the FSS space station e.i.r.p. density). As a result, the IMT-Advanced base and mobile stations may experience interference from emissions of authorized satellite networks.
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The sections below summarize results obtained in previous studies of ECC and ITU-R related to adjacent band co-existence between MFCN/BWA above 3400 MHz and Radiolocation, which in Region 1 has a primary allocation in 3300-3400 MHz. 


According to the EFIS database, the Radiolocation band below 3400 MHz is used for military and civil (including airborne) Radiolocation. Furthermore it may be used for meteorological purposes, although there is no allocation for that in the Radio Regulations. Although the radar and MFCN parameters may not be identical to what was assumed in the studies below, the results should give a good overall view of co-existence characteristics between MFCN networks and the Radiolocation service. 


Summary of Radiolocation co-existence analysis in ECC Report 100 


The following is a summary of Section 5.5 and Annexes 6 and 7 of ECC Report 100 [16][16]. 


For the purpose of studies, representative characteristics of radar systems can be found in Recommendation ITU-R M.1465 [24][24] “Characteristics of, and protection criteria for radars operating in the radiodetermination service in the frequency band 3100-3700 MHz”. These typical characteristics are provided in the table below.


Table of characteristics of radiolocation systems in the band 3100-3700 MHz


			Parameter


			Land-based systems


			Ship systems


			Airborne system





			


			A


			B


			A


			B


			A





			Use


			Surface and air search


			Surface search


			Surface and air search


			Surface and air search





			Modulation


			P0N/Q3N


			P0N


			P0N


			Q7N


			Q7N





			Tuning range (GHz)


			3.1-3.7


			3.5-3.7


			3.1-3.5


			3.1-3.7





			TX power into antenna (kW) (Peak)


			640


			1000


			850


			4000


			1000





			Pulse width (s)


			160-1000


			1.0-15


			0.25, 0.6


			6.4-51.2


			1.25(1)





			Repetition rate (kHz)


			0.020-2


			0.536


			1.125


			0.152-6.0


			2





			Compression ratio


			48000


			Not applicable


			Not applicable


			64-512


			250





			Type of compression


			Not applicable


			Not applicable


			Not applicable


			CPFSK


			Not applicable





			Duty cycle (%)


			2-32


			0.005-0.8


			0.28, 0.67


			0.8-2.0


			5





			TX bandwidth (MHz) (–3 dB)


			25/300


			2


			4, 16.6


			4


			> 30





			Antenna gain


			39


			40


			32


			42


			40





			Antenna type


			Parabolic


			Parabolic


			PA


			SWA





			Beamwidth (H,V) (degrees)


			1.72


			1.05, 2.2


			5.8, 4.5


			1.7, 1.7


			1.2, 3.5





			Vertical scan type


			Not applicable


			Not applicable


			Not applicable


			Random


			Not applicable





			Maximum vertical scan (degrees)


			93.5


			Not applicable


			Not applicable


			90


			60





			Vertical scan rate (degrees/s)


			15


			Not applicable


			Not applicable


			Not available





			Horizontal scan type


			Not applicable


			Rotating


			Rotating


			Random


			Rotating





			Maximum horizontal scan (degrees)


			360


			360


			360





			Horizontal scan rate (degrees/s)


			15


			25.7


			24


			Not applicable


			36





			Polarization


			RHCP


			V


			H


			V


			Not available





			Rx sensitivity (dBm)


			Not available


			-112


			-112


			Not available


			Not available





			S/N criteria (dB)


			Not available


			0


			14


			Not available


			Not available





			Rx noise figure (dB)


			3.1


			Not available


			3


			Not available


			3





			Rx RF bandwidth (MHz) (–3 dB)


			Not available


			2.0


			Not available


			Not available





			Rx IF bandwidth (MHz) (–3 dB)


			380


			0.67


			8


			Matched to emission


			1





			Deployment area (1 000 km2)


			32


			1468


			188


			511


			Worldwide





			Number of systems per area


			1


			6


			1-2


			7


			36





			(1)	100 ns compressed.


Note: CPFSK: continuous-compression FSK; PA: phased array; SWA: slotted waveguide array.








This study includes the assessment on the impact from radar systems operating below 3.4 GHz on BWA operating in the band 3400-3800 MHz. The results are from a detailed case study that represents a specific case of co-existence of radars vs. BWA, summarized below.


The main results of the studies are:


· From the co-ordination study results it appears that the installation of BWA systems closer than ca. 
5 km from the radar should be coordinated;


· In order to guarantee a limited C/I degradation of the P-MP BWA system, it is necessary to establish a protection distance of approximately 11 km in some areas (this value may be much less in some directions);


· Considering the degradation for blocking effect, the radar can have impact in the BWA systems until 30 km (this value may be much less in some directions).


A radar system radiates directional beams and, for instance, a victim BWA CS in a rotation period of the radar will only be affected x percentage of time. This probability was not considered in the main studies and in this manner the minimum separation distances obtained between the systems are somewhat pessimistic. 


Separate measurements of continuous versus intermittent interference indicate that radar pulses cause less considerably less damage than a continuous wave interference with the same power. 


From the various discussions in this issue it is clear that the principal way for assuring co-existence of radars vs. BWA is the co-ordination on a case-by-case basis, but then some additional (generic) case studies could be used to illustrate the extent of the problem.


Summary of Radiolocation co-existence analysis in report ITU-R M.2111 


The scope of this study is co-existence between IMT-Advanced and Radiolocation, using the same band, 3400-3700 MHz. Adjacent channel analysis is carried out, providing results that are relevant for the scenario with Radiolocation MFCN in adjacent bands, below and above 3.4 GHz. 
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Major parameters such as antenna gains and heights are based on Report ITU-R M.2039, and the required parameters for calculation of aggregated path loss, such as deployment density at each zone, are introduced and listed in Table 75 below. Mobile terminal parameters are listed in Table 76.


IMT-Advanced base station parameters


			Attribute 


			Value





			


			Macro cell


			Micro cell





			Cell size (radius) (m)


			Suburban 2 000(1)
Rural 3 000(1)


			Urban 1 000(1)





			Base station density for aggregate interference calculation (km2)


			Suburban 0.08(1)
Rural 0.035(1)
Airborne radar: 0.052(1)


			Urban 0.32(1)





			Transmission bandwidth (MHz)


			25


			25





			Transmitter power (dBm)


			43


			38





			Transmission spectrum density (dBm/MHz)


			29


			24





			Antenna gain (dBi)


			17


			5
12(2)





			Cell configuration


			120° sector


			120° sector





			Antenna height (M)


			30


			10
20(2)





			Tilt of antenna (degree down)


			2.5
7(2)


			0
20(2)





			Receiver noise figure (dB)


			5(1)


			5(1)





			Allowable interference level (I/N = –6 dB) (dBm/MHz)


			–115


			–115





			OOB emission level (dBm/MHz)


			–17(3)


			–17(3)








Note: Pico cell was not used in this assessment because Pico cell is usually used as an indoor solution and it is not expected to cause significant outdoor interference due to building penetration loss.


(1)	Parameters for aggregated interference assessment.


(2)	Includes optimization. 


(3)	With regard to OOB emission level, additional attenuation of 10 dB is assumed.


			.











IMT-Advanced mobile terminal parameters


			Attribute


			Value





			Typical transmission spectrum density (dBm/MHz)


			13





			Antenna gain (dBi)


			0





			Antenna height (m)


			1.5





			Receiver noise figure (dB)


			9





			Allowable interference level (Primary to primary or secondary to secondary I/N = –6 dB) (dBm/MHz)


			–113





			OOB emission level (dBm/MHz)


			–17
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Recommendation ITU-R M.1465 [24][24] – Characteristics of and protection criteria for radars operating in the radiodetermination service in the frequency band 3100-3700 MHz, contains technical characteristics of radar systems. Radar parameters are listed in Table 77.


Radar parameters


			Attribute 


			Value





			


			Land-based radar B


			Shipborne radar A


			Airborne radar





			Tuning range (GHz)


			3.1 ~ 3.7


			3.1 ~ 3.5


			3.1 ~ 3.7





			Tx power into antenna (peak) (MW)


			1


			0.85


			1





			Antenna gain (dBi)


			40


			32


			40





			Antenna type


			Parabolic


			Parabolic


			SWA





			Beamwidth (H,V) (degree)


			1.05, 2.2


			1.5/5.8 ~ 45


			1.2, 3.5





			Horizontal scan type


			Rotating


			Rotating


			Rotating





			Maximum vertical scan (degree)


			Not applicable


			Not applicable


			± 60





			Antenna height (m)


			10


			30


			>7 000





			Receiver IF bandwidth (MHz)


			0.67


			8


			1





			Receiver noise figure (dB)


			Not available


			3


			3





			Estimated allowable interference level (I/N = –6 dB) (dBm/MHz)


			–117


			–117


			–117





			Deployment area (1 000 km2)


			1 468


			188


			Worldwide





			Number of systems per area (Integer)


			6


			1-2


			36





			Note 1: Total deployment area of all radars excluding airborne radar is 2 199 000 km2. It takes only 0.4% of the total earth surface. This deployment density was based upon a previous version of Recommendation ITU-R M.1465 however the in force version does not provide the information to derive the conclusion of 0.4%. 


Note 2: Line of sight distance between airborne radar and macro base station antenna is 365 km. Total deployment area including the interfering area to the airborne radar would be at most 3% of the total earth surface when all radars listed in Recommendation ITU-R M.1465 [24] are activated simultaneously. This deployment density was based upon a previous version of Recommendation ITU-R M.1465 however the in force version does not provide the information to derive the conclusion of 3%.











Since both Recommendations ITU-R M.1461 [26][26] and ITU-R M.1465 [24][24] note that signal from other service resulting in an I/N ratio of –6 dB or below is acceptable to the radar systems, an I/N of is used for the protection criteria for the radars analysed.
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ITU-R Recommendations which describe the antenna radiation patterns used in this assessment are listed in Table 78 below.


Because Recommendation ITU-R M.1465 [24][24] defines only technical characteristics of radar systems, and there is no existing radar antenna reference pattern currently available in ITU-R, the pattern in Recommendation ITU-R M.1652 [25][25], Annex 6, Appendix 1 is used in this analysis. 


ITU-R Recommendations for antenna pattern estimation


			Antenna type


			RPE referenced Rec.





			IMT-Advanced base station sector antenna


			F.1336-1, K = 0 Sector





			IMT-Advanced mobile terminal antenna


			F.1336-1, K = 0 Omni





			Land-based radar B parabolic


			M.1652, Annex 6, Appendix 1





			Shipborne radar A fan beam


			M.1652, Annex 6, Appendix 1





			Airborne radar SWA antenna


			M.1652, Annex 6, Appendix 1














Results 


Table 79 below lists required separation distances for adjacent channel interference scenarios where IMT-Advanced is interfering radars. OOB emission levels listed in Tables 75 and 76 were used.





Separation distances required to protect radar receivers for adjacent channel interference


			Transmitting 


			Required separation horizon distance R0 (km)





			


			Land-based radar B 


			Shipborne radar A


			Airborne radar 





			Base station		M.2039 
					Antenna


			3.3


			1.1


			0





								Antenna 
					tilt etc.


			1.4


			<1


			0





			Mobile terminal


			<1


			<1


			0











Another set of results provides information on required frequency separation between radar and IMT-Advanced channels, given a certain distance separation. Assuming a 5 km separation distance and a 25 MHz IMT-Advanced channel, this frequency separation is 14 to 21 MHz for the airborne radar studied, and 28 to 65 MHz for the shipborne radars. It should be noted that the assumptions in this ITU-R Report about adjacent channel performance for IMT-Advanced differs considerably from the specifications of e.g. LTE, and that the results thus may be pessimistic. 


The analysis for radar interference to IMT-Advanced equipment does not incorporate the aspect of intermittent radar interference. Furthermore the IMT-Advanced characteristics are not up to date. The results are thus omitted here. 


A number of different mitigation techniques were also studied. The technique that would be most relevant for the scenario with adjacent band interference would be additional filtering to improve receiver performance and decrease unwanted emissions. The possible improvements are not quantified in the report. 
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Sharing studies between IMT-Advanced and different radars assuming non-overlapping adjacent channel analysis, with IMT-Advanced unwanted emissions of -17 dBm/MHz, the following holds: 


· For airborne radar the required separation distance is approximately 0 km, depending on the radar type and antenna type. 


· For land-based/shipborne radar the required separation distance is less than 1 km, depending on the radar type and antenna type. 


The frequency separation analyses concluded that for IMT-Advanced interference to radars, the frequency separation varies between 14 and 65 MHz, depending on radar type and scenario. 


There are mitigation techniques which can reduce the separation distance or frequency separation required. In particular, for adjacent channel/adjacent band interference, improved receiver performance and decreased unwanted emissions can be efficient. 
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The following tables present the results of the calculation of separation distances (km) between MFCN and P-P (Table 80) and P-MP (Table 81). For both tables, worst case propagation (Free Space) and main lobes of antennas directed towards each other are assumed.


Separation distances between MFCN and P-P


			P-P


			Macro
cell
co-channel (full e.i.r.p.)


			Macro
cell
In block e.i.r.p. (restric
ted)


			Macro
cell
OOB e.i.r.p.


			Micro
cell
 In block e.i.r.p.  (restric
ted)


			Micro
cell
OOB e.i.r.p.


			Pico
cell
 In block e.i.r.p.  (restric
ted)


			Pico
cell
OOB e.i.r.p.


			Femto
cell
In block e.i.r.p. (restric
ted)


			Femto
cell
OOB e.i.r.p.





			FS BW (MHz)


			10


			10


			10


			10


			10


			10


			10


			10


			10





			Interfering BW (MHz)


			20


			20


			20


			20


			20


			20


			20


			20


			20





			correction factor


			-3.010


			-3.01


			-3.01


			-3.01


			-3


			-3.01


			-3.01


			-3.010


			-3.010





			max interfering level (dBW/MHz)


			-141


			-141


			-141


			-141


			-141


			-141


			-141


			-141


			-141





			max interfering level (dBm/MHz)


			-111


			-111


			-111


			-111


			-111


			-111


			-111


			-111


			-111





			max interfering level (dBm)


			-101


			-101


			-101


			-101


			-101


			-101


			-101


			-101


			-101





			frequency (MHz)


			3600


			3600


			3600


			3600


			3600


			3600


			3600


			3600


			3600





			Free space loss (dB)


			-203.5


			-154.2


			-109


			-144.4


			-103


			-140


			-94.41


			-135.5


			-91.48





			Wall attenuation (dB)


			0


			0


			0


			0


			0


			10


			10


			10


			10





			Total Path loss (dB)


			-203.5


			-154.2


			-109


			-144.4


			-103


			-150


			-104.4


			-145.5


			-101.4





			e.i.r.p. (interferer) (dBm/MHz)


			


			3.4


			-41.8


			-6.1


			-48


			-0.6


			-45.8


			-5.3


			-49.3





			e.i.r.p. in the BW


			63


			13.4


			-31.8


			3.9


			-38


			9.4


			-35.8


			4.7


			-39.3





			Antenna Gain FS (Gr) (dBi)


			42


			42


			42


			42


			42


			42


			42


			42


			42





			Rx signal (@FS)


			-101.5


			-101.8


			-101


			-101.5


			-102


			-101


			-101.2


			-101.8


			-101.8





			Distance (km)


			100000


			340


			1.8


			110


			0,9


			65


			0.35


			40


			0.25

















Separation distances between MFCN and P-MP


			P-MP


			Macro
cell
co-channel (full e.i.r.p.)


			Macro
cell
In block e.i.r.p. (restric
ted)


			Macro
cell
OOB e.i.r.p.


			Micro
cell
In block e.i.r.p.  (restric
ted)


			Micro
cell
OOB e.i.r.p.


			Pico
cell
In block e.i.r.p.  (restric
ted)


			Pico
cell
OOB e.i.r.p.


			Femto
cell
In block e.i.r.p. (restric
ted)


			Femto
cell
OOB e.i.r.p.





			FS BW (MHz)


			10


			10


			10


			10


			10


			10


			10


			10


			10





			Interfering BW (MHz)


			20


			20


			20


			20


			20


			20


			20


			20


			20





			Correction factor


			-3.010


			-3.01


			-3.01


			-3.01


			-3


			-3.01


			-3.01


			-3.010


			-3.010





			Max interfering level (dBW/MHz)


			-141


			-141


			-141


			-141


			-141


			-141


			-141


			-141


			-141





			Max interfering level (dBm/MHz)


			-111


			-111


			-111


			-111


			-111


			-111


			-111


			-111


			-111





			Max interfering level (dBm)


			-101


			-101


			-101


			-101


			-101


			-101


			-101


			-101


			-101





			Frequency (MHz)


			3600


			3600


			3600


			3600


			3600


			3600


			3600


			3600


			3600





			Free space loss (dB)


			-179.0


			-129.5


			-85.1


			-120.4


			-78


			-116


			-70.37


			-111.4


			-67.04





			Wall attenuation (dB)


			0


			0


			0


			0


			0


			10


			10


			10


			10





			Total Path loss (dB)


			-179.0


			-129.5


			-85.1


			-120.4


			-78


			-126


			-80.37


			-121.4


			-77.04





			e.i.r.p. (interferer) (dBm/MHz)


			


			3.4


			-41.8


			-6.1


			-48


			-0.6


			-45.8


			-5.3


			-49.3





			e.i.r.p. in the BW


			63


			13.4


			-31.8


			3.9


			-38


			9.4


			-35.8


			4.7


			-39.3





			Antenna Gain FS (Gr) (dBi)


			18


			18


			18


			18


			18


			18


			18


			18


			18





			Rx signal (@FS)


			-101.1


			-101.2


			-102


			-101.5


			-102


			-101


			-101.2


			-101.8


			-101.3





			Distance (km)


			6000


			20


			0.12


			7


			0.06


			4


			0.022


			2.5


			0.015
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Introduction


The scope of this Annex is to describe the study about co-existence between MFCN and P-P services.


Calculation method


The method consists in calculating the resulting I/N and then comparing it with the necessary I/N at the interfered (I/N=-10 in case of P-P victim, I/N=-6 in case of the interfered MFCN system). 


The interferer level I(dBm) is calculated by assessing the level of emissions from the interferer falling within the interfered receiver bandwidth frequency, having their carriers at ∆f separation:


I/N (∆f, d, Θ1, Θ2) = Pt + Att(∆f) + Gt(Θ1) + Gr(Θ2) – FsAtt(d) - N


where:


Pt: transmitted power (dBm) of the interferer


Att(∆f): 


NFD(∆f) described in Figure 12 in the case of MFCN interfering P-P type 2


NFD(∆f) described in Figure 70, with a corrective factor of band ratio = - 10*log(BWinterferer / BWvictim) in the case of P-P type 2 interfering MFCN,


where ∆f is the difference (MHz) between the carriers of the interferer and the interfered systems


Gt(Θ1): gain (dBi) of the interferer antenna at angle Θ1 between the main axis of interfering system and the axis between the interfering system site and interfered system site (see Figure 65 below)


Gr(Θ2): gain (dBi) of the victim antenna of the interfered system antenna at angle Θ2 between the main axis of interfered system and the axis between the interfering system site and interfered system site (see Figure 65 below)


FsAtt(d): Free space attenuation (dB) due to the propagation along the distance d (km) for both P-P link to MFCN BS and MFCN UE


N = noise level (dBm) of the interfered receiver


Victim


Interferer


2


1


d





Explanation of angles between interferer and victim


It is also assumed that both MFCN and P-P system have the same antenna height, which is a worst case assumption.


Interference from MFCN to P-P links


Interference from an MFCN macrocell BS to a P-P link


In this section, we consider MFCN as the interfering system and P-P type 2 as the interfered system, studying the co-existence in the worst case, that is macrocell (Pt =43dBm) and sector antenna (Gt =17dBi) pointing directly into the interfered system site direction (θ1=0).


The curves provided below give, at a defined distance, the resulting I/N according to the frequency difference between the carriers and at different values of parameter θ2. The frequency separation equal to the half-sum of bandwidths, which corresponds to a null guard band, would be depicted as a vertical line.


Each figure in this section gives three curves corresponding to the values of θ2=0 (blue), θ2=30° (red) and θ2=50° (green) respectively.


The resulting I/N is to be compared with the I/N required by the P-P link (-10dB).


In particular in the following Figures 66 and 67 the co-existence worst case regarding a MFCN macrocell BS  (Pt=43dBm) with a sector antenna (Gt=17dBi), pointing towards P-P receiving site, respectively at 2 and 20 km distance is represented.


A scenario corresponding to a better situation is represented in Figure 68, where a P-P link is in the back lobe of the MFCN BS sector antenna (Θ1=180°)





Interference from an MFCN macrocell BC to a P-P receiving site with a 2 km separation distance. P-P is in the main lobe of the MFCN BS sector antenna





Interference from an MFCN macrocell BS to a P-P receiving site with a 20 km separation distance. P-P is in the main lobe of the MFCN BS sector antenna


Now we will consider a better case, where P-P is in the back lobe of the MFCN macrocell BS sector antenna (θ1=180°). For simplicity, we present only the case with 20 km separation distance.





Interference from an MFCN macrocell BS to a P-P receiving site with a 20 km separation distance. P-P is in the back lobe of the MFCN BS sector antenna ( Gt=-2dBm)


There are other possible configurations of the MFCN BS:


· macrocell with omni-directional antenna (Pt=43dBm, Gt=6dBm)


· microcell with omni-directional antenna (Pt=35dBm, Gt=6dBm).


In both cases e.i.r.p. is bigger than that in the scenario represented in Figure 68. Furthermore we assume that a typical scenario is based on a 3-sector antenna for MFCN macrocell base stations, meaning that Figures 66 and 67 represent a very typical co-existence scenario.


Analysis of the results


In all cases, the P-P system will be interfered with in its main axis by the MFCN macrocell BS. Out of this axis, the resulting I/N is below the required I/N with a certain frequency separation. 


Overlapping-channel sharing (meaning any overlapping between spectrum of interfering and interfered signals) between MFCN and P-P links is not feasible in the same geographical area (∆f>17.5 MHz, d=20 km and any θ1 and θ2).


Some mitigation could be obtained through BS antennas using low gain omnidirectional or directional sector antennas with large angular separation with a P-P receiving site. But considering that a typical BS antenna configuration is a 3-sector antenna, it appears that the typical scenario is the worst one represented in Figures 67 and 68 above.


With larger frequency separation and distances, coordination is needed depending on the MFCN BS and P-P characteristics. It should be noted that the chosen configuration, with both systems facing each other at the same height without taking into account any elevation discrimination is a worst case scenario.


In any case, the transmitter power from an MFCN macrocell BS is so high (43 dBm) that achieving the co-existence between MFCN BS and fixed service P-P links appears to be very difficult within the same spectrum and in the same geographical area.


Interference from a User Equipment to a P-P link


In this section, we study the case where the interferer is a User Equipment (Pt=23dBm, Gt=0dBi).


In Figure 69 it is represented the resulting I/N of a P-P system interfered by a UE at 2 km distance form a P-P receiving site at different angles θ2 between interferer direction and the P-P main axis.





Interference from a UE to a P-P receiving site with a 2 km separation distance. 


From Figure 69 it is evident that when a UE is in the area close to a P-P receiving site (d<2 km), overlapping-channel sharing is not possible, while when an UE is far from a P-P, we can consider the previous co-existence study between BS and P-P as preeminent in the co-existence between MFCN and P-P links.


Interference from P-P links to MFCN


In this section, we evaluate the situation where P-P link is the interferer and the MFCN is the interfered system. 


It is also assumed that both MFCN and P-P system have the same antenna height, which is a worst case assumption.


The analysis is similar to the previous, but with roles reversed. In Figure 70 it is represented the Net Filter Discrimination curve used in the case of MFCN as the interfered system and a P-P type 2 as the interfering system. 


[image: ]


NFD function used in the sharing studies with P-P type 2 
(30 MHz) interfering MFCN macrocell BS


Interference from a P-P link to an MFCN macrocell BS


In this section, we can start with the co-existence worst scenario: (Pt=30dBm), P-P antenna is 3 meter (Gt=39dBi), θ2=0.


The curves provided in Figures 71-73 below give, at a defined distance, the resulting I/N according to the frequency difference between the carriers and at different values of parameter θ1. The frequency separation equal to the half-sum of bandwidths, which corresponds to a null guard band, would be depicted with a vertical line (not shown on the pictures).


Each figure in this section gives three curves corresponding to the values of θ1=0 (blue), θ1=30° (red) and θ1=50° (green) respectively. 


The resulting I/N is to be compared with the I/N required by the MFCN BS (-6dB).





Interference from P-P link to an MFCN macrocell BS with a 2 km separation distance. 
P-P is in the main lobe of the MFCN BS sector antenna. 





Interference from a P-P link to an MFCN macrocell BS with a 20 km separation distance. 
P-P is in the main lobe of the MFCN BS sector antenna


Also in this situation, we will consider a better case when a P-P link is in the back lobe of a MFCN macrocell BS sector antenna. 





Interference from a P-P link to a MFCN macrocell BS with a 20 km separation distance.
P-P is in the back lobe of the MFCN BS sector antenna


There are other possible configurations of MFCN BS:


· macrocell with omni-directional antenna (Pt=43dBm, Gt=6dBm)


· microcell with omni-directional antenna (Ptt=35dBm, Gt=6dBm).


In both cases the e.i.r.p. value is bigger than that in the scenario represented in Figure 73. Further we assume that a typical scenario is based on a 3-sector antenna for the MFCN macrocell base stations, meaning that Figures 71 and 72 represent a very typical co-existence scenario.


Analysis of the results:


In all cases, the P-P system will interfere the MFCN macrocell BS when it is in its main axis. Out of this axis, the resulting I/N is below the required I/N with a certain frequency separation. 


Overlapping-channel sharing (meaning any overlapping between spectrum of interfering and interfered signals) between MFCN and P-P links is not feasible in the same geographical area (∆f>17.5 MHz, d=20 Km and any θ1 and θ2).


Some mitigation could be obtained through MFCN macrocell BS antennas, using low gain omnidirectional or directional sector antennas with large angular separation with a P-P receiving site. But considering that a typical BS antenna configuration is a 3-sector antenna, it appears that the typical scenario is the worst one represented in Figures 66 and 67.


With larger frequency separation and distances, coordination is needed depending on the MFCN BS and P-P links characteristics. It should be noted that the chosen configuration, with both systems facing each other at the same height without taking into account any elevation discrimination is a worst case scenario.


Interference from a P-P link to a User Equipment


In this section, we study the case where the interferer is a P-P link and the interfered is a User Equipment. The main different parameters are the isotropic receiver antenna (Gr=0 dBi) and the Noise Figure = 9 dB. Also the NFD diagram is a bit different. We assume the attenuation of the first adjacent channel is 33 dB. For either of the second and third adjacent channels the attenuation is 39 dB. 


So for a UE we have a NFD diagram worse in the part above 20 MHz of frequency separation between carriers (about 11 dB) compared to the case with a BS (see Figure 70 above).





Interference from a P-P link to a UE with a 2 km separation distance


From Figure 74 it is evident that when a UE is in the area close to a P-P site (d<2 km), overlapping-channel sharing is not possible, while when a UE is far from a P-P, we can consider the previous co-existence study (see Figures 72 and 73 above) with a P-P interfering an MFCN macrocell BS as preeminent in the co-existence between MFCN and FS (P-P).


Analysis of the results and conclusion for the compatibility study P-P link versus MFCN


Due to the varying characteristics of different types of FS systems and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure the co-existence with MFCN. Co-existence can be achieved through coordination on a case-by-case basis. 


Based on the results of the analysis of both directions of interference (MFCN interfering into P-P and vice-versa) some general observations can be made:


· overlapping-channel sharing (with that meaning any overlapping between spectrum of interfering and interfered signals) between MFCN and P-P links is not feasible in the same geographical area (d<20 km, any θ);


· with larger frequency separation and distances, coordination is needed depending on the MFCN and P-P characteristics;


· also, interference from a fixed service P-P system to MFCN (both BS and EU) may exceed in some cases the acceptable interference levels.


The above studies take into account a single interferer. 


Co-existence between an MFCN network and a high capacity FS (P-P) network, using adjacent channels and many hops, can be very difficult to achieve (see the case study in section A8.6).


A case study of the Italian radio link network in the 3600-4200 MHz


Below a case study of a P-P 30 MHz network and its co-existence with an MFCN network in Italy is described.


In Figure 75 below it is plotted the area to be respected (referred to below as “respected area” or “r.a.”) to protect a P-P receiver from an interfering MFCN macro cell BS in the case of co-channel sharing. As it can be seen from the picture, the co-channel respected area is very large. In Figures 76, 77 and 78 the r.a. is mapped onto different FS P-P hops installed in some Italian regions. It is clear that in this case co-channel sharing is not feasible.


In the case of adjacent channel sharing (guard band = 0 and ∆f=17.5 MHz) the respected area is reduced to take into account the NFD attenuation (see Figures 79 and 80 below), and mapping  these r.a. onto a real MFCN network suggests that the adjacent channel sharing should be possible through coordination.


In the regions where P-P networks use many 30 MHz adjacent channels and many hops, the coordination between MFCN and FS service could be very difficult, and the co-existence in some cases would not be possible to achieve.











Respected area to protect a P-P type 2 interfered receiver from 
an interfering MFCN macrocell BS in the case of co-channel sharing 
(on the left) and in the case of ∆f =17.5 MHz (on the right)








Respected area to protect a P-P type 2 interfered receiver near Rome (Lazio region) 
in the case of co-channel sharing (on the left) and in the case of ∆f =17.5 MHz (on the right)








Respected area to protect a P-P type 2 receiver near Milan (Lombardia region) 
in the case of co-channel sharing (on the left) and in the case of ∆f =17.5 MHz (on the right)








Respected area to protect a P-P type 2 receiver in Sicily in the case of co-channel sharing (on the left) and in the case of ∆f =17.5 MHz (on the right)


The situation is completely different with a small guard band, for example of 5 MHz (i.e. ∆f =22.5 MHz). In practice in this case the co-existence is quite easy to achieve (see Figures 79 and 80 below).








Respected area to protect a P-P type 2 receiver from an interfering MFCN macrocell BS in the case of guard band = 5MHz  (∆f=22.5 MHz)








Respected area to protect a P-P type 2 receiver near Rome (Lazio region) 
in the case in the case of ∆f =22.5 MHz
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Comparison of MFCN and P-MP characteristics


The main characteristics of MFCN (macro deployments) and P-MP systems are collected in Table 82 below. The MFCN parameters are detailed in Section 2.1 and the parameters for P-MP systems can be found in Recommendation ITU-R F.758-5 [39]. 


Key characteristics of MFCN and P-MP


			


			P-MP CS


			MFCN BS
(Macro)


			P-MP TS


			MFCN UE





			Output power [dBm]


			35 – 43


			43 – 46


			24 – 30


			23





			ACLR [dB] 


			40 – 50 


			45


			40 – 50 


			30 





			ACS [dB]


			30 – 40 


			45


			30 – 40 


			33





			Bandwidth [MHz]


			1.75 – 14


			1.4-20


			1.75 – 14


			1.4-20





			Antenna gain [dBi]


			10 (OMNI)
18 (sector)


			17


			8 (indoor)
18 (outdoor)


			0





			Feeder loss [dB]


			2


			0


			0


			0





			Receiver noise figure typical [dB] 


			3


			5


			3


			9











It is clear from the table that the values are in the same range, possibly with the exception of the TS/UE antenna gain and receiver selectivity (ACS) of the BS/CS.


BS to UE interference and UE to BS interference


For the interference cases with two downlinks adjacent to each other it is reasonable to conclude that the interfering system has roughly the same characteristics regardless if it is a PMP system or MFCN system. Thus the impact on the victim system will be similar. Since the systems are designed for operating in adjacent channels co-existence should be possible.


