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[bookmark: _Toc489012239][bookmark: _Toc492559784]Scope of this report 
The scope of this report covers two main tasks:
Analysis of the suitability of the current regulatory framework for 5G MFCN deployment
In case of unsuitability of the current regulatory framework, then Report will study and develop suitable regulatory technical conditions for 5G MFCN deployment.
The evaluation of the suitability of harmonized technical conditions of ECC DEC(11)06 to 5G and proposals on the way forward have account for the following principles:
Regulations need to account for the fact that 5G will adopt Advanced Antenna Systems (AAS) and larger channel bandwidths. Noting that AAS could also apply to non-5G MFCNs.
Regulations need to ensure continued operation of existing equipment, without impacts


[bookmark: _Toc438035280][bookmark: _Toc489012240][bookmark: _Toc492559785]Background and Context
ECC #42 plenary meeting (June ‘16) added to the ECC work programme a new Work Item [1] to assess the suitability of the harmonized technical conditions of ECC DEC (11)06, applying to MFCN in the 3400-3800 MHz range, to 5G. This study should evaluate the suitability of harmonized technical conditions of ECC DEC(11)06 to 5G and to propose, if needed, follow up action(s).
ECC PT-1 #54 meeting (January 2017 (established the SWG-C correspondence group on the “Suitability of ECC Decision (11)06 for 5G in 3400-3800 MHz” with the specific task to address issues in relation with the BEM Requirements and sharing with incumbent services (while the frequency arrangement issues will be addressed within SWG-A).
In December 2016 the European Commission issued its Mandate[footnoteRef:3] requiring CEPT to perform the following task: “Review the harmonised technical conditions applicable to the 3.4-3.8 GHz ('3.6 GHz') frequency band, as a 5G pioneer band, with view to their suitability for 5G terrestrial wireless systems and amend these, if necessary”. The Draft CEPT Report in response to the European Commission is due by March 2018 while its final version is due by June 2018, taking into account the outcome of the public consultation. [3:  RSCOM16-40rev3 ”Mandate to CEPT to develop harmonised technical conditions for spectrum use in support of the introduction of next-generation (5G) terrestrial wireless systems in the Union”] 

[bookmark: _Toc489012241][bookmark: _Toc492559786]Current regulatory framework (ECC DEC (11)06)
The least restrictive technical conditions suitable for mobile/fixed communications networks (MFCN), including IMT, in the frequency bands 3400-3600 MHz and 3600-3800 MHz are developed in the ECC Report 203.
[bookmark: _Toc489012242][bookmark: _Toc492559787]Frequency arrangement [SWG-A]
This section will be finalized by ECC PT1 SWG-A.
[For the purposes of this document, a TDD frequency arrangement is assumed.]
[ECC PT1 #53 (September ‘16) identified some spectrum fragmentation in the 3400-3800 MHz band based on information from EFIS (ECO Report 03)[footnoteRef:4]. ECC PT1 identified the need to update the information on the current utilization, the national plans on the usage of this band in CEPT countries and any on-going activities regarding availability of large contiguous spectrum blocks for the initial deployment of 5G networks. Consequently, the ECO acquired most recent updates from Administrations and from the Industry through its questionnaire which ran until November 30th. Responses will provide valuable inputs for the finalization of this section.] [4:  See document PT1(16)127 and ECC PT1(16)133 Annex 8 - Suitability of band plan ECC Dec(11)06 for 5G for details] 

[bookmark: _Toc489012243][bookmark: _Toc492559788]BEM Requirements
The harmonized technical conditions for MFCN base stations (BSs) in 3400-3800 MHz as described in ECC Decision (11)06 consist of Block Edge Mask (BEM) requirements with both in-block power limits as well as out-of-block emission limits which apply outside an operator’s block.
from “[Huawei] Suitability for 5G of existing regulations for 3400-3600 MHz (2017-04-11)” available on the Forum.
For the purposes of this document, we focus on the technical conditions for MFCNs which use time division duplex (TDD).
Figure (X) below illustrates the various power limits for TDD base stations as specified in ECC Decision (11)06. The values of these limits are described in Table (X).
[image: ]
Figure 1: TDD base station power limits in ECC Decision (11)06

	In-block, out-of-block emission limit
	Frequency from edge
	EIRP limit
	Unit
	Application

	In-block
	PMAX  P0
	Block assigned to operator
	P0  68
	dBm/5MHz
	Per antenna

	Transition 1 
	POOB  PT1
	f: -5 to 0 or 0 to +5 MHz 
	PT1 = min(PMAX  –  40, 21) 
	dBm/5MHz 
	Per antenna 

	Transition 2 
	POOB  PT2 
	f: -10 to -5 or
5 to +10 MHz 
	PT2 = min(PMAX  –  43, 15) 
	dBm/5MHz 
	Per antenna 

	Baseline 1 
	POOB  PB1 
	Elsewhere 
	PB1 = min(PMAX  –  43, 13) 
	dBm/5MHz 
	Per antenna 

	Baseline 2 
	POOB  PB2 
	Elsewhere 
	PB2 = -34 
	dBm/5MHz 
	Per cell/sector 

	Baseline 3 
	POOB  PB3 
	Below 3400 
	PB3 = -59 or -50 or N/A 
	dBm/1MHz 
	Per cell/sector 


Table 1: T TDD base station power limits in ECC Decision (11)06
Refine the table and the diagram by creating "a link" between the two (e.g. add a column to the table highlighting areas in the diagram)
Add diagrams from previous framework in a new Annex
[Note that the above emission limits are all specified as EIRP, and consist of two so-called ”transitional region” and three so-called ”baseline” limits: 
The transitional limits T1 and T2, and the Baseline-1 limit are specified to address the matter of base station to terminal station interference between synchronised TDD MFCNs, and are derived from 3GPP unwanted emission masks for LTE.
The Baseline-2 limit addresses the matter of base station-to-base station interference between non-synchronised TDD MFCNs (i.e. implying that UL / DL transmissions are not time aligned). This limit is more stringent than the 3GPP unwanted emission masks for LTE.
The Baseline-3 limit addresses the matter of interference from MFCN base stations to military radar below 3400 MHz. This limit is considerably more stringent than the 3GPP unwanted emission masks for LTE.

From ECC PT1(17)111contribution “Analysis of the suitability of TRP compared to EIRP as a metric for setting AAS requirements” – source: Ericsson, Qualcomm, Huawei.
To be moved to the assessment section. Account for dext developed for hte LS to SE21 during this meeting.

From [From “[Huawei] Suitability for 5G of existing regulations for 3400-3600 MHz (2017-04-11)” available on the CG Forum.
ECC Decision (11)06 does not mandate a regulatory in-block limit for base stations. However, it does recommend that if such a limit “is desired by an administration, a value which does not exceed 68 dBm/5 MHz per antenna may be applied”.  
The only ECC technical condition for user equipment (UEs) in ECC Decision (11)06 is a recommendation that their in-block radiated power (EIRP for fixed UEs, and TRP for nomadic/mobile UEs) does not exceed 25 dBm.]
Out-of-block power limits: Interference between synchronised MFCNs
Figure (X) below depicts the application of the power limits to two adjacent and synchronised TDD MFCNs. The T1, T2 and Baseline-1 limits relate to inter-MFCN BS-to-UE interference. Inter-MFCN interference is addressed by 3GPP specifications of unwanted emission masks.]
[image: ]

Figure 1: Out-of-block base station power limits for adjacent TDD MFCNs
[In fact, the existing T1, T2 and Baseline-1 limits are based on the unwanted emission mask specified in 3GPP TS 37.104 for multi-standard radio (MSR) E-UTRA wide area base stations. More specifically:
The three limits are specified relative to the maximum carrier EIRP of the base station (itself specified per cell/sector), and are specified per antenna element. 
The three limits are capped at values that are consistent with the absolute levels of the 3GPP MSR E-UTRA wide area base station unwanted emission mask (assuming a 21dBi antenna gain).

The relationship between the existing T1, T2 and Baseline-1 and the 3GPP unwanted emission mask is detailed in Table (X) below.]

	From TS 37.104.
Table 6.6.2.1-1: Wide Area operating band 
unwanted emission mask (UEM) for BC1 and BC3 
	Comparison between 3GPP 
and ECC limits 

	Frequency offset (MHz) 
	3GPP unwanted emission mask (37.104, Table 6.6.2.1-1) 
	Average Tx 
power 
	Units 
	3GPP: 
Tx Power 
(dBm/5MHz) 
	3GPP:
EIRP* 
(dBm/5MHz) 
	ECC
EIRP** limits
(dBm/5MHz) 

	0 to 0.2
	-14 
	-14.0
	dBm/30kHz 
	8.2 
	0.1 
	21.1 
	21 

	0.2 to 1
	-14 to -26
	-16.7
	dBm/30kHz 
	5.5 
	
	
	

	1 to 5
	-13
	-13.0
	dBm/1MHz 
	-6.0 
	
	
	

	5 to 10
	-13
	-13.0
	dBm/1MHz 
	-6.0 
	-6.0 
	15.0 
	15 

	10 to 15
	-15
	-15.0
	dBm/1MHz 
	-8.0 
	-8.0 
	13.0 
	13 

	*	Assuming a nominal antenna gain of 21 dBi.
**	Assuming a carrier EIRP of 61 dBm/5MHz or more. 


Table 1: ECC limits and the 3GPP unwanted emission mask

Out-of-block power limits: Interference between non-synchronised MFCNs
[TBD]

Out-of-block power limits: Interference below 3400 MHz
Updates needed based on July 24th discussions
ECC Decision (11)06 specifies maximum permitted out-of-block EIRP levels of –59 and –50 dBm/MHz below 3400 MHz for FDD and TDD MFCN base stations. Administrations may select one or the other (or no limit) depending on the required level of protection of radar in the region in question. These limits had originally been derived via minimum coupling loss analysis, although the derivation was not formally documented in any CEPT or ECC reports.	

In- block power limits
[TBD]


[bookmark: _Toc489012244][bookmark: _Toc492559789]Analysis of the suitability of the current regulatory framework for 5G
[Add text on the specific impacts of AAS capabilities and on their applicability to both 4G and 5rG systems]
[bookmark: _Toc489012245][bookmark: _Toc492559790]Analysis of the suitability of current frequency arrangements  [SWG-A]
[This section will be finalized by ECC PT1 SWG-A]
[The existing frequency arrangements in ECC Decision (11)06 can be reviewed considering the need to ensure early availability at national level of large contiguous spectrum blocks for the initial deployment of 5G networks. For example, we note that some CEPT countries have assigned spectrum in line with the paired arrangements in CEPT/ERC/Recommendation 12-08 (1998) for low, medium and high capacity fixed links.
The block sizes are likely to remain at 5 MHz, despite expected 5G larger channel bandwidths. The 5 MHz granularity will facilitate dealing with the existing assignments, and will make it easier for the market to decide on the required bandwidth per MNO during the assignment procedures.]
[Given the fragmented current use of 3400-3800 MHz, and the fact that in some countries 3400-3600 and 3600-3800 MHz will not be auctioned at the same time and given the specific benefit that TDD technology can provide to massive MIMO performance, we believe the unpaired arrangement will continue to be the preferred option. 
CEPT is developing guidelines / best practices for administrations suggesting a way to facilitate availability of largest possible contiguous portions of spectrum.]
[bookmark: _Toc489012246][bookmark: _Toc492559791]Analysis of the suitability of current BEM requirements
This section, provides the analysis on the suitability of existing BEM requirements of ECC Decision (11)06 for 5G, and describes proposals for amendments where necessary, The focus will be on MFCNs which use time division duplex (TDD).
[bookmark: _Toc492558842][bookmark: _Toc492559792][bookmark: _Toc492559793]Non-AAS MFCN base stations
For the purposes of this document, the term non-AAS (short for non-advanced antenna systems) refers to MFCN base station transmitters which are manufactured and supplied separately to antenna systems. Non-AAS base stations will provide one or more antenna connectors, which are connected to one or more separately supplied passive antenna elements or arrays to radiate radio waves.
The existing ECC regulatory power limits (described in Section X) apply to non-AAS MFCN base stations, in the sense that they are derived from the analysis of the sum of the radiated powers across multiple antenna connectors, and in some cases accounting for the anticipated antenna directional pattern, and the contribution of these to harmful interference at a victim receiver. 
[bookmark: _Toc492559794]AAS MFCN base stations
AAS (short for advanced antenna systems) is one of the key feature for of 5G-NR and 5G-LTE evolution products.
For the purposes of this document, the term AAS refers to MFCN base station transmitters in which the antenna system is integrated as part of the base station system/product. Due to the higher frequencies of the 3400-3800 MHz band compared to those of existing bands harmonised for MFCN, and therefore smaller wavelengths and antenna dimensions/spacings, it is feasible to perform beamforming with large numbers (tens) of antenna elements and to benefit from the resulting narrow beamwidths. Performing beamforming with a large number of elements in general requires the antenna array to be supplied and integrated with the base station.
[It is envisioned that 5G/NR and 5G/LTE evolution will support several multi-antenna transmission techniques and will strive for efficient antenna building solutions. One essential need in this context is the use of AAS and the ability to access multiple antenna elements. 
For instance, this can be realized by mapping a set of antenna ports into a physical antenna, where each antenna port consists of a certain number of antenna elements. Consequently, signals from the different antenna ports are added coherently at the receiver side to form a received beam pattern in a manner that maximizes received signal. The antenna diagram and beam characteristics will be dependent on the chosen antenna implementation, number of antenna ports, antenna elements, etc… The transmitter will in turn be able to direct the energy to different directions (i.e. following the positions of the served receivers).]
In terms of impact to adjacent systems, on the downlink (DL) side, for the same total maximum conducted power, adopting larger number of base station antennas may lead to high values of peak equivalent isotropic radiated power (EIRP), although the total radiated power (TRP) will remain unchanged.
Least restrictive regulatory technical conditions for AAS MFCN base stations should account for this behaviour.