As an example consider two MFCN systems operating in adjacent channels. As long as a FDD arrangement is used co-existence is possible due to the design of the system. If the second MFCN system is replaced by a P-MP system the impact on the first system should be the same if the characteristics of P-MP are similar to MFCN. From Table 80 it can be seen that it is indeed the case and thus co-existence should be possible.


The differences for UE/TS receiver selectivity and antenna gain were noted previously. For the antenna gain it is noted that this may cause more interference to a victim BS in the main antenna lobe when the TS is transmitting conversely the TS may be more susceptible to interference if the interfering BS is in the main antenna lobe when the TS is receiving. 


For the difference in receiver selectivity for the BS/CS it is noted that for the UL in the MFCN system the total adjacent interference is dominated by the UE emissions and the total ACIR (adjacent channel interference ratio) is around 30 dB. For the P-MP system it is the CS receiver selectivity which is dominating resulting in an ACIR of roughly 30-40 dB. Thus even if there is a notable difference in receiver selectivity the total adjacent channel interference is similar between the systems and thus it can be concluded that both P-MP and MFCN behave in a similar way.


BS to BS interference 


For the case where a BS is generating interference to another BS, co-existence in the same geographical area is challenging. However since the parameters for MFCN and P-MP are similar the same conclusions outlined in Section 3.2 (BS to BS interference) apply for this case as well.


[bookmark: _Toc359586138]List of references


1. [bookmark: _Ref345680620]ECC Recommendation (04)05 “Guidelines for accommodation and assignment of Multipoint Fixed Wireless systems in frequency bands 3.4 - 3.6 GHz and 3.6 - 3.8 GHz”


[bookmark: _Ref345680644]ECC Decision (07)02  “Availability of frequency bands between 3400-3800 MHz for the harmonised implementation of Broadband Wireless Access systems (BWA)”


[bookmark: _Ref345680676]Commission Decision 2008/411/EC on the harmonisation of the 3400-3800 MHz frequency band for terrestrial systems capable of providing electronic communications services in the Community


[bookmark: _Ref345680696]ECC Decision (11)06 “Harmonised frequency arrangements for mobile/fixed communications networks (MFCN) operating in the bands 3400-3600 MHz and 3600-3800 MHz”


[bookmark: _Ref345680955][bookmark: _Ref356308052]3GPP TS  36.104 “Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS) radio transmission and reception”


[bookmark: _Ref356292314]3GPP TR 36.942 “Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Frequency (RF) system scenarios”


[bookmark: _Ref345929568]Report  ITU-R  M.2135-1, “Guidelines for evaluation of radio interface technologies for IMT-Advanced”


[bookmark: _Ref345916728][bookmark: _Ref348016362]Recommendation ITU-R F.1336-3 ”Reference radiation patterns of omnidirectional, sectoral and other antennas in point-to multipoint systems for use in sharing studies in the frequency range from 1 GHz to about 70 GHz”


[bookmark: _Ref356923053]3GPP TR 25.942 ” Radio Frequency (RF) system scenarios”


[bookmark: _Ref356925032]IEEE: “A recursive method for street micro cell path loss calculation”, Jan-Erik Berg, Ericsson


[bookmark: _Ref345917220][bookmark: _Ref356924973]3GPP TR 37.809 “Evolved Universal Terrestrial Radio Access (E-UTRA) medium range and Multi-Standard Radio (MSR) medium range / local area Base Station (BS) class requirements”


[bookmark: _Ref345681349]WMF-T23-005-R015v05 (Releases 1.0 and 1.5)


[bookmark: _Ref345681371]WMF-T23-005-R020v01 (Release 2)


[bookmark: _Ref345681397]ETSI EN 302 774 “Broadband Wireless Access Systems (BWA) in the 3 400 MHz to 3 800 MHz frequency band; Base Stations; Harmonized EN covering the essential requirements of article 3.2 of the R&TTE Directive”


[bookmark: _Ref345681408]Draft ETSI EN 301 908-20 ”IMT cellular networks; Harmonized EN covering the essential requirements of article 3.2 of the R&TTE Directive; Part 20: OFDMA TDD WMAN (Mobile WiMAX) TDD Base Stations (BS)”


[bookmark: _Ref345681833][bookmark: _Ref356314040]ECC Report 100 on the compatibility studies in the band 3400-3800 MHz between Broadband Wireless Access (BWA) systems and other services


[bookmark: _Ref345913651]ETSI Standard EN 302 326-2 “Fixed Radio Systems; Multipoint Equipment and Antennas; Part 2: Harmonized EN covering the essential requirements of article 3.2 of the R&TTE Directive for Digital Multipoint Radio Equipment”


[bookmark: _Ref345913683]ITU-R Report M.2109 “Sharing studies between IMT Advanced systems and geostationary satellite networks in the fixed-satellite service in the 3400-4200 and 4500-4800 MHz frequency bands”


[bookmark: _Ref345913704]ECC Report 174 “Compatibility between the mobile service in the band 2500-2690 MHz and the radiodetermination service in the band 2700-2900 MHz”


[bookmark: _Ref345913854]ITU Report M.2111 “Sharing studies between IMT-Advanced and the radiolocation service in the 3 400-3 700 MHz bands”


[bookmark: _Ref345914886]IEEE 802.11 Standard for Information technology “Telecommunications and information exchange between systems. Local and metropolitan area networks - Specific requirements. Part 11: Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) Specifications”


[bookmark: _Ref345914903]ECC Report 131 “Derivation of a Block Edge Mask (BEM) for terminal stations in the 2.6 GHz frequency band (2500-2690 MHz)”


[bookmark: _Ref345918297]Recommendation ITU-R SF.1486 “Sharing methodology between fixed wireless access systems in the fixed service and very small aperture terminals in the fixed-satellite service in the 3400-3700 MHz band”


[bookmark: _Ref345918456]Recommendation ITU-R M.1465 “Characteristics of and protection criteria for radars operating in the radiodetermination service in the frequency band 3 100-3 700 MHz ”


[bookmark: _Ref345918721]Recommendation ITU-R M.1652 “Dynamic frequency selection in wireless access systems including radio local area networks for the purpose of protecting the radiodetermination service in the 5 GHz band”


[bookmark: _Ref345920969]Recommendation ITU-R M.1461 “Procedures for determining the potential for interference between radars operating in the radiodetermination service and systems in other services”


[bookmark: _Ref348000136]ERC Recommendation (01)01 “Border coordination of UMTS”


[bookmark: _Ref348000144]ECC Recommendation (05)08 “Frequency planning and frequency coordination for the GSM 900, GSM 1800, E-GSM and GSM-R Land Mobile Systems”


[bookmark: _Ref348000153]ECC Recommendation (08)02 “Frequency planning and frequency coordination for GSM /UMTS/LTE/WiMAX Land Mobile systems operating within the 900 and 1800 MHz bands”


[bookmark: _Ref348000162]ECC Recommendation (11)04 “Frequency planning and frequency coordination for terrestrial systems for Mobile/Fixed Communication Networks (MFCN) capable of providing electronic communications services in the frequency band 790-862 MHz”


[bookmark: _Ref348000186]ECC Recommendation (11)05 “Frequency planning and frequency coordination for terrestrial systems for Mobile/Fixed Communication Networks (MFCN) capable of providing electronic communications services in the frequency band 2500-2690 MHz”


[bookmark: _Ref356287634]3GPP TS 36.101, 3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception


[bookmark: _Ref356287654]ETSI TS 136 101, LTE; Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception


[bookmark: _Ref356287657]3GPP TS 36.104, 3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS) radio transmission and reception


[bookmark: _Ref356287658]ETSI TS 136 104, LTE; Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS) radio transmission and reception


[bookmark: _Ref356287681]3GPP TS 37.104, 3rd Generation Partnership Project; Technical Specification Group Radio Access Network; E-UTRA, UTRA and GSM/EDGE; Multi-Standard Radio (MSR) Base Station (BS) radio transmission and reception 


[bookmark: _Ref356287683]ETSI TS 137 104, Digital cellular telecommunications system (Phase 2+); Universal Mobile Telecommunications System (UMTS); LTE; E-UTRA, UTRA and GSM/EDGE; Multi-Standard Radio (MSR) Base Station (BS) radio transmission and reception


[bookmark: _Ref354408690]CEPT Report 39 Report from CEPT to the European Commission in response to the Mandate to develop least restrictive technical conditions for  2 GHz bands


[bookmark: _Ref355620473]Recommendation ITU-R F.758-5 (03/2012), “System parameters and considerations in the development of criteria for sharing or compatibility between digital fixed wireless systems in the fixed service and systems in other services and other sources of interference”


ETSI EN 302 326-2 V1.2.2 (2007-06) “Fixed Radio Systems; Multipoint Equipment and Antennas; Part 2: Harmonized EN covering the essential requirements of article 3.2 of the R&TTE Directive for Digital Multipoint Radio Equipment”


[bookmark: _Ref355686136][bookmark: _Ref356398974]Recommendation ITU-R P.1238-7 “Propagation data and prediction methods for the planning of indoor radiocommunication systems and radio local area networks in the frequency range 900 MHz to 100 GHz”


[bookmark: _Ref356286285]European Commission Mandate to CEPT to undertake studies on amending the technical conditions regarding spectrum harmonisation in the 3400-3800 MHz frequency band (doc RSCOM12-09 rev2 / ECC(12)INFO01)


[bookmark: _Ref356290231]ETSI TR 101 127 v1.1.1 “Transmission and Multiplexing (TM); Digital Radio Relay Systems (DRRS); Synchronous Digital Hierarchy (SDH); High capacity DRRS carrying SDH signals (1 x STM-1) in frequency bands with about 30 MHz channel spacing and using Co-Channel Dual Polarized (CCDP) operation”


[bookmark: _Ref356290258]ETSI TR 101 854 v.1.1.1 “Fixed Radio Systems; Point-to-point equipment; Derivation of receiver interference parameters useful for planning fixed service point-to-point systems operating different equipment classes and/or capacities”


[bookmark: _Ref356296521]Commission Decision 2008/477/EC on the harmonisation of the 2500-2690 MHz frequency band for –terrestrial systems capable of providing electronic communications services in the Community


[bookmark: _Ref356296522]Commission Implementing Decision 2012/688/EU on the harmonisation of the frequency bands 1920-1980 MHz and 2110-2170 MHz for terrestrial systems capable of providing electronic communications services in the Union


[bookmark: _Ref356299872]RSPG Opinion on “Streamlining the regulatory environment for the use of spectrum” (2008)


[bookmark: _Ref356300092]Directive 1999/5/EC of the European Parliament and of the Council of 9 March 1999 “on radio equipment and telecommunications terminal equipment and the mutual recognition of their conformity” (the R&TTE Directive)


[bookmark: _Ref356312099]“A Recursive Method for Street Microcell Path Loss Calculations”, publication at the “Personal, Indoor and Mobile Radio Communications” conference, 1995 (PIMRC'95)


[bookmark: _Ref356398481]Recommendation ITU-R P.525-2 “Calculation of free-space attenuation”.


P-P off-axis angle 0°	0	5	10	15	20	25	30	35	40	45	50	55	60	65	70	85.702175536309085	85.702175536309085	84.702175536309085	76.702175536309085	42.702175536309085	27.702175536309085	3.7021755363090847	-15.297824463690915	-19.297824463690915	-20.297824463690915	-20.297824463690915	-20.297824463690915	-20.297824463690915	-20.297824463690915	-20.297824463690915	P-P off-axis angle 30°	0	5	10	15	20	25	30	35	40	45	50	55	60	65	70	45.753544255037902	45.753544255037902	44.753544255037902	36.753544255037902	2.7535442550379017	-12.246455744962098	-36.246455744962098	-55.246455744962098	-59.246455744962098	-60.246455744962098	-60.246455744962098	-60.246455744962098	-60.246455744962098	-60.246455744962098	-60.246455744962098	P-P off-axis angle 50°	0	5	10	15	20	25	30	35	40	45	50	55	60	65	70	40.702175536309085	40.702175536309085	39.702175536309085	31.702175536309085	-2.2978244636909153	-17.297824463690915	-41.297824463690915	-60.297824463690915	-64.297824463690915	-65.297824463690915	-65.297824463690915	-65.297824463690915	-65.297824463690915	-65.297824463690915	-65.297824463690915	Frequency separation between carriers (MHZ)


Resulting I/N


[image: s1im_b_en_50]


European Commission, DG Information Society and Media, 200 Rue de la Loi, B-1049  Bruxelles  
RSC Secretariat, Avenue de Beaulieu 33, B-1160  Brussels - Belgium - Office BU33 7/09
Telephone: direct line (+32-2)295.6512, switchboard (+32-2)299.11.11. Fax: (+32-2) 296.38.95
E-mail : infso-rsc@ec.europa.eu














image73.emf


-100



-80



-60



-40



-20



0



20



40



60



80



100



0 5 10 15 20 25 30 35 40 45 50 55 60 65 70



Frequency separation between carriers (MHZ)



Resulting I/N



P-P off-axis angle 0°



P-P off-axis angle 30°



P-P off-axis angle 50°






image69.emf


-100



-80



-60



-40



-20



0



20



40



60



80



100



0 5 10 15 20 25 30 35 40 45 50 55 60 65 70



Frequency separation between carriers (MHZ)



Resulting I/N



P-P off-axis angle 0°



P-P off-axis angle 30°



P-P off-axis angle 50°






image75.emf


-100



-80



-60



-40



-20



0



20



40



60



80



100



0 5 10 15 20 25 30 35 40 45 50 55 60 65 70



Frequency separation between carriers (MHZ)



Resulting I/N



P-P off-axis angle 0°



P-P off-axis angle 30°



P-P off-axis angle 50°






image70.emf


-100



-80



-60



-40



-20



0



20



40



60



80



100



0 5 10 15 20 25 30 35 40 45 50 55 60 65 70



Frequency separation between carriers (MHZ)



Resulting I/N



P-P off-axis angle 0°



P-P off-axis angle 30°



P-P off-axis angle 50°






image77.emf


-100



-80



-60



-40



-20



0



20



40



60



80



100



0 5 10 15 20 25 30 35 40 45 50 55 60 65 70



Frequency separation between carriers (MHZ)



Resulting I/N



P-P off-axis angle 0°



P-P off-axis angle 30°



P-P off-axis angle 50°






image72.png


000

500
1000
15,00
2000
25,00
3000
35,00
40,00

-45.00

J—









image74.emf


-100



-80



-60



-40



-20



0



20



40



60



80



100



0 5 10 15 20 25 30 35 40 45 50 55 60 65 70



Frequency separation between carriers (MHz)



Resulting I/N



P-P off-axis angle 0°



P-P off-axis angle 30°



P-P off-axis angle 50°






image80.emf


-100



-80



-60



-40



-20



0



20



40



60



80



100



0 5 10 15 20 25 30 35 40 45 50 55 60 65 70



Frequency separation between carriers (MHz)



Resulting I/N



P-P off-axis angle 0°



P-P off-axis angle 30°



P-P off-axis angle 50°






image76.emf


-100



-80



-60



-40



-20



0



20



40



60



80



100



0 5 10 15 20 25 30 35 40 45 50 55 60 65 70



Frequency separation between carriers (MHz



)



Resulting I/N



P-P off-axis angle 0°



P-P off-axis angle 30°



P-P off-axis angle 50°






image82.emf


-100



-80



-60



-40



-20



0



20



40



60



80



100



0 5 10 15 20 25 30 35 40 45 50 55 60 65 70



Frequency separation between carriers (MHz



)



Resulting I/N



P-P off-axis angle 0°



P-P off-axis angle 30°



P-P off-axis angle 50°






image78.emf


-100



-80



-60



-40



-20



0



20



40



60



80



100



0 5 10 15 20 25 30 35 40 45 50 55 60 65 70



Frequency separation between carriers (MHz



)



Resulting I/N



P-P off-axis angle 0°



P-P off-axis angle 30°



P-P off-axis angle 50°






image84.emf


-100



-80



-60



-40



-20



0



20



40



60



80



100



0 5 10 15 20 25 30 35 40 45 50 55 60 65 70



Frequency separation between carriers (MHz



)



Resulting I/N



P-P off-axis angle 0°



P-P off-axis angle 30°



P-P off-axis angle 50°






image79.emf


-100



-80



-60



-40



-20



0



20



40



60



80



100



0 5 10 15 20 25 30 35 40 45 50 55 60 65 70



Frequency separation between carriers (MHz)



Resulting I/N



P-P off-axis angle 0°



P-P off-axis angle 30°



P-P off-axis angle 50°






image86.emf


-100



-80



-60



-40



-20



0



20



40



60



80



100



0 5 10 15 20 25 30 35 40 45 50 55 60 65 70



Frequency separation between carriers (MHz)



Resulting I/N



P-P off-axis angle 0°



P-P off-axis angle 30°



P-P off-axis angle 50°






image80.wmf





oleObject14.bin





image81.wmf





oleObject15.bin





image82.wmf





oleObject16.bin





image3.png


Licensed
spectrum

Transition level

Baseline level
PrL |

i inblock

Freguency








image83.wmf





oleObject17.bin





image84.wmf





oleObject18.bin





image85.wmf





oleObject19.bin





image4.png


Baseline power limit for
FDD downlink or
synchronized TDD

A

—— Limit derived from
relative requirement

=== Limit derived from
fixed requirement

>

BS power








image5.png


POWer | e Baseline, all blocks synchronized (relative)

= Baseline, no synchronization (fixed)

1 1 1 1 -
T T T T T
3400 3500 3600 3700 3800








image6.png


Power | ™ Guard band
=== Baseline FDD DL/sync TDD (relative)
=== Baseline FDD UL/unsync TDD (fixed)

1 1 1 M -
T T T T T
3400 3500 3600 3700 3800








image7.png


Power

In-block
Transitional

Guard band

} Baseline

1 1 1
T T T
3400 3500 3600








image8.png


3400 MHz 3600 MHz
[s[s]s[s[s]s[s]s[s]s[s]s[s]s[s[s]s[s]s[5|s[ss[5]s[5s[s[s]s]5]s]5]s[5]s[5]s]s]s]









image9.wmf


5



5



5



5



5



5



5



5



5



5



5



5



5



5



5



5



5



5



5



5



5



5



5



5



5



5



5



5



5



5



5



5



Uplink



Duplex Gap



Downlink



3410 MHz



3490 MHz



3510 MHz



3590 MHz



3400 MHz



3600 MHz






image10.png


3600 MHz 3800 MHz








image11.emf


3600 MHz



3800 MHz



5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5



3600 MHz



3800 MHz



5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5






image12.png


—— average side lobes
—— peak side lobes

5 ©

[1gp) uieb euuajue

20 40

off-set from boresight [degrees]

0

-20

80 60 40








image13.png


—— average side lobes.

——— peak side lobes.

0 0 100 150 200

50

off-set fom boresight [degrees]









image14.png


— average side lobes.

——— peak side lobes.

0 20 40 60 8 100

off-set flom boresight [degrees]

60 40 20

00 80

15|

5|
o
5
B
-

lgp) weS evuave








image15.png










image16.wmf


NFD



-120



-100



-80



-60



-40



-20



0



0



5



10



15



20



25



30



35



40



45



50



55



60



65



70






image17.png


Receiver Transmitter
selectivity leakage

I >
. Frequenc
Interference region q Y

considered in this Section








image18.png










image19.png










image20.png










image21.png










image22.png










image23.png


Manhattan Area

Victim UE

A EIY I
ERIER









image24.png


Manhattan Area

All victim UEs

indoors
[]









image25.png


Baseline power limit for
FDD downlink or
synchronized TDD

A

= Limit derived from
relative requirement

=== Limit derived from
fixed requirement

>

BS power








image26.png


Power

=== Guard band
= Baseline

3400 3500 3600








image27.png


Power

= |n-block

= Transitional TDD block
(relative)

M
i T
3400/3600 ‘T’ 3800








image28.png


Power

A

= |n-block
=== Transitional
(relative)

FDD block

T
3510








image29.png


Power

= In-block
=== Transitional
=== Baseline

) )
3400 3800








image30.png


Power

= |n-block
=== Transitional
=== Baseline

3400 3600 3800








image31.png


Power

In-block
Transitional

Guard band
]-Baseline

3400

3600

3700

>
3800








image32.png


Power

In-block
Transitional

Guard band

} Baseline

1 1 1
T T T
3400 3500 3600








image33.png


[7 pole TE ceramic]
20 habz b
10 Mz guara

[§ poie Te ceramic]
20 Mz b
(5MHz guard)

3510 Mz
“1s5a8

[maz s21
3510 Mz
23308

7 pole Metal
20 Wbz b
10 bz guard

5 2-Passband 521 [MHz/dB]
Fs0 Me0 3470 3480
i

Status:  Saved model: B42_BW20_Macro_ft









image34.png


3450
1

[8 pole T ceramic|
100 Mz b
|15 bz guara

12 pole T ceramic|
100 bz b
[10 Mtz guara

[15 pole T ceramic
1100 Mz b
(5 bz guara) =T

2-Passband s21 [MHz/dB]

5,

3350 3400 3450 3500 3550 3600 3650
o »
Status:  Saved model: B42_BWI00_Macro_ft









image35.png


70

[7 pole TE coramic]
20 habz b
[t0 Mz guara

[mas 521

Jasto ]

/8 pole Th ceramic|
20 MHzbw
(5 1z guara)

2-Passband s21 [MHz/dB]

22108

5,
WSO 3460 3470

i

Status:









image36.png


3360 3400 3450

[10 pole Metalic| [mt9 s21
100 iz bwr 3550 1z
|10 mabz guara 678 |-

[ pote metal |-
100 bz b
[15 Mtz guar|

[10 poe Metalic]

[m2s 521
3550 iz
2388

100 habz b
s Mz guara)

2-Passband s21 [MHz/dB]

3350 3400 2450

‘

Status:  Saved model: B42_BWI00_Micro_ft









image37.wmf


d



f



dB



FSL



log



20



log



20



44



,



32



]



[



+



+



=






oleObject1.bin





image38.wmf


(



)



)



,



(



),



,



(



min



1



2



2



1



d



d



PL



d



d



PL



PL



=






oleObject2.bin





image39.wmf


(



)



)



(



log



3



)



(



log



10



5



.



12



9



.



17



)



(



,



10



10



c



l



j



j



k



LOS



l



k



f



d



n



n



d



PL



d



d



PL



+



+



-



+



=






oleObject3.bin





image40.wmf


(



)



84



.



1



,



0024



.



0



8



.



2



max



k



j



d



n



-



=






oleObject4.bin





image41.wmf


in



tw



b



PL



PL



PL



PL



+



+



=






oleObject5.bin





image42.wmf


ï



î



ï



í



ì



=



-



+



=



+



=



in



in



tw



in



out



B



b



d



PL



PL



d



d



PL



PL



5



.



0



))



θ



cos(



1



(



15



14



)



(



2



1






oleObject6.bin





image43.wmf


(



)



c



UT



BS



f



h



h



d



PL



10



10



10



1



10



log



0



.



2



)



'



(



log



0



.



18



)



'



(



log



0



.



18



8



.



7



)



(



log



0



.



40



+



-



-



+



=






oleObject7.bin





image44.wmf


(



)



(



)



ï



î



ï



í



ì



³



<



<



-



-



£



=



37



,



5



.



0



37



18



,



27



18



exp



18



,



1



d



d



d



d



P



LOS






image45.wmf


10



),



200



/



)



10



(



exp(



10



,



1



>



-



-



£



=



d



d



d



P



LOS






image46.wmf


10



,



1000



10



exp



10



,



1



>



÷



ø



ö



ç



è



æ



-



-



£



=



d



d



d



P



LOS






image47.emf


Report 2135-08



+-



BS



d



2



MS



d



1



d



2






image48.wmf


(



)



cor



d



x



x



R



D



-



=



D



e






oleObject8.bin





image49.wmf


l



p



n



d



L



4



log



20



10



×



=






oleObject9.bin





image50.wmf


c



d



k



k



n



n



n



×



+



=



-



-



1



1






oleObject10.bin





image51.wmf


1



1



-



-



+



×



=



n



n



n



n



d



s



k



d






oleObject11.bin





image52.wmf


))



(



4



(



log



20



1



1



10



å



=



-



×



×



=



n



j



j



n



s



D



d



L



l



p






oleObject12.bin





image53.wmf


î



í



ì



£



>



=



br



br



br



x



x



x



x



x



x



x



D



,



1



,



/



)



(






oleObject13.bin





image54.png










image55.png


UE Tx Power (dBm)

1l
|
|

30

— Victim System: UE Tx Power
— Victim System: UE Tx Power

20

10

|
0
UE Tx Power (dBm)

|
-10









image56.png


Distance (m)

1000

°

-1000

Macro-Micro(Manhattan) Deployment Scenario)

Distance (m)

/TN /TN /TN
/\ 61 /\77 21 Y —( s ——
/
s 62
/\m —<
10
/ /
/= 2
/\ 181 —< 121
180
/ /
] 122
)
/ v
{ 82
e
/
o
A
e oo e 0 £ 0 0o









image57.png


—— Macro UE Tx Power
—— Micro UE Tx Power

UE Tx Power (dBm)
0

-10 10 20 30
UE Tx Power (dBm)

-20









image58.png










image59.png


035

Average Throughput Degradation

=] o

e = e N e

= o [N a w
T T T T T

Percent degradation in average TP (%)

5
Additional Isolation dB

10

15

20








image60.png


12

Average Throughput Degradation

o
T

Percent degradation in average TP (%)

Additional Isolation dB

20








image61.png


Average Throughput Degradation

N
o
T

)
T

Percent degradation in average TP (%)

5 0 5 10
Additional Isolation dB

15

20








image62.png










image63.png


UE Tx Power (dBm)

15

e e A |
[ A
[ S A S S A A B -1 P
R O A A A A =R
e
S I N U SO DO O =2
TOTTTT T T g 5
[ N A A 3 1
S S N O U B X
T 118 8°
[ T T A R A b
N A I I8
\\\\\\\\\\\\\\\\\\\ °
| A
,
S I D | ©
[ =
o
S I A U o
[ T A R o
[ A
ek
[ A R
T Y Y Y Y Y s P
o w N @ w ¥ @ N = o9
2 3 s 3 3 3 38 S s

UE Tx Power (dBm)








image64.png










image65.png


TP (%)

Ion In average

Percent degradati

3

T
Non-Colocated Scenario (75x75m)
Colocated Scenario (75x75m)
= Non-Colocated+Shrinked (50x50m)
= Colocated+Shrinked (50x50m)

Average Throughput Degradation
T T T T









image66.png


Average Throughput Degradation

Colocated (50x50m)
Colocated (40x40m)

3

5

8

Percent degradation in average TP (%)
2 S

915 -10 -5 10 15 20








image67.emf


-180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180



40



60



80



100



120



140



Off-Axis angle compare to the Earth Station azimtuh angle (°)



Mitigation distance  (km)



All earth stations for CS1 Base Station



122.6626



53.6178



118.7961



55.2934



128.8087



66.7045



Cas N° CS1 ST1



Cas N° CS1 ST2



Cas N° CS1 ST3



Cas N° CS1 ST4



Cas N° CS1 ST5



Cas N° CS1 ST6



-180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180



40



60



80



100



120



140



122.6626



53.6178



Off-Axis angle compare to the Earth Station azimtuh angle (°)



Mitigation distance  (km)



Effect of the elevation angle (ST1,ST2) for CS1 Base Station



Cas N° CS1 ST1



Cas N° CS1 ST2



-180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180



40



60



80



100



120



140



Off-Axis angle compare to the Earth Station azimtuh angle (°)



Mitigation distance  (km)



Effect of the diameter (ST1,ST3,ST5) for CS1 Base Station



122.6626



118.7961



128.8087



Cas N° CS1 ST1



Cas N° CS1 ST3



Cas N° CS1 ST5



-180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180



40



60



80



100



120



140



Off-Axis angle compare to the Earth Station azimtuh angle (°)



Mitigation distance  (km)



All earth stations for CS2 Base Station



70.7952



42.8511



68.057



44.4921



75.8934



55.7394



Cas N° CS2 ST1



Cas N° CS2 ST2



Cas N° CS2 ST3



Cas N° CS2 ST4



Cas N° CS2 ST5



Cas N° CS2 ST6



-180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180



40



60



80



100



120



140



Off-Axis angle compare to the Earth Station azimtuh angle (°)



Mitigation distance  (km)



Effect of the elevation angle (ST1,ST2) for CS2 Base Station



70.7952



42.8511



Cas N° CS2 ST1



Cas N° CS2 ST2



-180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180



40



60



80



100



120



140



Off-Axis angle compare to the Earth Station azimtuh angle (°)



Mitigation distance  (km)



Effect of the diameter (ST1,ST3,ST5) for CS2 Base Station



70.7952



68.057



75.8934



Cas N° CS2 ST1



Cas N° CS2 ST3



Cas N° CS2 ST5



Mitigation distances, function of the Earth Station Off Axis angle






image71.png


Resulting I/N

100

80

60

40

20

P-Poff-axisangle 0° | |
——P-P off-axis angle 30°

———P-P off-axis angle 50°

0

5 10 15 20 25 30 35 40 45 50 55 60 65 70

Frequency separation between carriers (MHZ)









Microsoft_Excel_Chart1.xls


Chart1



				0				0				0



				5				5				5



				10				10				10



				15				15				15



				20				20				20



				25				25				25



				30				30				30



				35				35				35



				40				40				40



				45				45				45



				50				50				50



				55				55				55



				60				60				60



				65				65				65



				70				70				70







P-P off-axis angle 0°



P-P off-axis angle 30°



P-P off-axis angle 50°



Frequency separation between carriers (MHZ)



Resulting I/N



85.7021755363



45.753544255



40.7021755363



85.7021755363



45.753544255



40.7021755363



84.7021755363



44.753544255



39.7021755363



76.7021755363



36.753544255



31.7021755363



42.7021755363



2.753544255



-2.2978244637



27.7021755363



-12.246455745



-17.2978244637



3.7021755363



-36.246455745



-41.2978244637



-15.2978244637



-55.246455745



-60.2978244637



-19.2978244637



-59.246455745



-64.2978244637



-20.2978244637



-60.246455745



-65.2978244637



-20.2978244637



-60.246455745



-65.2978244637



-20.2978244637



-60.246455745



-65.2978244637



-20.2978244637



-60.246455745



-65.2978244637



-20.2978244637



-60.246455745



-65.2978244637



-20.2978244637



-60.246455745



-65.2978244637







N(dBm)



				N=KTBF				0								N(dBm)				-97.2039752761



				K				1.3806488E-23



				T				290



				B				30000000



				F				1.5848931925











Antenna 3m



				Angolo				Attenuazione



				0				0



				5				-20.4948500217



				10				-28.0205999133



				15				-32.4228813897



				20				-35.5463498049



				25				-37.9691001301



				30				-39.9486312813



				35				-41.622301022



				40				-43.0720996965



				45				-44.3509127577



				50				-45



				55				-45



				60				-45



				65				-45



				70				-45



				75				-45



				80				-45



				85				-45



				90				-45



				95				-45



				100				-45



				105				-45



				110				-45



				115				-45



				120				-45



				125				-45



				130				-45



				135				-45



				140				-45



				145				-45



				150				-45



				155				-45



				160				-45



				165				-45



				170				-45



				175				-45



				180				-45











Antenna 3m



				







Attenuazione



Attenuation







Maschera estrapolata



				Frequenza				Selettività



				0				0



				5				0



				10				-1



				15				-9



				20				-43



				25				-58



				30				-82



				35				-101



				40				-105



				45				-106



				50				-106



				55				-106



				60				-106



				65				-106



				70				-106











Maschera estrapolata



				







NFD







I-N 2 Km



				Pt				43



				Gt				17				ant sett main lobe



				Gr				39



				N				-97.2039752761



				Att				110.5017997398



				DKm				2



								85.7021755363



				I/N				0°				30°				50°



				0				85.7021755363				45.753544255				40.7021755363



				5				85.7021755363				45.753544255				40.7021755363



				10				84.7021755363				44.753544255				39.7021755363



				15				76.7021755363				36.753544255				31.7021755363



				20				42.7021755363				2.753544255				-2.2978244637



				25				27.7021755363				-12.246455745				-17.2978244637



				30				3.7021755363				-36.246455745				-41.2978244637



				35				-15.2978244637				-55.246455745				-60.2978244637



				40				-19.2978244637				-59.246455745				-64.2978244637



				45				-20.2978244637				-60.246455745				-65.2978244637



				50				-20.2978244637				-60.246455745				-65.2978244637



				55				-20.2978244637				-60.246455745				-65.2978244637



				60				-20.2978244637				-60.246455745				-65.2978244637



				65				-20.2978244637				-60.246455745				-65.2978244637



				70				-20.2978244637				-60.246455745				-65.2978244637











I-N 2 Km



				







P-P off-axis angle 0°



P-P off-axis angle 30°



P-P off-axis angle 50°



Frequency separation between carriers (MHZ)



Resulting I/N







I-N 20 Km



				Pt				43



				Gt				17				ant sett main lobe



				Gr				39



				N				-97.2039752761



				Att				130.5017997398



				DKm				20



								65.7021755363



				I/N				0°				30°				50°



				0				65.7021755363				25.753544255				20.7021755363



				5				65.7021755363				25.753544255				20.7021755363



				10				64.7021755363				24.753544255				19.7021755363



				15				56.7021755363				16.753544255				11.7021755363



				20				22.7021755363				-17.246455745				-22.2978244637



				25				7.7021755363				-32.246455745				-37.2978244637



				30				-16.2978244637				-56.246455745				-61.2978244637



				35				-35.2978244637				-75.246455745				-80.2978244637



				40				-39.2978244637				-79.246455745				-84.2978244637



				45				-40.2978244637				-80.246455745				-85.2978244637



				50				-40.2978244637				-80.246455745				-85.2978244637



				55				-40.2978244637				-80.246455745				-85.2978244637



				60				-40.2978244637				-80.246455745				-85.2978244637



				65				-40.2978244637				-80.246455745				-85.2978244637



				70				-40.2978244637				-80.246455745				-85.2978244637











I-N 20 Km



				0				0				0



				5				5				5



				10				10				10



				15				15				15



				20				20				20



				25				25				25



				30				30				30



				35				35				35



				40				40				40



				45				45				45



				50				50				50



				55				55				55



				60				60				60



				65				65				65



				70				70				70







P-P off-axis angle 0°



P-P off-axis angle 30°



P-P off-axis angle 50°



Frequency separation between carriers (MHZ)



Resulting I/N







I-N 20 Km back



				Pt				43



				Gt				-2				ant sett back lobe



				Gr				39



				N				-97.2039752761



				Att				130.5017997398



				DKm				20



								46.7021755363



				I/N				0°				30°				50°



				0				46.7021755363				6.753544255				1.7021755363



				5				46.7021755363				6.753544255				1.7021755363



				10				45.7021755363				5.753544255				0.7021755363



				15				37.7021755363				-2.246455745				-7.2978244637



				20				3.7021755363				-36.246455745				-41.2978244637



				25				-11.2978244637				-51.246455745				-56.2978244637



				30				-35.2978244637				-75.246455745				-80.2978244637



				35				-54.2978244637				-94.246455745				-99.2978244637



				40				-58.2978244637				-98.246455745				-103.2978244637



				45				-59.2978244637				-99.246455745				-104.2978244637



				50				-59.2978244637				-99.246455745				-104.2978244637



				55				-59.2978244637				-99.246455745				-104.2978244637



				60				-59.2978244637				-99.246455745				-104.2978244637



				65				-59.2978244637				-99.246455745				-104.2978244637



				70				-59.2978244637				-99.246455745				-104.2978244637











I-N 20 Km back



				0				0				0



				5				5				5



				10				10				10



				15				15				15



				20				20				20



				25				25				25



				30				30				30



				35				35				35



				40				40				40



				45				45				45



				50				50				50



				55				55				55



				60				60				60



				65				65				65



				70				70				70







P-P off-axis angle 0°



P-P off-axis angle 30°



P-P off-axis angle 50°



Frequency separation between carriers (MHZ)



Resulting I/N







I-N 2 Km UE



				Pt				23



				Gt				0				ant sett main lobe



				Gr				39



				N				-97.2039752761



				Att				110.5017997398



				DKm				2



								48.7021755363



				I/N				0°				30°				50°



				0				48.7021755363				8.753544255				3.7021755363



				5				48.7021755363				8.753544255				3.7021755363



				10				47.7021755363				7.753544255				2.7021755363



				15				39.7021755363				-0.246455745				-5.2978244637



				20				5.7021755363				-34.246455745				-39.2978244637



				25				-9.2978244637				-49.246455745				-54.2978244637



				30				-33.2978244637				-73.246455745				-78.2978244637



				35				-52.2978244637				-92.246455745				-97.2978244637



				40				-56.2978244637				-96.246455745				-101.2978244637



				45				-57.2978244637				-97.246455745				-102.2978244637



				50				-57.2978244637				-97.246455745				-102.2978244637



				55				-57.2978244637				-97.246455745				-102.2978244637



				60				-57.2978244637				-97.246455745				-102.2978244637



				65				-57.2978244637				-97.246455745				-102.2978244637



				70				-57.2978244637				-97.246455745				-102.2978244637











I-N 2 Km UE



				







P-P off-axis angle 0°



P-P off-axis angle 30°



P-P off-axis angle 50°



Frequency separation between carriers (MHZ)



Resulting I/N







I-N 20 Km UE (2)



				Pt				23



				Gt				0



				Gr				39



				N				-97.2039752761



				Att				130.5017997398



				DKm				20



								28.7021755363



				I/N				0°				30°				50°



				0				28.7021755363				-11.246455745				-16.2978244637



				5				28.7021755363				-11.246455745				-16.2978244637



				10				27.7021755363				-12.246455745				-17.2978244637



				15				19.7021755363				-20.246455745				-25.2978244637



				20				-14.2978244637				-54.246455745				-59.2978244637



				25				-29.2978244637				-69.246455745				-74.2978244637



				30				-53.2978244637				-93.246455745				-98.2978244637



				35				-72.2978244637				-112.246455745				-117.2978244637



				40				-76.2978244637				-116.246455745				-121.2978244637



				45				-77.2978244637				-117.246455745				-122.2978244637



				50				-77.2978244637				-117.246455745				-122.2978244637



				55				-77.2978244637				-117.246455745				-122.2978244637



				60				-77.2978244637				-117.246455745				-122.2978244637



				65				-77.2978244637				-117.246455745				-122.2978244637



				70				-77.2978244637				-117.246455745				-122.2978244637











I-N 20 Km UE (2)



				







P-P off-axis angle 0°



P-P off-axis angle 30°



P-P off-axis angle 50°



Frequency separation between carriers (MHZ)



Resulting I/N










image68.emf


-100



-80



-60



-40



-20



0



20



40



60



80



100



0 5 10 15 20 25 30 35 40 45 50 55 60 65 70



Frequency separation between carriers (MHZ)



Resulting I/N



P-P off-axis angle 0°



P-P off-axis angle 30°



P-P off-axis angle 50°






image1.emf



















image2.emf



















image86.png


Tnformation Society
and Media












PC 3.4 - 3.8 CEPT Report 49 Ericsson Comments.doc

Comments on Draft CEPT Report 49


“Technical conditions regarding spectrum harmonisation for terrestrial wireless systems in the 3400-3800 MHz frequency band”



0
Sources


Administration/Company/Entity: Ericsson 


Name and Appointment of contributor: Sverker Magnusson 


1 
General Comments


The comments provided in this document refer to Task 1 only. 


Ericsson finds that the Draft CEPT Report 49 responds to the questions in the EC Mandate concerning Task 1 in a satisfactory way, and thus supports the corresponding sections of the report without any substantial technical changes. 


2
Proposals related to the ECC Deliverables



			Comment number


			Section number/ Clause


			Paragraph Figure/ Table


			Type of comment (General/ Technical/Editorial)


			COMMENTS


			Proposed change





			Ericsson/1


			0 Executive summary


			Task 1


Page 1 – 8 


			General Technical Editorial


			


			The executive summary is virtually identical to the executive summary of Draft ECC Report 203. It is thus proposed that the same modifications are introduced in the CEPT report. The modifications are detailed in Ericsson’s comments on the ECC Report. 





			Ericsson/2 





			Section 2.2


			p.13 – 20


			General Technical Editorial


			


			Section 2.2 is virtually identical to the executive summary of Draft ECC Report 203. It is thus proposed that the same modifications are introduced in the CEPT report. The modifications are detailed in Ericsson’s comments on the ECC Report. 





			Ericsson/3


			Conclusion


			Task 1



p. 26 – 32


			General Technical Editorial


			


			The conclusion is virtually identical to the executive summary of Draft ECC Report 203. It is thus proposed that the same modifications are introduced in the CEPT report. The modifications are detailed in Ericsson’s comments on the ECC Report. 


























image14.emf
Huawei


Huawei
Comments on ECC Deliverable Draft CEPT/Report 49 


on the task 2 (Channelling Arrangements)

0
Sources

Huawei Technologies 


Name and Appointment of contributor: Laurent Dolizy

1 
Comments


Huawei has contributed to the development of the draft CEPT Report "Technical conditions regarding spectrum harmonisation for terrestrial wireless systems in the 3400-3800 MHz frequency band". We appreciate the great efforts of ECC and all contributing parties on development of this Report.


Huawei thanks ECC for inviting additional views before taking a final decision on a preferred frequency arrangement at the next ECC meeting. Huawei supports "TDD as a preferred frequency arrangement with FDD frequency arrangement as an alternative" to be the preferred frequency arrangement for the 3400-3600 MHz. This frequency arrangement has been identified by the 34th ECC meeting, thus we encourage the next ECC meeting to make a clear decision of the preferred frequency arrangement based on the identified preference at the 34th ECC meeting. In addition to many other advantages of the TDD frequency arrangement, it also allows the flexibility for spectrum harmonization of this band between Europe and other Regions which improves the economy of scale.

2
Proposals related to the ECC Deliverables


		Comment number

		Section number/ Clause

		Paragraph Figure/ Table

		Type of comment (General/ Technical/Editorial)

		COMMENTS

		Proposed change



		Huawei/1

		Executive Summary, and, all paragraphs related to this issue



		Task 2 (Channelling Arrangement) 

		 General

		Change

		Remove: The possibility of a preferred channeling arrangement for the 3.4-3.6 GHz band has been discussed by the ECC#34, … at the next ECC meeting. 

Add: CEPT has identified the frequency arrangement for the 3400-3600MHz band on TDD as a preferred frequency arrangement with the FDD frequency arrangement as an alternative


















image15.emf
Idilis


Idilis
[bookmark: _MailOriginal]From: Tiberiu Gindu [mailto:tiberiu.gindu@idilis.net] 
Sent: 19. august 2013 11:51
To: Alexander Gulyaev
Subject: CEPT public consultation of the 3.5 GHz frequency arrangements



Dear Mr. Gulyaev,

This is a letter to support the idea of TDD frequency arrangement for the 3400-3600 MHz band.

Thinking of the 3.5 GHz spectrum as another highway to mobile broadband services  - the main reason one should take into account for choosing TDD is the capacity of the time-division systems to better match the characteristics of the internet traffic (the download to the subscriber’s device is generally considerably greater than the upload to the cloud). Unlike voice, the Internet traffic is not symmetric.

Best regards,

[bookmark: _GoBack]Tiberiu GINDU

Idilis
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Imagine Group
From: Leo Lundy [mailto:leo.lundy@imaginegroup.ie] 
Sent: 19. august 2013 14:25
To: Alexander Gulyaev
Cc: Mike Stacey
Subject: Preferred band plan for 3400-3600 GHz





Dear Alexander,



[bookmark: _GoBack]As you know we have been following for some time the discussions and wording for the preferred band plan in the 3400-3600 GHz band. We have attended many of the PT1 working group meetings including the last one held in Berlin.



Imagine Group support the conclusion from the June 2013 ECC Toulouse meeting where ECC identified a "slight preference" for TDD as the preferred frequency arrangement with FDD frequency as an alternative.



Imagine Group would additionally support removal of the word "slight" to clearly state a preference for TDD. We think this is in line with ECC direction on clearly stating a preference.



For the avoidance of doubt Imagine Group do NOT support having FDD as a preference but can support FDD as an alternative.



rgds



Leo



Leo Lundy
Group CTO

Imagine Communications Group
Sandyford Business Centre
Sandyford Industrial Estate
Dublin 18
Ireland

t. +353 1 4377000 
f. +353 1 481 8401
e: leo.lundy@imaginegroup.ie
w. www.imagine.ie 
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Linkem
From: Fabio Panunzi Capuano [mailto:fabio.panunzi@linkem.com] 
Sent: 22. august 2013 23:19
To: Alexander Gulyaev
Cc: Panunzi Capuano, Fabio
Subject: CEPT Consultation on 3,5GHz Frequency Arrangement - Linkem Response



Dear Mr. Gulyaev,

as we had the chance to give evidence of in the last meeting in Berlin in May, Linkem is operating a national BWA TDD network in Italy composed by more than 3500 sectors on 1300 cell sites in the 3400-3600MHz band (we own directly and undirectly 84MHz of spectrum also through a lease agreement with the incumbent Telecom Italia).

After many years of studies about market, internet usage and applications, we have identified TDD technologies as the best ones to offer broadband services, as we have stated in our previous contributions sent to PT1.

During the ECC PT1 meeting in May in Berlin we have promoted our preference for TDD showing the reason why the industry is going in that direction and the reason why a decision on the harmonization in Europe must be taken in order not to lose the momentum for investments in network and devices.

Regarding the draft 49 report under consultation we have listed, in the attached document, our comments that you can find summarized below.



1. Linkem supports TDD as the preferred frequency arrangement.

1. Considering the draft Report 49 conclusions about channeling arrangement , Linkem supports removal of the word “slight” to clearly state a preference for TDD.

“The possibility of a preferred channeling arrangement for the 3,4-3,6 GHz band has been discussed by the ECC#34, as well as the possibility to have FDD and TDD on the same footing. The ECC identified a slight clear preference for TDD as the preferred frequency arrangement with FDD frequency arrangement as an alternative.”



Best Regards,



Fabio Panunzi Capuano





Head of Business Development and External Relations



LINKEM SPA

Viale Città D' Europa 681

00144 ROMA

Tel. +39 06 52 09 7001

Mob. +39 347 78 85 066
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NII Holdings, Inc.
[bookmark: _MailOriginal][bookmark: _GoBack]From: Shvodian, Bill [mailto:bill.shvodian@nii.com] 
Sent: 23. august 2013 17:40
To: Alexander Gulyaev
Subject: 3400-3600 MHz



Dear Sir, I work for NII Holdings, the parent of the Nextel wireless operators in Latin America.  We have a license for 50 MHz of 3.5 GHz spectrum in Mexico.  Even though our spectrum s 25+25 MHz paired, we are in favor of the TDD arrangement.  We hope that Europe chooses the TDD bandplan for 3400-3600 MHz and the world harmonizes on TDD in this band.  Thank you for your consideration. 



Sincerely,

Bill Shvodian, Ph.D.

Director of Standards and Strategic Spectrum

NII Holdings, Inc.

1875 Explorer Street

Suite 1000

Reston, VA  20190

O: +1 703 390 7171

M: +1 301 523 1538
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Optus
From: Brendan Jones [mailto:Brendan.Jones@optus.com.au] 
Sent: 23. august 2013 08:24
To: Alexander Gulyaev
Subject: CEPT public consultation of the 3.5 GHz frequency arrangements



Mr. Gulyaev,



[bookmark: _GoBack]In recent ECC meetings, the channeling arrangements for the 3400-3600 MHz band have been discussed. The current conclusion in draft CEPT report is that “the ECC identified a slight preference for TDD as the preferred frequency arrangement with FDD frequency arrangement as an alternative”. 



Optus is a significant holder of spectrum in the 3400-3600 MHz band.  We have a strong preference for TDD in this band (3GPP Band 42) rather than FDD variants (such as 3GPP Band 22).



Regards,



Dr Brendan Jones
Associate Director, Radio Access Strategy | Mobile Radio Engineering
Consumer | Optus
1 Lyonpark Road, Macquarie Park NSW 2113
T: 02 8087 0341 | M: 0411 077 877 | E: brendan.jones@optus.com.au 

Note: I work from home Tuesdays
[image: optus-yes]
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SFR
Comments on CEPT Report 49



Report from CEPT to the European Commission in response to the Mandate “Technical conditions regarding spectrum harmonisation for terrestrial wireless systems in the 3400-3800 MHz frequency band”



0	Sources

	

Administration/Company/Entity: SFR (Société Française du Radiotéléphone)

Name and Appointment of contributor: Sasan ROSTAMBEIK TAFRESHI, Thomas WELTER





1 	Comments on preferred frequency arrangement



SFR would like to thank ECC for granting the opportunity to industry to express views with regard to options for channelling arrangement in 3400-3600 MHz band.



SFR would like to express its support regarding the continuing efforts of Electronic Communications Committee (ECC) to implement harmonised frequency arrangements which will reduce development and implementation costs of manufacturing equipment and will secure future long terms investments by providing relevant economies of scale. 



In order to achieve these goals, we continue to believe that ECC should explicitly define TDD as the preferred frequency arrangement for 3400-3600 MHz band. We also believe that an equal treatment of both options for channelling argument, conversely, does not provide any regulatory guidance for equipment design and network deployment nor certainty to the industry for the usage of this band. This could lead to a fragmentation of the market and delay the roll-out of electronic communications networks in this band. 



Therefore, SFR would like to propose some necessary amendments to the CEPT Report 49 (see revision marks in the attachment,  additional texts are highlighted green) in order to explicitly define TDD plan as the preferred harmonised channelling arrangement for the bands 3400-3600 and 3600-3800 MHz.









Draft CEPT Report 49 for PC_SFR.docx




DRAFT CEPT REPORT 49 - Page 10


DRAFT CEPT REPORT 49 - Page 9

















Cover letter








At its latest meeting, ECC approved the draft CEPT Report 49 for public consultation. This CEPT Report has been developed in response to the EC Mandate 3400-3800 MHz[footnoteRef:1].  [1:  See ECC(12)INFO01 – EC mandate 3400-3800 MHz, ECC(12)007 Annex 7 – roadmap for responding to EC mandate 3400-3800 MHz] 






Preferred channeling arrangement for the 3400-3600 MHz


The possibility of a preferred channeling arrangement for the 3400-3600 MHz band has been discussed by the 34th ECC meeting, as well as the possibility to have FDD and TDD on the same footing. The ECC identified a slight preference for TDD as the preferred frequency arrangement with FDD frequency arrangement as an alternative.


ECC invites additional views before taking a final decision on a preferred frequency arrangement at the next ECC meeting. 





The responses should be forwarded to the European Communications Office: 
Mr Alexander Gulyaev (alexander.gulyaev@eco.cept.org) not later than the deadline indicated on the ECC consultation webpage. 





The responses will be considered at the next ECC meeting.  





BEM for 3400-3800 MHz 





The relevant part of the CEPT Report includes also the proposed BEM to be implemented in a future regulatory framework.





Please note that those BEM have been studied in the draft ECC Report 203 on “Least Restrictive Technical Conditions (BEM) suitable for Mobile/Fixed Communication Networks (MFCN), including IMT, in the frequency bands 3400-3600 MHz and 3600-3800 MHz”. ECC highlights that this ECC Report is also subject to public consultation.
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[bookmark: _Toc359584077]Executive summary


TASK 1 (Block Edge Mask)


The base station requirements are defined for base stations with different power levels, enabling network deployment with both macro cells and small cells.


The base station Block Edge Mask (BEM) requirements as described below may be relaxed whenever there are bilateral agreements between operators. The BEM has not been developed to protect other services or applications in the band, and only applies in blocks that have been licensed to MFCN according to the new harmonised frequency arrangement. In the figures below it is assumed for simplicity that all blocks have been licensed to MFCN.


Table 1 contains the different elements of the BEM in the 3400-3600 MHz and 3600-3800 MHz bands, together with the frequency regions where they apply. The guard bands apply in case of an FDD allocation in 3400-3600 MHz. It should be noted that whenever guard bands are mentioned in this report, it is understood that those apply only for an FDD allocation.


Tables 2 to 5 contain the power limits that apply for the different BEM elements. PMax is the maximum carrier power for the base station in question, measured as e.i.r.p.


To obtain a BEM for a specific block, these elements are combined as follows:


· For each 5 MHz interval in the 3400-3600 MHz and 3600-3800 MHz bands, used by MFCN according to the harmonised frequency arrangements, the BEM elements that apply have to be determined (there may be several).


· The most relaxed requirement of those defined in the interval in question has to be chosen.


In the following paragraphs the different BEM elements are described further.


BEM elements


			BEM element


			Region of applicability





			In-block 


			Block for which the BEM is derived 





			Baseline 


			Spectrum assigned for TDD and FDD UL and DL





			Transitional region 


			For FDD DL blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator. 


For TDD blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator, in spectrum that is not assigned to another operator, including the guard band 3590-3600 MHz, or in case of synchronized blocks with the same UL/DL configuration.





			Guard bands 


			3400-3410, 3490-3510 and 3590-3600 MHz (for an FDD allocation)























Baseline and guard band power limits


			BEM element


			Frequency range


			Power limit





			Baseline 


			FDD DL (3510-3590 MHz). 
Synchronized TDD blocks with the same UL/DL configuration (3400-3800 or 3600-3800 MHz). 


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna





			Baseline 


			FDD UL (3410-3490 MHz). 
TDD (3400-3800 or 3600-3800 MHz) (unless synchronized). 


			-34 dBm/5 MHz e.i.r.p. per cell(1)








			Guard band 


			3400-3410 MHz


			-34 dBm/5 MHz e.i.r.p. per cell





			Guard band 


			3490-3500 MHz


			-23 dBm/5 MHz e.i.r.p. per antenna





			Guard band 


			3500-3510 MHz


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p.  per antenna





			Guard band 


			3590-3600 MHz


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna








(1) In case of multiple antennas with different polarization, the power limit should be relaxed to -31 dBm/5 MHz e.i.r.p. per cell.





Additional baseline requirements for country specific cases


Additional base station baseline requirements for country specific cases


			Case


			BEM element


			Frequcy range


			Power limit





			A


			CEPT countries with military radiolocation systems below 3400 MHz


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation(1)


			-59 dBm/MHz e.i.r.p.(2)  





			B


			CEPT countries with military radiolocation systems below 3400 MHz


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation(1)


			-50 dBm/MHz e.i.r.p. (2)  





			C


			CEPT countries without adjacent band usage or with usage that does not need extra protection


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation


			Not necessary


(spurious levels from the standards apply)








(1) Administrations may choose to have a guard band below 3400 MHz. In that case the power limit may apply below the guard band only.


(2)  Administrations may select the limit from case A or B depending on the level of protection required for the radar in the region in question.





Cases A; B and C can be applied per region or country so that the adjacent band may have different levels of protection in different geographical areas, depending on the deployment of the adjacent band systems.


In-block power limit


			BEM element


			Frequency range


			Power limit





			In-block


			Block assigned to the operator


			Not obligatory. 
In case an upper bound is desired by an administration, a value of 68 dBm/5 MHz per antenna may be applied. 











For femto base stations, power control should be applied to minimize interference to adjacent channels.


Transitional region power limits


			BEM element


			Frequency range


			Power limit





			Transitional 


			-5 to 0 MHz offset from lower block edge 
0 to 5 MHz offset from upper block edge 


			Min(PMax – 40, 21) dBm/5 MHz 
e.i.r.p. per antenna





			Transitional 


			-10 to 5 MHz offset from lower block edge 5 to 10 MHz offset from upper block edge


			Min(PMax – 43, 15) dBm/5 MHz 
e.i.r.p. per antenna








Note: For TDD blocks the transitional region applies in case of synchronized adjacent blocks, and in-between adjacent TDD blocks that are separated by 5 or 10 MHz. The transition region does not extend below 3400 MHz or above 3800 MHz





Baseline limits


There are two different types of baseline levels. The first is defined for FDD downlink spectrum. This requirement is expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit. The stricter of the two requirements applies. The fixed level prevents interference from increasing in the region where the limit derived from the relative requirement is less stringent. The values are derived from BS – UE interference analysis, and are expressed as e.i.r.p. limits per antenna. 


When two TDD blocks are synchronized and have the same UL/DL configuration, there will be no BS – BS interference. In this case, the same baseline as for the FDD DL region is used. 


The second type of baseline is defined for FDD UL and TDD spectrum, and is expressed as a fixed limit only, calculated based on BS – BS interference. The e.i.r.p. limit is given per cell. When multiple antennas are used, 3 dB should be subtracted from the e.i.r.p. value due to the different polarizations of the antennas. An exception for this type of baseline can be negotiated between adjacent operators for femto base stations in the case where macro base stations are not used in its proximity. In that case -25 dBm/5MHz e.i.r.p. per cell may be used.


In Figure 1 the baseline levels are presented for a TDD-only allocation and in Figure 2 and for an allocation with both FDD (3400-3600 MHz) and TDD (3600-3800 MHz). The baseline in the TDD allocations corresponds to a scenario where all operators are synchronized and use the same UL/DL configuration.


Figure 3 describes how the relative level and the fixed level are combined.


[image: ]


Figure 1: Schematic description of baseline and guard band power levels for a TDD-only allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized.
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Figure 2: Schematic description of baseline and guard band power levels for a mixed FDD and TDD allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized.
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Figure 3: Combining the relative and the fixed limit for the baseline applying to FDD DL spectrum


Guard band limits


In the case of an FDD allocation there will be guard bands below the FDD UL, above the FDD DL, and in-between the FDD UL and DL, see Figure 2 above. For the guard band 3400-3410 MHz, the power limit is chosen to be the same as the baseline in the adjacent FDD UL spectrum, 3410-3490 MHz. Similarly, the baseline that applies in 3510-3590 MHz is also used in the guard band regions 3500-3510 MHz and 3590-3600 MHz. Finally, spurious requirements converted to 5 MHz bandwidth apply in the 3490-3500 MHz. 


In-block limits


The in-block power limit, as defined in Table 4 above, is not obligatory. The requirement on power control for femto base stations is because of the need to reduce interference from equipment that may be deployed by consumers and thus the exact location may not be known to the operators.


Different licensing approaches might be chosen by administrations to licence TDD spectrum. Examples for those are a regulatory approach with no frequency separation between the block edges of two adjacent unsynchronised TDD networks, a regulatory approach with unlicensed separation between the block edges of the two adjacent operators or the definition of restricted blocks.


Transitional region limits


The transitional region is defined to enable the reduction of power from the in-block level to the baseline or guard band levels, and is defined as in Table 5 above. The general shape of the transitional region is presented in Figure 4 below.


The requirements are defined for 5 MHz bandwidth, 0 to 5 MHz and 5 to 10 MHz offset from the upper and lower edges of an operator’s block. They are expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit, as for the baseline requirement in the FDD DL. The stricter of the two requirements applies. 


Combination of BEM elements


The BEM elements as described above are combined to provide a BEM for a particular block by choosing the most relaxed requirement of those that are defined for a frequency interval. Figure 4 provides an example of such a combination of BEM elements for an FDD block in the lower part of the FDD DL spectrum. 


			[image: ]











Figure 4: Combined BEM elements for an FDD block starting at 3510 MHz





UE In-block requirement


This report provides a recommended upper limit of 25dBm e.i.r.p. for the in-block power of the terminals.  


Co-existence with other services than MFCN


Co-existence studies for other services than MFCN have been carried out for both in-band and out-of-band scenarios. The in-band services considered are FSS, FS and BWA and the out-of-band services are civil and military Radiolocation. 


No single separation distance, guard band or signal strength limit can be provided for FSS and FS to ensure co-existence with MFCN.


It is assumed that BWA systems are similar to MFCN systems and that BWA can co-exist under the new BEM licensing regime.


In some CEPT countries military radiolocation systems that are deployed below 3400 MHz need a fixed limit for protection from base station interference (cases A and B in Table 3). For the MFCN base stations             -59dBm/MHz is defined in Table 3. Other mitigation measures like geographical separation, coordination on a case by case basis or an additional guard band may be necessary for a TDD allocation.


For UEs other mitigation measures will be necessary such as e.g. geographical separation or an additional guard band for both FDD or TDD allocation.





TASK 2 (Channelling Arrangements)


· Preferred Harmonised frequency arrangement for the bands 3400-3800 MHz





In this report CEPT has assessed and justified the need to introduce channeling arrangements in the 3400-3800 MHz band to develop a harmonised solution that is sufficiently precise for the development of EU-wide equipment.





For the 3400-3600 MHz band the  twoharmonised channeling arrangements is composed  have been introduced: one comprising of a 200 MHz TDD plan. ,For the 3600-3800 MHz band the harmonized channeling arrangement  is composed  of a 200 MHz TDD plan (see Figure 5 and 7 below respectively and Section 3.1.4.3 and 3.1.4.4 of this report for details).





· Approaches for individual administrations to meet specific national circumstances in the band 3400-3600 MHz





[bookmark: _GoBack]Administrations which do not wish to use the preferred harmonised frequency arrangement for the band 3400-3600 MHz, may consider an alternative channelling arrangement based on the 2x80 MHz FDD plan (see Figures 7 below and Section 3.1.4.4 of this report for details).  the other one comprising of the 2x80 MHz FDD plan (see Figures 6 and 7 below respectively and Section 3.1.4.4 of this report for details).














· Option A: CEPT has identified the frequency arrangement for the 3400-3600 MHz band based on TDD as described in Annex 1 of ECC/DEC/(11)06 as the preferred frequency arrangement. A frequency arrangement based on FDD as described in Annex 2 of ECC/DEC/(11)06 is provided as an alternative.





· Option C: CEPT has decided to maintain both frequency arrangements without indicating any preference. ECC/DEC/(11)06 to be revised to remove Decides 3.





For the 3600-3800 MHz band one channeling arrangement has been introduced comprising of a 200 MHz TDD plan (see Figure 5 below and Section 3.1.4.3 of this report for details).
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Figure 5: Harmonised Frequency arrangement for the 3400-3600 MHz band based on TDD








[image: ]


Figure 6: Harmonised frequency arrangement for the 3600-3800 MHz band based on TDD
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Figure 7: Frequency arrangement for the 3400-3600 MHz band based on TDD
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Figure 8: Frequency arrangement for the 3400-3600 MHz band based on FDD
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			BWA


			Broadband Wireless Access systems 
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			EC
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[bookmark: _Toc359584078]Introduction


The European Commission has issued a Mandate to CEPT on technical conditions regarding spectrum harmonisation for terrestrial wireless systems in the 3400-3800 MHz frequency band (see Annex 3) to review and amend the technical conditions for the harmonised use of the 3400-3800 MHz frequency band in order to adapt them to the latest developments in technology by preserving flexibility of use in line with the WAPECS approach, including the updating of the Block Edge Mask (BEM) and introducing harmonised frequency arrangements.


CEPT is mandated to undertake the following tasks:


1) “Assess and justify any need to revise the common minimal (least restrictive) technical conditions, including BEM, which underlie the harmonised use of in the 3400-3800 MHz frequency band in the EU and, if necessary, identify modified conditions in view of accommodating developments in wireless broadband access technology in particular larger bandwidths. These conditions should be sufficient to avoid interference, facilitate cross-border coordination, and ensure co-existence with other existing systems and services in the same band and adjacent bands.”


2) “Assess and justify any need to introduce channelling arrangements in addition to (1) and, if necessary, develop a harmonised solution that is sufficiently precise for the development of EU-wide equipment.”


CEPT has developed a roadmap to structure the work in response to this Mandate to address the following issues:


a) assess and justify any need to revise the common minimal (least restrictive) technical conditions including BEM


b) identify modified conditions in view of accommodating developments in wireless broadband access technology in particular larger bandwidths


c) assess and justify any need to introduce channeling arrangements in addition to the LRTC (BEM)


d) if necessary, develop a harmonised solution that is sufficiently precise for the development of EU-wide equipment.