From: ECC PT1 C-band 5G CG_Orange Discussion on BEM.
[In absence of specific 5G-NR values from 3GPP, the ECC Report 203 parameters will be used as baseline for the transmitter (e.g. max BS in-block transmitted power).
BS ohmic loss is assumed as 0dB (ohmic loss would be needed to derive the conducted power from TRP), the AAS antenna pattern is applied to the conducted power (derived from TRP)
AAS configuration: start from 8x8 MIMO]
From ECC PT1(17)111contribution “Analysis of the suitability of TRP compared to EIRP as a metric for setting AAS requirements” – source: Ericsson, Qualcomm, Huawei.
It is envisioned that 5G-NR and 5G-LTE Evolution will support several multi-antenna transmission techniques and will strive for efficient antenna building solutions. One essential need in this context is the use of Active Antenna Systems (AAS)[footnoteRef:5] and the ability to access multiple antenna elements.  [5:  Active Antenna Systems refer to systems for which antenna and radio transmitters are designed together such that MIMO and beamforming is optimised.] 

For instance, this can be realized by mapping a set of antenna ports into a physical antenna, where each antenna port consists of a certain number of antenna elements. Consequently, signals from the different antenna ports are added coherently at the receiver side to form a beam pointing in the direction of the receiver. The antenna diagram and beam characteristics will be dependent on the chosen antenna implementation, number of antenna ports, antenna elements, etc… The transmitter will in turn be able to direct the energy to different directions (i.e. following the positions of the served receivers).
AAS deployment scenarios
From "ECC PT1 C-band 5G CG_Orange Discussion on BEM".
Deployment scenarios in ECC report 203
Outdoor macrocell
Outdoor microcell
Indoor picocell / femtocell
Proposed scenarios for AAS base stations
5G outdoor roof-edge macro cell (antenna height of 20 m in urban area)
· Considering that massive MIMO antennas are included in the BS, there will be no separate antennas to be installed above rooftop 
Outdoor microcell
Indoor picocell / femtocell
An antenna configuration of 8x8 is proposed as a baseline configuration for the BEM studies
[bookmark: _Toc492558845][bookmark: _Toc492559795][bookmark: _Toc492558846][bookmark: _Toc492559796][bookmark: _Toc492558847][bookmark: _Toc492559797][bookmark: _Toc492558848][bookmark: _Toc492559798][bookmark: _Toc489012249][bookmark: _Toc492559799]Analysis of the suitability for non AAS MFCN
Existing emission limits are derived from 3GPP specification 37.104, where unwanted emission requirements are applied per antenna connector. The antenna connector would most likely be connected to a passive antenna array, meaning that the resulting antenna gain is fairly invariant (between different implementations and between wanted and unwanted signals). Hence, using EIRP as a metric for setting requirements was considered to be suitable (as substitute as TRP), given the passive nature of the antenna array.
[bookmark: _Toc492558850][bookmark: _Toc492559800][bookmark: _Toc489012250][bookmark: _Toc492559801]Analysis of the suitability for AAS MFCN
From: "ECC PT1 C-band 5G CG_Orange Discussion on BEM"
[As described in section XYZ, ECC DEC (11)06 defines the BEM requirements for MFCN including IMT-2000 and IMT-advanced technologies were defined in terms of EIRP power limit at the spectrum block edge. 
[Such requirements were not specified in the equipment standard, the BEM requirements were used by national regulator as part of MFCN license condition therefore representing a regulatory obligation for mobile operators. If needed, mobile operators have the possibility to install external filter between the non AAS MFCN base station and the antenna in order to meet the regulatory condition BEM (EIRP BEM = SEM - Feeder_loss + Antenna gain-filter_rejection).
As illustrated in Figure X, in case of AAS BS, the multiple antenna arrays for massive MIMO are included in the base station, there is no more separate interface between antennas and base station, mobile operators have no more the possibility to install external filter to reach the required BEM regulatory limit. The predefined BEM requirement must therefore be met by the product design. 
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Non AAS BS
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AAS BS


Figure 4: BS configuration
In addition, the AAS antenna main beam moves while following the UE positions, the BS BEM compliance measurement procedure proposed in the ECC Decision (11)06 may not be applicable anymore. The 5G BS unwanted emission mask including out of band emissions and spurious emissions is specified and tested in lab as TRP levels, there is no more conducted power test for  AAS base stations.
Therefore
The current regulatory technical conditions (EIRP BEM) studied in the ECC report 203 and defined in the ECC Dec(11)06 are applicable for 3G/4G MFCN and fixed wireless access networks which do not use AAS antennas, but they are not suitable and can not be applied to 5G MFCN with integrated AAS antennas.
5G BS BEM should be defined in terms of TRP limit, not EIRP power limit.
The possibility to include the TRP BEM for 5G AAS BS should be considered further  ]
[bookmark: _Toc492558852][bookmark: _Toc492559802][bookmark: _Toc489012251][bookmark: _Toc492559803]Analysis of the out-of-block power limits: Interference between synchronised MFCNs with aligned UL / DL transmissions
TRP approach is confirmed in case if both MFCNs are using AAS. 
In this section, we address the suitability of the two “transitional region” power limits and the “baseline” power limit, which apply to synchronised TDD base stations. For simplicity, we refer to these out-of-block limits as T1, T2, and Baseline-1, respectively. 
In the previous section we described the relationship between the 3GPP MSR E-UTRA wide area base station unwanted emission mask and the existing T1, T2 and Baseline-1 limits in ECC Decision 11(06). 3GPP TS 37.104 specified the relevant unwanted emission mask in the form of conducted power limits measured at the antenna connector. 
Per antenna vs. per cell/sector limits
The first item which must be addressed relates to whether any amended regulatory limits for 5G should be specified per antenna or per cell/sector. We note that the existing T1, T2, and Baseline-1 limits are specified per antenna. But this is only because the 3GPP MSR E-UTRA wide area base station unwanted emission mask in TS 37.104 was also specified per antenna.
In the context of AAS in 5G, it would be prudent to specify any amended regulatory limits as per cell/sector. In fact, we note that ECC usually prefers to specify limits as “per cell/sector” (rather than “per antenna”) when it conducts its own coexistence analysis in the context of interference between MFCN and other services. These limits apply equally and independently to each sector, as illustrated in Figure (X) below.
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Figure 4: ECC prefers to specify limits as “per cell/sector” (rather than “per antenna")
TRP vs. EIRP limits
A second item which must be addressed related to the most appropriate metric to characterize the unwanted emissions from AAS. 
3GPP has itself decided to use TRP for its OTA emission limits for 5G AAS base stations.
The use of TRP for specification of emission limits is illustrated in Figure (X) below. The depicted example radiation patterns each correspond to the same TRP (i.e., area in a two-dimensional diagram), and affect throughput of adjacent systems in roughly the same way even though they correspond to widely different EIRPs.
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Figure 4: An illustration of the use of TRP for specification of emission limits
The following text explains why, in the context of AAS base stations, it would be prudent to specify any amended regulatory limits as TRP.
The Total Radiated Power (TRP) 
TRP is defined as the integral of the power transmitted in different directions over the entire radiation sphere as shown in the expression below.
Add the formula
TRP is equal to the total conducted power input into the antenna array system less any losses in the antenna array system.
Why TRP metric for AAS base stations ?
Considerable effort has been made to assess the effects of the AAS unwanted emissions on other mobile networks and to identify the appropriate metric for their characterization. The different characteristics of the AAS systems in comparison with traditional sector or omni-directional antennas were analyzed in detail. 
3GPP RAN4 technical group has therefore been considering the following approaches for AAS:
In the context of E-UTRA, the existing conducted unwanted emission masks in TS 37.104 are scaled in accordance with a value N, [where N is a function of the number of active transmitter units per cell/sector and is capped at the value of 8] . This approach is described in Section 6.6.5 of TS 37.105.  
In the context of 5G-New Radio and 5G-LTE evolution, the unwanted emission masks will be specified as over-the-air (OTA) rather than conducted power limits. Furthermore, the OTA emission limits will be specified as total radiated power (TRP), rather than equivalent isotropic radiated power (EIRP). This is because 3GPP studies have indicated that harmful interference to adjacent mobile systems is primarily dictated by the TRP (rather than the EIRP) of a base station in any given cell or sector. 
The 3GPP approaches are illustrated in Figure (X) below. It is important that any amendments to the T1, T2 and Baseline-1 limits in the context of 5G account for the above developments at 3GPP.
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Figure 4: Developments at 3GPP for active antenna systems and 5G
3GPP studies[footnoteRef:6] have shown that inter-MFCN interference is dictated by TRP rather than EIRP leading to the following conclusion:  [6:   See, for example, Huawei, “R4-168430 – On NRb BS ACLR requirement,” 3GPP TSG-RAN WG4 Meeting #80bis, Oct. 2016. ] 

The unwanted emissions are to be specified as over-the-air (OTA), rather than as conducted requirement, since the conducted power cannot be measured due to the fact that the amplifier is an integral part of the antenna element. In particular, 3GPP concluded that the OTA emission limits will be expressed in terms of Total Radiated Power (TRP) rather than EIRP[footnoteRef:7].  [7:  Existing CEPT rules are derived from 3GPP specification 37.104, where unwanted emission requirements are applied per antenna connector. The antenna connector would most likely be connected to a passive antenna array, meaning that the resulting antenna gain is fairly invariant (between different implementations and between wanted and unwanted signals). Hence, using EIRP as a metric for setting requirements was considered to be suitable (as a substitute for TRP), given the passive nature of the antenna array.] 