			


			





			


			





			


			





			


			








[bookmark: _Toc359584079][bookmark: _Ref274743743]task 1 of the mandate (Block edge mask)


[bookmark: _Toc359584080]Justification for the need to revise the existing BEM


Regarding the work on issue (a) (see Introduction), ECC agreed on the justification for the need to revise the common minimal (least restrictive) technical conditions including BEM. The justification being the following:


In 2004 ECC adopted ECC/REC/ (04)05 [2] on “Guidelines for accommodation and assignment of Multipoint Fixed Wireless systems in frequency bands 3400-3600 MHz and 3600-3800 MHz” and in 2007 ECC/DEC/(07)02 [1] on “Availability of frequency bands between 3400-3800 MHz for the harmonised implementation of Broadband Wireless Access systems (BWA)”. In 2008 the BEM contained in ECC/REC/(04)05 [2] were included in the Commission Decision 2008/411/EC [3] on the harmonisation of the 3400-3800 MHz frequency band for terrestrial systems capable of providing electronic communications services in the Community.


WRC-07 identified the band 3400-3600 MHz for IMT, so ECC developed band plans for MFCN systems including IMT (see ECC/DEC/(11)06 [4]). 


ECC analyzed the existing BEM contained in ECC/REC/(04)05 [2], which were developed for PMP FWS systems in 2004 and concluded that it is not suitable for the introduction of MFCN systems including IMT in the 3400-3600 MHz band, due to the following reasons:


· The BEM available have been designed to ensure co-existence between PMP FWS applications only.


· The BEM were derived with the assumption of an internal guard band (half a channel width).


· The effect of blocking was not considered for establishing the BEM (which may lead to more stringent masks).


· The BEM may not even be suitable when PMP FWS are based on adjacent TDD blocks.


· The BEM is developed under the assumption that a high gain antenna leads to a lower probability of interference than a low gain antenna. While that might be appropriate for Fixed Wireless Systems, it is certainly inappropriate for other types of MFCN systems.


· The ETSI SEM (for 3GPP band class 7/38) do not allow an operation to fit to the BEM. It is anticipated that the SEMs of IMT-Advanced systems would not allow an operation to fit the BEM of the ECC/REC/(04)05 [2] as well (due to their large bandwidths).


· The existing 3.5 GHz BEM is justified in cases, where there is no commonly agreed band plan and maximum flexibility is needed (like the case of BWA deployments). When band plans are available and adopted, there is no need for the unnecessarily tight BEM but it should be adjusted to the more harmonised conditions in order to facilitate affordable equipment, maximise the spectrum efficiency (e.g. by reduced guard bands) and thus maximize the available amount of spectrum.


The technical analysis is provided in Annex 1 of this report.


[bookmark: _Toc359584081]Development of the new BEM


In this report the BEM was derived from a minimum coupling loss (MCL) analysis and simulations.


For the purposes of this report the term “BWA” (Broadband Wireless Access) refers to legacy BWA systems licenced under the existing 3400-3600 MHz licencing regimes as described in ECC/DEC/(07)02 or 2008/411/EC. The term “MFCN” (Mobile/fixed communications networks) includes IMT and other communications networks in the mobile and fixed services and for the purposes of this report refers to radio communication systems which should comply with the BEM defined in this report.


The base station BEM requirements as described below may be relaxed whenever there are bilateral agreements between operators. The BEM has not been developed to protect other services or applications in the band, and only applies in blocks that have been licensed to MFCN according to the new harmonised frequency arrangement. In the figures below it is assumed for simplicity that all blocks have been licensed to MFCN.


Figure 8 describes a general BEM. Table 6 contains the different elements of the BEM in the 3400-3600 MHz and 3600-3800 MHz bands, together with the frequency regions where they apply. The guard bands apply in case of an FDD allocation in 3400-3600 MHz. It should be noted that whenever guard bands are mentioned in this report, it is understood that those apply only for an FDD allocation.


Tables 7 to 10 contain the power limits that apply for the different BEM elements. PMax is the maximum carrier power for the base station in question, measured as e.i.r.p.


To obtain a BEM for a specific block, these elements are combined as follows:


· For each 5 MHz interval in the 3400-3600 MHz and 3600-3800 MHz bands, used by MFCN according to the harmonised frequency arrangements, the BEM elements that apply have to be determined (there may be several).


· The most relaxed requirement of those defined in the interval in question has to be chosen.


In the following paragraphs the different BEM elements are described further.
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Figure 9: Illustration of a general block-edge mask


BEM elements


			BEM element


			Region of applicability





			In-block 


			Block for which the BEM is derived 





			Baseline 


			Spectrum assigned for TDD and FDD UL and DL





			Transitional region 


			For FDD DL blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator. 


For TDD blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator, in spectrum that is not assigned to another operator, including the guard band 3590-3600 MHz, or in case of synchronized blocks with the same UL/DL configuration.





			Guard bands 


			3400-3410, 3490-3510 and 3590-3600 MHz (for an FDD allocation)











Baseline and guard band power limits


			BEM element


			Frequency range


			Power limit





			Baseline 


			FDD DL (3510-3590 MHz). 
Synchronized TDD blocks with the same UL/DL configuration (3400-3800 or 3600-3800 MHz). 


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna





			Baseline 


			FDD UL (3410-3490 MHz). 
TDD (3400-3800 or 3600-3800 MHz) (unless synchronized). 


			-34 dBm/5 MHz e.i.r.p. per cell(1)








			Guard band 


			3400-3410 MHz


			-34 dBm/5 MHz e.i.r.p. per cell








			Guard band 


			3490-3500 MHz


			-23 dBm/5 MHz e.i.r.p. per antenna





			Guard band 


			3500-3510 MHz


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p.  per antenna





			Guard band 


			3590-3600 MHz


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna








(1) In case of multiple antennas with different polarization, the power limit should be relaxed to -31 dBm/5 MHz e.i.r.p. per cell.





Additional baseline requirements for country specific cases


Additional base station baseline requirements for country specific cases


			Case


			BEM element


			Frequcy range


			Power limit





			A


			CEPT countries with military radiolocation systems below 3400 MHz


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation(1)


			-59 dBm/MHz e.i.r.p.(2)  





			B


			CEPT countries with military radiolocation systems below 3400 MHz


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation(1)


			-50 dBm/MHz e.i.r.p. (2)  





			C


			CEPT countries without adjacent band usage or with usage that does not need extra protection


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation


			Not necessary


(spurious levels from the standards apply)








(1) Administrations may choose to have a guard band below 3400 MHz. In that case the power limit may apply below the guard band only.


(2)  Administrations may select the limit from case A or B depending on the level of protection required for the radar in the region in question.


Cases A; B and C can be applied per region or country so that the adjacent band may have different levels of protection in different geographical areas, depending on the deployment of the adjacent band systems.


In-block power limit


			BEM element


			Frequency range


			Power limit





			In-block


			Block assigned to the operator


			Not obligatory. 
In case an upper bound is desired by an administration, a value of 68 dBm/5 MHz per antenna may be applied. 











For femto base stations, power control should be applied to minimize interference to adjacent channels.


Transitional region power limits


			BEM element


			Frequency range


			Power limit





			Transitional 


			-5 to 0 MHz offset from lower block edge 
0 to 5 MHz offset from upper block edge 


			Min(PMax – 40, 21) dBm/5 MHz 
e.i.r.p. per antenna





			Transitional 


			-10 to 5 MHz offset from lower block edge 5 to 10 MHz offset from upper block edge


			Min(PMax – 43, 15) dBm/5 MHz 
e.i.r.p. per antenna








Note: For TDD blocks the transitional region applies in case of synchronized adjacent blocks, and in-between adjacent TDD blocks that are separated by 5 or 10 MHz. The transition region does not extend below 3400 MHz or above 3800 MHz.





Baseline limits


There are two different types of baseline levels. The first is defined for FDD downlink spectrum. This requirement is expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit. The stricter of the two requirements applies. The fixed level prevents interference from increasing in the region where the limit derived from the relative requirement is less stringent. The values are derived from BS – UE interference analysis, and are expressed as e.i.r.p. limits per antenna. 


When two TDD blocks are synchronized and have the same UL/DL configuration, there will be no BS – BS interference. In this case, the same baseline as for the FDD DL region is used. 


The second type of baseline is defined for FDD UL and TDD spectrum, and is expressed as a fixed limit only, calculated based on BS – BS interference. The e.i.r.p. limit is given per cell. When multiple antennas are used, 3 dB should be subtracted from the e.i.r.p. value due to the different polarizations of the antennas. An exception for this type of baseline can be negotiated between adjacent operators for femto base stations in the case where macro base stations are not used in its proximity. In that case -25 dBm/5MHz e.i.r.p. per cell may be used.


In Figure 9 the baseline levels are presented for a TDD-only allocation and in Figure 10 and for an allocation with both FDD (3400-3600 MHz) and TDD (3600-3800 MHz). The baseline in the TDD allocations corresponds to a scenario where all operators are synchronized and use the same UL/DL configuration.


Figure 11 describes how the relative level and the fixed level are combined.
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Figure 10: Schematic description of baseline and guard band power levels for a TDD-only allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized.
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Figure 11: Schematic description of baseline and guard band power levels for a mixed FDD and TDD allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized.
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Figure 12: Combining the relative and the fixed limit for the baseline applying to FDD DL spectrum


Guard band limits


In the case of an FDD allocation there will be guard bands below the FDD UL, above the FDD DL, and in-between the FDD UL and DL, see Figure 10 above. For the guard band 3400-3410 MHz, the power limit is chosen to be the same as the baseline in the adjacent FDD UL spectrum, 3410-3490 MHz. Similarly, the baseline that applies in 3510-3590 MHz is also used in the guard band regions 3500-3510 MHz and 3590-3600 MHz. Finally, spurious requirements converted to 5 MHz bandwidth apply in the 3490-3500 MHz. 


In-block limits


The in-block power limit, as defined in Table 9 above, is not obligatory. The requirement on power control for femto base stations is because of the need to reduce interference from equipment that may be deployed by consumers and thus the exact location may not be known to the operators.


Different licensing methodologies might be chosen by administrations to licence TDD spectrum. Examples for those are a regulation methodology with no frequency separation between the block edges of two adjacent unsynchronised TDD networks, a regulation methodology with unlicensed separation between the block edges of the two adjacent operators or the definition of restricted blocks.


Transitional region limits


The transitional region is defined to enable the reduction of power from the in-block level to the baseline or guard band levels, and is defined as in Table 10 above. The general shape of the transitional region is presented below in Figure 12.


The requirements are defined for 5 MHz bandwidth, 0 to 5 MHz and 5 to 10 MHz offset from the upper and lower edges of an operator’s block. They are expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit, as for the baseline requirement in the FDD DL. The stricter of the two requirements applies. 


Combination of BEM elements


The BEM elements as described above are combined to provide a BEM for a particular block by choosing the most relaxed requirement of those that are defined for a frequency interval. Figure 12 provides an example of such a combination of BEM elements for an FDD block in the lower part of the FDD DL spectrum. 
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Figure 13: Combined BEM elements for an FDD block starting at 3510 MHz


UE In-block requirement


This report provides a recommended upper limit of 25dBm e.i.r.p. for the in-block power of the terminals.  


Co-existence with other services than MFCN


Co-existence studies for other services than MFCN have been carried out for both in-band and out-of-band scenarios. The in-band services considered are FSS, FS and BWA and the out-of-band services are civil and military Radiolocation.


The conclusions are as follows:


BWA


For the purpose of co-existence, it is assumed that BWA systems as defined above are similar to MFCN systems. Therefore no studies were carried out for MFCN – BWA co-existence.


Fixed Service


MFCN applies to all Mobile and Fixed communication networks including point-to-point Fixed links.


Due to the varying characteristics of different types of FS systems and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with mobile systems. Co-existence can be achieved through co-ordination on a case-by-case basis. Based on the results of analysis of both directions of interference (mobile service interfering into P-P and vice-versa) some general observations can be made. Overlapping-channel sharing meaning any opverlap between spectrum of interfering and interfered signals) between the mobile service and P-P links is not feasible in the same geographical area. Consequently if spectrum is used ubiquitously by the FS it cannot be used by the mobile service in the same region. With larger frequency separation and distances coordination is needed, depending on the characteristics of the mobile and the P-P services.


The studies that were carried out in ECC Report 302 on 3.5 MHz [12] take into account a single interferer. In the case of multiple interferers the co-existence could be more difficult to achieve.


Also interference from FS systems to mobile systems may exceed the acceptable interference level.


The similarities between Mobile Systems and P-MP Fixed Systems indicate that the results for mobile – mobile adjacent channel co-existence largely apply to the mobile – P-MP scenario as well. In case of BS – BS interference additional measures may thus be necessary, such as frequency separation and/or additional filters, whereas otherwise co-existence is expected to be possible without such measures. 


Fixed Satellite Service


Due to the varying characteristics of different types of FSS earth stations and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with MFCN. Co-existence should be achieved through co-ordination on a case-by-case basis, assuming FSS earth stations locations are known. However, some general observations can be made. Separation distances for co-existence vary considerably depending on type of equipment and deployment (e.g. tilt and clutter), but can be large. User equipment impact earth stations less than base stations, so separation that prevents interference from base stations will also protect earth stations from UE interference. There are several mitigation techniques that can be applied, in particular site shielding of earth stations. Interference from FSS satellites to MFCN may exceed the acceptable interference level, but in most cases only by a small margin.


Radiolocation


Due to the varying characteristics of different types of radar stations and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with MFCN, but some representative examples are provided. Co-existence should be achieved through co-ordination on a case-by-case basis. However, some general observations can be made for non-overlapping adjacent channels. For airborne radars the required separation distance is approximately 0 km, depending on the radar type and antenna type. For land-based/ship-borne radars the required separation distance is less than 1 km, depending on the radar type and antenna type. A frequency separation analyses concludes that for a 5 km separation, and considering wideband IMT-Advanced interference to wideband radars, the required frequency separation varies between 14 and 65 MHz, depending on radar type and scenario.


There are mitigation techniques which can reduce the separation distance or frequency separation required. In particular, for adjacent channel/adjacent band interference, improved receiver performance and decreased unwanted emissions can be efficient.


Regarding interference from radars to MFCN networks, installation of systems closer than approximately 5 km from the radar should be coordinated. It is necessary to establish a protection distance of approximately 11 km in some areas. Considering blocking effects, the radar may impact MFCN systems up to a distance of 30 km.


The analysis did not take into account the fact that radar antennas rotate and therefore only affect a particular MFCN base station or UE intermittently.


Adjacent band limit in the case of adjacent band usage by military systems


In some CEPT countries military radiolocation systems that are deployed below 3400 MHz need a fixed limit for protection from base station interference (cases A and B in Table 8). Other mitigation measures like geographical separation, coordination on a case by case basis or an additional guard band may be necessary for a TDD allocation.


For UEs other mitigation measures will be necessary such as e.g. geographical separation or an additional guard band for both FDD or TDD allocation.





[bookmark: _MON_1285142961][bookmark: _MON_1285169829][bookmark: _Toc359584082] task 2 of the mandate (channelling arrangements)


[bookmark: _Toc359584083]Channelling arrangements in the 3400-3600 MHz and 3600-3800 MHz


The aim of this section is to assess and justify the need to introduce channelling arrangements in addition to the BEM developed as task 1 of the mandate. The channelling arrangements should be sufficiently precise to enable the development of EU-wide equipment.


In the year 2011 CEPT approved ECC/DEC/(11)06 [4] that precisely provides channelling arrangements in the 3400-3600 MHz and 3600-3800 MHz frequency bands. The reasoning and justification that led to the improvement of the regulatory framework in terms of channelling arrangements is used as basis for this section.


In the year 2013 the frequency arrangement in the 3400-3600 MHz was subject to a review with the aim to identify a preferred frequency arrangement as set out in Decides 3 of ECC/DEC/(11)06.


The possibility of a preferred channelling arrangement for the 3,4-3,6 GHz band has been discussed by the ECC#34, as well as the possibility to have FDD and TDD on the same footing. The ECC identified a  preference for TDD as the harmonised frequency arrangement with FDD frequency arrangement as an alternative. 





Option A: CEPT has identified the frequency arrangement for the 3400-3600 MHz band based on TDD as described in Annex 1 of ECC/DEC/(11)06 as the preferred frequency arrangement. A frequency arrangement band based on FDD as described in Annex 2 of ECC/DEC/(11)06 is provided as an alternative.


Option C: CEPT has decided to maintain both frequency arrangements without indicating any preference. ECC/DEC/(11)06 to be revised to remove Decides 3.


[bookmark: _Toc359584084]Background information


Any harmonised frequency arrangements for the 3400-3800 MHz band should facilitate high data rate mobile/fixed communications networks (MFCN) including International Mobile Telecommunications (IMT) services supported by larger channel bandwidths as an evolution to the existing framework without the consequential requirement for a replacement of systems based on the existing regulatory framework. It aims at providing the basis to the mobile industry and administrations to respond to the growth of mobile broadband and technological developments for wider channel bandwidths and increased data rates.


At WRC-07, the 3400-3600 MHz band was allocated on a primary basis to the mobile, except aeronautical mobile, service and identified for IMT in almost all CEPT member countries.


The term IMT covers IMT-2000 and IMT-Advanced systems. A wide range of systems are defined under this term: 6 IMT-2000 radio interfaces and 2 IMT-Advanced radio interfaces ensure a competitive environment.


Recommendation ITU-R M.1036 [5] on frequency arrangements for implementation of the terrestrial component of IMT has been revised in 2012 to include, among others, the arrangements for the 3400-3600 MHz band.


At the beginning of 2012, ITU-R agreed on the IMT-Advanced technologies in cooperation with standardisation organisations paving the way for future mobile broadband usage going beyond IMT-2000.


The ECO (formerly ERO) carried out a survey in 2008 [8] which found diverse implementations of BWA/FWA within 3400-3800 MHz in CEPT countries, including some IMT systems. This is reflected in various licensing coverage (national, regional) and various frequency blocks choices (different portions of the 3400-3800 MHz band). Moreover, this survey showed that paired blocks are used or planned to be used in TDD mode in some countries.


As far as practicable, the frequency arrangements in ECC/DEC/(11)06 [4] are intended to be technology neutral and capable of facilitating competitive provision of services using a range of technologies and modes (fixed, nomadic and mobile) with sufficient flexibility to accommodate current wireless broadband services deployed in the band.


When developing these channelling arrangements, ECC considered the following CEPT regulatory framework that is in force for broadband and fixed wireless access systems (BWA/FWA) in the 3400-3800 MHz band:


ECC/REC/(04)05 [2] that offers guidelines for accommodation and assignment of multipoint fixed wireless systems in the frequency bands 3400-3600 MHz and 3600-3800 MHz;


ECC/DEC/(07)02 [1] on availability of frequency bands between 3400-3800 MHz for the harmonised implementation of Broadband Wireless Access systems (BWA). This Decision refers to ECC/REC/(04)05 [2] for frequency arrangements.


Annex 2 of this CEPT Report provides a comparison of the various ECC deliverables for the 3400-3800 MHz band.


[bookmark: _Toc359584085]EC context


The existing Commission Decision 2008/411/EC [3] on the harmonisation of the 3400-3800 MHz frequency band for terrestrial systems capable of providing electronic communications services in the Community is based on the results of studies in response to EC mandates that are documented in CEPT Reports 15 and 19 (which defines least restrictive technical conditions for the 3400-3800 MHz band).


Under the scope of this EC mandate (Task 1) CEPT is conducting additional analysis to determine whether the existing least restrictive technical conditions (BEM) are suitable also for the high data rate IMT services supporting larger channel bandwidths.


[bookmark: _Toc359584086]General justification for harmonised frequency arrangements


It was recognised by the ECC that implementation of MFCN including IMT systems providing high data rate applications in the band 3400-3800 MHz based on a harmonised frequency arrangement will maximise the opportunities and benefits for end users and society, reduce development and implementation costs of equipment and will secure future long term investments by providing economies of scale. Harmonised frequency arrangements facilitate economies of scale resulting in the availability of affordable equipment. A harmonised frequency arrangement will also reduce complexity in cross border coordination. Global roaming is facilitated by common frequency arrangements and measures for free circulation for IMT terminals. The opportunity to utilize larger channel bandwidths will support the provision of high data rates for IMT (especially with IMT-Advanced).


[bookmark: _Toc359584087]Justification of channeling arrangements in ECC/DEC/(11)06


[bookmark: _Toc359584088]Block size


ECC/DEC/(11)06 [4] chose to use block sizes of 5 MHz. It was considered that spectrum licensed for MFCN is generally assigned in multiples of 5 MHz, except where this is not possible, e.g. due to the presence of existing users. This block size enables (by combination of adjacent blocks) to utilize larger channel bandwidths creating the possibility to provide high data rates for IMT (especially with IMT-Advanced). Channel bandwidths such as 10, 20 and 40 MHz or more that could be accommodated in the bands 3400-3600 MHz and 3600-3800 MHz will enable higher data rates.


[bookmark: _Toc359584089]Sub-bands 3400-3600 MHz and 3600-3800 MHz are treated separately


The two sub-bands are treated as separate bands considering that they are treated differently in the Radio Regulations context and that the incumbent use of spectrum for each sub-band varies. For instance use of these two sub-bands for Fixed Satellite Service (FSS) is not the same (the band 3600-3800 MHz is used for FSS more intensively than the band 3400-3600 MHz).


[bookmark: _Toc359584090]Channeling arrangement for the sub-band 3600-3800 MHz


A TDD band plan has been chosen for this sub-band. It was considered that TDD may allow more flexible accommodation of current use of the frequency bands by other services. There is more flexibility to create “holes” in the band to protect incumbent users, as these holes are not replicated in the UL/DL band as is the case for FDD. For example TDD allows more efficient spectrum use when taking into account existing fixed satellite usage in case of geographical sharing. This is especially relevant to the 3600-3800 MHz band since this band is more intensively used for FSS than the band 3400-3600 MHz.


The TDD arrangement is based on a block size of 5 MHz starting at the lower edge of 3600 MHz (see Figure 13 below). If blocks need to be offset to accommodate other uses, the raster should be 100 kHz. Narrower blocks can be defined adjacent to other users, to allow full use of spectrum. It has to be noted that TDD in one extreme case also covers downlink only operation.
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Figure 14: Harmonised frequency arrangement for the 3600-3800 MHz band based on TDD


[bookmark: _Toc359584091]Channeling arrangements for the sub-band 3400-3600 MHz


· Preferred Harmonised frequency arrangement for the bands 3400-3600 MHz





In this report CEPT has assessed and justified the need to introduce channelling arrangements in the 3400-3600 MHz band to develop a harmonised solution that is sufficiently precise for the development of EU-wide equipment.





For the 3400-3600 MHz band the harmonised channelling arrangement is composed of a 200 MHz TDD plan. (see Figure 14).


It is also noted in ECC/DEC/(11)06 [4] that although there are licensed paired frequency arrangements in many CEPT countries, TDD systems are currently used in a number of those countries in the band 3400-3600 MHz due to the better availability of TDD systems.


Figure 14 below is the frequency arrangement based on TDD duplex mode. The block size is 5 MHz starting at the lower edge of 3400 MHz. If blocks need to be offset to accommodate other users, the raster should be 100 kHz. Narrower blocks can be defined adjacent to other users, to allow full use of spectrum. It has to be noted that TDD in one extreme case also covers downlink only operation.
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Figure 15:  Harmonised Frequency arrangement for the 3400-3600 MHz band based on TDD





· Approaches for individual administrations to meet specific national circumstances 





Administrations which do not wish to use the preferred harmonised frequency arrangement, may consider an alternative channelling arrangement based on the 2x80 MHz FDD plan (see Figures 15). The ECC Decision contains two band plans (FDD and TDD) for the 3400-3600 MHz band.











Option A: CEPT has identified the frequency arrangement for the 3400-3600 MHz band based on TDD as described in Annex 1 of ECC/DEC/(11)06 as the preferred frequency arrangement. A frequency arrangement band based on FDD as described in Annex 2 of ECC/DEC/(11)06 is provided as an alternative.





Option C: CEPT has decided to maintain both frequency arrangements without indicating any preference. ECC/DEC/(11)06 to be revised to remove Decides 3.





It is also noted in ECC/DEC/(11)06 [4] that although there are licensed paired frequency arrangements in many CEPT countries, TDD systems are currently used in a number of those countries in the band 3400-3600 MHz due to the better availability of TDD systems.


Figure 14 below is the frequency arrangement based on TDD duplex mode. The block size is 5 MHz starting at the lower edge of 3400 MHz. If blocks need to be offset to accommodate other users, the raster should be 100 kHz. Narrower blocks can be defined adjacent to other users, to allow full use of spectrum. It has to be noted that TDD in one extreme case also covers downlink only operation.


[image: ]


Figure 16:  Frequency arrangement for the 3400-3600 MHz band based on TDD


Figure 15 below shows an alternative is the frequency arrangement based on FDD. The block size is 5 MHz starting at the lower edge of 3410 MHz. The sub-band 3410-3490 MHz is used for the uplink, the sub-band 3510-3590 MHz is used for the downlink. The resulting duplex gap is 20 MHz (3490-3510 MHz). If blocks need to be offset to accommodate other uses, the raster should be 100 kHz. Narrower blocks can be defined adjacent to other users, to allow full use of spectrum.
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Figure 17: Alternative Frequency arrangement for the 3400-3600 MHz band based on FDD 


[bookmark: _Toc359584092]Key principles related to the coordination of MFCN and FSS


There are currently 170 fixed satellite earth stations authorized within the EU Member States (deployed on 78 sites). As such, they are protected by Member States against harmful interference.


For MFCN and FSS coordination, similar principles can be used as for BWA and FSS coordination. Indeed in the case of BWA, the “central stations” are coordinated with the FSS earth stations. This implies that all the (fixed) terminal stations, operating under the control of central stations are consequently coordinated under the umbrella of the central stations (this typically requires to slightly extend the coordination distances). The same idea can be applied to MFCN where the BWA terminal stations are now replaced with mobile terminal stations that also operate under the control of the base stations (which need to be coordinated with the FSS stations).


[bookmark: _Toc359584093]Key principles for coordination between FSS and MFCN


The following key principles related to the coordination between Mobile/Fixed Communication Network stations and Fixed-Satellite Service (FSS) Earth stations should be implemented at national level in order to ensure coordination between these systems: 


1. Frequency coordination is primarily concerned with local implementation, local propagation conditions and local licensed use of the shared band. This is best dealt with by national administrations;


2. Some administrations have effective co-ordination arrangements in place. The implementation of these guidelines is at the discretion of the national administrations to the extent this may help them;


3. The key objectives of co-ordination processes are maximising efficient use of the available spectrum for the benefit of the EU whilst protecting existing licensed uses of the band;


4. Coordination processes and associated protection should only apply to registered/licensed spectrum users;


5. Data exchange and coordination processes are mutual and reciprocal to all band users;


6. Data on registered use of the band should be available to all users under relevant legal protections and confidentiality obligations;


7. The coordination process must be both accurate and fast to enable all operators to efficiently plan spectrum utilisation and network deployments;


8. Operators should have access to registered band usage to maximise the successful coordination of spectrum through propagation modelling without physical measurement at the planning stage;


9. All parties are responsible for the efficient use of spectrum. In deploying new MFCN stations and new FSS Earth stations, operators should be cognisant of the need to minimise constraints on the other service;


10. These guidelines primarily relate to co-ordination within national boundaries. For the situation where MFCN  and FSS stations are within the territories of different administrations, the use of these guidelines within bilateral agreements may help to expedite cross border co-ordination[footnoteRef:2]; [2:  For cross-border coordination with non-EU administrations not listed in the 5.430A footnote of RR the provisions of this footnote should be taken into account.] 



11. All parties should undertake reasonable efforts to successfully complete the coordination exercise as quickly as possible;


12. Either party has the inherent right to refer the co-ordination to the relevant NRA(s) if agreement cannot be reached.


[bookmark: _Toc359584094]Conclusions


With this report CEPT replies to the Mandate from the European Commission “Technical Conditions regarding spectrum harmonisation for terrestrial wireless systems in the 3400-3800 MHz frequency band” (provided in Annex 3).


[bookmark: _Toc359584095]Task 1 (Block Edge Mask)


The justification for the development of new BEM is included in Section 2.1 of this report.


The resulting new BEM is outlined in Section 2.2 of this report.


In this report the BEM was derived from a minimum coupling loss (MCL) analysis and simulations.


For the purposes of this report the term “BWA” (Broadband Wireless Access) refers to legacy BWA systems licenced under the existing 3400-3600 MHz licencing regimes as described in ECC/DEC/(07)02 [1] or 2008/411/EC [3]. The term “MFCN” (Mobile/fixed communications networks) includes IMT and other communications networks in the mobile and fixed services and for the purposes of this report refers to radio communication systems which should comply with the BEM defined in this report.


The base station BEM requirements as described below may be relaxed whenever there are bilateral agreements between operators. The BEM has not been developed to protect other services or applications in the band, and only applies in blocks that have been licensed to MFCN according to the new harmonised frequency arrangement. In the figures below it is assumed for simplicity that all blocks have been licensed to MFCN.


Figure 16 describes a general BEM. 
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Figure 18: Illustration of a general block-edge mask


Table 11 contains the different elements of the BEM in the 3400-3600 MHz and 3600-3800 MHz bands, together with the frequency regions where they apply. The guard bands apply in case of an FDD allocation in 3400-3600 MHz. It should be noted that whenever guard bands are mentioned in this report, it is understood that those apply only for an FDD allocation.


Tables 12 to 15 contain the power limits that apply for the different BEM elements. PMax is the maximum carrier power for the base station in question, measured as e.i.r.p.


To obtain a BEM for a specific block, these elements are combined as follows:


· For each 5 MHz interval in the 3400-3600 MHz and 3600-3800 MHz bands, used by MFCN according to the harmonised frequency arrangements, the BEM elements that apply have to be determined (there may be several).


· The most relaxed requirement of those defined in the interval in question has to be chosen.


In the following paragraphs the different BEM elements are described further.


BEM elements


			BEM element


			Region of applicability





			In-block 


			Block for which the BEM is derived 





			Baseline 


			Spectrum assigned for TDD and FDD UL and DL





			Transitional region 


			For FDD DL blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator. 


For TDD blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator, in spectrum that is not assigned to another operator, including the guard band 3590-3600 MHz, or in case of synchronized blocks with the same UL/DL configuration.





			Guard bands 


			3400-3410, 3490-3510 and 3590-3600 MHz (for an FDD allocation)











Baseline and guard band power limits


			BEM element


			Frequency range


			Power limit





			Baseline 


			FDD DL (3510-3590 MHz). 
Synchronized TDD blocks with the same UL/DL configuration (3400-3800 or 3600-3800 MHz). 


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna





			Baseline 


			FDD UL (3410-3490 MHz). 
TDD (3400-3800 or 3600-3800 MHz) (unless synchronized). 


			-34 dBm/5 MHz e.i.r.p. per cell(1)








			Guard band 


			3400-3410 MHz


			-34 dBm/5 MHz e.i.r.p. per cell





			Guard band 


			3490-3500 MHz


			-23 dBm/5 MHz e.i.r.p. per antenna





			Guard band 


			3500-3510 MHz


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p.  per antenna





			Guard band 


			3590-3600 MHz


			Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna








(1) In case of multiple antennas with different polarization, the power limit should be relaxed to -31 dBm/5 MHz e.i.r.p. per cell.





Additional baseline requirements for country specific cases


Additional base station baseline requirements for country specific cases


			Case


			BEM element


			Frequcy range


			Power limit





			A


			CEPT countries with military radiolocation systems below 3400 MHz


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation(1)


			-59 dBm/MHz e.i.r.p.(2)  





			B


			CEPT countries with military radiolocation systems below 3400 MHz


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation(1)


			-50 dBm/MHz e.i.r.p. (2)  





			C


			CEPT countries without adjacent band usage or with usage that does not need extra protection


			Additional Baseline


			Below 3400 MHz for both TDD and FDD allocation


			Not necessary


(spurious levels from the standards apply)








(1) Administrations may choose to have a guard band below 3400 MHz. In that case the power limit may apply below the guard band only.


(2)  Administrations may select the limit from case A or B depending on the level of protection required for the radar in the region in question.





Cases A; B and C can be applied per region or country so that the adjacent band may have different levels of protection in different geographical areas, depending on the deployment of the adjacent band systems.


In-block power limit


			BEM element


			Frequency range


			Power limit





			In-block


			


Block assigned to the operator


			Not obligatory. 
In case an upper bound is desired by an administration, a value of 68 dBm/5 MHz per antenna may be applied. 











For femto base stations, power control should be applied to minimize interference to adjacent channels.


Transitional region power limits


			BEM element


			Frequency range


			Power limit





			Transitional 


			-5 to 0 MHz offset from lower block edge 
0 to 5 MHz offset from upper block edge 


			Min(PMax – 40, 21) dBm/5 MHz 
e.i.r.p. per antenna





			Transitional 


			-10 to 5 MHz offset from lower block edge 5 to 10 MHz offset from upper block edge


			Min(PMax – 43, 15) dBm/5 MHz 
e.i.r.p. per antenna








Note: For TDD blocks the transitional region applies in case of synchronized adjacent blocks, and in-between adjacent TDD blocks that are separated by 5 or 10 MHz. The transition region does not extend below 3400 MHz or above 3800 MHz.





Baseline limits


There are two different types of baseline levels. The first is defined for FDD downlink spectrum. This requirement is expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit. The stricter of the two requirements applies. The fixed level prevents interference from increasing in the region where the limit derived from the relative requirement is less stringent. The values are derived from BS – UE interference analysis, and are expressed as e.i.r.p. limits per antenna. 


When two TDD blocks are synchronized and have the same UL/DL configuration, there will be no BS – BS interference. In this case, the same baseline as for the FDD DL region is used. 


The second type of baseline is defined for FDD UL and TDD spectrum, and is expressed as a fixed limit only, calculated based on BS – BS interference. The e.i.r.p. limit is given per cell. When multiple antennas are used, 3 dB should be subtracted from the e.i.r.p. value due to the different polarizations of the antennas. An exception for this type of baseline can be negotiated between adjacent operators for femto base stations in the case where macro base stations are not used in its proximity. In that case -25 dBm/5MHz e.i.r.p. per cell may be used.


In Figure 17 the baseline levels are presented for a TDD-only allocation and in Figure 18 and for an allocation with both FDD (3400-3600 MHz) and TDD (3600-3800 MHz). The baseline in the TDD allocations corresponds to a scenario where all operators are synchronized and use the same UL/DL configuration.


Figure 19 describes how the relative level and the fixed level are combined.
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Figure 19: Schematic description of baseline and guard band power levels for a TDD-only allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized
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Figure 20: Schematic description of baseline and guard band power levels for a mixed FDD and TDD allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized
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Figure 21: Combining the relative and the fixed limit for the baseline applying to FDD DL spectrum


Guard band limits


In the case of an FDD allocation there will be guard bands below the FDD UL, above the FDD DL, and in-between the FDD UL and DL, see Figure 18 above. For the guard band 3400-3410 MHz, the power limit is chosen to be the same as the baseline in the adjacent FDD UL spectrum, 3410-3490 MHz. Similarly, the baseline that applies in 3510-3590 MHz is also used in the guard band regions 3500-3510 MHz and 3590-3600 MHz. Finally, spurious requirements converted to 5 MHz bandwidth apply in the 3490-3500 MHz. 


In-block limits


The in-block power limit, as defined in Table 14 above, is not obligatory. The requirement on power control for femto base stations is because of the need to reduce interference from equipment that may be deployed by consumers and thus the exact location may not be known to the operators.


Different licensing methodologies might be chosen by administrations to licence TDD spectrum. Examples for those are a regulation methodology with no frequency separation between the block edges of two adjacent unsynchronised TDD networks, a regulation methodology with unlicensed separation between the block edges of the two adjacent operators or the definition of restricted blocks.


Transitional region limits


The transitional region is defined to enable the reduction of power from the in-block level to the baseline or guard band levels, and is defined as in Table 15 above. The general shape of the transitional region is presented in Figure 20 below.


The requirements are defined for 5 MHz bandwidth, 0 to 5 MHz and 5 to 10 MHz offset from the upper and lower edges of an operator’s block. They are expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit, as for the baseline requirement in the FDD DL. The stricter of the two requirements applies. 


Combination of BEM elements


The BEM elements as described above are combined to provide a BEM for a particular block by choosing the most relaxed requirement of those that are defined for a frequency interval. Figure 20 provides an example of such a combination of BEM elements for an FDD block in the lower part of the FDD DL spectrum. 


			[image: ]











Figure 22: Combined BEM elements for an FDD block starting at 3510 MHz


UE In-block requirement


This report provides a recommended upper limit of 25dBm e.i.r.p. for the in-block power of the terminals.  


Co-existence with other services than MFCN


Co-existence studies for other services than MFCN have been carried out for both in-band and out-of-band scenarios. The in-band services considered are FSS, FS and BWA and the out-of-band services are civil and military Radiolocation.


The conclusions are as follows:


BWA


For the purpose of co-existence, it is assumed that BWA systems as defined above are similar to MFCN systems. Therefore no studies were carried out for MFCN – BWA co-existence.


Fixed Service


MFCN applies to all Mobile and Fixed communication networks including point-to-point Fixed links.


Due to the varying characteristics of different types of FS systems and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with mobile systems. Co-existence can be achieved through co-ordination on a case-by-case basis. Based on the results of analysis of both directions of interference (mobile service interfering into P-P and vice-versa) some general observations can be made. Overlapping-channel sharing meaning any overlap between spectrum of interfering and interfered signals) between the mobile service and P-P links is not feasible in the same geographical area. Consequently if spectrum is used ubiquitously by the FS it cannot be used by the mobile service in the same region. With larger frequency separation and distances coordination is needed, depending on the characteristics of the mobile and the P-P services.


The studies that were carried out in ECC Report on 3.5 GHz BEM [12]  take into account a single interferer. In the case of multiple interferers the co-existence could be more difficult to achieve.


Also interference from FS systems to mobile systems may exceed the acceptable interference level.


The similarities between Mobile Systems and P-MP Fixed Systems indicate that the results for mobile – mobile adjacent channel co-existence largely apply to the mobile – P-MP scenario as well. In case of BS – BS interference additional measures may thus be necessary, such as frequency separation and/or additional filters, whereas otherwise co-existence is expected to be possible without such measures. 


Fixed Satellite Service


Due to the varying characteristics of different types of FSS earth stations and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with MFCN. Co-existence should be achieved through co-ordination on a case-by-case basis, assuming FSS earth stations locations are known. However, some general observations can be made. Separation distances for co-existence vary considerably depending on type of equipment and deployment (e.g. tilt and clutter), but can be large. User equipment impact earth stations less than base stations, so separation that prevents interference from base stations will also protect earth stations from UE interference. There are several mitigation techniques that can be applied, in particular site shielding of earth stations. Interference from FSS satellites to MFCN may exceed the acceptable interference level, but in most cases only by a small margin.


Radiolocation


Due to the varying characteristics of different types of radar stations and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with MFCN, but some representative examples are provided. Co-existence should be achieved through co-ordination on a case-by-case basis. However, some general observations can be made for non-overlapping adjacent channels. For airborne radars the required separation distance is approximately 0 km, depending on the radar type and antenna type. For land-based/shipborne radars the required separation distance is less than 1 km, depending on the radar type and antenna type. A frequency separation analyses concludes that for a 5 km separation, and considering wideband IMT-Advanced interference to wideband radars, the required frequency separation varies between 14 and 65 MHz, depending on radar type and scenario.


There are mitigation techniques which can reduce the separation distance or frequency separation required. In particular, for adjacent channel/adjacent band interference, improved receiver performance and decreased unwanted emissions can be efficient.


Regarding interference from radars to MFCN networks, installation of systems closer than approximately 5 km from the radar should be coordinated. It is necessary to establish a protection distance of approximately 11 km in some areas. Considering blocking effects, the radar may impact MFCN systems up to a distance of 30 km.


The analysis did not take into account the fact that radar antennas rotate and therefore only affect a particular MFCN base station or UE intermittently.


Adjacent band limit in the case of adjacent band usage by military systems


In some CEPT countries military radiolocation systems that are deployed below 3400 MHz need a fixed limit for protection from base station interference (cases A and B in Table 13). Other mitigation measures like geographical separation, coordination on a case by case basis or an additional guard band may be necessary for a TDD allocation.


For UEs other mitigation measures will be necessary such as e.g. geographical separation or an additional guard band for both FDD or TDD allocation.


Cross-border coordination


Cross-border coordination in the band 3400-3800 MHz will be subject to an ECC Recommendation and national agreements as for cross-border coordination in other bands.


[bookmark: _Toc359584096]Task 2 (Channelling arrangements)


In this report CEPT has assessed and justified the need to introduce channelling arrangements in the 3400-3800 MHz band to develop a harmonised solution that is sufficiently precise for the development of EU-wide equipment.


· Preferred Harmonised frequency arrangement for the bands 3400-3800 MHz





In this report CEPT has assessed and justified the need to introduce channelling arrangements in the 3400-3800 MHz band to develop a harmonised solution that is sufficiently precise for the development of EU-wide equipment.





For the band 3400-3600 MHZ the harmonised channelling arrangement is composed of a 200 MHz TDD plan. For the band 3600-3800 MHz the harmonised channelling arrangement  is composed  of a 200 MHz TDD plan (see Figure 21 and 22 below respectively and Section 3.1.4.3 and 3.1.4.4 of this report for details).





· Approaches for individual administrations to meet specific national circumstances in the band 3400-3600 MHz





Administrations which do not wish to use the preferred harmonised frequency arrangement for the band 3400-3600 MHz, may consider an alternative channelling arrangement based on the 2x80 MHz FDD plan (see Figures 23 below and Section 3.1.4.4 of this report for details). For the 3400-3600 MHz band two channelling arrangements have been introduced: one comprising of a 200 MHz TDD plan, the other one comprising of the 2x80 MHz FDD plan (see Figures 22 and 24 below respectively and Section 3.1.4.4 of this report for details).








Option A: CEPT has identified the frequency arrangement for the 3400-3600 MHz band based on TDD as described in Annex 1 of ECC/DEC/(11)06 as the preferred frequency arrangement. A frequency arrangement band based on FDD as described in Annex 2 of ECC/DEC/(11)06 is provided as an alternative.





Option C: CEPT has decided to maintain both frequency arrangements without indicating any preference. ECC/DEC/(11)06 to be revised to remove Decides 3.





For the 3600-3800 MHz band one channelling arrangement has been introduced comprising of a 200 MHz TDD plan (see Figure 21 below and Section 3.1.4.3 of this report for details).
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Figure 23: Harmonised Frequency arrangement for the 3400-3600 MHz band based on TDD
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Figure 24: Harmonised frequency arrangement for the 3600-3800 MHz band based on TDD
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Figure 25: Frequency arrangement for the 3400-3600 MHz band based on TDD
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Figure 26: Alternative Frequency arrangement for the 3400-3600 MHz band based on FDD





[bookmark: _Toc359584097]Technical analysis for the justification of new BEM


Technical conditions for PMP FWS base stations


The technical conditions provided in this section are extracted from ECC/REC/(04)05 [2], Annexes 2 and 3.


a. Maximum e.i.r.p., defined in Annex 2 of ECC/REC/(04)05


The following texts have been extracted form Annex 2:


“Maximum e.i.r.p. density limits are set by administrations in their national licensing conditions in order to define pfd levels for co-ordination distances between different geographical areas or for cross-border agreements or sharing with other services. Transmit output power and e.i.r.p.  levels for Multipoint FWS systems are more driven by trade-offs between the required service coverage and other operational considerations. e.i.r.p.  density depends also on the system bandwidth that in modern PMP FWS might be flexibly changed.”


Maximum e.i.r.p. within a block:


			Station Type


			Max EIRP spectral density
(dBW/MHz)





			


			(Including tolerances and ATPC range, Note 1)





			Central Station (CS)
(and Repeater Station(RS) down-links)


			+23
Note 2





			Note 2: CS EIRP density value given in the table is considered suitable for conventional 90 deg sectorial antennas. Administrations may consider to adjust this value if other type of antennas are used (e.g. decrease the limit for omni-directional antennas, or increase when narrow-sector or adaptive antennas are used)











“For further enhancing the efficiency, administrations may allow operators to apply mutual co-ordination at the block edge and at the service border edge for potential further relaxation of the above e.i.r.p. limits, depending on requirements for protecting other services or systems, such as PP FS. This could be reached, for instance, by taking advantage of mitigation techniques such as the shielding effect, limiting the height of Central Stations, or for stations that are located far from the service area boundary.”


b. Reference Block Edge Mask, defined in Annex 3 of ECC/REC/(04)05


The following texts have been extracted form Annex 3:


“The block edge mask given in this annex was developed to ensure co-existence between PMP FWS applications only; different considerations would be required where the adjacent system is not a PMP FWS system, but for example ENG/OB or other.”


“The floor level in the mask provided in this annex has been based on co-existence studies reported in ECC Report 33 [7][7]; where the PMP FWS co-existence studies were mostly made with statistical tools and assumptions of typical radio systems, their deployment and service performance objectives. The reference points of the transition slope were chosen based on consideration of practical filters and various modulation envelopes. These studies and considerations may be subject to refinement as operational experience and system characteristics evolve. Therefore the block edge mask based upon these studies may also be subject to refinement.”


“Emissions from one operator’s frequency block into another operator’s frequency-adjacent block will need to be controlled. This was done in few other frequency bands by establishing fixed guard bands between the assignments. However, taking due account of the possible variety of broadband systems considered in this recommendation, different network and service requirements, and considering the expected broadening of the required bandwidth, it would be impossible to uniquely and efficiently set such guard bands and it is recommended that coordination and interference mitigation techniques be implemented between operators.”


“Also adjacent block receiver rejection concurs to a reduced interference scenario, however the study in Report 33 did not consider the effect of receiver selectivity since the technology neutrality assumption did not allow deciding on its typical parameters. Therefore it is not in the scope of this recommendation to set limits for it; nevertheless it is expected that ETSI standards will adequately cover the issue.”


“It should be also noted that when TDD or mixed FDD/TDD systems are placed in immediately adjacent blocks, the probability of occurrence of worst cases of interference between CSs is quite higher than in situations where only FDD are deployed. Therefore, even if the mask proposed in this annex would offer a suitably low probability of interference for such cases, when TDD systems are concerned additional mitigation techniques (geographic separation of stations, natural/physical shielding, etc.) and/or additional co-ordination (including networks synchronisation) between operators should be implemented as far as possible.”


Definition of the block edge mask:
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			Frequency offset break points


for the CS mask


			Definition


(% of the size of the assigned block, Note)





			A


			20%





			B


			35%








Note: X% of the smaller of adjacent blocks, if blocks are of unequal size


Figure 1: Central Station Block Edge Spectral Density Mask





Tabular description of Central Station Block Edge Spectral Density Mask


			Frequency offset


			CS Transmitter Output Power Density Limits(dBW/MHz)





			In-band (within assigned block)


			See Annex 2





			ΔF=0


			-36





			0<ΔF<A


			-36 - 41·(ΔF/A)





			A


			-77





			A<ΔF<B


			-77 - 12·((ΔF-A)/(B-A))





			ΔF≥B


			-89











ETSI requirements for LTE


The relevant document to consider is ETSI EN 301 908-14 V5.2.1 (2011-05) [6]: Evolved Universal Terrestrial Radio Access (E-UTRA) Base Stations (BS).


It should be noted that the bands 3400-3600 MHz and 3600-3800 MHz are not yet part of the E-UTRA Base Station operating bands ; see Table 1-1 in [6], copied below as Table 17.


E-UTRA Base Station operating bands


			E-UTRA band


			Direction of transmission


			E-UTRA Base Station operating bands





			1


			Transmit 


			2 110 MHz to 2 170 MHz





			


			Receive 


			1 920 MHz to 1 980 MHz





			3


			Transmit 


			1 805 MHz to 1 880 MHz 





			


			Receive 


			1 710 MHz to 1 785 MHz 





			7


			Transmit 


			2 620 MHz to 2 690 MHz 





			


			Receive 


			2 500 MHz to 2 570 MHz 





			8


			Transmit 


			925 MHz to 960 MHz 





			


			Receive 


			880 MHz to 915 MHz 





			20


			Transmit 


			791 MHz to 821 MHz





			


			Receive 


			832 MHz to 862 MHz





			33


			Transmit and Receive


			1 900 MHz to 1 920 MHz





			34


			Transmit and Receive


			2 010 MHz to 2 025 MHz





			38


			Transmit and Receive


			2 570 MHz to 2 620 MHz











The closest E-UTRA band from the 3.5 GHz band is band 7 (and 38). Therefore the comparison between the ETSI mask and the CEPT BEM has been made on that basis although this represents a tightening of the SEM.


a. e.i.r.p. defined by ETSI in band 7 and 38


ETSI currently defines no in-band e.i.r.p. limit, nor output power values.


b. Spectrum Emission Mask for band 7 and 38


The following tables are extracted from document ETSI EN 301 908-14 [6]. Three different types of base stations have been defined: wide area, local area and home.





Wide Area BS operating band unwanted emission limits for 5 MHz, 10 MHz, 15 MHz and 20 MHz channel bandwidth (E-UTRA bands 7 and 38)


			Frequency offset of measurement filter ‑3 dB point, f


			Frequency offset of measurement filter centre frequency, f_offset


			Test requirement


			Measurement bandwidth





			0 MHz  f < 5 MHz


			0,05 MHz  f_offset < 5,05 MHz


			





			100 kHz 





			5 MHz  f < 
min(10 MHz, fmax)


			5,05 MHz  f_offset < min(10,05 MHz, f_offsetmax)


			-12,5 dBm


			100 kHz 





			10 MHz  f  fmax


			10,5 MHz  f_offset < f_offsetmax 


			-15 dBm (see note)


			1 MHz 





			NOTE: The requirement is not applicable when fmax < 10 MHz.








 


Local Area BS operating band unwanted emission limits for 5 MHz, 10 MHz, 15 MHz and 20 MHz channel bandwidth


			Frequency offset of measurement filter ‑3 dB point, f


			Frequency offset of measurement filter centre frequency, f_offset


			Minimum requirement


			Measurement bandwidth





			0 MHz  f < 5 MHz


			0,05 MHz  f_offset < 5,05 MHz


			





			100 kHz 





			5 MHz  f < 


min(10 MHz, fmax)


			5,05 MHz  f_offset < 


min(10,05 MHz, f_offsetmax)


			-35,5 dBm


			100 kHz





			10 MHz  f  fmax


			10,05 MHz  f_offset < f_offsetmax 


			-37 dBm (see note)


			100 kHz 





			NOTE:	The requirement is not applicable when fmax < 10 MHz











Home BS operating band unwanted emission limits for 5 MHz, 10 MHz, 15 MHz and 20 MHz channel bandwidth


			Frequency offset of measurement filter ‑3 dB point, f


			Frequency offset of measurement filter centre frequency, f_offset


			Minimum requirement


			Measurement bandwidth





			0 MHz  f < 5 MHz


			0,05 MHz  f_offset < 5,05 MHz


			





			100 kHz 





			5 MHz  f < 10 MHz


			5,05 MHz  f_offset < 10,05 MHz


			-40,5 dBm


			100 kHz 





			10 MHz  f  fmax


			10,5 MHz  f_offset < f_offsetmax 


			P – 52 dB, 2 dBm ≤ P ≤ 20 dBm


-50 dBm, P < 2 dBm


(see note)


			1 MHz 





			NOTE:	For Home BS, the parameter P is defined as the aggregated maximum power of all transmit antenna ports of Home BS








Note: for home BS, with frequency offset ≥ 10 MHz, an output power of 20 dBm has been chosen for the purpose of this contribution ; the corresponding minimum requirement is therefore -32 dBm/MHz.





Analysis of these technical conditions


a. Maximum e.i.r.p.


As there is no value specified in the ETSI harmonised standard, the comparison with the value mentioned in the CEPT Recommendation is not possible. However, a short analysis is provided below:


The e.i.r.p. value as provided in ECC/REC/(04)05 [2] = 23 dBW/MHz=30 dBW/ 5 MHz=60 dBm/5 MHz


This value is similar to what would be expected for a macro base station (also in the order of 60 dBm/5 MHz).


Conclusion: the maximum e.i.r.p. (in-band value) set up in ECC/REC/(04)05 [2] is compatible with typical in-band e.i.r.p. mobile deployments.


b. BEM vs. SEM


· The three following figures show the comparisons of BEM and SEM for BEM based on a 5 MHz block assignment, as well as 10 MHz and 20 MHz. 


			
5 MHz


			[image: F6_3500_BEM%205]








Figure 2: BEM of ECC/REC/(04)05 based on 5 MHz block assignment





			10 MHz
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Figure 3: BEM of ECC/REC/(04)05 based on 10 MHz block assignment





			20 MHz
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Figure 4: BEM of ECC/REC/(04)05 based on 20 MHz block assignment


It can be seen from the above figures that the SEM exceed the BEM for any value of block assignment.








[bookmark: _MON_1366021507]ETSI requirements for BWA


The relevant document to consider is ETSI EN 302 774 V1.1.1 (2011-05) “Broadband Wireless Access Systems (BWA) in the 3 400 MHz to 3 800 MHz frequency band (Base Stations)” [9].


Taking the same approach to compare the SEM of BWA and the current given BEM for the 3400-3600 MHz band, the conclusions are the same as described in Section 2.2 of this report.





[bookmark: _Toc359584098]Comparison of the 3400-3800 MHz ECC deliverables


This annex provides an overview of the current ECC framework for the band 3400-3800 MHz including a comparison of ECC/DEC/(07)02, ECC/REC/(04)05 and ECC/DEC/(11)06 that confirms the consistency of ECC framework according to evolution of market needs and the need to maintain this consistency in the future.





At this stage, there are three relevant deliverables for the band 3400-3800 MHz:


· ECC/DEC/(07)02 “Availability of frequency bands between 3400-3800 MHz for the harmonised implementation of Broadband Wireless Access systems (BWA)”


· ECC/REC/(04)05 “Guidelines for accommodations and assignments of multipoint fixed wireless systems 3400-3600 MHz and 3600-3800 MHz”


· ECC/DEC/(11)06 : “Harmonised frequency arrangements for mobile/fixed communications networks (MFCN) (including IMT) operating in the bands 3400-3600 MHz and 3600-3800 MHz”


scope of deliverables


ECC/REC/(04)05 covers Point multipoint fixed wireless systems (Point-to-Multipoint Fixed Wireless Systems (PMP FWS). It has a more narrow scope than the other two ECC deliverables.





ECC/DEC/(07)02 on Broadband Wireless Access systems (BWA) covers Fixed, Nomadic and, also, Mobile Wireless Access (MWA). It provides in its Annex considerations for an implementation of a flexible usage mode for BWA in 3400-3600 MHz and/or in 3600-3800 MHz on the basis initially of a fixed and nomadic usage. In particular, these considerations refers to ECC/REC/(04)05 and state that the technical conditions in ECC/DEC/(04)05 may be used for implementation of flexible usage mode. Moreover ECC/DEC/(07)02 mentions that the introduction of MWA usage mode will be subject to additional requirements for deployment of mobile TS Mobile Wireless Access (annex 1 §3 of the Decision).





ECC/DEC/(11)06, focusing primarily on a mobile usage includes a forward looking approach. The harmonised frequency arrangements for the 3400-3600 MHz and 3600-3800 MHz bands are intended to facilitate high data rate International Mobile Telecommunications (IMT) services supported by larger channel bandwidths as an evolution to the existing framework without the consequential requirement for a replacement of systems based on the existing regulatory framework.


co-existence with incumbent users


For ECC/DEC/(07)02, the designation of spectrum within 3400-3800 MHz for BWA should take due consideration of incumbent users (see decides 1 and 3).





Although the wording is different, ECC/DEC/(11)06 also designates spectrum for MFCN on a non-exclusive basis (“without prejudice to the protection and continued operation of other existing users in these bands”). It is assumed that transition from legacy terrestrial systems to future terrestrial systems will be managed at national level.


Band plan and duplex mode


ECC/DEC/(07)02 does not provided a definite duplex mode or any band plan.





ECC/DEC/(11)06 provides two possible band plans for the band 3400-3600 MHz, one TDD and one FDD. The band plan for 3600-3800 MHz is TDD.





ECC/REC/(04)05 lets the possibility to have a mix of FDD and TDD blocks (i.e. recommends paired blocks that can be used either for FDD or for TDD). The guidelines for these flexible arrangements are:


· the bands 3400-3600 MHz and 3600-3800 MHz are treated as separate bands;


· 100 MHz duplex separation for paired blocks;


· in the case of paired FDD blocks the lower block of the two paired FDD blocks is used for uplink; 


· that 3400 MHz to 3410 MHz is not included in the band plan.


block size


ECC/REC/(04)05 The blocks are designed to fit 3.5 MHz and 7 MHz channels (4 of them per block). The preferred size for blocks are multiple of these channels and may include internal guard bands. The resulting sizes for paired spectrum are (2x17.5 MHz, 2x21 MHz, 2x35 MHz, 2x42 MHz) and for unpaired spectrum (35 MHz, 42 MHz, 70 MHz and 84 MHz).


In case of external guard bands the sizes of the blocks may be reduced.





ECC/DEC/(11)06: the block sizes are multiples of 5 MHz. 


emission requirements


ECC/DEC/(07)02 refers to ECC/REC/(04)05 for emission levels. But since it covers also MWA which is not covered by ECC/REC/(04)05 additional requirements are provided for mobile terminal stations (in block emission level and spacing of the carrier from the block edge to protect adjacent networks).


· For the technical requirements it refers in its annex to ECC/REC/(04)05: “As a starting point, the guidance given in ECC/REC/(04)05 on technical conditions for implementation of flexible usage mode, to be set in the technology neutral BWA licence process, shall be considered”.


· For mobile terminals, the annex of ECC/DEC/(07)02 provides additional requirements





In the case of adjacent band TDD/FDD systems additional mitigation techniques should be considered (geographical separation of stations, natural/physical shielding, and/or additional co-ordination including networks synchronisation)





ECC/REC/(04)05 provides emission requirements in the form of Block Edge Masks (BEM). 


· For the Central Station (CS) BEM are provided with an “in block” limit (annex 2) and “out of block” limits (annex 3). 


· For the terminal stations (NB: which are fixed in the context of ECC Recommendation (04)05) only an “in block” limit is provided (annex 2). The equipment requirements in the relevant harmonised standards are considered to provide sufficient protection for adjacent networks, so that “out of block” BEM limits for terminals are not needed.





ECC/DEC/(11)06 There is no emission technical requirement. 


Least restrictive technical conditions suitable for IMT systems with larger channel bandwidth are developed separetly.


Harmonisation


ECC/DEC/(07)02 does not contain a harmonised band plan, since it refers to ECC/REC/(04)05 for detailed frequency arrangements, which itself allows for flexibility and a mix of duplex modes.





ECC/DEC/(11)06 provides one harmonised band plan for the band 3600-3800 MHz (TDD) and two harmonised band plans for the band 3400-3600 MHz (FDD and TDD). ECC decided that the band plans for the band 3400-3600 MHz should be subject to review no later than end 2013 with the aim to identify a preferred band plan.
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MANDATE TO CEPT  




ON TECHNICAL CONDITIONS REGARDING SPECTRUM HARMONISATION FOR TERRESTRIAL 
WIRELESS SYSTEMS IN THE 3400-3800 MHZ FREQUENCY BAND 




1. PURPOSE 




In line with the requirements of Article 41 of Commission Decision 2008/411/EC2 
(hereinafter: the Commission Decision), which stipulates regular and timely review of this 
Decision, the main objective of this mandate is to review and amend the technical 
conditions for the harmonised use of the 3400-3800 MHz frequency band in order to adapt 
them to the latest developments in technology by preserving flexibility of use in line with 
the WAPECS approach. This mandate also takes into account the proposal by CEPT/ECC 
presented in a liaison statement to the Commission for the 38th RSC meeting of 15 
December 2011 (RSCOM11-68) to consider amending the technical conditions with a 
view to updating the Block Edge Mask (BEM) and introducing harmonized frequency 
arrangements. 




The deliverables of this Mandate should aim at ensuring flexibility in the deployment of 
wireless electronic communications services with different bandwidths, including 20 MHz 
and beyond, assuming mobile broadband access as a key utilization of the band. This 
Mandate is a follow-up to the first Commission Mandate of 4 January 2006, and it should 
promote efficient use of spectrum while keeping maximum flexibility in the scope of 
compatible wireless systems capable of providing electronic communications services 
which can be deployed. 




2. JUSTIFICATION 




Pursuant to Article 4(2) of the Radio Spectrum Decision3 the Commission may issue 
mandates to the CEPT for the development of technical implementing measures with a 
view to ensuring harmonised conditions for the availability and efficient use of radio 
spectrum; such mandates shall set the task to be performed and the timetable therefore. 
Therefore, CEPT is herewith mandated to undertake the work required to identify the most 
appropriate technical criteria for the inclusion of new technologies and frequencies in the 
Commission Decision in order to facilitate further deployment of wireless broadband 
access systems in the European Union. 




The first Mandate given by the Commission to CEPT in January 2006 on this issue led to 
the final CEPT Report 15 of 30 March 2007 (RSCOM07-06 Final) and subsequently to 
Commission Decision 2008/411/EC2, which was adopted by the Commission on 21 May 
2008. CEPT Report 15 concluded that deployment of fixed, nomadic and mobile 




                                                 
1 Art. 4 reads: "Member States shall keep the use of the 3400-3800 MHz band under scrutiny and report their 




findings to the Commission to allow regular and timely review of the Decision." 




2 Commission Decision of 21 May 2008 on the harmonisation of the 3400-3800 MHz frequency band for 
terrestrial systems capable of providing electronic communications services in the Community 




3 Decision 676/2002/EC of the European Parliament and of the Council of 7 March 2002 on a regulatory 
framework for radio spectrum policy in the European Community, OJL 108 of 24.4.2002 
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electronic communications networks is technically feasible within the 3400-3800 MHz 
frequency band under the technical conditions described in the ECC Decision 
ECC/DEC/(07)02 and Recommendation ECC/REC/(04)05.  




The deployment of wireless broadband technologies is crucial for increasing economic 
growth and social inclusion in line with targets of the Europe 2020 strategy. With its large 
total bandwidth, the 3400-3800 MHz frequency band has a significant potential to 
accommodate different types of wireless broadband access systems for the provision of a 
wide range of innovative electronic communications services. Since the adoption of 
Commission Decision 2008/411/EC wireless broadband technologies (e.g. LTE or Wi-Fi) 
have marked further development in terms of increased data rates and channel bandwidths. 
Therefore, a review of the harmonised technical conditions with view to a possible update 
in pace with recent technology developments would promote take-up of the spectrum in 
this band and contribute to achieving the DAE targets on broadband connectivity. 




Furthermore, the draft Radio Spectrum Policy Programme (RSPP), which has already been 
formally adopted by both the Council and the European Parliament and is expected to 
enter into force by the end of April 2012, sets out the objective to promote wider 
availability of wireless broadband services for the benefit of citizens and consumers in the 
Union also by making available the 3400–3800 MHz band under the terms and conditions 
of the Commission Decision 2008/411/EC. Subject to market demand, Member States 
shall carry out the authorisation process for this band by 31 December 2012 without 
prejudice to the existing deployment of services, and under conditions that allow 
consumers easy access to wireless broadband services. The RSPP also stipulates that 
Member States foster the ongoing upgrade by providers of electronic communications of 
their networks to the latest, most efficient technology, in order to create their own 
dividends in line with the principles of service and technology neutrality4.  