The following main motivation was identified: 
The impact of the unwanted emissions on the adjacent mobile systems depends on the total amount of interference which is injected into the network. Such total amount of interference is well represented by the TRP,
The throughput degradation in the victim network is directly caused by the total radiated unwanted emission power, meaning that setting the requirements in terms of TRP would limit the level of throughput degradation in the victim network to a desired level. The total emissions power and not the spatial pattern impacts the victim network. [the throughput degradation as a function of ACLR is the most appropriate means to regulate unwanted emissions.]
[In the context of AAS, different antenna implementations may lead to different total radiated powers (TRPs) and different beam patterns, even when meeting the same EIRP limit as shown in Figure X [4]. Note that even for the same antenna implementation, the wanted signal and the unwanted signal may have different beam shapes.
The correlation properties of the unwanted emissions coming from the different AAS transmitters will be implementation dependent and may differ between different BS implementations. If the unwanted emissions at each transmitter would be fully correlated, then the unwanted emissions would form the same spatial pattern as the wanted signal (i.e. a narrow, moving beam). If on the other hand the unwanted emissions from each transmitter would be uncorrelated, then there would be no beam forming and the unwanted emissions can be expected to form the same spatial pattern as that of the individual radiating antenna elements (i.e. a wide beam).
The relationship between the TRP and EIRP is therefore not known being directly related to the number of radiating antennas and on specific base station implementation ((e.g. geometry of the antenna array: elements spacing, linear array of elements) and correlation between unwanted emission signals from different antenna ports[footnoteRef:8]. In other words, specifying an EIRP limit could result in different levels of TRP depending on implementations. This would in turn cause different implementations that would meet an EIRP requirement to cause different levels of degradation in a victim network. Thus EIRP would be an inappropriate metric. [8:  In case of passive systems, the antenna gain does not vary much between the wanted signal and unwanted emissions. Thus, EIRP is directly proportional to TRP and can be used as a substitute.] 

For AAS, TRP and EIRP values are not directly proportional and relate to the number of radiating antennas, to the specific base station implementation 
As shown in Figure X the definition of an EIRP limit, can lead to the situation for which the system with lower antenna gain could meet the emission requirements by injecting higher level of interference into the network (the exaggerated example depicted on the right hand side of in Figure X). Therefore, the example above shows how specifying an EIRP requirement will not allow to guarantee a control of the total amount of interference in the network. 
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Figure 1 Example spatial patterns of unwanted emissions from two base stations, both meeting the same EIRP limit but radiating different TRPs corresponding to  different conducted unwanted emissions power levels
On the other hand, a TRP requirement will limit the total amount of interference injected in the network regardless the specific BS implementation. For the same level of TRP, BS with higher antenna gains will have higher directivity, thus higher spatial control of the radiating interference, while the total amount of injected interference will be the same compared to a BS deploying lower number of antenna elements. 
In other words, different BS implementations may lead to the same impact on a given victim system, meaning that limiting the BS implementation would not bring any benefit to the victim system and would only lead to less flexible and less efficient antenna solutions. Hence, the requirements should be independent of the correlation level of the unwanted emissions. 
Setting the requirements for AAS in terms of EIRP would lead to misleading results and potentially reduced protection [3] or overprotection for co-existing systems. 
It is worth noticing that a TRP requirement would also correspond to the conducted requirement in case of an ideal system with perfect matching and no antenna losses. 
The throughput impact of emissions from an AAS network to a legacy (non-AAS) victim network was analysed using simulations for the specific class of antenna arrays with specific elements spacing (that is described in section 5.4 of 3GPP TR 37.840). Different correlation properties between transmitters were simulated and the level of the AAS unwanted emissions were varied in order to observe the effect of correlation and emissions level of an AAS on a legacy (non-AAS) victim network. With the simulation assumptions used for the studies, 100% correlation implies that the unwanted emissions are beam-formed in the same manner as the wanted signal. Such correlation is very unlikely, but was included in the study for completeness. 0% correlation implies that the unwanted emissions are not beam-formed but are radiated with the individual antenna element pattern. 
It was found that the aggressor (AAS BS) total radiated unwanted emissions power was directly proportional to the victim network throughput degradation, independently of the correlation and hence the spatial pattern of the unwanted emissions. The results of these studies showed that, the level of correlation (and hence the spatial pattern of the emissions) does not impact the co-existence performance. Simulation have shown, for the specific antenna configuration used, that the TRP would be an appropriate metric in assessing harmful interference since it would be independent of the effect of correlation level.
In other words, different BS implementations may lead to the same impact on a given victim system, meaning that limiting the BS implementation would not bring any benefit to the victim system and would only lead to less flexible and less efficient antenna solutions. Hence, the requirements should be independent of the correlation level of the unwanted emissions. ]
[Rermark from France: one specific geometry was used in 3GPP studies (see section 5.4 of TR 37.840) not allowing to draw general conclusions.]

[Finally, another relevant element behind 3GPP choice of defining unwanted emission with a TRP metric is the different behaviour between passive and active antenna systems. In case of passive systems, the antenna gain does not vary much between the wanted signal and unwanted emissions. Thus EIRP is directly proportional to TRP and can be used as a substitute. For active systems, the EIRP could vary wildly between wanted signal and emissions and between implementations, so EIRP is not proportional to TRP and using EIRP to substitute TRP would be incorrect.
Based on the above, if the OTA unwanted emissions are based on total radiated emissions around the base station, the co-existence performance provided by the OTA unwanted emissions requirements will be the same as with the requirements of today. On the other hand, if the requirements are based on directional emissions power (EIRP), the level of co-existence protection would be variable depending on the spatial pattern of the unwanted emissions and the amount of correlation in unwanted emissions between transmitters, which would be variable and probably implementation dependent. 
Hence, TRP is the appropriate metric for AAS systems and should be used instead of EIRP to avoid misleading results and reduced protection for co-existing systems.
As a minor note, it is worth noticing that a TRP requirement would also correspond to the conducted requirement in case of an ideal system with perfect matching and no antenna losses. 
3GPP has studied the matter of TRP as a measure of interference between adjacent MNOs:
The correlation of the out-of-block emissions across the transmit antennas of a mobile network base station is uncertain.
If the out-of-block emissions of a base station (BS) are fully correlated across its transmit antennas, then EIRP and TRP are equivalent for specifying the BS’s ACLR and out-of-block emission limits.
Otherwise, specifying the BS ACLR and out-of-block emission limits based on EIRP (rather than TRP) implies an uncertain level of total unwantbed emissions. 
Importantly, when the BS ACLR and out-of-block limits are specified based on TRP, the impact of interference on the throughout of an adjacent channel mobile network is broadly insensitive to the correlation of the out-of-block emissions across the BS’s transmit antennas.
Even if unwanted emissions were fully correlated across transmitters, and had the same beam pattern as wanted emissions, it would still be the TRP that would define the impact on the performance of adjacent channel systems. 
Based on the above observations, 3GPP has concluded that TRP is the appropriate metric for specifying the ACLR and out-of-block emission limits, in the context of interference between adjacent channel mobile networks.
Consistently with the work carried out in 3GPP, TRP is the appropriate metric for the specification of out-of-block emission limits in the contexts of interference from mobile network base stations in 3400-3800 MHz to military radar systems below 340h0 MHz]
References:
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In the following sections, we provide the necessary technical background related to 5G-NR numerology and symbol alignment to be able to conclude about the possibility of synchronizing and aligning LTE and 5G-NR transmissions. This background is based on 3GPP agreements, as captured in [2].

5G-NR numerology
3GPP RAN1 has agreed on an LTE-based numerology for 5G-NR [2], based on 2^n×15 "kHz"  subcarrier spacing as illustrated in the example table below.
The value of the parameter n depends in turn on the intended frequency band. For instance, n = 0, 1 and 2, corresponding to 15, 30 and 60 KHz subcarrier spacing are considered by 3GPP RAN4 for frequencies below 6 GHz. On the other hand, larger subcarrier spacing is considered for frequencies above 6 GHz, e.g. 120 KHz, in addition to 15, 30 and 60 KHz.

	Subcarrier spacing
	15 KHz
	30 KHz (2 x 15 KHz)
	60 KHz (4 x 15 KHz)

	Slot duration (assuming 7 OFDM symbols per slot)
	500 µs
	250 µs
	125 µs

	Slot duration (assuming 14 OFDM symbols per slot)
	1000 µs
	500 µs
	250 µs


Table 1 Subcarrier spacing for 5G-NR for frequencies below 6 GHz
The corresponding 3GPP agreement as captured in [2] is as follows:
“Agreements:
Alignment within a subframe
· Symbol level alignment across different subcarrier spacings with the same CP overhead is assumed within a subframe duration in a NR carrier
· FFS: Unlicensed spectrum case
For normal CP family, the following is adopted
· For Fs = 15 kHz * 2n (n is non-negative integer), 
· Each symbol length (including CP) of 15 kHz equals the sum of the corresponding 2n symbols of Fs
· Other than the first OS in every 0.5msec, all OFDM symbols within 0.5msec have the same size
· The first OS in 0.5msec  is longer by 16 Ts (assuming 15 kHz and FFT size of 2048) compared to other OSs
· 16 Ts is used for CP for the first symbol
· For Fs = 15 kHz * 2n (n is a negative integer)
· Each symbol length (including CP) of Fs equals the sum of the corresponding 2-n symbols of 15 kHz”

Symbol alignment
The Symbol alignment is a 5G-NR property, allowing an OFDM symbol of lower numerology to exactly overlap with 2^n symbols of the higher numerologies. In other words, a long OFDM symbol (i.e. with narrow subcarrier spacing) will exactly cover an integer number of shorter OFDM symbols (i.e. with wider subcarrier spacing). Figure 1 is an illustration of the symbol alignment property of 5G-NR.
The darker symbols in Figure 1 are symbols with longer Cycle Prefix (CP), as the cyclic prefix of the first OFDM symbol in every 0.5 ms interval is 16 x  longer than the cyclic prefix of the remaining symbols in the time interval ( is the 30.72 MHz chip duration).
As Figure 1 shows, a 15 KHz NR symbol exactly covers four 60 KHz NR symbols. Similarily, considering an LTE sub-frame of 1 ms, the latter would exactly overlap with four 14-symbols 60 KHz NR slots.
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[bookmark: _Ref491251652]Figure 1 Symbol alignment in 5G-NR

Conclusion
Considering that symbol alignment is a fundamental property of 5G-NR, and that it ensures alignment between LTE and 5G-NR as described in the previous sections, it can be concluded that synchronization and alignment of UL/DL transmissions between LTE and 5G-NR base stations is technically feasible.
Although complete alignment of UL / DL transmissions between LTE and NR can be achieved as described above, this would have implications on the minimum latency achievable by 5G-NR which should be assessed further. 
Contributions are welcome for next meeting.

[bookmark: _Ref491247117]References
ECC PT1(17) C-Band CG II-7 FINAL, “Draft Minutes from previous CG meeting”, CG Convener, Maisons-Alfort, France, 24-26 July 2017
[bookmark: _Ref491247691]“RAN1 Chairman’s Notes”, 3GPP TSG RAN WG1 Meeting #86bis, Lisbon, Portugal 10th-14th October 2016