In addition, in the aforementioned liaison statement (RSCOM11-68) CEPT/ECC point out 
that a recent ECC analysis has revealed that the Block Edge Mask (BEM) contained in the 
Commission Decision 2008/411/EC5 is not suitable for wireless communications networks 
of large bandwidths (such as 20 MHz). It is stressed that while the currently valid BEM of 
the Commission Decision is justified in the absence of commonly agreed frequency 
arrangement and where maximum flexibility is needed for broadband wireless access 
deployments, it would be too restrictive if harmonized frequency arrangements were 
adopted. In this regard, the CEPT/ECC report presented at the 38th RSC meeting 
(RSCOM11-63, Annex 4) concludes that the currently valid BEM is not suitable for the 
introduction of fixed and mobile communications networks due to several reasons 
including considerations on the type of application, antenna gain, blocking, guard bands as 
well as spectrum emission masks developed by ETSI. 




Therefore, modification of the currently valid BEM of the Commission Decision should be 
investigated in view of the possibility to introduce harmonised frequency arrangements, in 
order to take into account the developments in wireless communications technology and 
facilitate the spectrum-efficient deployment of broadband fixed, mobile and nomadic 
communications systems  for the provision of electronic communications services, while 
observing the principles of technology and service neutrality enshrined in the EU 
regulatory framework. 




                                                 
4  Article 6 of the RSPP 




5  Based on the BEM included in ECC Recommendation ECC/REC/(04)05 
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In recognition of the fact that there are existing applications and there may be future 
applications in the 3400-3800 MHz frequency band other than terrestrial wireless 
broadband, particular attention should be paid to ensuring co-existence with existing 
systems, in particular satellite-based. 




3. TASK ORDER AND SCHEDULE 




In the work carried out under the Mandate, the overall policy objectives of supporting 
widespread and timely availability of wireless broadband access shall be given utmost 
consideration. In implementing this mandate, the CEPT shall, where relevant, take the 
utmost account of EU law applicable and support the principles of service and 
technological neutrality, non-discrimination and proportionality insofar as technically 
possible. CEPT is also requested to collaborate actively with the European 
Telecommunications Standardisation Institute (ETSI) which develops harmonised 
standards for conformity under Directive 1999/5/EC.  




CEPT is hereby mandated to undertake the following activities: 




(1) Assess and justify any need to revise the common minimal (least restrictive) 
technical conditions, including BEM, which underlie the harmonised use of in the 
3400-3800 MHz frequency band in the EU6 and, if necessary, identify modified 
conditions in view of accommodating developments in wireless broadband access 
technology in particular larger bandwidths. These conditions should be sufficient to 
avoid interference, facilitate cross-border coordination, and ensure co-existence 
with other existing systems and services in the same band and adjacent bands. 




(2) Assess and justify any need to introduce channelling arrangements in addition to 
(1) and, if necessary, develop a harmonised solution that is sufficiently precise for 
the development of EU-wide equipment. 




In performing the aforementioned tasks, avoid undue discrimination towards any specific 
technology and service, also allowing to the greatest extent possible alternative 
channelling arrangements and effective coordination with other existing systems and 
services to accommodate national circumstances and market demand, and the guidance 
provided by the Commission in consultation with the Radio Spectrum Committee7.  




CEPT should provide deliverables according to the following schedule: 




Delivery date Deliverable Subject 




December 2012 Interim Report from 
CEPT to the Commission




Description of work undertaken and 
interim results under this Mandate.   




 July 20138 Final Draft Report from 
CEPT to the Commission




Description of work undertaken and 
final results under this Mandate 




                                                 
6 In compliance with Commission Decision 2008/411/EC 




7 RSCOM10-28 (June 2010): "Effective implementation of Commission Decision 2008/411/EC on 3400-
3800 MHz"  




8 Subject to subsequent public consultation 















 5




November 2013 Final Report from CEPT 
to the Commission, 
taking into account the 
outcome of the public 
consultation 




Description of work undertaken and 
final results under this Mandate taking 
into account the results of the public 
consultation 




 




In addition, CEPT is requested to report on the progress of its work pursuant to this 
Mandate to all the meetings of the Radio Spectrum Committee taking place during the 
course of the Mandate.  




The Commission, with the assistance of the Radio Spectrum Committee pursuant to the 
Radio Spectrum Decision, may consider applying the results of this mandate in the EU, 
pursuant to Article 4 of the Radio Spectrum Decision. 
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SoftBank Group


SoftBank Group


August 2013


Alexander Gulyaev


CEPT Electronic Communications Committee


Subject: EEC Report 203


Dear Mr. Gulyaev:


Thank you for the opportunity to comment on EEC Report 203 concerning


the development of the 3.5 GHz bands.


SoftBank Group is one of the leading ICT companies in Japan and currently


has six telecommunication companies; SoftBank Mobile (SBM), SoftBank


Telecom (SBTM), SoftBank BB (SBB), eAccess (eA), WILLCOM (WCM) and


Wireless City Planning (WCP), which provide a wide variety of radio access


networks, including UMTS, LTE-FDD, AXGP/LTE-TDD and PHS (Personal


Handy Phone system). SoftBank Group has an ample experience of multiple


radio system operations, both TDD and FDD.


In SoftBank Group, Wireless City Planning is now operating TDD network


(AXGP/LTE-TDD) and providing its network for the group companies’


MVNO services.


Since EU is one of the important markets in terms of global roaming from


Japan and global harmonization of spectrum is important to achieve merit of


scale, we are pleased to provide some opinions for the better usage of 3.5GHz


band.


We are of the opinion that TDD system is suitable for 3.5 GHz band since


- high spectrum efficiency can be achieved even in case of asymmetry


traffic between up- and down-link by fully exploiting the asymmetric


nature of TDD system, particularly in the era of mobile broadband where


up- and down-link traffic significantly varies in time, taking into account


3.5 GHz band has a potential to accommodate such huge broadband


mobile traffic.







- unpaired band approach in TDD system is more promising than paired


band approach in FDD system in terms of achievable spectrum efficiency,


since no guard band between up- and down-link is required.


- The major TDD disadvantage in spectrum efficiency due to propagation


delay in time can be alleviated by deploying small cells for hot spot and


indoor coverage. For such a deployment, 3.5 GHz band is suitable.


Due to the above technical merits of TDD, LTE-TDD is drawing much


attention in mobile market. Mobile operators around the globe, including


SoftBank Group, are aligned in the LTE-TDD development and form the


Global TD-LTE Initiative (GTI) to promote LTE-TDD system.


As a conclusion, we would like to suggest that the CEPT ECC consider the


advantage of TDD mode in 3.5GHz band and potential harmonization of


spectrum with other regions, when concluding the direction for LTE in 3.4


-3.6 and 3.6 – 3.8 GHz bands.


Sincerely


Contacts;


Wireless City Planning Inc.


WILLCOM, Inc.


Osamu KAMIMURA E-mail: o-kamimura@wirelesscity.co.jp


SoftBank Mobile Corp.


SoftBank Telecom Corp.


SoftBank BB Corp.


Hitoshi YOSHINO E-mail: hitoshi.yoshino@g.softbank.co.jp


eAccess Ltd.


Tomo MOROHASHI E-mail: MorohashiTomoo@eaccess.net
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UK Broadband
From: Philip Marnick [mailto:philip.marnick@ukbroadband.com] 
Sent: 24. august 2013 02:25
To: Alexander Gulyaev
Subject: ECC Plenary Draft CEPT Report 49



Dear Mr Gulyaev,



UK Broadband (UKB) is an operator in the United Kingdom.  We have launched a commercial TDD LTE network in the UK using both Bands 42 (3400 to 3600MHz) and Band 43 (3600 to 3800MHz). UKB was the first operator in the world to launch 3.5GHz TDD LTE and the first operator in the UK to launch commercial 4G services using LTE. The service was launched in 2012.  Currently the network infrastructure we are using is from Huawei and we have both fixed devices (both indoor and outdoor CPE) and are testing, prior to offering them commercially, pocket WiFi devices which support 3.5GHz and 3.6GHz TDD LTE,  2.6GHz and 1800MHz FDD LTE and also 3G.  The device supports not only our network service but can roam on to both FDD and 3G networks.  Indeed UKB currently has international roaming connections.



There is an increasing demand for data services: data is inherently asynchronous, predominantly download. UKB's business is focused on providing high capacity data – this is why we decided to use TDD LTE.  Its asynchronous nature and the ability to optimise uplink and downlink makes it ideal for data – and is the most efficient way of using scarce spectrum resources – none of the spectrum is under-utilised, which we believe would be the case if we had chosen FDD.



There are over 200 licences worldwide issued for the 3.5GHz band and most of the licences are proposing to use TDD LTE.  Right across the world a number are already introducing service or are in pre-service trials.  There is a significant amount of effort being put into the continued development of the TDD LTE 3.5 and 3.6GHz (bands 42 and 43) eco-systems.  As you may be aware, Softbank in Japan will also publicly demonstrate its 3.5GHz test TDD network in Tokyo on Tuesday 27th August.  There is already TDD LTE network infrastructure available from various competing suppliers, an ever-increasing number and range of devices, fixed CPE and mobile data divides.  More are being developed all the time.  Contrast this with FDD  where there is no activity in the 3.5GHz band.



UKB believes the CEPT should adopt a TDD band plan for the band 3400 to 3600MHz.  While we do not believe there will be any significant FDD development in the band globally, if a pure TDD band plan cannot be agreed then Option A (as defined in draft CEPT report 49) preferred TDD, alternative FDD, is an appropriate compromise. 



Thanks,



Philip



Philip Marnick

CTO

 

UK Broadband

p +44 20 8758 8885

m +44 7802 222 212

e philip.marnick@ukbroadband.com

 

3rd Floor, International House,

7 High Street, Ealing

London W5 5DB

 

For more information about our services, please visit:

[bookmark: _GoBack]www.ukbroadband.com
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Vodafone
[image: VF_STK_RGB_9R]

[bookmark: _GoBack]Vodafone Comments on Draft CEPT Report 49

Vodafone View

Vodafone welcomes the opportunity to give its comments on draft CEPT Report 49, and particularly on the preferred channelling arrangement for the 3400-3600 MHz band.

CEPT Report has been developed in response to a Mandate from the European Commission, which states that any harmonised solution should be “sufficiently precise for the development of EU-wide equipment”. Vodafone believes that this condition be met only if CEPT expresses a clear preference for the TDD channelling arrangement for the 3400-3600 MHz band.

Justification for a TDD preferred frequency arrangement

The Commission Mandate of 29th March 2012 calls, if needed for the development of EU-wide equipment, for a harmonised solution that is sufficiently precise for this purpose. This can only be fulfilled if there is a single preferred frequency arrangement for the 3400-3600MHz band, and that this frequency arrangement is based on TDD:

· For EU-wide equipment, terminals must support both frequency arrangements if they are given equal status. Implementing FDD and TDD for the same frequency range on one terminal is extremely challenging and unlikely to be commercially viable, or indeed technically feasible.

· CEPT has agreed a TDD preferred frequency arrangement for the 3600-3800MHz band. It is almost as challenging to implement a terminal with TDD above 3600MHz and FDD below.

· For EU-wide equipment, the terminal must support the full frequency range defined in the frequency arrangement. We understand that FDD equipment that was previously available for the 3400-3600MHz band only supported part of the frequency arrangement. 

· To the best of our knowledge, all mobile broadband infrastructure and terminals currently being marketed for the 3400-3600MHz band are TDD.

· It is uncertain whether it is currently feasible to implement a duplexer for terminals that supports the complete FDD frequency arrangement.

Proposed text for finalisation of CEPT Report 49

Under Task 2 (channelling arrangements), the final report should:

· restore the text of Option A (but without the words “Option A”)

· delete Option B 

· delete the two paragraphs of explanatory text inviting views.

These changes need to be made in three places; the executive summary and sections 3.1 and 3.1.4.4.



Vodafone

August 2013
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ZTE


ZTE
From: yang.liangliang@zte.com.cn [mailto:yang.liangliang@zte.com.cn] 
Sent: 23. august 2013 03:35
To: Alexander Gulyaev
Subject: ZTE strongly support 3.5GHz used for TD-LTE(CEPT public consultation of the 3.5 GHz frequency arrangements)



[bookmark: _GoBack]
Dear alexander: 

 I am the representative of ZTE's LTE products. ZTE strongly support the 3400-3600 MHz used for TD-LTE from the following respects: 

1. From technology, ZTE have developed end-to-end LTE 3.5GHz products, including BTS, Core, devices and chipsets. And TD-LTE is earlier than FDD LTE. Because we think that 3.5Ghz is more 
proper for TD-LTE, and more operators will choose 3.5GHz for TD-LTE deployment. 

2. From marketing, ZTE have the abundant experience for WiMAX, and almost 3.5GHz WiMAX operators say that they will change WiMAX to TD-LTE in 1~3 years. In many countries, 3.5Ghz license is cheap and TD-LTE can satisfy all the requirements. 

3. Different from WiMAX, TD-LTE has many strong supporters. Such as Bharti, Softbank, CMCC, it means that TD-LTE is a main stream technology, so it gives many burgeoning and smaller operators the strong confidence. For these operators, it is difficult to get the lower frequency license, 3.5Ghz is the best choice. 



		[image: cid:_2_09B580B009B57CC80008AC4E48257BD0]

		

		  
(Lucky) Yang Liangliang 杨亮亮 
TDD Planning and System Department 
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Cover letter





At its latest meeting, ECC approved the draft CEPT Report 49 for public consultation. This CEPT Report has been developed in response to the EC Mandate 3400-3800 MHz[footnoteRef:1].  [1:  See ECC(12)INFO01 – EC mandate 3400-3800 MHz, ECC(12)007 Annex 7 – roadmap for responding to EC mandate 3400-3800 MHz] 




Preferred channeling arrangement for the 3400-3600 MHz

The possibility of a preferred channeling arrangement for the 3400-3600 MHz band has been discussed by the 34th ECC meeting, as well as the possibility to have FDD and TDD on the same footing. The ECC identified a slight preference for TDD as the preferred frequency arrangement with FDD frequency arrangement as an alternative.

ECC invites additional views before taking a final decision on a preferred frequency arrangement at the next ECC meeting. 



The responses should be forwarded to the European Communications Office: 
Mr Alexander Gulyaev (alexander.gulyaev@eco.cept.org) not later than the deadline indicated on the ECC consultation webpage. 



The responses will be considered at the next ECC meeting.  



BEM for 3400-3800 MHz 



The relevant part of the CEPT Report includes also the proposed BEM to be implemented in a future regulatory framework.



Please note that those BEM have been studied in the draft ECC Report 203 on “Least Restrictive Technical Conditions (BEM) suitable for Mobile/Fixed Communication Networks (MFCN), including IMT, in the frequency bands 3400-3600 MHz and 3600-3800 MHz”. ECC highlights that this ECC Report is also subject to public consultation.
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TASK 1 (Block Edge Mask)

The base station requirements are defined for base stations with different power levels, enabling network deployment with both macro cells and small cells.

The base station Block Edge Mask (BEM) requirements as described below may be relaxed whenever there are bilateral agreements between operators. The BEM has not been developed to protect other services or applications in the band, and only applies in blocks that have been licensed to MFCN according to the new harmonised frequency arrangement. In the figures below it is assumed for simplicity that all blocks have been licensed to MFCN.

Table 1 contains the different elements of the BEM in the 3400-3600 MHz and 3600-3800 MHz bands, together with the frequency regions where they apply. The guard bands apply in case of an FDD allocation in 3400-3600 MHz. It should be noted that whenever guard bands are mentioned in this report, it is understood that those apply only for an FDD allocation.

Tables 2 to 5 contain the power limits that apply for the different BEM elements. PMax is the maximum carrier power for the base station in question, measured as e.i.r.p.

To obtain a BEM for a specific block, these elements are combined as follows:

· For each 5 MHz interval in the 3400-3600 MHz and 3600-3800 MHz bands, used by MFCN according to the harmonised frequency arrangements, the BEM elements that apply have to be determined (there may be several).

· The most relaxed requirement of those defined in the interval in question has to be chosen.

In the following paragraphs the different BEM elements are described further.

BEM elements

		BEM element

		Region of applicability



		In-block 

		Block for which the BEM is derived 



		Baseline 

		Spectrum assigned for TDD and FDD UL and DL



		Transitional region 

		For FDD DL blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator. 

For TDD blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator, in spectrum that is not assigned to another operator, including the guard band 3590-3600 MHz, or in case of synchronized blocks with the same UL/DL configuration.



		Guard bands 

		3400-3410, 3490-3510 and 3590-3600 MHz (for an FDD allocation)















Baseline and guard band power limits

		BEM element

		Frequency range

		Power limit



		Baseline 

		FDD DL (3510-3590 MHz). 
Synchronized TDD blocks with the same UL/DL configuration (3400-3800 or 3600-3800 MHz). 

		Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna



		Baseline 

		FDD UL (3410-3490 MHz). 
TDD (3400-3800 or 3600-3800 MHz) (unless synchronized). 

		-34 dBm/5 MHz e.i.r.p. per cell(1)





		Guard band 

		3400-3410 MHz

		-34 dBm/5 MHz e.i.r.p. per cell



		Guard band 

		3490-3500 MHz

		-23 dBm/5 MHz e.i.r.p. per antenna



		Guard band 

		3500-3510 MHz

		Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p.  per antenna



		Guard band 

		3590-3600 MHz

		Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna





(1) In case of multiple antennas with different polarization, the power limit should be relaxed to -31 dBm/5 MHz e.i.r.p. per cell.



Additional baseline requirements for country specific cases

Additional base station baseline requirements for country specific cases

		Case

		BEM element

		Frequcy range

		Power limit



		A

		CEPT countries with military radiolocation systems below 3400 MHz

		Additional Baseline

		Below 3400 MHz for both TDD and FDD allocation(1)

		-59 dBm/MHz e.i.r.p.(2)  



		B

		CEPT countries with military radiolocation systems below 3400 MHz

		Additional Baseline

		Below 3400 MHz for both TDD and FDD allocation(1)

		-50 dBm/MHz e.i.r.p. (2)  



		C

		CEPT countries without adjacent band usage or with usage that does not need extra protection

		Additional Baseline

		Below 3400 MHz for both TDD and FDD allocation

		Not necessary

(spurious levels from the standards apply)





(1) Administrations may choose to have a guard band below 3400 MHz. In that case the power limit may apply below the guard band only.

(2)  Administrations may select the limit from case A or B depending on the level of protection required for the radar in the region in question.



Cases A; B and C can be applied per region or country so that the adjacent band may have different levels of protection in different geographical areas, depending on the deployment of the adjacent band systems.

In-block power limit

		BEM element

		Frequency range

		Power limit



		In-block

		Block assigned to the operator

		Not obligatory. 
In case an upper bound is desired by an administration, a value of 68 dBm/5 MHz per antenna may be applied. 







For femto base stations, power control should be applied to minimize interference to adjacent channels.

Transitional region power limits

		BEM element

		Frequency range

		Power limit



		Transitional 

		-5 to 0 MHz offset from lower block edge 
0 to 5 MHz offset from upper block edge 

		Min(PMax – 40, 21) dBm/5 MHz 
e.i.r.p. per antenna



		Transitional 

		-10 to 5 MHz offset from lower block edge 5 to 10 MHz offset from upper block edge

		Min(PMax – 43, 15) dBm/5 MHz 
e.i.r.p. per antenna





Note: For TDD blocks the transitional region applies in case of synchronized adjacent blocks, and in-between adjacent TDD blocks that are separated by 5 or 10 MHz. The transition region does not extend below 3400 MHz or above 3800 MHz



Baseline limits

There are two different types of baseline levels. The first is defined for FDD downlink spectrum. This requirement is expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit. The stricter of the two requirements applies. The fixed level prevents interference from increasing in the region where the limit derived from the relative requirement is less stringent. The values are derived from BS – UE interference analysis, and are expressed as e.i.r.p. limits per antenna. 

When two TDD blocks are synchronized and have the same UL/DL configuration, there will be no BS – BS interference. In this case, the same baseline as for the FDD DL region is used. 

The second type of baseline is defined for FDD UL and TDD spectrum, and is expressed as a fixed limit only, calculated based on BS – BS interference. The e.i.r.p. limit is given per cell. When multiple antennas are used, 3 dB should be subtracted from the e.i.r.p. value due to the different polarizations of the antennas. An exception for this type of baseline can be negotiated between adjacent operators for femto base stations in the case where macro base stations are not used in its proximity. In that case -25 dBm/5MHz e.i.r.p. per cell may be used.

In Figure 1 the baseline levels are presented for a TDD-only allocation and in Figure 2 and for an allocation with both FDD (3400-3600 MHz) and TDD (3600-3800 MHz). The baseline in the TDD allocations corresponds to a scenario where all operators are synchronized and use the same UL/DL configuration.

Figure 3 describes how the relative level and the fixed level are combined.

[image: ]

Figure 1: Schematic description of baseline and guard band power levels for a TDD-only allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized.
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Figure 2: Schematic description of baseline and guard band power levels for a mixed FDD and TDD allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized.
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Figure 3: Combining the relative and the fixed limit for the baseline applying to FDD DL spectrum

Guard band limits

In the case of an FDD allocation there will be guard bands below the FDD UL, above the FDD DL, and in-between the FDD UL and DL, see Figure 2 above. For the guard band 3400-3410 MHz, the power limit is chosen to be the same as the baseline in the adjacent FDD UL spectrum, 3410-3490 MHz. Similarly, the baseline that applies in 3510-3590 MHz is also used in the guard band regions 3500-3510 MHz and 3590-3600 MHz. Finally, spurious requirements converted to 5 MHz bandwidth apply in the 3490-3500 MHz. 

In-block limits

The in-block power limit, as defined in Table 4 above, is not obligatory. The requirement on power control for femto base stations is because of the need to reduce interference from equipment that may be deployed by consumers and thus the exact location may not be known to the operators.

Different licensing approaches might be chosen by administrations to licence TDD spectrum. Examples for those are a regulatory approach with no frequency separation between the block edges of two adjacent unsynchronised TDD networks, a regulatory approach with unlicensed separation between the block edges of the two adjacent operators or the definition of restricted blocks.

Transitional region limits

The transitional region is defined to enable the reduction of power from the in-block level to the baseline or guard band levels, and is defined as in Table 5 above. The general shape of the transitional region is presented in Figure 4 below.

The requirements are defined for 5 MHz bandwidth, 0 to 5 MHz and 5 to 10 MHz offset from the upper and lower edges of an operator’s block. They are expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit, as for the baseline requirement in the FDD DL. The stricter of the two requirements applies. 

Combination of BEM elements

The BEM elements as described above are combined to provide a BEM for a particular block by choosing the most relaxed requirement of those that are defined for a frequency interval. Figure 4 provides an example of such a combination of BEM elements for an FDD block in the lower part of the FDD DL spectrum. 
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Figure 4: Combined BEM elements for an FDD block starting at 3510 MHz



UE In-block requirement

This report provides a recommended upper limit of 25dBm e.i.r.p. for the in-block power of the terminals.  

Co-existence with other services than MFCN

Co-existence studies for other services than MFCN have been carried out for both in-band and out-of-band scenarios. The in-band services considered are FSS, FS and BWA and the out-of-band services are civil and military Radiolocation. 

No single separation distance, guard band or signal strength limit can be provided for FSS and FS to ensure co-existence with MFCN.

It is assumed that BWA systems are similar to MFCN systems and that BWA can co-exist under the new BEM licensing regime.

In some CEPT countries military radiolocation systems that are deployed below 3400 MHz need a fixed limit for protection from base station interference (cases A and B in Table 3). For the MFCN base stations             -59dBm/MHz is defined in Table 3. Other mitigation measures like geographical separation, coordination on a case by case basis or an additional guard band may be necessary for a TDD allocation.

For UEs other mitigation measures will be necessary such as e.g. geographical separation or an additional guard band for both FDD or TDD allocation.



TASK 2 (Channelling Arrangements)

In this report CEPT has assessed and justified the need to introduce channeling arrangements in the 3400-3800 MHz band to develop a harmonised solution that is sufficiently precise for the development of EU-wide equipment.



For the 3400-3600 MHz band two channeling arrangements have been introduced: one comprising of a 200 MHz TDD plan, the other one comprising of the 2x80 MHz FDD plan (see Figures 6 and 7 below respectively and Section 3.1.4.4 of this report for details).



The possibility of a preferred channeling arrangement for the 3,4-3,6 GHz band has been discussed by the ECC#34, as well as the possibility to have FDD and TDD on the same footing. The ECC identified a slight preference for TDD as the preferred frequency arrangement with FDD frequency arrangement as an alternative. 

ECC invites additional views before taking a final decision on a preferred frequency arrangement at the next ECC meeting. 



· Option A: CEPT has identified the frequency arrangement for the 3400-3600 MHz band based on TDD as described in Annex 1 of ECC/DEC/(11)06 as the preferred frequency arrangement. A frequency arrangement based on FDD as described in Annex 2 of ECC/DEC/(11)06 is provided as an alternative.



· Option C: CEPT has decided to maintain both frequency arrangements without indicating any preference. ECC/DEC/(11)06 to be revised to remove Decides 3.



For the 3600-3800 MHz band one channeling arrangement has been introduced comprising of a 200 MHz TDD plan (see Figure 5 below and Section 3.1.4.3 of this report for details).
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Figure 5: Harmonised frequency arrangement for the 3600-3800 MHz band based on TDD
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Figure 6: Frequency arrangement for the 3400-3600 MHz band based on TDD
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Figure 7: Frequency arrangement for the 3400-3600 MHz band based on FDD
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LIST OF ABBREVIATIONS









		Abbreviation

		Explanation



		BEM

		Block Edge Mask



		BS

		Base stations



		BWA

		Broadband Wireless Access systems 



		CEPT

		European Conference of Postal and Telecommunications Administrations



		ECC

		Electronic Communications Committee



		EC

		European Commission



		ECO

		European Communications Office



		ENG

		Electronic News Gathering



		ERO

		European Radiocommunications Office



		ETSI

		European Telecommunications Standards Institute 



		EU

		European Union



		E-UTRA

		Evolved Universal Terrestrial Radio Access



		FDD

		Frequency Division Duplex



		FSS

		Fixed Satellite Service



		FWS

		Fixed Wireless Systems



		IMT

		International Mobile Telecommunications



		LRTC 

		Least Restrictive Technical Conditions



		MFCN

		Mobile/Fixed Communications Networks



		MFW

		Multipoint Fixed Wireless



		MCL

		Minimum Coupling Loss 



		OB

		Outside Broadcasting



		PMP

		Point-to-Multipoint



		PP FS

		Point-to-Point (fixed service)



		TDD

		Time Division Duplex



		UE

		User Equipment



		UL/DL

		Uplink/Downlink



		WAPECS

		Wireless Access Policy for Electronic Communications Services



		

		



		

		



		

		



		

		



		

		



		

		



		

		





[bookmark: _Toc359584078]Introduction

The European Commission has issued a Mandate to CEPT on technical conditions regarding spectrum harmonisation for terrestrial wireless systems in the 3400-3800 MHz frequency band (see Annex 3) to review and amend the technical conditions for the harmonised use of the 3400-3800 MHz frequency band in order to adapt them to the latest developments in technology by preserving flexibility of use in line with the WAPECS approach, including the updating of the Block Edge Mask (BEM) and introducing harmonised frequency arrangements.

CEPT is mandated to undertake the following tasks:

1) “Assess and justify any need to revise the common minimal (least restrictive) technical conditions, including BEM, which underlie the harmonised use of in the 3400-3800 MHz frequency band in the EU and, if necessary, identify modified conditions in view of accommodating developments in wireless broadband access technology in particular larger bandwidths. These conditions should be sufficient to avoid interference, facilitate cross-border coordination, and ensure co-existence with other existing systems and services in the same band and adjacent bands.”

2) “Assess and justify any need to introduce channelling arrangements in addition to (1) and, if necessary, develop a harmonised solution that is sufficiently precise for the development of EU-wide equipment.”

CEPT has developed a roadmap to structure the work in response to this Mandate to address the following issues:

a) assess and justify any need to revise the common minimal (least restrictive) technical conditions including BEM

b) identify modified conditions in view of accommodating developments in wireless broadband access technology in particular larger bandwidths

c) assess and justify any need to introduce channeling arrangements in addition to the LRTC (BEM)

d) if necessary, develop a harmonised solution that is sufficiently precise for the development of EU-wide equipment.
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[bookmark: _Toc359584080]Justification for the need to revise the existing BEM

Regarding the work on issue (a) (see Introduction), ECC agreed on the justification for the need to revise the common minimal (least restrictive) technical conditions including BEM. The justification being the following:

In 2004 ECC adopted ECC/REC/ (04)05 [2] on “Guidelines for accommodation and assignment of Multipoint Fixed Wireless systems in frequency bands 3400-3600 MHz and 3600-3800 MHz” and in 2007 ECC/DEC/(07)02 [1] on “Availability of frequency bands between 3400-3800 MHz for the harmonised implementation of Broadband Wireless Access systems (BWA)”. In 2008 the BEM contained in ECC/REC/(04)05 [2] were included in the Commission Decision 2008/411/EC [3] on the harmonisation of the 3400-3800 MHz frequency band for terrestrial systems capable of providing electronic communications services in the Community.

WRC-07 identified the band 3400-3600 MHz for IMT, so ECC developed band plans for MFCN systems including IMT (see ECC/DEC/(11)06 [4]). 

ECC analyzed the existing BEM contained in ECC/REC/(04)05 [2], which were developed for PMP FWS systems in 2004 and concluded that it is not suitable for the introduction of MFCN systems including IMT in the 3400-3600 MHz band, due to the following reasons:

· The BEM available have been designed to ensure co-existence between PMP FWS applications only.

· The BEM were derived with the assumption of an internal guard band (half a channel width).

· The effect of blocking was not considered for establishing the BEM (which may lead to more stringent masks).

· The BEM may not even be suitable when PMP FWS are based on adjacent TDD blocks.

· The BEM is developed under the assumption that a high gain antenna leads to a lower probability of interference than a low gain antenna. While that might be appropriate for Fixed Wireless Systems, it is certainly inappropriate for other types of MFCN systems.

· The ETSI SEM (for 3GPP band class 7/38) do not allow an operation to fit to the BEM. It is anticipated that the SEMs of IMT-Advanced systems would not allow an operation to fit the BEM of the ECC/REC/(04)05 [2] as well (due to their large bandwidths).

· The existing 3.5 GHz BEM is justified in cases, where there is no commonly agreed band plan and maximum flexibility is needed (like the case of BWA deployments). When band plans are available and adopted, there is no need for the unnecessarily tight BEM but it should be adjusted to the more harmonised conditions in order to facilitate affordable equipment, maximise the spectrum efficiency (e.g. by reduced guard bands) and thus maximize the available amount of spectrum.

The technical analysis is provided in Annex 1 of this report.

[bookmark: _Toc359584081]Development of the new BEM

In this report the BEM was derived from a minimum coupling loss (MCL) analysis and simulations.

For the purposes of this report the term “BWA” (Broadband Wireless Access) refers to legacy BWA systems licenced under the existing 3400-3600 MHz licencing regimes as described in ECC/DEC/(07)02 or 2008/411/EC. The term “MFCN” (Mobile/fixed communications networks) includes IMT and other communications networks in the mobile and fixed services and for the purposes of this report refers to radio communication systems which should comply with the BEM defined in this report.

The base station BEM requirements as described below may be relaxed whenever there are bilateral agreements between operators. The BEM has not been developed to protect other services or applications in the band, and only applies in blocks that have been licensed to MFCN according to the new harmonised frequency arrangement. In the figures below it is assumed for simplicity that all blocks have been licensed to MFCN.

Figure 8 describes a general BEM. Table 6 contains the different elements of the BEM in the 3400-3600 MHz and 3600-3800 MHz bands, together with the frequency regions where they apply. The guard bands apply in case of an FDD allocation in 3400-3600 MHz. It should be noted that whenever guard bands are mentioned in this report, it is understood that those apply only for an FDD allocation.

Tables 7 to 10 contain the power limits that apply for the different BEM elements. PMax is the maximum carrier power for the base station in question, measured as e.i.r.p.

To obtain a BEM for a specific block, these elements are combined as follows:

· For each 5 MHz interval in the 3400-3600 MHz and 3600-3800 MHz bands, used by MFCN according to the harmonised frequency arrangements, the BEM elements that apply have to be determined (there may be several).

· The most relaxed requirement of those defined in the interval in question has to be chosen.

In the following paragraphs the different BEM elements are described further.
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Figure 8: Illustration of a general block-edge mask

BEM elements

		BEM element

		Region of applicability



		In-block 

		Block for which the BEM is derived 



		Baseline 

		Spectrum assigned for TDD and FDD UL and DL



		Transitional region 

		For FDD DL blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator. 

For TDD blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator, in spectrum that is not assigned to another operator, including the guard band 3590-3600 MHz, or in case of synchronized blocks with the same UL/DL configuration.



		Guard bands 

		3400-3410, 3490-3510 and 3590-3600 MHz (for an FDD allocation)







Baseline and guard band power limits

		BEM element

		Frequency range

		Power limit



		Baseline 

		FDD DL (3510-3590 MHz). 
Synchronized TDD blocks with the same UL/DL configuration (3400-3800 or 3600-3800 MHz). 

		Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna



		Baseline 

		FDD UL (3410-3490 MHz). 
TDD (3400-3800 or 3600-3800 MHz) (unless synchronized). 

		-34 dBm/5 MHz e.i.r.p. per cell(1)





		Guard band 

		3400-3410 MHz

		-34 dBm/5 MHz e.i.r.p. per cell





		Guard band 

		3490-3500 MHz

		-23 dBm/5 MHz e.i.r.p. per antenna



		Guard band 

		3500-3510 MHz

		Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p.  per antenna



		Guard band 

		3590-3600 MHz

		Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna





(1) In case of multiple antennas with different polarization, the power limit should be relaxed to -31 dBm/5 MHz e.i.r.p. per cell.



Additional baseline requirements for country specific cases

Additional base station baseline requirements for country specific cases

		Case

		BEM element

		Frequcy range

		Power limit



		A

		CEPT countries with military radiolocation systems below 3400 MHz

		Additional Baseline

		Below 3400 MHz for both TDD and FDD allocation(1)

		-59 dBm/MHz e.i.r.p.(2)  



		B

		CEPT countries with military radiolocation systems below 3400 MHz

		Additional Baseline

		Below 3400 MHz for both TDD and FDD allocation(1)

		-50 dBm/MHz e.i.r.p. (2)  



		C

		CEPT countries without adjacent band usage or with usage that does not need extra protection

		Additional Baseline

		Below 3400 MHz for both TDD and FDD allocation

		Not necessary

(spurious levels from the standards apply)





(1) Administrations may choose to have a guard band below 3400 MHz. In that case the power limit may apply below the guard band only.

(2)  Administrations may select the limit from case A or B depending on the level of protection required for the radar in the region in question.

Cases A; B and C can be applied per region or country so that the adjacent band may have different levels of protection in different geographical areas, depending on the deployment of the adjacent band systems.

In-block power limit

		BEM element

		Frequency range

		Power limit



		In-block

		Block assigned to the operator

		Not obligatory. 
In case an upper bound is desired by an administration, a value of 68 dBm/5 MHz per antenna may be applied. 







For femto base stations, power control should be applied to minimize interference to adjacent channels.

Transitional region power limits

		BEM element

		Frequency range

		Power limit



		Transitional 

		-5 to 0 MHz offset from lower block edge 
0 to 5 MHz offset from upper block edge 

		Min(PMax – 40, 21) dBm/5 MHz 
e.i.r.p. per antenna



		Transitional 

		-10 to 5 MHz offset from lower block edge 5 to 10 MHz offset from upper block edge

		Min(PMax – 43, 15) dBm/5 MHz 
e.i.r.p. per antenna





Note: For TDD blocks the transitional region applies in case of synchronized adjacent blocks, and in-between adjacent TDD blocks that are separated by 5 or 10 MHz. The transition region does not extend below 3400 MHz or above 3800 MHz.



Baseline limits

There are two different types of baseline levels. The first is defined for FDD downlink spectrum. This requirement is expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit. The stricter of the two requirements applies. The fixed level prevents interference from increasing in the region where the limit derived from the relative requirement is less stringent. The values are derived from BS – UE interference analysis, and are expressed as e.i.r.p. limits per antenna. 

When two TDD blocks are synchronized and have the same UL/DL configuration, there will be no BS – BS interference. In this case, the same baseline as for the FDD DL region is used. 

The second type of baseline is defined for FDD UL and TDD spectrum, and is expressed as a fixed limit only, calculated based on BS – BS interference. The e.i.r.p. limit is given per cell. When multiple antennas are used, 3 dB should be subtracted from the e.i.r.p. value due to the different polarizations of the antennas. An exception for this type of baseline can be negotiated between adjacent operators for femto base stations in the case where macro base stations are not used in its proximity. In that case -25 dBm/5MHz e.i.r.p. per cell may be used.

In Figure 9 the baseline levels are presented for a TDD-only allocation and in Figure 10 and for an allocation with both FDD (3400-3600 MHz) and TDD (3600-3800 MHz). The baseline in the TDD allocations corresponds to a scenario where all operators are synchronized and use the same UL/DL configuration.

Figure 11 describes how the relative level and the fixed level are combined.
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Figure 9: Schematic description of baseline and guard band power levels for a TDD-only allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized.
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Figure 10: Schematic description of baseline and guard band power levels for a mixed FDD and TDD allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized.
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Figure 11: Combining the relative and the fixed limit for the baseline applying to FDD DL spectrum

Guard band limits

In the case of an FDD allocation there will be guard bands below the FDD UL, above the FDD DL, and in-between the FDD UL and DL, see Figure 10 above. For the guard band 3400-3410 MHz, the power limit is chosen to be the same as the baseline in the adjacent FDD UL spectrum, 3410-3490 MHz. Similarly, the baseline that applies in 3510-3590 MHz is also used in the guard band regions 3500-3510 MHz and 3590-3600 MHz. Finally, spurious requirements converted to 5 MHz bandwidth apply in the 3490-3500 MHz. 

In-block limits

The in-block power limit, as defined in Table 9 above, is not obligatory. The requirement on power control for femto base stations is because of the need to reduce interference from equipment that may be deployed by consumers and thus the exact location may not be known to the operators.

Different licensing methodologies might be chosen by administrations to licence TDD spectrum. Examples for those are a regulation methodology with no frequency separation between the block edges of two adjacent unsynchronised TDD networks, a regulation methodology with unlicensed separation between the block edges of the two adjacent operators or the definition of restricted blocks.

Transitional region limits

The transitional region is defined to enable the reduction of power from the in-block level to the baseline or guard band levels, and is defined as in Table 10 above. The general shape of the transitional region is presented below in Figure 12.

The requirements are defined for 5 MHz bandwidth, 0 to 5 MHz and 5 to 10 MHz offset from the upper and lower edges of an operator’s block. They are expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit, as for the baseline requirement in the FDD DL. The stricter of the two requirements applies. 

Combination of BEM elements

The BEM elements as described above are combined to provide a BEM for a particular block by choosing the most relaxed requirement of those that are defined for a frequency interval. Figure 12 provides an example of such a combination of BEM elements for an FDD block in the lower part of the FDD DL spectrum. 
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Figure 12: Combined BEM elements for an FDD block starting at 3510 MHz

UE In-block requirement

This report provides a recommended upper limit of 25dBm e.i.r.p. for the in-block power of the terminals.  

Co-existence with other services than MFCN

Co-existence studies for other services than MFCN have been carried out for both in-band and out-of-band scenarios. The in-band services considered are FSS, FS and BWA and the out-of-band services are civil and military Radiolocation.

The conclusions are as follows:

BWA

For the purpose of co-existence, it is assumed that BWA systems as defined above are similar to MFCN systems. Therefore no studies were carried out for MFCN – BWA co-existence.

Fixed Service

MFCN applies to all Mobile and Fixed communication networks including point-to-point Fixed links.

Due to the varying characteristics of different types of FS systems and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with mobile systems. Co-existence can be achieved through co-ordination on a case-by-case basis. Based on the results of analysis of both directions of interference (mobile service interfering into P-P and vice-versa) some general observations can be made. Overlapping-channel sharing meaning any opverlap between spectrum of interfering and interfered signals) between the mobile service and P-P links is not feasible in the same geographical area. Consequently if spectrum is used ubiquitously by the FS it cannot be used by the mobile service in the same region. With larger frequency separation and distances coordination is needed, depending on the characteristics of the mobile and the P-P services.

The studies that were carried out in ECC Report 302 on 3.5 MHz [12] take into account a single interferer. In the case of multiple interferers the co-existence could be more difficult to achieve.

Also interference from FS systems to mobile systems may exceed the acceptable interference level.

The similarities between Mobile Systems and P-MP Fixed Systems indicate that the results for mobile – mobile adjacent channel co-existence largely apply to the mobile – P-MP scenario as well. In case of BS – BS interference additional measures may thus be necessary, such as frequency separation and/or additional filters, whereas otherwise co-existence is expected to be possible without such measures. 

Fixed Satellite Service

Due to the varying characteristics of different types of FSS earth stations and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with MFCN. Co-existence should be achieved through co-ordination on a case-by-case basis, assuming FSS earth stations locations are known. However, some general observations can be made. Separation distances for co-existence vary considerably depending on type of equipment and deployment (e.g. tilt and clutter), but can be large. User equipment impact earth stations less than base stations, so separation that prevents interference from base stations will also protect earth stations from UE interference. There are several mitigation techniques that can be applied, in particular site shielding of earth stations. Interference from FSS satellites to MFCN may exceed the acceptable interference level, but in most cases only by a small margin.

Radiolocation

Due to the varying characteristics of different types of radar stations and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with MFCN, but some representative examples are provided. Co-existence should be achieved through co-ordination on a case-by-case basis. However, some general observations can be made for non-overlapping adjacent channels. For airborne radars the required separation distance is approximately 0 km, depending on the radar type and antenna type. For land-based/ship-borne radars the required separation distance is less than 1 km, depending on the radar type and antenna type. A frequency separation analyses concludes that for a 5 km separation, and considering wideband IMT-Advanced interference to wideband radars, the required frequency separation varies between 14 and 65 MHz, depending on radar type and scenario.

There are mitigation techniques which can reduce the separation distance or frequency separation required. In particular, for adjacent channel/adjacent band interference, improved receiver performance and decreased unwanted emissions can be efficient.

Regarding interference from radars to MFCN networks, installation of systems closer than approximately 5 km from the radar should be coordinated. It is necessary to establish a protection distance of approximately 11 km in some areas. Considering blocking effects, the radar may impact MFCN systems up to a distance of 30 km.

The analysis did not take into account the fact that radar antennas rotate and therefore only affect a particular MFCN base station or UE intermittently.

Adjacent band limit in the case of adjacent band usage by military systems

In some CEPT countries military radiolocation systems that are deployed below 3400 MHz need a fixed limit for protection from base station interference (cases A and B in Table 8). Other mitigation measures like geographical separation, coordination on a case by case basis or an additional guard band may be necessary for a TDD allocation.

For UEs other mitigation measures will be necessary such as e.g. geographical separation or an additional guard band for both FDD or TDD allocation.



[bookmark: _MON_1285142961][bookmark: _MON_1285169829][bookmark: _Toc359584082] task 2 of the mandate (channelling arrangements)

[bookmark: _Toc359584083]Channelling arrangements in the 3400-3600 MHz and 3600-3800 MHz

The aim of this section is to assess and justify the need to introduce channelling arrangements in addition to the BEM developed as task 1 of the mandate. The channelling arrangements should be sufficiently precise to enable the development of EU-wide equipment.

In the year 2011 CEPT approved ECC/DEC/(11)06 [4] that precisely provides channelling arrangements in the 3400-3600 MHz and 3600-3800 MHz frequency bands. The reasoning and justification that led to the improvement of the regulatory framework in terms of channelling arrangements is used as basis for this section.

In the year 2013 the frequency arrangement in the 3400-3600 MHz was subject to a review with the aim to identify a preferred frequency arrangement as set out in Decides 3 of ECC/DEC/(11)06.

The possibility of a preferred channeling arrangement for the 3,4-3,6 GHz band has been discussed by the ECC#34, as well as the possibility to have FDD and TDD on the same footing. The ECC identified a slight preference for TDD as the preferred frequency arrangement with FDD frequency arrangement as an alternative. 

ECC invites additional views before taking a final decision on a preferred frequency arrangement at the next ECC meeting. 

Option A: CEPT has identified the frequency arrangement for the 3400-3600 MHz band based on TDD as described in Annex 1 of ECC/DEC/(11)06 as the preferred frequency arrangement. A frequency arrangement band based on FDD as described in Annex 2 of ECC/DEC/(11)06 is provided as an alternative.

Option C: CEPT has decided to maintain both frequency arrangements without indicating any preference. ECC/DEC/(11)06 to be revised to remove Decides 3.

[bookmark: _Toc359584084]Background information

Any harmonised frequency arrangements for the 3400-3800 MHz band should facilitate high data rate mobile/fixed communications networks (MFCN) including International Mobile Telecommunications (IMT) services supported by larger channel bandwidths as an evolution to the existing framework without the consequential requirement for a replacement of systems based on the existing regulatory framework. It aims at providing the basis to the mobile industry and administrations to respond to the growth of mobile broadband and technological developments for wider channel bandwidths and increased data rates.

At WRC-07, the 3400-3600 MHz band was allocated on a primary basis to the mobile, except aeronautical mobile, service and identified for IMT in almost all CEPT member countries.

The term IMT covers IMT-2000 and IMT-Advanced systems. A wide range of systems are defined under this term: 6 IMT-2000 radio interfaces and 2 IMT-Advanced radio interfaces ensure a competitive environment.

Recommendation ITU-R M.1036 [5] on frequency arrangements for implementation of the terrestrial component of IMT has been revised in 2012 to include, among others, the arrangements for the 3400-3600 MHz band.

At the beginning of 2012, ITU-R agreed on the IMT-Advanced technologies in cooperation with standardisation organisations paving the way for future mobile broadband usage going beyond IMT-2000.

The ECO (formerly ERO) carried out a survey in 2008 [8] which found diverse implementations of BWA/FWA within 3400-3800 MHz in CEPT countries, including some IMT systems. This is reflected in various licensing coverage (national, regional) and various frequency blocks choices (different portions of the 3400-3800 MHz band). Moreover, this survey showed that paired blocks are used or planned to be used in TDD mode in some countries.

As far as practicable, the frequency arrangements in ECC/DEC/(11)06 [4] are intended to be technology neutral and capable of facilitating competitive provision of services using a range of technologies and modes (fixed, nomadic and mobile) with sufficient flexibility to accommodate current wireless broadband services deployed in the band.

When developing these channelling arrangements, ECC considered the following CEPT regulatory framework that is in force for broadband and fixed wireless access systems (BWA/FWA) in the 3400-3800 MHz band:

ECC/REC/(04)05 [2] that offers guidelines for accommodation and assignment of multipoint fixed wireless systems in the frequency bands 3400-3600 MHz and 3600-3800 MHz;

ECC/DEC/(07)02 [1] on availability of frequency bands between 3400-3800 MHz for the harmonised implementation of Broadband Wireless Access systems (BWA). This Decision refers to ECC/REC/(04)05 [2] for frequency arrangements.

Annex 2 of this CEPT Report provides a comparison of the various ECC deliverables for the 3400-3800 MHz band.

[bookmark: _Toc359584085]EC context

The existing Commission Decision 2008/411/EC [3] on the harmonisation of the 3400-3800 MHz frequency band for terrestrial systems capable of providing electronic communications services in the Community is based on the results of studies in response to EC mandates that are documented in CEPT Reports 15 and 19 (which defines least restrictive technical conditions for the 3400-3800 MHz band).

Under the scope of this EC mandate (Task 1) CEPT is conducting additional analysis to determine whether the existing least restrictive technical conditions (BEM) are suitable also for the high data rate IMT services supporting larger channel bandwidths.

[bookmark: _Toc359584086]General justification for harmonised frequency arrangements

It was recognised by the ECC that implementation of MFCN including IMT systems providing high data rate applications in the band 3400-3800 MHz based on a harmonised frequency arrangement will maximise the opportunities and benefits for end users and society, reduce development and implementation costs of equipment and will secure future long term investments by providing economies of scale. Harmonised frequency arrangements facilitate economies of scale resulting in the availability of affordable equipment. A harmonised frequency arrangement will also reduce complexity in cross border coordination. Global roaming is facilitated by common frequency arrangements and measures for free circulation for IMT terminals. The opportunity to utilize larger channel bandwidths will support the provision of high data rates for IMT (especially with IMT-Advanced).

[bookmark: _Toc359584087]Justification of channeling arrangements in ECC/DEC/(11)06

[bookmark: _Toc359584088]Block size

ECC/DEC/(11)06 [4] chose to use block sizes of 5 MHz. It was considered that spectrum licensed for MFCN is generally assigned in multiples of 5 MHz, except where this is not possible, e.g. due to the presence of existing users. This block size enables (by combination of adjacent blocks) to utilize larger channel bandwidths creating the possibility to provide high data rates for IMT (especially with IMT-Advanced). Channel bandwidths such as 10, 20 and 40 MHz or more that could be accommodated in the bands 3400-3600 MHz and 3600-3800 MHz will enable higher data rates.

[bookmark: _Toc359584089]Sub-bands 3400-3600 MHz and 3600-3800 MHz are treated separately

The two sub-bands are treated as separate bands considering that they are treated differently in the Radio Regulations context and that the incumbent use of spectrum for each sub-band varies. For instance use of these two sub-bands for Fixed Satellite Service (FSS) is not the same (the band 3600-3800 MHz is used for FSS more intensively than the band 3400-3600 MHz).

[bookmark: _Toc359584090]Channeling arrangement for the sub-band 3600-3800 MHz

A TDD band plan has been chosen for this sub-band. It was considered that TDD may allow more flexible accommodation of current use of the frequency bands by other services. There is more flexibility to create “holes” in the band to protect incumbent users, as these holes are not replicated in the UL/DL band as is the case for FDD. For example TDD allows more efficient spectrum use when taking into account existing fixed satellite usage in case of geographical sharing. This is especially relevant to the 3600-3800 MHz band since this band is more intensively used for FSS than the band 3400-3600 MHz.

The TDD arrangement is based on a block size of 5 MHz starting at the lower edge of 3600 MHz (see Figure 13 below). If blocks need to be offset to accommodate other uses, the raster should be 100 kHz. Narrower blocks can be defined adjacent to other users, to allow full use of spectrum. It has to be noted that TDD in one extreme case also covers downlink only operation.
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Figure 13: Harmonised frequency arrangement for the 3600-3800 MHz band based on TDD

[bookmark: _Toc359584091]Channeling arrangements for the sub-band 3400-3600 MHz

The ECC Decision contains two band plans (FDD and TDD) for the 3400-3600 MHz band.



The possibility of a preferred channeling arrangement for the 3,4-3,6 GHz band has been discussed by the ECC#34, as well as the possibility to have FDD and TDD on the same footing. The ECC identified a slight preference for TDD as the preferred frequency arrangement with FDD frequency arrangement as an alternative. 

ECC invites additional views before taking a final decision on a preferred frequency arrangement at the next ECC meeting. 

Option A: CEPT has identified the frequency arrangement for the 3400-3600 MHz band based on TDD as described in Annex 1 of ECC/DEC/(11)06 as the preferred frequency arrangement. A frequency arrangement band based on FDD as described in Annex 2 of ECC/DEC/(11)06 is provided as an alternative.



Option C: CEPT has decided to maintain both frequency arrangements without indicating any preference. ECC/DEC/(11)06 to be revised to remove Decides 3.



It is also noted in ECC/DEC/(11)06 [4] that although there are licensed paired frequency arrangements in many CEPT countries, TDD systems are currently used in a number of those countries in the band 3400-3600 MHz due to the better availability of TDD systems.

Figure 14 below is the frequency arrangement based on TDD duplex mode. The block size is 5 MHz starting at the lower edge of 3400 MHz. If blocks need to be offset to accommodate other users, the raster should be 100 kHz. Narrower blocks can be defined adjacent to other users, to allow full use of spectrum. It has to be noted that TDD in one extreme case also covers downlink only operation.
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Figure 14:  Frequency arrangement for the 3400-3600 MHz band based on TDD

Figure 15 below is the frequency arrangement based on FDD. The block size is 5 MHz starting at the lower edge of 3410 MHz. The sub-band 3410-3490 MHz is used for the uplink, the sub-band 3510-3590 MHz is used for the downlink. The resulting duplex gap is 20 MHz (3490-3510 MHz). If blocks need to be offset to accommodate other uses, the raster should be 100 kHz. Narrower blocks can be defined adjacent to other users, to allow full use of spectrum.
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Figure 15: Frequency arrangement for the 3400-3600 MHz band based on FDD 

[bookmark: _Toc359584092]Key principles related to the coordination of MFCN and FSS

There are currently 170 fixed satellite earth stations authorized within the EU Member States (deployed on 78 sites). As such, they are protected by Member States against harmful interference.

For MFCN and FSS coordination, similar principles can be used as for BWA and FSS coordination. Indeed in the case of BWA, the “central stations” are coordinated with the FSS earth stations. This implies that all the (fixed) terminal stations, operating under the control of central stations are consequently coordinated under the umbrella of the central stations (this typically requires to slightly extend the coordination distances). The same idea can be applied to MFCN where the BWA terminal stations are now replaced with mobile terminal stations that also operate under the control of the base stations (which need to be coordinated with the FSS stations).

[bookmark: _Toc359584093]Key principles for coordination between FSS and MFCN

The following key principles related to the coordination between Mobile/Fixed Communication Network stations and Fixed-Satellite Service (FSS) Earth stations should be implemented at national level in order to ensure coordination between these systems: 

1. Frequency coordination is primarily concerned with local implementation, local propagation conditions and local licensed use of the shared band. This is best dealt with by national administrations;

2. Some administrations have effective co-ordination arrangements in place. The implementation of these guidelines is at the discretion of the national administrations to the extent this may help them;

3. The key objectives of co-ordination processes are maximising efficient use of the available spectrum for the benefit of the EU whilst protecting existing licensed uses of the band;

4. Coordination processes and associated protection should only apply to registered/licensed spectrum users;

5. Data exchange and coordination processes are mutual and reciprocal to all band users;

6. Data on registered use of the band should be available to all users under relevant legal protections and confidentiality obligations;

7. The coordination process must be both accurate and fast to enable all operators to efficiently plan spectrum utilisation and network deployments;

8. Operators should have access to registered band usage to maximise the successful coordination of spectrum through propagation modelling without physical measurement at the planning stage;

9. All parties are responsible for the efficient use of spectrum. In deploying new MFCN stations and new FSS Earth stations, operators should be cognisant of the need to minimise constraints on the other service;

10. These guidelines primarily relate to co-ordination within national boundaries. For the situation where MFCN  and FSS stations are within the territories of different administrations, the use of these guidelines within bilateral agreements may help to expedite cross border co-ordination[footnoteRef:2]; [2:  For cross-border coordination with non-EU administrations not listed in the 5.430A footnote of RR the provisions of this footnote should be taken into account.] 


11. All parties should undertake reasonable efforts to successfully complete the coordination exercise as quickly as possible;

12. Either party has the inherent right to refer the co-ordination to the relevant NRA(s) if agreement cannot be reached.

[bookmark: _Toc359584094]Conclusions

With this report CEPT replies to the Mandate from the European Commission “Technical Conditions regarding spectrum harmonisation for terrestrial wireless systems in the 3400-3800 MHz frequency band” (provided in Annex 3).

[bookmark: _Toc359584095]Task 1 (Block Edge Mask)

The justification for the development of new BEM is included in Section 2.1 of this report.

The resulting new BEM is outlined in Section 2.2 of this report.

In this report the BEM was derived from a minimum coupling loss (MCL) analysis and simulations.

For the purposes of this report the term “BWA” (Broadband Wireless Access) refers to legacy BWA systems licenced under the existing 3400-3600 MHz licencing regimes as described in ECC/DEC/(07)02 [1] or 2008/411/EC [3]. The term “MFCN” (Mobile/fixed communications networks) includes IMT and other communications networks in the mobile and fixed services and for the purposes of this report refers to radio communication systems which should comply with the BEM defined in this report.

The base station BEM requirements as described below may be relaxed whenever there are bilateral agreements between operators. The BEM has not been developed to protect other services or applications in the band, and only applies in blocks that have been licensed to MFCN according to the new harmonised frequency arrangement. In the figures below it is assumed for simplicity that all blocks have been licensed to MFCN.

Figure 16 describes a general BEM. 
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Figure 16: Illustration of a general block-edge mask

Table 11 contains the different elements of the BEM in the 3400-3600 MHz and 3600-3800 MHz bands, together with the frequency regions where they apply. The guard bands apply in case of an FDD allocation in 3400-3600 MHz. It should be noted that whenever guard bands are mentioned in this report, it is understood that those apply only for an FDD allocation.

Tables 12 to 15 contain the power limits that apply for the different BEM elements. PMax is the maximum carrier power for the base station in question, measured as e.i.r.p.

To obtain a BEM for a specific block, these elements are combined as follows:

· For each 5 MHz interval in the 3400-3600 MHz and 3600-3800 MHz bands, used by MFCN according to the harmonised frequency arrangements, the BEM elements that apply have to be determined (there may be several).

· The most relaxed requirement of those defined in the interval in question has to be chosen.

In the following paragraphs the different BEM elements are described further.

BEM elements

		BEM element

		Region of applicability



		In-block 

		Block for which the BEM is derived 



		Baseline 

		Spectrum assigned for TDD and FDD UL and DL



		Transitional region 

		For FDD DL blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator. 

For TDD blocks, the transitional region applies 0 to 10 MHz below and above the block assigned to the operator, in spectrum that is not assigned to another operator, including the guard band 3590-3600 MHz, or in case of synchronized blocks with the same UL/DL configuration.



		Guard bands 

		3400-3410, 3490-3510 and 3590-3600 MHz (for an FDD allocation)







Baseline and guard band power limits

		BEM element

		Frequency range

		Power limit



		Baseline 

		FDD DL (3510-3590 MHz). 
Synchronized TDD blocks with the same UL/DL configuration (3400-3800 or 3600-3800 MHz). 

		Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna



		Baseline 

		FDD UL (3410-3490 MHz). 
TDD (3400-3800 or 3600-3800 MHz) (unless synchronized). 

		-34 dBm/5 MHz e.i.r.p. per cell(1)





		Guard band 

		3400-3410 MHz

		-34 dBm/5 MHz e.i.r.p. per cell



		Guard band 

		3490-3500 MHz

		-23 dBm/5 MHz e.i.r.p. per antenna



		Guard band 

		3500-3510 MHz

		Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p.  per antenna



		Guard band 

		3590-3600 MHz

		Min(PMax – 43, 13) dBm/5 MHz 
e.i.r.p. per antenna





(1) In case of multiple antennas with different polarization, the power limit should be relaxed to -31 dBm/5 MHz e.i.r.p. per cell.



Additional baseline requirements for country specific cases

Additional base station baseline requirements for country specific cases

		Case

		BEM element

		Frequcy range

		Power limit



		A

		CEPT countries with military radiolocation systems below 3400 MHz

		Additional Baseline

		Below 3400 MHz for both TDD and FDD allocation(1)

		-59 dBm/MHz e.i.r.p.(2)  



		B

		CEPT countries with military radiolocation systems below 3400 MHz

		Additional Baseline

		Below 3400 MHz for both TDD and FDD allocation(1)

		-50 dBm/MHz e.i.r.p. (2)  



		C

		CEPT countries without adjacent band usage or with usage that does not need extra protection

		Additional Baseline

		Below 3400 MHz for both TDD and FDD allocation

		Not necessary

(spurious levels from the standards apply)





(1) Administrations may choose to have a guard band below 3400 MHz. In that case the power limit may apply below the guard band only.

(2)  Administrations may select the limit from case A or B depending on the level of protection required for the radar in the region in question.



Cases A; B and C can be applied per region or country so that the adjacent band may have different levels of protection in different geographical areas, depending on the deployment of the adjacent band systems.

In-block power limit

		BEM element

		Frequency range

		Power limit



		In-block

		

Block assigned to the operator

		Not obligatory. 
In case an upper bound is desired by an administration, a value of 68 dBm/5 MHz per antenna may be applied. 







For femto base stations, power control should be applied to minimize interference to adjacent channels.

Transitional region power limits

		BEM element

		Frequency range

		Power limit



		Transitional 

		-5 to 0 MHz offset from lower block edge 
0 to 5 MHz offset from upper block edge 

		Min(PMax – 40, 21) dBm/5 MHz 
e.i.r.p. per antenna



		Transitional 

		-10 to 5 MHz offset from lower block edge 5 to 10 MHz offset from upper block edge

		Min(PMax – 43, 15) dBm/5 MHz 
e.i.r.p. per antenna





Note: For TDD blocks the transitional region applies in case of synchronized adjacent blocks, and in-between adjacent TDD blocks that are separated by 5 or 10 MHz. The transition region does not extend below 3400 MHz or above 3800 MHz.



Baseline limits

There are two different types of baseline levels. The first is defined for FDD downlink spectrum. This requirement is expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit. The stricter of the two requirements applies. The fixed level prevents interference from increasing in the region where the limit derived from the relative requirement is less stringent. The values are derived from BS – UE interference analysis, and are expressed as e.i.r.p. limits per antenna. 

When two TDD blocks are synchronized and have the same UL/DL configuration, there will be no BS – BS interference. In this case, the same baseline as for the FDD DL region is used. 

The second type of baseline is defined for FDD UL and TDD spectrum, and is expressed as a fixed limit only, calculated based on BS – BS interference. The e.i.r.p. limit is given per cell. When multiple antennas are used, 3 dB should be subtracted from the e.i.r.p. value due to the different polarizations of the antennas. An exception for this type of baseline can be negotiated between adjacent operators for femto base stations in the case where macro base stations are not used in its proximity. In that case -25 dBm/5MHz e.i.r.p. per cell may be used.

In Figure 17 the baseline levels are presented for a TDD-only allocation and in Figure 18 and for an allocation with both FDD (3400-3600 MHz) and TDD (3600-3800 MHz). The baseline in the TDD allocations corresponds to a scenario where all operators are synchronized and use the same UL/DL configuration.

Figure 19 describes how the relative level and the fixed level are combined.
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Figure 17: Schematic description of baseline and guard band power levels for a TDD-only allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized



[image: ]

Figure 18: Schematic description of baseline and guard band power levels for a mixed FDD and TDD allocation. In the case of synchronized TDD, it is assumed that all blocks are synchronized
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Figure 19: Combining the relative and the fixed limit for the baseline applying to FDD DL spectrum

Guard band limits

In the case of an FDD allocation there will be guard bands below the FDD UL, above the FDD DL, and in-between the FDD UL and DL, see Figure 18 above. For the guard band 3400-3410 MHz, the power limit is chosen to be the same as the baseline in the adjacent FDD UL spectrum, 3410-3490 MHz. Similarly, the baseline that applies in 3510-3590 MHz is also used in the guard band regions 3500-3510 MHz and 3590-3600 MHz. Finally, spurious requirements converted to 5 MHz bandwidth apply in the 3490-3500 MHz. 

In-block limits

The in-block power limit, as defined in Table 14 above, is not obligatory. The requirement on power control for femto base stations is because of the need to reduce interference from equipment that may be deployed by consumers and thus the exact location may not be known to the operators.

Different licensing methodologies might be chosen by administrations to licence TDD spectrum. Examples for those are a regulation methodology with no frequency separation between the block edges of two adjacent unsynchronised TDD networks, a regulation methodology with unlicensed separation between the block edges of the two adjacent operators or the definition of restricted blocks.