[bookmark: _Toc492558854][bookmark: _Toc492559805][bookmark: _Toc492558855][bookmark: _Toc492559806][bookmark: _Toc492558856][bookmark: _Toc492559807][bookmark: _Toc492558857][bookmark: _Toc492559808][bookmark: _Toc492558858][bookmark: _Toc492559809][bookmark: _Toc492558859][bookmark: _Toc492559810][bookmark: _Toc492558860][bookmark: _Toc492559811][bookmark: _Toc492558861][bookmark: _Toc492559812][bookmark: _Toc492558862][bookmark: _Toc492559813][bookmark: _Toc492558863][bookmark: _Toc492559814][bookmark: _Toc492558864][bookmark: _Toc492559815][bookmark: _Toc492558865][bookmark: _Toc492559816][bookmark: _Toc492558866][bookmark: _Toc492559817][bookmark: _Toc492558867][bookmark: _Toc492559818][bookmark: _Toc492558868][bookmark: _Toc492559819][bookmark: _Toc492558869][bookmark: _Toc492559820][bookmark: _Toc492558870][bookmark: _Toc492559821][bookmark: _Toc492558871][bookmark: _Toc492559822][bookmark: _Toc492558872][bookmark: _Toc492559823][bookmark: _Toc492558873][bookmark: _Toc492559824][bookmark: _Toc492558874][bookmark: _Toc492559825][bookmark: _Toc492558875][bookmark: _Toc492559826][bookmark: _Toc492558876][bookmark: _Toc492559827][bookmark: _Toc492558877][bookmark: _Toc492559828][bookmark: _Toc492558878][bookmark: _Toc492559829][bookmark: _Toc492558879][bookmark: _Toc492559830][bookmark: _Toc492558880][bookmark: _Toc492559831][bookmark: _Toc492558881][bookmark: _Toc492559832][bookmark: _Toc492558882][bookmark: _Toc492559833][bookmark: _Toc492558883][bookmark: _Toc492559834][bookmark: _Toc492558884][bookmark: _Toc492559835][bookmark: _Toc492558885][bookmark: _Toc492559836][bookmark: _Toc492558886][bookmark: _Toc492559837][bookmark: _Toc492558887][bookmark: _Toc492559838][bookmark: _Toc492558888][bookmark: _Toc492559839][bookmark: _Toc492558889][bookmark: _Toc492559840][bookmark: _Toc492558890][bookmark: _Toc492559841][bookmark: _Toc492558891][bookmark: _Toc492559842][bookmark: _Toc492558892][bookmark: _Toc492559843][bookmark: _Toc492558893][bookmark: _Toc492559844][bookmark: _Toc492558894][bookmark: _Toc492559845][bookmark: _Toc492558895][bookmark: _Toc492559846][bookmark: _Toc492558896][bookmark: _Toc492559847][bookmark: _Toc492558897][bookmark: _Toc492559848][bookmark: _Toc492558898][bookmark: _Toc492559849][bookmark: _Toc492558899][bookmark: _Toc492559850][bookmark: _Toc492558900][bookmark: _Toc492559851][bookmark: _Toc492558901][bookmark: _Toc492559852][bookmark: _Toc492558902][bookmark: _Toc492559853][bookmark: _Toc492558903][bookmark: _Toc492559854][bookmark: _Toc492558904][bookmark: _Toc492559855][bookmark: _Toc492558905][bookmark: _Toc492559856][bookmark: _Toc492558906][bookmark: _Toc492559857][bookmark: _Toc492558907][bookmark: _Toc492559858][bookmark: _Toc492558908][bookmark: _Toc492559859][bookmark: _Toc492558909][bookmark: _Toc492559860][bookmark: _Toc489012252][bookmark: _Toc492559861]Analysis of the out-of-block power limits: Interference between non-synchronised MFCNs
[From: ECC PT1 C-band 5G CG_Orange Discussion on BEM]
The implementation of BEM for non-synchronised TDD requires the introduction of a guard band between non-synchronized MFCN operators as well as between an MFCN operator and a Fixed Wireless Access (FWA) operator. 
In some countries, for example, in France, part of the C-band 3400-3800 MHz are allocated to FWA the synchronisation between mobile 5G and FWA may not be feasible. The BEM for FWA in order to protect 5G should also be studied, since the MFCN BEM defined in the ECC report 203 did not take into account the 5G system.
[From: ECC PT1(17) C-Band CG II-7_Draft Minutes from C-band CG #1v1]
[The applicability of TRP to the case of MFCN to MFCN coexistence in case of no common synchronization needs further discussions with particular reference to the statistical impact of the dynamic nature of beamforming at the base stations’ transmitters and receivers.]
[Clarifications / confirmation are needed on the possibility to synchronize and align UL / DL transmissions between LTE base stations with 5G-NR base stations.]
[From: ECC PT1 C-band 5G CG_Orange Discussion on BEM]
[TRP-based BEM for AAS base stations may need to be included in the BS standard, e.g. European Harmonised Standard. 
Since Mobile operators cannot do anything more to meet the required BEM condition if it is different from the product performance specified in the standard, TRP limit can be measured in Lab, but not in the field.
[bookmark: _Toc492558911][bookmark: _Toc492559862][bookmark: _Toc489012253][bookmark: _Toc492559863]Analysis of the out-of-block power limits: Interference below 3400 MHz
AAS interference to radar
[Add a brief description of modelling and studies…]
As described in Annex X, the probability of the interference at a radar receiver exceeding a target level of -118 dBm/MHz (corresponding to I/N of -6dB) has been calculated as a function of MFCN base station EIRP and TRP for a number of scenarios. These are illustrated in Figures X-Z.
[image: ]

Several observations can be made based on the obtained results:
The probability of exceeding any given interference threshold (exceedance probability) increases monotonically with the MFCN base station out-of-block EIRP and TRP.
The out-of-block TRP required for a given exceedance probability is more stringent for MFCN macro base station deployments than for MFCN micro base station deployments. 
The statistics of interference at the radar receiver as a function of TPR are far less sensitive to the correlation level (extent of beamforming) than is the case for EIRP. 
The impact of the correlation of out-of-block signals across the antenna elements of a MFCN base station on the exceedance probability varies according to the value of out-of-block TRP considered. 
Accordingly, it is proposed that 
The regulatory out-of-block power limits below 3400 MHz are specified as TRP.
[One value is specified for the regulatory out-of-block TRP limits below 3400 MHz, corresponding to exceedance probability of X% in the above results.][Two values are specified for the regulatory out-of-block TRP limits below 3400 MHz, corresponding to exceedance probability of X% and Y% in the above results.]
Distinct values are specified for the regulatory out-of-block TRP limits below 3400 MHz for the cases of macro and micro MFCN base station deployments.
Tables X shows the proposed regulatory TRP limits:

Table X: Additional macro and micro base station baseline power limits below 3400 MHz for country specific cases
	
	Case
	BEM element
	Frequency range(1)
	Power limit(2)(3)

	A
	CEPT countries with
radiolocation systems
below 3400 MHz
	Additional Baseline
	Below 3400 MHz
	Macro: X dBm/MHz TRP
Micro: X dBm/MHz TRP

	[B]
	[CEPT countries with
radiolocation systems
below 3400 MHz]
	[Additional Baseline]
	[Below 3400 MHz[
	[Macro: X dBm/MHz TRP
Micro: X dBm/MHz TRP]

	C
	CEPT countries without
adjacent band usage or
with usage that does not
need extra protection
	Additional Baseline
	Below 3400 MHz
	N/A

	(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.
(3) Add Definitions of macro and micro. 




From: ECC PT1(17) C-Band CG II-7_Draft Minutes from C-band CG #1v1
The meeting noted that the regulatory requirement for the protection of radiolocation in adjacent band (-50 dBm/MHz or -59 dBm/MHz e.i.r.p. below 3400 MHz ) has to be revisited given the new AAS systems, the deployment (small cell, macro cell) assumptions.
The meeting further noted that, depending on the specific radar systems, at national level the unwanted emission constraint can be applied only to the areas with radars (no need to apply it everywhere).
Any amendment to the existing unwanted emission limits to facilitate practical implementation of MFCN equipment should take account of the statistical nature of the AAS antenna patterns and will need to be supported by sharing studies.
Additional discussion is needed on the applicability of the TRP metric to the coexistence between MFCN and Radiolocation systems. Further studies may be required to support specifying these limits in terms of TRP.
The assumptions for such sharing studies will need to account for the new elements (e.g. assumed separation distance between victim and receiver, the impact of AAS antenna patterns, different deployment scenarios).
Administrations may consider the actual radar ACS values, if available, within the sharing studies.
From: ECC PT1 C-band 5G CG_Orange Discussion on BEM
[The regulatory requirement of -50 dBm/MHz or -59 dBm/MHz e.i.r.p. below 3400 MHz for the protection for adjacent band system is too sever to reach: a guard band of more than 20 MHz is needed for LTE BS with a cavity filter. 
The adjacent band protection requirements for radiolocation systems below 3400 MHz should be carefully studied for 5G AAS BS which may not allow space for a cavity filter,.]
From ECC PT1(17) C-Band CG II-1_TRP vs  EIRP and interference to radar below 3400 MHz v2 – Huawei
[The directional antenna patterns at the mobile network base station transmitter and the radar receiver need to be taken into account. For consistency with the derivation of the existing regulatory limits, we propose to use 3 km interferer-victim separation.]
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[The specification of mobile network base station regulatory out-of-block EIRP limits (Baseline-3) can imply widely different levels of interference to radar systems below 3400 MHz, depending on the extent of signal correlation across the base station’s antennas.
TRP is a more suitable metric in this context.
The Baseline-3 limits should should therefore specified as TRP (rather than EIRP) in the context of base stations which use beamforming, in alignment with the revision of T1, T2, and Baseline-1 regulatory limits as TRP.]
[We have demonstrated that the mobile network base station regulatory out-of-block EIRP limits (Baseline-3) for the protection of radar below 3400 MHz can be relaxed when angular discrimination at the base station transmitter and radar receiver are taken into account.
Baseline-3 limits should therefore be relaxed from -50 dBm/1MHz to a larger value.]

[From: ECC PT1(17) C-Band CG II-4_Orange Discussion on Report Structure]
[It should be noted that co-existence between LTE2600 and Radars (ATC radars, Meteorological radars, and radiolocation radars) was studied in the ECC report 174, there was no BEM defined for MFCN at 2600 MHz, the problem was solved at national level by coordination and case by case interference mitigation solution. The similar solution needs to be investigated for the co-existence between 5G MFCN and radiolocation radars at 3400 MHz.]
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[TBD]

[Based on the assessment outcome, the need to replace or amend ECC DEC (11)06, will be considered]
[Based on the assessment outcome, the need to suppress or amend ECC DEC (07)02, will be considered]

[bookmark: _Toc489010390][bookmark: _Toc489010694][bookmark: _Toc489011764][bookmark: _Toc489012087][bookmark: _Toc489012403][bookmark: _Toc489012404][bookmark: _Toc492559865]Proposed new Least Restrictive Technical Conditions for non-AAS MFCN Base Sbtations
[TBD]
[bookmark: _Toc489012405][bookmark: _Toc492559866]Proposed new Least Restrictive Technical Conditions for AAS MFCN Base Stations
[TBD]
[bookmark: _Toc492420456][bookmark: _Toc492421052][bookmark: _Toc489012406][bookmark: _Toc492559867]Coexistence between synchronised AAS MFCNs
Text from “[Huawei] Suitability for 5G of existing regulations for 3400-3600 MHz (2017-04-11).
[In light of the analysis carried out in the previous chapter, any amendments to the T1, T2, and Baseline-1 limits in the context of 5G, should be aligned with 3GPP over-the-air limits and
1) 	specify the limits as TRP rather than EIRP, and
2) 	specify the limits as per cell/sector rather than per antenna.
Nevertheless, we are also aware that while it is important to account for both non-AAS and AAS base stations, any amended ECC regulations should cover both 4G and 5G, and – to the greatest extent possible – remain technology neutral.
As such we propose the amendments indicated below (in the colour blue).]
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[Note that the proposed amended ECC regulations are technology neutral, in that they make no distinction between 4G and 5G. Furthermore, the proposed amendments distinguish between non-AAS and AAS base stations in the following manner:
A non-AAS base station is considered to have 1 to 7 antennas serving any specific cell/sector.
An AAS base station is considered to have 8 or more antennas serving any specific cell/sector.
The proposed amended ECC limits for non-AAS base stations would be the same as the existing EIRP limits, and scaled with the number of antennas (up to 7) serving any given cell/sector. This provides a measure of backward compatibility between the amended and existing regulations.
The proposed amended ECC limits for AAS base stations would be based on 3GPP over-the-air specifications, and specified as the TRP which applies to the radiations within any given cell/sector. 
The limits would not be scaled with the number of antenna (will be capped at the TRP value which corresponds to 8 antennas). ]
[bookmark: _Toc489012407][bookmark: _Toc492559868]Co-existence between non-synchronised AAS MFCN and other TDD MFCN
from: ECC PT1(17) C-Band CG II-7_Draft Minutes from C-band CG #1v1.
[Existing BEM in ECC Report 203 should apply to FWA and it should be assessed whether such BEM are suitable to protect AAS base stations]
[bookmark: _Toc492420459][bookmark: _Toc492421055][bookmark: _Toc489012408][bookmark: _Toc492559869]Coexistence between AAS MFCN and Radiolocation systems
From ECC PT1(17) C-Band CG II-1_TRP vs  EIRP and interference to radar below 3400 MHz v2 – Huawei.
[The specification of mobile network base station regulatory out-of-block EIRP limits (Baseline-3) can imply widely different levels of interference to radar systems below 3400 MHz, depending on the extent of signal correlation across the base station’s antennas.
TRP is a more suitable metric in this context.
The Baseline-3 limits are therefore specified as TRP (rather than EIRP) in the context of base stations which use beamforming, in alignment with the revision of T1, T2, and Baseline-1 regulatory limits as TRP.]

From: ECC PT1(17) C-Band CG II-5_France contribution on sharing between Radar and IMT2020 BS C_Band_ANFR.
Based on the co-existence analysis reported in ANNEX XY:
[Further revisions of the coexistence analysis will be provided]
The cumulative effect of interference (due to a set of BSs in the vicinity of the radar) case onto radiolocation system  involves different situations of interfering and receiving antennas pointing (because of the moving nature of radar antenna and IMT2020 AAS) which requires to use a metric accounting the interference in all directions like TRP. 
it shows that the single entry worst case scenario would more rely on an EIRP metric to set the unwanted emission limits but at the same time may be not applicable in practice since statistical and aggregated study of interference is needed to address any future deployment of 5G in 3400-3800MHz,.
it raises a question about the correlation level (between elements of the antenna arrays) issue by observing that the distribution of Iagg/N isn’t necessarily similar for both full correlation & uncorrelated elements of the antenna panel and that the gap between the results may be high. It shows that this dependence may be linked with the statistical pointing of the IMT2020 BS beam which differ for small cell & macro BSs. Further investigation on that issue is needed. 
[Moreover, this compatibility analysis needs to be revisited when the characteristics of the 5G NR systems operating in C-Band (i.e. 3.4-3.8GHz) are available: e.g. typical channel bandwidth (5MHz, 20MHz or more?), the antenna array (number of elements, single peak gain...), single element conducted power... ]
[bookmark: _Toc492420461][bookmark: _Toc492421057][bookmark: _Toc492420462][bookmark: _Toc492421058][bookmark: _Toc489012409][bookmark: _Toc492559870]Coexistence between AAS MFCN and FSS/FS systems
[ECC DEC (11)06 states that coordination between MFCN and FSS or FS should be carried out on a case-by-case basis, since no single separation distance, guard band or signal strength limit can be provided. The Decision (in Annex 5) provides the key principles the Administrations should implement in relation to the coexistence with other services than MFCN in the 3400-3800 MHz range.
More recently, the ECC published ECC Report 254 containing operational guidelines to support the implementation of the current ECC framework for Mobile/Fixed Communications Networks (MFCN) in the 3600-3800 MHz range. The Report outlines optional procedures to enable administrations to allow sharing between MFCN and Fixed Satellite Service and Fixed Service in this band. Based on national circumstances an administration might apply the most suitable procedures to set up its national sharing framework.] 
[Given the fact that the 3400-3800 MHz range is considered as a 5G primary band suitable for the introduction of 5G-based services in Europe even before 2020, Administrations will carefully assess the usage of spectrum within 3400-3600 MHz with an option of clearing the band, as much as possible, from incumbent services. Where appropriate CEPT administrations will need to specify the provisions necessary to enable and facilitate the clearing or coexistence between 5G-based services and the existing incumbent services (FSS/FS) in the 3400-3800 MHz band[footnoteRef:9].  [9:  See ECC report 254] 

Decisions will be taken based on impact assessments to determine the preferred approach with respect to incumbent services. Such assessments will be carried out at national level accounting for the overall social and economic benefits]
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[TBD]
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Aas MFCN
System Parameters
5G-NR Base Station and User Equipment Characteristics
[bookmark: _Toc489012415] from 3GPP TSG RAN WG4 LS on Suitability of technical conditions of ECC DEC (11) 06 for 5G - Tdoc R4-1704402 -  ECC PT1(17)070.
3GPP TSG RAN is presently developing the Next Generation New Radio (NR) Access Technology in the context of 5G, and TSG RAN WG4 is developing the related RF parameters. The work includes bands above 24 GHz as well as existing IMT bands below 6 GHz, which includes the 3GPP bands defined for 3400 to 3800 MHz. While a new set of RF parameters is being developed for bands above 24 GHz, it has been agreed that for bands below 6 GHz, the existing 3GPP requirements for E-UTRA should be re-used for NR as much as possible. 
In the context of 5G/New Radio and 5G/LTE evolution, 3GPP is implementing changes to the way in which unwanted emission masks are specified in order to properly set requirements for the potentially large number of antennas which are used in Active Antenna Systems (AAS) supporting beamforming and massive MIMO. 
The unwanted emission masks will be specified as over-the-air (OTA) rather than conducted power limits. OTA emission limits will be specified as total radiated power (TRP), rather than equivalent isotropic radiated power (EIRP). This is because 3GPP studies have indicated that harmful interference to adjacent mobile systems is primarily correlated to the TRP (rather than the EIRP) of a base station. 
The detailed work on the RF parameters related to 3400 to 3800 MHz is ongoing in 3GPP, and TSG RAN can give a preliminary response based on the present status of discussions. Some parameters such as BW and power levels are based on the present status of NR work, while the unwanted emission and receiver ACS/blocking parameters are largely based on present LTE parameters in the summary below, with the assumptions that NR will re-use as much as possible of those parameters. 3GPP will inform ECC PT1 of any further developments of the parameter values.

	5G-NR parameters
	BS characteristics
	UE characteristics

	Maximum channel bandwidth
	Up to 100 MHz per carrier

	Minimum channel bandwidth
	5 or 10 MHz

	BS and UE maximum transmitter power
	May not be specified by 3GPP
	23 dBm

	BS and UE receiver ACS and blocking requirements
	ACS: 45 dB
Blocking: -43 dBm (in-band)
	ACS: 27 dB (20 MHz)
Blocking: -56 dBm (in-band)

	BS and UE transmitter ACLR and 3GPP emission masks for non-AAS products
	ACLR: 45 dB
Emission mask: see TS 136 104, Table 6.6.3.2.1-6, applicable to all transmission bandwidths
(NOTE 1)
	ACLR: 30 dB
Emission mask: see TS 136 101, clause 6.6.2.1 and 6.6.2.1A

	BS transmitter 3GPP emission masks for AAS products
(Specified as TRP)
	ACLR: 45 dB (TRP)
Emission mask: see TS 136 104, Table 6.6.3.2.1-6, with 9 dB added to emission values (TRP)	Comment by Eliane: A clarification on how the «9 dB» has been calculated is good to include, perhaps as a footnote.
(NOTE 1)
	N/A

	Active Antenna Systems characteristics
	Many solutions are possible in terms of antenna techniques, number of antenna elements, radiation pattern etc. The transmitter characteristics listed above, as expressed in TRP, apply for all solutions. See further details below.
	N/A

	NOTE 1: Due to the larger transmission bandwidths, the emission mask (defined as in in TS 136 104, clause 6.6.3.2.1) can for operation in 3.4-3.8 GHz extend more than 10 MHz outside the operating band (under discussion). Spurious emission limits will apply outside of this range (-30 dBm/MHz). 


Table 1: 5G-NR Base Station and User Equipment parameters[footnoteRef:10] [10:  The detailed work on the RF parameters related to 3400 to 3800 MHz is ongoing in 3GPP, and TSG RAN can give a preliminary response based on the present status of discussions.] 

5G-LTE Evolution Base Station and User Equipment Characteristics
[From 3GPP TSG RAN WG4 LS on Suitability of technical conditions of ECC DEC (11) 06 for 5G - Tdoc R4-1704402]
In the same framework TSG RAN is continuously evolving LTE and will in 3GPP Rel-15 provide support for IMT-2020 technical performance requirements. The fundamental RF characteristics will substantially remain the same as in previous LTE releases.

	5G-LTE evolution parameters
	BS characteristics
	UE characteristics

	Maximum channel bandwidth
	20 MHz per component carrier, Carrier Aggregations provides larger transmission bandwidths up to 100 MHz.

	Minimum channel bandwidth
	5 or 10 MHz

	BS and UE maximum transmitter power
	Not specified by 3GPP
	23 dBm

	BS and UE receiver ACS and blocking requirements
	ACS: 45 dB
Blocking: -43 dBm (in-band)
	ACS: 27 dB (20 MHz)
Blocking: -56 dBm (in-band)

	BS and UE transmitter ACLR and 3GPP emission masks
	ACLR: 45 dB
Emission mask: See TS 136 104, Table 6.6.3.2.1-6
(NOTE 1)
	ACLR: 30 dB
Emission mask: See TS 136 101, clause 6.6.2.1 and 6.6.2.1A

	BS transmitter 3GPP emission masks for AAS products
(Specified as TRP)
	ACLR: 45 dB (TRP)
Emission mask: see TS 136 104, Table 6.6.3.2.1-6, with 9 dB added to emission values (TRP)	Comment by Eliane: Same comment as before.
(NOTE 1)
	N/A

	Active Antenna Systems characteristics
	Many solutions are possible in terms of antenna techniques, number of antenna elements, radiation pattern etc. The transmitter characteristics listed above, as expressed in TRP, apply for all solutions. See further details below.
	N/A

	NOTE 1: Due to the larger transmission bandwidths, the emission mask defined by the “Operating Band Unwanted Emissions” in TS 136 104, clause 6.6.3.2.1 can for operation in 3.4-3.8 GHz extend more than 10 MHz outside the operating band (under discussion). Spurious emission limits will apply outside of this range (-30 dBm/MHz).


Table 1: 5G-LTE Evolution Base Station and User Equipment parameters[footnoteRef:11] [11:  The detailed work on the RF parameters related to 3400 to 3800 MHz is ongoing in 3GPP, and TSG RAN can give a preliminary response based on the present status of discussions.] 

5G MFCN Antenna element and array parameters
from C-band CG 2nd Face to Face CG, meeting Maisons Alfort, July 24-26 2017.

	Parameter
	Value

	Antenna element 
directional pattern
aE(,)
	According to 3GPP TR 37.840 (section 5.4.4.2):



where
3 dB elevation beamwidth 3dB = 65, 
3 dB azimuth beamwidth 3dB = 80, 
Front-to-back ratio Am = 30 dB, 
Side-lobe ratio SLAV = 30 dB.
NOTE: .
NOTE: Each antenna element is larger in size in the vertical direction, and so 3dB < 3dB . See 3GPP TR 37.840.

	Number of base station beamforming elements 
(NV, NH)
	(8,8) and (16,16)

	Element spacing
	0.9 vertical separation.
0.6 horizontal separation.
NOTE: Larger vertical spacing provides narrower array beamwidth in elevation. See 3GPP TR 37.840 (Table 5.4.4.2.1-1).  

	Mechanical downtilt
	Macro-cell: 10
Micro-cell: 10
NOTE: For macro-cell, see ITU-R M.2292 for 20 metres height and 300 m sector radius.
NOTE: For micro-cell, the downtilt is not obvious. 



	Parameter
	Value

	Array beamforming
directional pattern
aA(,)

	According to 3GPP TR 37.840 (section 5.4.4.2):

where


and
 is the signal correlation across the antenna elements, are the number of vertical and horizontal antenna elements, are the vertical and horizontal antenna element spacings,  is the downward beam steering tilt angle relative to boresight, and  is the anti-clockwise horizontal beam steering scan angle relative to boresight. 
NOTE: .	Comment by Eliane: Add that 

	Correlation
	 = 0 and 1.

	Array beamforming
directional (power) gain
g(,)

	Power radiated by antenna array system in direction is  where  is the conducted power, and

where

is the normalization factor and L is the antenna loss. 

	Antenna loss, L
	L = 0 dB.

NOTE: Loss is not relevant, since the objective is to derive radiated power.

	Beamforming
	At each Monte Carlo trial, in each sector a single beam is steered in azimuth and elevation toward a UE which is dropped randomly within the sector. 
In the macro-cell urban scenario, 7% of UEs will be considered indoor (see ITU-R M.2292), with a height above ground that is uniformly distributed with values of 1.5 + {0, 3, 6, 9, 12, 15} metres. 
In the micro-cell urban scenario, 70% of UEs will be considered indoor (see ITU-R M.2292), with a height above ground that is uniformly distributed with values of 1.5 + {0, 3, 6} metres. 
In rural areas, 50% of UEs will be considered indoor, with a height of 1.5 m above ground.
Outdoor UEs in all cases are assumed to be at a height of 1.5 m above the ground.

	TDD factor
	TDD factor can be accounted for in the Monte Carlo trials by multiplying all radiated powers by the same single binary random variable x (0 or 1), where Pr{x = 1} = ratio of DL transmissions to total frame duration. A DL ratio of 0.8 will be assumed. Use of a single value is based on the assumption of synchronised UL/DL phases in a network. 
This value is based on the proposed value in TG5/1 document 36.
NOTE: Is the assumption of synchronisation valid for NR?