Transitional region limits

The transitional region is defined to enable the reduction of power from the in-block level to the baseline or guard band levels, and is defined as in Table 15 above. The general shape of the transitional region is presented in Figure 20 below.

The requirements are defined for 5 MHz bandwidth, 0 to 5 MHz and 5 to 10 MHz offset from the upper and lower edges of an operator’s block. They are expressed as attenuation relative to the maximum carrier power, combined with a fixed upper limit, as for the baseline requirement in the FDD DL. The stricter of the two requirements applies. 

Combination of BEM elements

The BEM elements as described above are combined to provide a BEM for a particular block by choosing the most relaxed requirement of those that are defined for a frequency interval. Figure 20 provides an example of such a combination of BEM elements for an FDD block in the lower part of the FDD DL spectrum. 
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Figure 20: Combined BEM elements for an FDD block starting at 3510 MHz

UE In-block requirement

This report provides a recommended upper limit of 25dBm e.i.r.p. for the in-block power of the terminals.  

Co-existence with other services than MFCN

Co-existence studies for other services than MFCN have been carried out for both in-band and out-of-band scenarios. The in-band services considered are FSS, FS and BWA and the out-of-band services are civil and military Radiolocation.

The conclusions are as follows:

BWA

For the purpose of co-existence, it is assumed that BWA systems as defined above are similar to MFCN systems. Therefore no studies were carried out for MFCN – BWA co-existence.

Fixed Service

MFCN applies to all Mobile and Fixed communication networks including point-to-point Fixed links.

Due to the varying characteristics of different types of FS systems and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with mobile systems. Co-existence can be achieved through co-ordination on a case-by-case basis. Based on the results of analysis of both directions of interference (mobile service interfering into P-P and vice-versa) some general observations can be made. Overlapping-channel sharing meaning any overlap between spectrum of interfering and interfered signals) between the mobile service and P-P links is not feasible in the same geographical area. Consequently if spectrum is used ubiquitously by the FS it cannot be used by the mobile service in the same region. With larger frequency separation and distances coordination is needed, depending on the characteristics of the mobile and the P-P services.

The studies that were carried out in ECC Report on 3.5 GHz BEM [12]  take into account a single interferer. In the case of multiple interferers the co-existence could be more difficult to achieve.

Also interference from FS systems to mobile systems may exceed the acceptable interference level.

The similarities between Mobile Systems and P-MP Fixed Systems indicate that the results for mobile – mobile adjacent channel co-existence largely apply to the mobile – P-MP scenario as well. In case of BS – BS interference additional measures may thus be necessary, such as frequency separation and/or additional filters, whereas otherwise co-existence is expected to be possible without such measures. 

Fixed Satellite Service

Due to the varying characteristics of different types of FSS earth stations and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with MFCN. Co-existence should be achieved through co-ordination on a case-by-case basis, assuming FSS earth stations locations are known. However, some general observations can be made. Separation distances for co-existence vary considerably depending on type of equipment and deployment (e.g. tilt and clutter), but can be large. User equipment impact earth stations less than base stations, so separation that prevents interference from base stations will also protect earth stations from UE interference. There are several mitigation techniques that can be applied, in particular site shielding of earth stations. Interference from FSS satellites to MFCN may exceed the acceptable interference level, but in most cases only by a small margin.

Radiolocation

Due to the varying characteristics of different types of radar stations and their deployment, no single separation distance, guard band or signal strength limit can be provided to ensure co-existence with MFCN, but some representative examples are provided. Co-existence should be achieved through co-ordination on a case-by-case basis. However, some general observations can be made for non-overlapping adjacent channels. For airborne radars the required separation distance is approximately 0 km, depending on the radar type and antenna type. For land-based/shipborne radars the required separation distance is less than 1 km, depending on the radar type and antenna type. A frequency separation analyses concludes that for a 5 km separation, and considering wideband IMT-Advanced interference to wideband radars, the required frequency separation varies between 14 and 65 MHz, depending on radar type and scenario.

There are mitigation techniques which can reduce the separation distance or frequency separation required. In particular, for adjacent channel/adjacent band interference, improved receiver performance and decreased unwanted emissions can be efficient.

Regarding interference from radars to MFCN networks, installation of systems closer than approximately 5 km from the radar should be coordinated. It is necessary to establish a protection distance of approximately 11 km in some areas. Considering blocking effects, the radar may impact MFCN systems up to a distance of 30 km.

The analysis did not take into account the fact that radar antennas rotate and therefore only affect a particular MFCN base station or UE intermittently.

Adjacent band limit in the case of adjacent band usage by military systems

In some CEPT countries military radiolocation systems that are deployed below 3400 MHz need a fixed limit for protection from base station interference (cases A and B in Table 13). Other mitigation measures like geographical separation, coordination on a case by case basis or an additional guard band may be necessary for a TDD allocation.

For UEs other mitigation measures will be necessary such as e.g. geographical separation or an additional guard band for both FDD or TDD allocation.

Cross-border coordination

Cross-border coordination in the band 3400-3800 MHz will be subject to an ECC Recommendation and national agreements as for cross-border coordination in other bands.

[bookmark: _Toc359584096]Task 2 (Channelling arrangements)

In this report CEPT has assessed and justified the need to introduce channelling arrangements in the 3400-3800 MHz band to develop a harmonised solution that is sufficiently precise for the development of EU-wide equipment.

For the 3400-3600 MHz band two channelling arrangements have been introduced: one comprising of a 200 MHz TDD plan, the other one comprising of the 2x80 MHz FDD plan (see Figures 22 and 24 below respectively and Section 3.1.4.4 of this report for details).

The possibility of a preferred channeling arrangement for the 3,4-3,6 GHz band has been discussed by the ECC#34, as well as the possibility to have FDD and TDD on the same footing. The ECC identified a slight preference for TDD as the preferred frequency arrangement with FDD frequency arrangement as an alternative. 

ECC invites additional views before taking a final decision on a preferred frequency arrangement at the next ECC meeting. 

Option A: CEPT has identified the frequency arrangement for the 3400-3600 MHz band based on TDD as described in Annex 1 of ECC/DEC/(11)06 as the preferred frequency arrangement. A frequency arrangement band based on FDD as described in Annex 2 of ECC/DEC/(11)06 is provided as an alternative.



Option C: CEPT has decided to maintain both frequency arrangements without indicating any preference. ECC/DEC/(11)06 to be revised to remove Decides 3.



For the 3600-3800 MHz band one channelling arrangement has been introduced comprising of a 200 MHz TDD plan (see Figure 21 below and Section 3.1.4.3 of this report for details).
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Figure 21: Harmonised frequency arrangement for the 3600-3800 MHz band based on TDD
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Figure 22: Frequency arrangement for the 3400-3600 MHz band based on TDD
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Figure 23: Frequency arrangement for the 3400-3600 MHz band based on FDD



[bookmark: _Toc359584097]Technical analysis for the justification of new BEM

Technical conditions for PMP FWS base stations

The technical conditions provided in this section are extracted from ECC/REC/(04)05 [2], Annexes 2 and 3.

a. Maximum e.i.r.p., defined in Annex 2 of ECC/REC/(04)05

The following texts have been extracted form Annex 2:

“Maximum e.i.r.p. density limits are set by administrations in their national licensing conditions in order to define pfd levels for co-ordination distances between different geographical areas or for cross-border agreements or sharing with other services. Transmit output power and e.i.r.p.  levels for Multipoint FWS systems are more driven by trade-offs between the required service coverage and other operational considerations. e.i.r.p.  density depends also on the system bandwidth that in modern PMP FWS might be flexibly changed.”

Maximum e.i.r.p. within a block:

		Station Type

		Max EIRP spectral density
(dBW/MHz)



		

		(Including tolerances and ATPC range, Note 1)



		Central Station (CS)
(and Repeater Station(RS) down-links)

		+23
Note 2



		Note 2: CS EIRP density value given in the table is considered suitable for conventional 90 deg sectorial antennas. Administrations may consider to adjust this value if other type of antennas are used (e.g. decrease the limit for omni-directional antennas, or increase when narrow-sector or adaptive antennas are used)







“For further enhancing the efficiency, administrations may allow operators to apply mutual co-ordination at the block edge and at the service border edge for potential further relaxation of the above e.i.r.p. limits, depending on requirements for protecting other services or systems, such as PP FS. This could be reached, for instance, by taking advantage of mitigation techniques such as the shielding effect, limiting the height of Central Stations, or for stations that are located far from the service area boundary.”

b. Reference Block Edge Mask, defined in Annex 3 of ECC/REC/(04)05

The following texts have been extracted form Annex 3:

“The block edge mask given in this annex was developed to ensure co-existence between PMP FWS applications only; different considerations would be required where the adjacent system is not a PMP FWS system, but for example ENG/OB or other.”

“The floor level in the mask provided in this annex has been based on co-existence studies reported in ECC Report 33 [7][7]; where the PMP FWS co-existence studies were mostly made with statistical tools and assumptions of typical radio systems, their deployment and service performance objectives. The reference points of the transition slope were chosen based on consideration of practical filters and various modulation envelopes. These studies and considerations may be subject to refinement as operational experience and system characteristics evolve. Therefore the block edge mask based upon these studies may also be subject to refinement.”

“Emissions from one operator’s frequency block into another operator’s frequency-adjacent block will need to be controlled. This was done in few other frequency bands by establishing fixed guard bands between the assignments. However, taking due account of the possible variety of broadband systems considered in this recommendation, different network and service requirements, and considering the expected broadening of the required bandwidth, it would be impossible to uniquely and efficiently set such guard bands and it is recommended that coordination and interference mitigation techniques be implemented between operators.”

“Also adjacent block receiver rejection concurs to a reduced interference scenario, however the study in Report 33 did not consider the effect of receiver selectivity since the technology neutrality assumption did not allow deciding on its typical parameters. Therefore it is not in the scope of this recommendation to set limits for it; nevertheless it is expected that ETSI standards will adequately cover the issue.”

“It should be also noted that when TDD or mixed FDD/TDD systems are placed in immediately adjacent blocks, the probability of occurrence of worst cases of interference between CSs is quite higher than in situations where only FDD are deployed. Therefore, even if the mask proposed in this annex would offer a suitably low probability of interference for such cases, when TDD systems are concerned additional mitigation techniques (geographic separation of stations, natural/physical shielding, etc.) and/or additional co-ordination (including networks synchronisation) between operators should be implemented as far as possible.”

Definition of the block edge mask:
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		Frequency offset break points

for the CS mask

		Definition

(% of the size of the assigned block, Note)



		A

		20%



		B

		35%





Note: X% of the smaller of adjacent blocks, if blocks are of unequal size

Figure 1: Central Station Block Edge Spectral Density Mask



Tabular description of Central Station Block Edge Spectral Density Mask

		Frequency offset

		CS Transmitter Output Power Density Limits(dBW/MHz)



		In-band (within assigned block)

		See Annex 2



		ΔF=0

		-36



		0<ΔF<A

		-36 - 41·(ΔF/A)



		A

		-77



		A<ΔF<B

		-77 - 12·((ΔF-A)/(B-A))



		ΔF≥B

		-89







ETSI requirements for LTE

The relevant document to consider is ETSI EN 301 908-14 V5.2.1 (2011-05) [6]: Evolved Universal Terrestrial Radio Access (E-UTRA) Base Stations (BS).

It should be noted that the bands 3400-3600 MHz and 3600-3800 MHz are not yet part of the E-UTRA Base Station operating bands ; see Table 1-1 in [6], copied below as Table 17.

E-UTRA Base Station operating bands

		E-UTRA band

		Direction of transmission

		E-UTRA Base Station operating bands



		1

		Transmit 

		2 110 MHz to 2 170 MHz



		

		Receive 

		1 920 MHz to 1 980 MHz



		3

		Transmit 

		1 805 MHz to 1 880 MHz 



		

		Receive 

		1 710 MHz to 1 785 MHz 



		7

		Transmit 

		2 620 MHz to 2 690 MHz 



		

		Receive 

		2 500 MHz to 2 570 MHz 



		8

		Transmit 

		925 MHz to 960 MHz 



		

		Receive 

		880 MHz to 915 MHz 



		20

		Transmit 

		791 MHz to 821 MHz



		

		Receive 

		832 MHz to 862 MHz



		33

		Transmit and Receive

		1 900 MHz to 1 920 MHz



		34

		Transmit and Receive

		2 010 MHz to 2 025 MHz



		38

		Transmit and Receive

		2 570 MHz to 2 620 MHz







The closest E-UTRA band from the 3.5 GHz band is band 7 (and 38). Therefore the comparison between the ETSI mask and the CEPT BEM has been made on that basis although this represents a tightening of the SEM.

a. e.i.r.p. defined by ETSI in band 7 and 38

ETSI currently defines no in-band e.i.r.p. limit, nor output power values.

b. Spectrum Emission Mask for band 7 and 38

The following tables are extracted from document ETSI EN 301 908-14 [6]. Three different types of base stations have been defined: wide area, local area and home.



Wide Area BS operating band unwanted emission limits for 5 MHz, 10 MHz, 15 MHz and 20 MHz channel bandwidth (E-UTRA bands 7 and 38)

		Frequency offset of measurement filter ‑3 dB point, f

		Frequency offset of measurement filter centre frequency, f_offset

		Test requirement

		Measurement bandwidth



		0 MHz  f < 5 MHz

		0,05 MHz  f_offset < 5,05 MHz

		



		100 kHz 



		5 MHz  f < 
min(10 MHz, fmax)

		5,05 MHz  f_offset < min(10,05 MHz, f_offsetmax)

		-12,5 dBm

		100 kHz 



		10 MHz  f  fmax

		10,5 MHz  f_offset < f_offsetmax 

		-15 dBm (see note)

		1 MHz 



		NOTE: The requirement is not applicable when fmax < 10 MHz.





 

Local Area BS operating band unwanted emission limits for 5 MHz, 10 MHz, 15 MHz and 20 MHz channel bandwidth

		Frequency offset of measurement filter ‑3 dB point, f

		Frequency offset of measurement filter centre frequency, f_offset

		Minimum requirement

		Measurement bandwidth



		0 MHz  f < 5 MHz

		0,05 MHz  f_offset < 5,05 MHz

		



		100 kHz 



		5 MHz  f < 

min(10 MHz, fmax)

		5,05 MHz  f_offset < 

min(10,05 MHz, f_offsetmax)

		-35,5 dBm

		100 kHz



		10 MHz  f  fmax

		10,05 MHz  f_offset < f_offsetmax 

		-37 dBm (see note)

		100 kHz 



		NOTE:	The requirement is not applicable when fmax < 10 MHz







Home BS operating band unwanted emission limits for 5 MHz, 10 MHz, 15 MHz and 20 MHz channel bandwidth

		Frequency offset of measurement filter ‑3 dB point, f

		Frequency offset of measurement filter centre frequency, f_offset

		Minimum requirement

		Measurement bandwidth



		0 MHz  f < 5 MHz

		0,05 MHz  f_offset < 5,05 MHz

		



		100 kHz 



		5 MHz  f < 10 MHz

		5,05 MHz  f_offset < 10,05 MHz

		-40,5 dBm

		100 kHz 



		10 MHz  f  fmax

		10,5 MHz  f_offset < f_offsetmax 

		P – 52 dB, 2 dBm ≤ P ≤ 20 dBm

-50 dBm, P < 2 dBm

(see note)

		1 MHz 



		NOTE:	For Home BS, the parameter P is defined as the aggregated maximum power of all transmit antenna ports of Home BS





Note: for home BS, with frequency offset ≥ 10 MHz, an output power of 20 dBm has been chosen for the purpose of this contribution ; the corresponding minimum requirement is therefore -32 dBm/MHz.



Analysis of these technical conditions

a. Maximum e.i.r.p.

As there is no value specified in the ETSI harmonised standard, the comparison with the value mentioned in the CEPT Recommendation is not possible. However, a short analysis is provided below:

The e.i.r.p. value as provided in ECC/REC/(04)05 [2] = 23 dBW/MHz=30 dBW/ 5 MHz=60 dBm/5 MHz

This value is similar to what would be expected for a macro base station (also in the order of 60 dBm/5 MHz).

Conclusion: the maximum e.i.r.p. (in-band value) set up in ECC/REC/(04)05 [2] is compatible with typical in-band e.i.r.p. mobile deployments.

b. BEM vs. SEM

· The three following figures show the comparisons of BEM and SEM for BEM based on a 5 MHz block assignment, as well as 10 MHz and 20 MHz. 

		
5 MHz
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Figure 2: BEM of ECC/REC/(04)05 based on 5 MHz block assignment



		10 MHz
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Figure 3: BEM of ECC/REC/(04)05 based on 10 MHz block assignment



		20 MHz
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Figure 4: BEM of ECC/REC/(04)05 based on 20 MHz block assignment

It can be seen from the above figures that the SEM exceed the BEM for any value of block assignment.





[bookmark: _MON_1366021507]ETSI requirements for BWA

The relevant document to consider is ETSI EN 302 774 V1.1.1 (2011-05) “Broadband Wireless Access Systems (BWA) in the 3 400 MHz to 3 800 MHz frequency band (Base Stations)” [9].

Taking the same approach to compare the SEM of BWA and the current given BEM for the 3400-3600 MHz band, the conclusions are the same as described in Section 2.2 of this report.



[bookmark: _Toc359584098]Comparison of the 3400-3800 MHz ECC deliverables

This annex provides an overview of the current ECC framework for the band 3400-3800 MHz including a comparison of ECC/DEC/(07)02, ECC/REC/(04)05 and ECC/DEC/(11)06 that confirms the consistency of ECC framework according to evolution of market needs and the need to maintain this consistency in the future.



At this stage, there are three relevant deliverables for the band 3400-3800 MHz:

· ECC/DEC/(07)02 “Availability of frequency bands between 3400-3800 MHz for the harmonised implementation of Broadband Wireless Access systems (BWA)”

· ECC/REC/(04)05 “Guidelines for accommodations and assignments of multipoint fixed wireless systems 3400-3600 MHz and 3600-3800 MHz”

· ECC/DEC/(11)06 : “Harmonised frequency arrangements for mobile/fixed communications networks (MFCN) (including IMT) operating in the bands 3400-3600 MHz and 3600-3800 MHz”

scope of deliverables

ECC/REC/(04)05 covers Point multipoint fixed wireless systems (Point-to-Multipoint Fixed Wireless Systems (PMP FWS). It has a more narrow scope than the other two ECC deliverables.



ECC/DEC/(07)02 on Broadband Wireless Access systems (BWA) covers Fixed, Nomadic and, also, Mobile Wireless Access (MWA). It provides in its Annex considerations for an implementation of a flexible usage mode for BWA in 3400-3600 MHz and/or in 3600-3800 MHz on the basis initially of a fixed and nomadic usage. In particular, these considerations refers to ECC/REC/(04)05 and state that the technical conditions in ECC/DEC/(04)05 may be used for implementation of flexible usage mode. Moreover ECC/DEC/(07)02 mentions that the introduction of MWA usage mode will be subject to additional requirements for deployment of mobile TS Mobile Wireless Access (annex 1 §3 of the Decision).



ECC/DEC/(11)06, focusing primarily on a mobile usage includes a forward looking approach. The harmonised frequency arrangements for the 3400-3600 MHz and 3600-3800 MHz bands are intended to facilitate high data rate International Mobile Telecommunications (IMT) services supported by larger channel bandwidths as an evolution to the existing framework without the consequential requirement for a replacement of systems based on the existing regulatory framework.

co-existence with incumbent users

For ECC/DEC/(07)02, the designation of spectrum within 3400-3800 MHz for BWA should take due consideration of incumbent users (see decides 1 and 3).



Although the wording is different, ECC/DEC/(11)06 also designates spectrum for MFCN on a non-exclusive basis (“without prejudice to the protection and continued operation of other existing users in these bands”). It is assumed that transition from legacy terrestrial systems to future terrestrial systems will be managed at national level.

Band plan and duplex mode

ECC/DEC/(07)02 does not provided a definite duplex mode or any band plan.



ECC/DEC/(11)06 provides two possible band plans for the band 3400-3600 MHz, one TDD and one FDD. The band plan for 3600-3800 MHz is TDD.



ECC/REC/(04)05 lets the possibility to have a mix of FDD and TDD blocks (i.e. recommends paired blocks that can be used either for FDD or for TDD). The guidelines for these flexible arrangements are:

· the bands 3400-3600 MHz and 3600-3800 MHz are treated as separate bands;

· 100 MHz duplex separation for paired blocks;

· in the case of paired FDD blocks the lower block of the two paired FDD blocks is used for uplink; 

· that 3400 MHz to 3410 MHz is not included in the band plan.

block size

ECC/REC/(04)05 The blocks are designed to fit 3.5 MHz and 7 MHz channels (4 of them per block). The preferred size for blocks are multiple of these channels and may include internal guard bands. The resulting sizes for paired spectrum are (2x17.5 MHz, 2x21 MHz, 2x35 MHz, 2x42 MHz) and for unpaired spectrum (35 MHz, 42 MHz, 70 MHz and 84 MHz).

In case of external guard bands the sizes of the blocks may be reduced.



ECC/DEC/(11)06: the block sizes are multiples of 5 MHz. 

emission requirements

ECC/DEC/(07)02 refers to ECC/REC/(04)05 for emission levels. But since it covers also MWA which is not covered by ECC/REC/(04)05 additional requirements are provided for mobile terminal stations (in block emission level and spacing of the carrier from the block edge to protect adjacent networks).

· For the technical requirements it refers in its annex to ECC/REC/(04)05: “As a starting point, the guidance given in ECC/REC/(04)05 on technical conditions for implementation of flexible usage mode, to be set in the technology neutral BWA licence process, shall be considered”.

· For mobile terminals, the annex of ECC/DEC/(07)02 provides additional requirements



In the case of adjacent band TDD/FDD systems additional mitigation techniques should be considered (geographical separation of stations, natural/physical shielding, and/or additional co-ordination including networks synchronisation)



ECC/REC/(04)05 provides emission requirements in the form of Block Edge Masks (BEM). 

· For the Central Station (CS) BEM are provided with an “in block” limit (annex 2) and “out of block” limits (annex 3). 

· For the terminal stations (NB: which are fixed in the context of ECC Recommendation (04)05) only an “in block” limit is provided (annex 2). The equipment requirements in the relevant harmonised standards are considered to provide sufficient protection for adjacent networks, so that “out of block” BEM limits for terminals are not needed.



ECC/DEC/(11)06 There is no emission technical requirement. 

Least restrictive technical conditions suitable for IMT systems with larger channel bandwidth are developed separetly.

Harmonisation

ECC/DEC/(07)02 does not contain a harmonised band plan, since it refers to ECC/REC/(04)05 for detailed frequency arrangements, which itself allows for flexibility and a mix of duplex modes.



ECC/DEC/(11)06 provides one harmonised band plan for the band 3600-3800 MHz (TDD) and two harmonised band plans for the band 3400-3600 MHz (FDD and TDD). ECC decided that the band plans for the band 3400-3600 MHz should be subject to review no later than end 2013 with the aim to identify a preferred band plan.




[bookmark: _Toc359584099]EC mandate on 3400-3800 MHz

EC Mandate to the CEPT “Technical conditions regarding spectrum harmonisation for terrestrial wireless systems in the 3400-3800 MHz frequency band”
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MANDATE TO CEPT  



ON TECHNICAL CONDITIONS REGARDING SPECTRUM HARMONISATION FOR TERRESTRIAL 
WIRELESS SYSTEMS IN THE 3400-3800 MHZ FREQUENCY BAND 



1. PURPOSE 



In line with the requirements of Article 41 of Commission Decision 2008/411/EC2 
(hereinafter: the Commission Decision), which stipulates regular and timely review of this 
Decision, the main objective of this mandate is to review and amend the technical 
conditions for the harmonised use of the 3400-3800 MHz frequency band in order to adapt 
them to the latest developments in technology by preserving flexibility of use in line with 
the WAPECS approach. This mandate also takes into account the proposal by CEPT/ECC 
presented in a liaison statement to the Commission for the 38th RSC meeting of 15 
December 2011 (RSCOM11-68) to consider amending the technical conditions with a 
view to updating the Block Edge Mask (BEM) and introducing harmonized frequency 
arrangements. 



The deliverables of this Mandate should aim at ensuring flexibility in the deployment of 
wireless electronic communications services with different bandwidths, including 20 MHz 
and beyond, assuming mobile broadband access as a key utilization of the band. This 
Mandate is a follow-up to the first Commission Mandate of 4 January 2006, and it should 
promote efficient use of spectrum while keeping maximum flexibility in the scope of 
compatible wireless systems capable of providing electronic communications services 
which can be deployed. 



2. JUSTIFICATION 



Pursuant to Article 4(2) of the Radio Spectrum Decision3 the Commission may issue 
mandates to the CEPT for the development of technical implementing measures with a 
view to ensuring harmonised conditions for the availability and efficient use of radio 
spectrum; such mandates shall set the task to be performed and the timetable therefore. 
Therefore, CEPT is herewith mandated to undertake the work required to identify the most 
appropriate technical criteria for the inclusion of new technologies and frequencies in the 
Commission Decision in order to facilitate further deployment of wireless broadband 
access systems in the European Union. 



The first Mandate given by the Commission to CEPT in January 2006 on this issue led to 
the final CEPT Report 15 of 30 March 2007 (RSCOM07-06 Final) and subsequently to 
Commission Decision 2008/411/EC2, which was adopted by the Commission on 21 May 
2008. CEPT Report 15 concluded that deployment of fixed, nomadic and mobile 



                                                 
1 Art. 4 reads: "Member States shall keep the use of the 3400-3800 MHz band under scrutiny and report their 



findings to the Commission to allow regular and timely review of the Decision." 



2 Commission Decision of 21 May 2008 on the harmonisation of the 3400-3800 MHz frequency band for 
terrestrial systems capable of providing electronic communications services in the Community 



3 Decision 676/2002/EC of the European Parliament and of the Council of 7 March 2002 on a regulatory 
framework for radio spectrum policy in the European Community, OJL 108 of 24.4.2002 
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electronic communications networks is technically feasible within the 3400-3800 MHz 
frequency band under the technical conditions described in the ECC Decision 
ECC/DEC/(07)02 and Recommendation ECC/REC/(04)05.  



The deployment of wireless broadband technologies is crucial for increasing economic 
growth and social inclusion in line with targets of the Europe 2020 strategy. With its large 
total bandwidth, the 3400-3800 MHz frequency band has a significant potential to 
accommodate different types of wireless broadband access systems for the provision of a 
wide range of innovative electronic communications services. Since the adoption of 
Commission Decision 2008/411/EC wireless broadband technologies (e.g. LTE or Wi-Fi) 
have marked further development in terms of increased data rates and channel bandwidths. 
Therefore, a review of the harmonised technical conditions with view to a possible update 
in pace with recent technology developments would promote take-up of the spectrum in 
this band and contribute to achieving the DAE targets on broadband connectivity. 



Furthermore, the draft Radio Spectrum Policy Programme (RSPP), which has already been 
formally adopted by both the Council and the European Parliament and is expected to 
enter into force by the end of April 2012, sets out the objective to promote wider 
availability of wireless broadband services for the benefit of citizens and consumers in the 
Union also by making available the 3400–3800 MHz band under the terms and conditions 
of the Commission Decision 2008/411/EC. Subject to market demand, Member States 
shall carry out the authorisation process for this band by 31 December 2012 without 
prejudice to the existing deployment of services, and under conditions that allow 
consumers easy access to wireless broadband services. The RSPP also stipulates that 
Member States foster the ongoing upgrade by providers of electronic communications of 
their networks to the latest, most efficient technology, in order to create their own 
dividends in line with the principles of service and technology neutrality4.  



In addition, in the aforementioned liaison statement (RSCOM11-68) CEPT/ECC point out 
that a recent ECC analysis has revealed that the Block Edge Mask (BEM) contained in the 
Commission Decision 2008/411/EC5 is not suitable for wireless communications networks 
of large bandwidths (such as 20 MHz). It is stressed that while the currently valid BEM of 
the Commission Decision is justified in the absence of commonly agreed frequency 
arrangement and where maximum flexibility is needed for broadband wireless access 
deployments, it would be too restrictive if harmonized frequency arrangements were 
adopted. In this regard, the CEPT/ECC report presented at the 38th RSC meeting 
(RSCOM11-63, Annex 4) concludes that the currently valid BEM is not suitable for the 
introduction of fixed and mobile communications networks due to several reasons 
including considerations on the type of application, antenna gain, blocking, guard bands as 
well as spectrum emission masks developed by ETSI. 



Therefore, modification of the currently valid BEM of the Commission Decision should be 
investigated in view of the possibility to introduce harmonised frequency arrangements, in 
order to take into account the developments in wireless communications technology and 
facilitate the spectrum-efficient deployment of broadband fixed, mobile and nomadic 
communications systems  for the provision of electronic communications services, while 
observing the principles of technology and service neutrality enshrined in the EU 
regulatory framework. 



                                                 
4  Article 6 of the RSPP 



5  Based on the BEM included in ECC Recommendation ECC/REC/(04)05 
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In recognition of the fact that there are existing applications and there may be future 
applications in the 3400-3800 MHz frequency band other than terrestrial wireless 
broadband, particular attention should be paid to ensuring co-existence with existing 
systems, in particular satellite-based. 



3. TASK ORDER AND SCHEDULE 



In the work carried out under the Mandate, the overall policy objectives of supporting 
widespread and timely availability of wireless broadband access shall be given utmost 
consideration. In implementing this mandate, the CEPT shall, where relevant, take the 
utmost account of EU law applicable and support the principles of service and 
technological neutrality, non-discrimination and proportionality insofar as technically 
possible. CEPT is also requested to collaborate actively with the European 
Telecommunications Standardisation Institute (ETSI) which develops harmonised 
standards for conformity under Directive 1999/5/EC.  



CEPT is hereby mandated to undertake the following activities: 



(1) Assess and justify any need to revise the common minimal (least restrictive) 
technical conditions, including BEM, which underlie the harmonised use of in the 
3400-3800 MHz frequency band in the EU6 and, if necessary, identify modified 
conditions in view of accommodating developments in wireless broadband access 
technology in particular larger bandwidths. These conditions should be sufficient to 
avoid interference, facilitate cross-border coordination, and ensure co-existence 
with other existing systems and services in the same band and adjacent bands. 



(2) Assess and justify any need to introduce channelling arrangements in addition to 
(1) and, if necessary, develop a harmonised solution that is sufficiently precise for 
the development of EU-wide equipment. 



In performing the aforementioned tasks, avoid undue discrimination towards any specific 
technology and service, also allowing to the greatest extent possible alternative 
channelling arrangements and effective coordination with other existing systems and 
services to accommodate national circumstances and market demand, and the guidance 
provided by the Commission in consultation with the Radio Spectrum Committee7.  



CEPT should provide deliverables according to the following schedule: 



Delivery date Deliverable Subject 



December 2012 Interim Report from 
CEPT to the Commission



Description of work undertaken and 
interim results under this Mandate.   



 July 20138 Final Draft Report from 
CEPT to the Commission



Description of work undertaken and 
final results under this Mandate 



                                                 
6 In compliance with Commission Decision 2008/411/EC 



7 RSCOM10-28 (June 2010): "Effective implementation of Commission Decision 2008/411/EC on 3400-
3800 MHz"  



8 Subject to subsequent public consultation 
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November 2013 Final Report from CEPT 
to the Commission, 
taking into account the 
outcome of the public 
consultation 



Description of work undertaken and 
final results under this Mandate taking 
into account the results of the public 
consultation 



 



In addition, CEPT is requested to report on the progress of its work pursuant to this 
Mandate to all the meetings of the Radio Spectrum Committee taking place during the 
course of the Mandate.  



The Commission, with the assistance of the Radio Spectrum Committee pursuant to the 
Radio Spectrum Decision, may consider applying the results of this mandate in the EU, 
pursuant to Article 4 of the Radio Spectrum Decision. 
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