	Network loading
	Network loading can be accounted for in the Monte Carlo trials by multiplying each sector’s radiated power by an independent binary random variable x (0 or 1), where Pr{x = 1} = network loading factor. A network loading factor of 0.5 will be assumed. This value is based on the maximum network loading as proposed value in WP 5D contribution no. 475 (attachment 2, section 2) from Japan and TG5/1 document 36. 


5G MFCN Base Station deployment

	Parameters
	Value

	Base station coordinates 
(xBS, yBS)
	Approach-1: Random deployment of small cells
At each Monte Carlo trial, NBS base stations are distributed randomly over a ring of width D, centred at the radar receiver coordinate (0,0), where xBS and yBS have uniform distributions, and each base station is located a distance d from the radar receiver where dmin  d  dmax, dmin = 3000 metres, and 
dmax = 5000 metres.

NOTE: D = dmax  dmin.
NOTE: dmin of 3000 metres corresponds to the protection distance for “category 1” (high level of protection) sites in France.
NOTE: The appropriate value of dmax should be evaluated through sensitivity analysis to quantify the impact on aggregated interference.

The number of base stations NBS is given by

BS density = n  macro site density (km2) where n is between 
1 and 3, and the macro site density is based on an ISD of 
1.5  300 = 450 metres. See ITU-R M.2292.
Ra (ratio of hotspot areas to built-up areas) 
		= 0.4 (urban), 0.01 (rural)
Rb (ratio of built-up areas to total area) 
		= 0.9 (urban) or 0.1 (rural).
Area (area of ring) =  (dmax2  dmin2)

NOTE: The chosen values of Ra are between the values approved by WP 5D (ITU-R TG5/1 document 36) for 26 GHz (suburban vs. urban: 0.03 vs. 0.07) and a nominal value of 1 for lower frequencies such as sub-1GHz.
NOTE: The chosen values of Rb are a compromise between urban areas (near 1) and rural areas (near 0), and also the size of the area analysed.

Approach-2: Hexagonal deployment of macro-cells
NBS base stations are distributed on a hexagonal grid with a given ISD, and where each base station is located a distance d from the radar receiver where dmin  d  dmax , 
dmin = 3000 metres, dmax = 5000 metres.
Macro-cell ISD: 1.5  300 = 450 metres. See ITU-R M.2292.
NOTE: Orange can provide existing network ISDs for several French cities.

	Base station antenna height 
(above ground) zBS 
	Macro-cells: 20 metres. See ITU-R M.2292.
Micro-cells: 6 metres. See ITU-R M.2292.

	Channel bandwidth 
	100 MHz.
NOTE: For information only. Not relevant to calculations.

	Sectorization
	Each macro base station would have three independent sectors (120 each). See 3GPP TR 37.840. The orientation of the sectors need not change from one Monte Carlo trial to the next.
Micro base stations will not be sectorised.


propagation model
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	Parameter
	Value

	Frequency
	3400 MHz.

	Median path loss 
and clutter
	Macro-cell:
a) Free space and Fresnel diffraction, or
b) P.452
 
Micro-cell:
a) Free space and statistical clutter loss, or
b) P.452

NOTE: The random clutter loss for micro-cells has a CDF that is specified by draft ITU-R SG3/51 [P.CLUTTER].
NOTE: ANFR will compare the two options (a and b) for micro and macro.
NOTE: ANFR believes that for the macro-cell scenario P.452 will give the same result as free space path loss in the absence of information on physical phenomenon such as path profiles. UK uses coordination processes with P.452 at 10% time. 
NOTE: Building (clutter) height of 18 metres in urban and 
5 metres in rural, and see how they compare.

	Polarisation loss
	3 dB
NOTE: Based on ITU-R TG5/1 contribution no. 104.
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Radiolocation parameter values and assumprions for simulations
from C-band CG 2nd meeting, July 24-26 2017.

	Parameter
	Value

	Radar receiver coordinates
(xRAD, yRAD) 
	(0, 0) 
NOTE: Radar receiver is positioned at the origin and is surrounded by mobile network base stations.

	Radar receiver 
antenna height
above ground
zRAD
	30 metres
NOTE: The height for terrestrial radar can vary from 4 to 30 metres.
NOTE: France will check typical values.

	Radar receiver 
directional gain
	Approach-1
ITU-R M.1464
3 dB elevation beamwidth: 4.8, 
3 dB azimuth beamwidth: 1.5, 
First azimuth side-lobe level: 26 dB, 
Remote azimuth side-lobe level: 35 dB.
Maximum gain: 33.5 dB.
NOTE: We do not know the directional pattern of the radar. 

Approach-2 (optional subject to confirmation)
3GPP TR 37.840
Template aE(,) for base stations.
where
3 dB elevation beamwidth: 4.8, 
3 dB azimuth beamwidth: 1.5, 
Front-to-back ratio: 35 dB, 
Side-lobe ratio: 35 dB,
Maximum gain G = X dBi (to be calculated).
NOTE: Directional pattern and maximum gain values should be consistent with law of conservation of energy. 

	Mechanical up-tilt
	[0]
NOTE: No up-tilt is used in the absence of other information. ANFR can enquire.

	Mechanical 
azimuth scan
	At every Monte Carlo trial, the radar antenna points to a random azimuth direction that is uniformly distributed between 0 and 360.

	Noise figure
	2dB.
NOTE: See ITU-R M.1464-2.

	Adjacent channel 
selectivity
ACS

	NOTE: In the absence of any information on the radar receiver selectivity, only interference from the mobile base station leakage is studied (i.e. the impact of the radar receiver is not studied). This is consistent with the assumptions used to derive the existing regulatory limits.
NOTE: ANFR may check the blocking requirements of radars, with a view to performing a blocking study in relation to regulatory in-block limits.

	Target experienced 
interference
I/N
	-6 dB.
NOTE: Radionavigation (safety B/D/E) radar I/N = -10 dB (ITU-R M.1464-2), radiolocation (I/J/K/L/M) radar I/N = -6 dB (ITU-R M.1464-2). 

	Probability of interference exceeding the target level

	[5%-10%]
NOTE: TBD.

	Experienced 
interference
PI
	PI [mW/MHz] = POOB,RX [mW/MHz]
			+ PIB,RX [mW/40 MHz] / ACS 

NOTE: Received powers PRX are radiate powers scaled by coupling loss.
NOTE: The ACS is in principle derived based on measurements of radar receiver and implicitly performs the translation from interferer bandwidth (e.g., 100 MHz) to 1 MHz. 



STUDY #1
Source: ANFR
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Radiolocation system
Radars operating below 3400MHz are described, among others, in Recommendations ITU-R M.1464-2 & M.1465-2. Radar I (see Rec. M.1464-2) is considered for this preliminary analysis[footnoteRef:12], noting that its range goes upto 3400MHz as highlighted by the same reference: [12:  Noting that main military radars operating in France have similar characteristics to Radar I.] 

[image: ]
The characteristics of the radar used in this document are provided in the below table:
	Parameters
	Unit
	Radar I

	Antenna pattern type (pencil, fan, cosecant-squared, etc.)
	
	Cosecant-squared

	Antenna type (reflector, phased array, slotted array, etc.)
	
	Shaped reflector

	3dB azimuth beamwidth 
	degree
	1.5

	Antenna polarization
	
	linear or circular
or switched

	Typical peak antenna gain 
	dBi
	33.5 

	3dB elevation beamwidth 
	degree
	4.8

	Antenna side lobe (SL) levels 
(1st SLs and remote SLs)
	dB
dB
	26 
35 

	Antenna height (reference terrestre)
	m
	4 to 30 

	Noise Factor
	dB
	2.0 maximum



One could notice that the antenna side lobe levels apply for the antenna diagram in azimuth. Moreover, as the discrimination antenna gain may be higher in azimuth due to lower azimuth 3dB beamwidth compared to the 3dB, the resulting radar antenna pattern in azimuth is given below:
[image: cid:image002.jpg@01D30153.F9E90E30]
Figure 1: Radar Radiation pattern
Finally, the protection of the radiolocation service is based on a I/N=-6dB protection criterion as agreed during the correspondence group activity.
IMT-2020 base station
During the second physical meeting of the CG held in Maison-Alfort (July 24-26th 2017), due to absence of information related to the features of IMT2020 Base Station (BS) that could operate in 3400-3800MHz, some parameters related to the Base Station (BS) were discussed, leading to agreements of some. Some of them are considered in the following study[footnoteRef:13] and they are provided in Table 1: [13:  The other are not because of a lack of time to tackle the study with the other parameters.] 


[bookmark: _Ref491732913]Table 1: BS antenna parameters
	Antenna array 8x8
	Unit
	

	Maximum composite antenna Gain 
	dBi
	23

	BS Ohmic Loss 
	dB
	0

	Maximum element gain
	dBi
	5

	Antenna height (above ground level)
	m
	6 (micro-BS),  20 (Macro-BS)

	Mechanical downtilt
	°
	10 (micro-BS), 10 (Macro-BS)

	H/V 3dB beamwidth
	°
	80/65

	Am & SLA
	dB
	30 for both

	Horizontal & Vertical elt spacing
	N/A
	0.6λ for horizontal 0.9λ for vertical



The parameters depicted in red were the one that are updated with respect of the previous sharing study submitted in that topic. The analysis in this document focuses on the impact from Macro-BSs onto the radar as the most critical ones, compared to the other scenario with smallcells.
Moreover, during the second physical meeting on C Band suitability of technical conditions for 5G, a Liaison Statement (LS) to 3GPP was agreed «on the need to introduce a normalization factor to the calculation of the antenna directivity in each direction (using the formula in 3GPP TR 37.840 Table 5.4.4.2-3 and ITU-R Rec. M.2101 Table 4) in order to ensure that the total array directivity is equal to 0dB.»
Recalling the 3GPP expression for the composite array radiation pattern (TR 37.840):



This actual array gain that have to be performed in any sharing studies should be normalised as follows


to ensure that  where  is the conducted power input to the array system. 
Moreover, as indicated in the above equation, the correlation factor ρ between the elements of the antenna panel is required to compute the composite array radiation pattern. Referring to a previous (multi-industries) contribution «the correlation of out-of-block emissions across the antenna elements is uncertain.». Although a 3GPP contribution (R4-125474) indicates that the impact (in terms of interference level) of unwanted out-of-block signal across antenna elements on the BSs from another mobile network is insensitive to the correlation factor of the elements of the interferer antenna panel, this observation hasn’t yet be generalized to other systems/services. Consequently, this contribution accounts this normalization factor in the computation of the IMT2020 BS antenna gain and addresses two correlation sub-cases: fully correlated and uncorrelated ones.

Finally, the computation of the BS antenna gain requires statistic of beam pointing orientation, i.e. electrical tilt and phi-scan angles because AAS are subject to time varying beam directions. That’s why the electrical tilt and phi-scan angles distribution for BS antenna located at 6m (micro-BS) and 20m (Macro-BS) are provided. However they could be adjusted at a later stage if appropriate.
Proposed methodology for the sharing studies
TRP vs. EIRP metric for the coexistence study
The scenario involves as interferers part or entire IMT2020 mobile network, composed by a set of Macro. These stations are deployed in a structure way, e.g. within a hexagonal shaped cell. In addition, as IMT2020 BS antenna is about to adopt AAS structure (e.g. Massive MIMO), one could notice that the orientation of the BS antenna beamforming timely varies. For that reason, tackling the cumulative effect of interference coming from BSs an IMT2020 mobile network involves, in a random manner events with different receiving and interfering antenna gain ranges[footnoteRef:14]. Total Radiated Power (TRP) metric copes with these double requirement: it can be measured over the air for antenna+emitter integrated system and it accounts all directions of interference caused by the amount of interferers. [14:  E.g. main lobe, 1st sidelobes, 2nd sidelobes] 

Propagation assumptions
Considered phenomena involved in the losses of the Link Budget between the radar and the BSs are:
- the free space loss (using ITU-R P.525)
- loss du to polarization: in case of cumulative effect of interference, coupling loss involves different range of antenna gain values (Main Lobe, Sidelobes...) which makes the calculation of the discrimination in polarization necessary to account random elliptic polarization of the incident radio wave with respect of the receiving antenna. 3dB is assumed based on one input contribution to TG5-1.
- the clutter loss in the vicinity of the BSs area (suburban, urban) which could be modeled using ITU-R Rec. P.Clutter when the knowledge of the terrestrial path (path profile) is not available. The clutter loss (cdf) distribution is displayed at 3.4GHz in Figure 2 and is valid in case the clutter behaves as an obstacle, e.g. for the case of smallcells BSs located below the clutter, e.g. at 6m above the ground if the clutter is at 18m (corresponding to a 6 floors typical building).
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[bookmark: _Ref491731140]Figure 2: Clutter Loss distribution at 3.4 GHz
Since the distance between BSs and the radar are significantly lower than the horizon distance and that there is no assumption on the terrain profile, there is no need to consider any other propagation mechanisms such as ducting, spherical diffraction or tropospheric. 
During the second physical meeting of the CG, it was discussed that free space loss and Fresnel diffraction or P.452 propagation could be used between Macro BS and the radar. When considering P.452-16 propagation model, one could notice that the Fresnel ellipsoid of the radio wave is subject to partial/total diffraction (see section 4.2 of the Rec. P.452-16) when the obstacle is a part of the terrain profile between the transmitter Tx and the receiver Rx. The building as an obstacle cannot be considered as a part of the terrain profile but as a part of the clutter (see section 4.5) because the building cannot be seen as an infinite (in size) obstacle unlike relief like mountains or hill. In addition, as there is no assumption on the relief, one could consider that the terrain profile is a flat one surrounded by buildings. In such a case and because distance(BS, radar)<<horizon distance, diffraction loss=0dB and only clutter has to be accounted. For that reason, Free Space Loss+Clutter Loss is a relevant model for the calculation of the loss between a Macro BS and a radar an is used in the following study.
When implementing the clutter loss formula (see extract below) from Rec P.452-16, called height-gain model (see section 4.5.3 of the Rec ITU-R P.452-16), where the clutter is located at 100m from the receiver/transmitter:
[image: ] 
one could notice through Figure 3 that the formula is valid for nominal clutter height above the BS antenna height or radar receiver.
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[bookmark: _Ref491730325]Figure 3: Clutter loss in Rec. P.452-16 in 100m from Rx/Tx at height=20m
This leads to conclude that because the clutter height is lower than Rx/Tx height (18m<20m), there is no clutter loss to account for the case of calculation of pathloss(Macro BS, radar).
Discussion on the BSS deployment
The area of interest defines the zone where BSs (as interferers) are deployed in the vicinity of the terrestrial radar. The following figure depicts the geometry of the simulation surface by considering a ring centered at the victim (radar) receiver location on which BSs are positioned on a hexagonal grid with a given Inter-Site Distance and where distance(radar,BS) [dmin ; dmax] (in km), as agreed in the Working Document (dmin =3km). The appropriate value of dmax should be evaluated through sensitivity analysis to quantify the impact on aggregated interference.
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Figure 4: Deployment of Macro BS (left: 3-5km, right: 3-12km)
Each Macro site is composed by three 120° sectors whose capacity and coverage are independent each other[footnoteRef:15]. The orientation of the antenna sectors with respect of the vertical line is respectively: -30°, -150° and +90°. As described in Rec ITU-R M.2101 (see Figure 10), the 0° azimuth reference direction is taken as the vertical line. [15:  Several ones may be active, i.e. transmit while other sector of the same site does not.] 

The amount of BSs spread within the ring is derived following the mathematical formula:

Where
- (%) refers to the ratio of hotspot areas to areas of cities/built areas/districts
- (%) relates to the ratio of built areas to total area of region in study.
- BS TDD Factor (%) corresponds to the DL activity factor
- Network load (%) refers to the percentage of BSs transmitting at full power
- BS density provides the number of BSs per km2. 
The BS density was calculated with BS Inter-Site Distance parameter available in Report ITU-R M.2292. The values of these parameters are extracted from the Working Document

	Parameter
	Unit
	Value

	Ra
	%
	40 (urban)

	Rb
	%
	90 (urban)

	BSs Inter-site distance 
	Km
	0.45

	TDD Activity Factor
	%
	20 for UL, 80 for DL can be accounted for in the Monte Carlo trials by multiplying all radiated powers by the same single binary random variable x (0 or 1), where Pr{x = 1} = ratio of DL transmissions to total frame duration. A DL ratio of 0.8 will be assumed. Use of a single value is based on the assumption of synchronised UL/DL phases in a network. 

	Distance(BS,Radar)
	Km
	3..5

	Network Load
	%
	50 can be accounted for in the Monte Carlo trials by multiplying each sector’s radiated power by an independent binary random variable x (0 or 1), where Pr{x = 1} = network loading factor. 


Table 2: BS Deployment parameters
One could notice that for TDD activity factor, for the case when no BSs is transmitting, this means that the UL is on and then there is a need to account the impact of the UEs (in UL) since they are transmitting during that period. For that reason, aggregate effect of interference has to be calculated during these 20% activity factor. In this study, the impact of UEs has not be considered.

Radar operation
The antenna height of the radar system (above the ground) is assumed to be 20m. The rotating nature of the radar antenna is also accounted in the current study, that’s why a random (e.g. uniform) distribution of radar main beam orientation in the azimuthal plane is performed.
Base station aggregated interference calculation
The cumulative effect of interference signal coming from BSs requires performing the calculation of the single radio link budget between one interfering BSi (i=1..BS) and the victim (radar) receiver:
PR,i(dBm/MHz)=PBS(dBm)+GBS(dBi)-PL(dB)-ClutterLoss(dB)-PolarizationLoss(dB)+Gradar(dBi)
Where 
PR,i the power at the radar receiver, coming from BSi
PBS refers to the conducted power
GBS is the BS transmitting antenna gain towards the radar
Gradar is the radar receiving  antenna gain in the direction of BSi.
For that reason, Monte-Carlo simulations are performed over the IMT2020 mobile network and the radar to calculate the aggregated interferencewith caused by the BSs through 106 samples in order to derive a reliable statistic, e.g. cdf of the experienced Iagg/N. Let’s denote j the index of the random sampling.
The aggregated interference is then achieved in the following way: .
Aggregate effect analysis
As described in previous sections, the aggregated interference coming from BSs was assessed on full (100%) and absence of correlation (0%) between elements of the BS antenna panel for Macro BSs. As indicated in Section 2.3, a sensitivity analysis was also performed on the aggregated effect with varying dmax value (5km upto 12km); the cdf (i.e. P(X≤x0)) for these scenarios is depicted in ordinate while x-axis provides associated I/N values for a TRP=-40dBm/MHz (equivalent to output power=-40dBm/MHz if 0dB ohmic loss is assumed).
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Figure 5: 100% correlation with varying «upperbound» distance(radar,BS) (d* in km)
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[bookmark: _Ref491784906]Figure 6: dmax=12km with different levels of correlation

These results suggest several comments:
the results obtained for very low I/N<-60dB with probability=20% came from the effect of the UL mode (20%) where no BS is transmitting. In practise, the effect of UEs unwanted emissions should increase this low value and needs to be accounted in further studies.
in order to evaluate the suitable value of dmax which does not underestimate the impact on aggregated interference, the protection criterion Io/No has to be considered, i.e. that if:
 dmax>d*, P(I/N(dmax)>Io/No)≈ P(I/N(d*)>Io/No), (dmin,d*) can be considered as the (ring) area of study (radar location, dmin,d*). In our case, Io/No=-6dB and d*=5km[footnoteRef:16]. [16:  If Io/No was lower, e.g. Io/No=-10dB,d*=10km. ] 

Curves related to the same dmax =12km with different levels of correlation (taking the extreme cases: 100% and 0%) differ as depicted in Figure 6. However, when applying the same protection criterion I/Nmax=-6dB, Figure 6 shows that the same probability P(I/N≤I/Nmax)>99% is also achieved for both levels of correlation. This same probability for the given I/N=-6dB may not be achieved by curves related to full correlated and correlated elements for other TRP values. For that reason and as indicated in the previous study, the distribution of BS antenna beam pointing as well as the correlation of elements of the BS antenna panel may affect resulting interference to the radar. As information, the distribution of the electrical tilt for the two different scenarios is provided below.

Conclusions
This sensitivity analysis raises a question about the correlation level (between elements of the antenna arrays) issue by observing that the distribution of Iagg/N isn’t necessarily similar for both full correlation & uncorrelated elements of the antenna panel and that the gap between the results may be high. It shows that this dependence may be linked with the statistical pointing of the IMT2020 BS beam which differ for smallcell & macro BSs. Further investigation on the appropriate statistic of beam pointing is needed. 
Moreover, this compatibility analysis needs to be revisited since several assumptions were not taken e.g. the statistics of BS beam pointing has to be derived for the 3400-3800MHz band based on the BS deployment information (i.e. ISD) and throughput target (experienced data rate). Finally other scenarios such as the impact of smallcells BSs in urban and rural, between Macro-BSs and radar in rural environment as well as the cumulative effect of UEs have to be investigated in order to conclude on the TRP unwanted emissions required to ensure the protection of radiolocation below 3400MHz.


STUDY #2
Source: Huawei
Introduction
In this contribution we address the issue of regulatory out-of-block emission limits for MFCN base stations in the 3400-3800 MHz band in the context of harmful interference to military radars operating below 3400 MHz.
ECC Decision (11)06 specifies maximum permitted out-of-block EIRP levels of –59 and –50 dBm/MHz below 3400 MHz for FDD and TDD MFCN base stations. Administrations may select one or the other (or no limit) depending on the required level of protection of radar in the region in question. These limits had originally been derived via minimum coupling loss analysis, although the derivation was not formally documented in any CEPT or ECC reports.	 
ECC PT1 is currently in the process of reviewing ECC Decision (11)06 in consideration of the introduction of 5G systems in the 3400-3800 MHz band. As part of this review, ECC PT1 is also reviewing the above limits with a view to establish
a) whether these limits represent least restrictive technical conditions on MFCN base stations for the protection of radar, and
b) whether the use of beamforming techniques in 4G and 5G base stations will have any implications on how regulatory out-of-block emission limits should be specified.  
With regards to (a), our analysis indicates that there is indeed room for relaxation of the existing EIRP limits while maintaining a low probability of harmful interference to radar.
With regards to (b), we demonstrate that the use of total radiate power (TRP) is the preferred approach for specifying out-of-block emission limits for MFCN base stations which use beamforming techniques. 
Modelling approach (macro cells)
The modeling approach and a set of parameter values were agreed at the recent PT1 Correspondence Group meeting (Maisons Alfort, July 2017). The parameter values are described in the Annex.
Figure (1) illustrates the agreed approach for the modeling of MFCN macro[footnoteRef:17] base stations. Here, a radar receiver is surrounded by multiple rings of tri-sector MFCN base stations in a hexagonal arrangement. The minimum and maximum separations between the radar and MFCN base stations are 3000 and 5000 metres, respectively. This implies a total of 5 rings and 272 macro-sites, with an inter-site distance of 450 metres.   [17:  Here we consider macro base station deployments because they (rather can micro cell deployments) represent the more critical case in terms of the likelihood of harmful interference to radar. 
] 
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Figure 1. A radar receiver is surrounded by 5 rings of 272 tri-sectored MFCN macro base stations (only three rings are shown).
The MFCN base stations are assumed to operate with a TDD DL:UL ratio of 8:2, a network loading of 50%, and with antennas located 20 metres above the ground with a mechanical downtilt of 10. The antenna element radiation pattern is based on ITU-R M.2101, with vertical and horizontal 3 dB beamwidths of 65 and 80, respectively, a front-to-back ratio of 30 dB, and a gain of 8.9 dBi.   
The radar receiver antenna is modeled as located 30 metres above the ground with a mechanical downtilt of 0. The antenna pattern is again based on ITU-R M.2101, but with vertical and horizontal 3 dB beamwidths of 4.8 and 1.5, respectively, a front-to-back ratio of 35 dB, a maximum gain of 33 dBi, and a loss of 3 dB.   
Interference to the radar receiver is calculated as the aggregate of the out-of-block emissions of all MFCN base stations, using the ITU-R P.452 propagation model. No clutter loss is assumed for the geometry considered. The target interference level at the input to the radar receiver is considered to be -118 dBm/MHz (I/N of –6 dB, for a noise figure of 2 dB).   
Figure (2) illustrates the way in which angular discrimination is modelled at the MFCN base stations and radar receiver:
a) At each Monte Carlo trial, the radar receiver is assumed to point its beam towards a random direction in azimuth (uniformly distributed between 0 and 360).
b) At each Monte Carlo trial, each MFCN base station sector is assumed to radiate towards a user equipment (UE) which is located within the area of the sector. UEs are assumed to be indoors with a probability of 7% (equally likely to be 1.5, 4.5, 7.5, 10.5, 13.5 or 16.5 metres above ground). Outdoors UEs are assumed to be 1.5 metres above ground.
The intention in the above modelling approach is to adequately capture the benefits of angular discrimination at the transmitters and receiver. It should be noted that the extent to which the out-block transmissions of a MFCN base station undergo beamforming depends on the level of the correlation of the said signals across the transmitting antenna elements. 

[image: ]

Figure 2. Modelling of angular discrimination.
This is illustrated in Figure (3) below for an antenna array of 16×16 elements spaced at 0.9 of a wavelength horizontally and vertically. The figure shows the array system gain[footnoteRef:18] as a function of azimuth and for zero elevation. As can be seen, the out-of-block radiation pattern can vary considerably depending on the correlation  of the out-of-block signal across the antenna elements. Specifically, for  = 0, the radiation pattern is identical to that of an individual antenna element. Whereas, for  = 1, the out-of-block signal is fully beamformed, with a maximum EIRP towards boresight which considerably exceeds that for the case of   = 0. [18:  The power radiated by the array is then equal to the total conducted power input to the array system, multiplied by the array system gain.
] 

In practice, it is difficult to know the precise value of the correlation  for the out-of-block signal. This is because unwanted emissions are generated by a mix of noise sources and non-linearities which can be common or distinct among the multiple transmitter chains. This poses an important concern regarding how the use of EIRP to specify power limits might unnecessarily constrain the operation of MFCN base stations which use beamforming. We address this in the next section.
[image: ]
Figure 3. The variation of out-of-block radiation pattern with correlation  across antenna elements.
Simulation results
In this section, we first present the results of simulations regarding the relationship between the out-of-block EIRP of MFCN base stations, and the statistics of harmful interference at the radar receiver, and contrast these with the existing regulatory limits. 
We then present similar results in the context of the out-of-block TRP of MFCN base stations, and assess the suitability of TRP for the specification of regulatory emission limits for beamforming base stations.
Maximum permitted out-of-block EIRP
Figures 4 and 5 illustrate the variation of exceedance probability as a function of out-of-block EIRP for two antenna array configurations, and correlations of 0 and 1. Exceedance probability is the probability that interference at the radar receiver exceeds a target value of -118 dBm/MHz. 
As expected, the exceedance probability is a monotonic function of the out-of-block EIRP. Specifically, exceedance probability approaches 0 and 1 as the out-of-block EIRP takes increasingly small and larger values, respectively.
	[image: ]
Figure 4. Exceedance probability as a function of out-of-block EIRP for a 8×8 array. 
The existing regulations specify a maximum permitted out-of-block EIRP of -59/-50 dBm/MHz.
As can be seen, when correlation is 1 rather than 0, the same exceedance probability can be achieved at larger values of out-of-block EIRP. This is because when correlation is 1, beamforming at the MFCN base stations mitigates the impact of interference to the radar receiver. Whereas, when correlation is zero, the radiation from the MFCN base stations simply follows the radiation pattern of each antenna element, with no benefits from beamforming (i.e., the exceedance probability is not a function of the array configuration). The benefits of beamforming with the larger number of antenna elements is also readily evident.

	[image: ]
Figure 5. Exceedance probability as a function of out-of-block EIRP for a 16×16 array. The existing regulations specify a maximum permitted out-of-block EIRP of -59/-50 dBm/MHz.
Note that for correlation of 0, exceedance probabilities of 5% to 10% can be achieved with a maximum permitted EIRP in the range of -25 to -27 dBm/MHz. This must be contrasted with the existing regulatory limits of -59/-50 dBm/MHz.
For correlation of 1, the maximum permitted EIRP values could be considerably greater. 
Maximum permitted total radiated power (TRP)
As noted above, considerably greater out-of-block EIRP values can be permitted when the emissions are subject to beamforming at the transmitting MFCN base stations (correlation of 1). This implies that regulatory limits that are specified based on EIRP for non-beamforming base stations can be over-restrictive in the context of beamforming base stations, and would severely constrain the operation of the latter with little or no added protection of the radar receiver.
A similar issue has been observed at 3GPP[footnoteRef:19] in the context of interference between MFCNs, where studies have shown that TRP is a more suitable metric for the specification of out-of-block emissions, and reduces unnecessary restrictions on beamforming base stations. [19:  See for example, R4-125474 (Huawei) and R4-165896 (Ericsson).
] 

This is also confirmed here in the context of interference to radar receivers as illustrated in Figures 6 and 7, which show the variation of exceedance probability as a function of out-of-block TRP for the two antenna array configurations, and correlations of 0 and 1. 
As can be seen, the statistics of interference at the radar receiver as a function of TPR are far less sensitive to the correlation level (extent of beamforming) than is the case for EIRP. This implies that the use of TRP for the specification of MCN base station out-of-block emissions can provide the same levels of protection to radar receivers, while imposing far less restrictions on the beamforming operation. 

[image: ]
Figure 6. Exceedance probability as a function of out-of-block TRP for a 8×8 array. 
[image: ] 
Figure 7. Exceedance probability as a function of out-of-block TRP for a 16×16 array. 
Note that in order to achieve exceedance probabilities of 5% to 10%, the maximum permitted TRP is in the range of approximately -36 to -26 dBm/MHz. 
Conclusions
We have examined the regulatory out-of-block emission limits for MFCN base stations in the 3400-3800 MHz band, in the context of harmful interference to military radar systems operating below 3400 MHz.
This has been with the specific objectives of assessing a) whether the existing maximum permitted out-of-block EIRP levels of –59 and –50 dBm/MHz represent least restrictive technical conditions, and b) whether the use of EIRP has any implications on 4G and 5G base stations which use beamforming techniques.
Our analysis, based on parameter values agreed in the relevant PT1 Correspondence Group, has indicated that:

There is indeed room for relaxation of the existing out-of-block EIRP limits for MFCN base stations while maintaining a low probability of harmful interference to radar. For example, for a 5% to 10% probability of interference at a radar receiver exceeding the target value, the maximum permitted EIRP can be specified to be in the range of –25 to –27 dBm/MHz. 
TRP is more suitable than EIRP for the specification of out-of-block power limits for MFCN base stations which use beamforming techniques. This is because the use of TRP reduces unnecessary constraints on the operation of the MFCN base stations, without increasing the likelihood of harmful interference to radar. For a 5% to 10% exceedance probability, the maximum permitted TRP can be specified to be in the range –36 to –26 dBm/MHz. 
We propose that the material presented in this contribution be taken into consideration by ECC PT1 as part of its process of revising/amending ECC Decision 11(06) in consideration of the introduction of 5G MFCN systems to 3400-3800 MHz.
Parameter values
The following modelling approaches and provisional parameter values were agreed at the recent meeting of the ECC PT1 Correspndence Group (Maisons Alfort, July-2017).
MFCN base station deployment

	Base station coordinates 

	Hexagonal deployment of macro-cells

 base stations are distributed on a hexagonal grid with a given ISD, and where each base station is located a distance  from the radar receiver where  , 
 = 3000 metres,  = 5000 metres.

Macro-cell ISD: 1.5  300 = 450 metres. See ITU-R M.2292.

	Base station antenna height 
(above ground)  
	Macro-cells: 20 metres. See ITU-R M.2292.

	Channel bandwidth 
	100 MHz.

NOTE: For information only. Not relevant to calculations.

	Sectorization
	Each macro base station would have three independent sectors (120 each). See 3GPP TR 37.840. The orientation of the sectors need not change from one Monte Carlo trial to the next.

	TDD factor
	TDD factor can be accounted for in the Monte Carlo trials by multiplying all radiated powers by the same single binary random variable x (0 or 1), where Pr{x = 1} = ratio of DL transmissions to total frame duration. A DL ratio of 0.8 will be assumed. Use of a single value is based on the assumption of synchronised UL/DL phases in a network. 

This value is based on the proposed value in 
TG5/1 document 36.

	Network loading
	Network loading can be accounted for in the Monte Carlo trials by multiplying each sector’s radiated power by an independent binary random variable x (0 or 1), where Pr{x = 1} = network loading factor. A network loading factor of 0.5 will be assumed. This value is based on the maximum network loading as proposed value in WP 5D contribution no. 475 (attachment 2, section 2) from Japan and TG5/1 document 36. 





[bookmark: _Toc489012417]

MFCN base station antenna element and array parameters

	Antenna element 
directional pattern

	According to 3GPP TR 37.840 (section 5.4.4.2):



where
3 dB elevation beamwidth 3dB = 65, 
3 dB azimuth beamwidth 3dB = 80, 
Front-to-back ratio Am = 30 dB, 
Side-lobe ratio SLAV = 30 dB.
NOTE: .
NOTE: Each antenna element is larger in size in the vertical direction, and so 3dB < 3dB . See 3GPP TR 37.840.

	Antenna element gain[footnoteRef:20] [20:  Note that the value of the antenna element gain was not agreed at the PT1 Correspondence Gorup, as this had to be calculated according to the specific vertical and horizontal 3 dB beamwidths and front-to-back ratios in order to ensure conservation of energy.
] 


	8.9 dB

	Number of base station beamforming elements 
(NV, NH)
	(8,8) and (16,16)



	Element spacing
	0.9 vertical separation.
0.6 horizontal separation.

NOTE: Larger vertical spacing provides narrower array beamwidth in elevation. 
See 3GPP TR 37.840 (Table 5.4.4.2.1-1).  

	Mechanical downtilt
	Macro-cell: 10

NOTE: For macro-cell, see ITU-R M.2292 for 20 metres height and 300 m sector radius.









	Array beamforming
directional pattern


	According to 3GPP TR 37.840 (section 5.4.4.2):


where



and

 is the signal correlation across the antenna elements, are the number of vertical and horizontal antenna elements, are the vertical and horizontal antenna element spacings,  is the downward beam steering tilt angle relative to boresight, and  is the anti-clockwise horizontal beam steering scan angle relative to boresight. NOTE: .

	Correlation
	 = 0 and 1.

	Array beamforming
directional (power) gain


	Power radiated by antenna array system in direction is  where  is the conducted power, and


where


is the normalization factor and L is the antenna loss. 

	Antenna loss

	L = 0 dB.

NOTE: Loss is not relevant, since the objective is to derive radiated power.

	Beamforming
	At each Monte Carlo trial, in each sector a single beam is steered in azimuth and elevation toward a UE which is dropped randomly within the sector. 

In the macro-cell urban scenario, 7% of UEs will be considered indoor (see ITU-R M.2292), with a height above ground that is uniformly distributed with values of 1.5 + {0, 3, 6, 9, 12, 15} metres. 
Outdoor UEs in all cases are assumed to be at a height of 1.5 m above the ground.


Radar receiver parameters

	Radar receiver coordinates

	(0, 0) 

NOTE: Radar receiver is positioned at the origin and is surrounded by mobile network base stations.

	Radar receiver 
antenna height
above ground

	30 metres

NOTE: The height for terrestrial radar can vary from 4 to 30 metres.

	Radar receiver 
directional gain
	Approach-2 (optional subject to confirmation)
3GPP TR 37.840

Template aE(,) for base stations.
where
3 dB elevation beamwidth: 4.8, 
3 dB azimuth beamwidth: 1.5, 
Front-to-back ratio: 35 dB, 
Side-lobe ratio: 35 dB,
Maximum gain G = 33 dBi (to be calculated)[footnoteRef:21]. [21:  Note that the value of the antenna maximum gain was not agreed at the PT1 Correspondence Gorup, as this had to be calculated according to the specific vertical and horizontal 3 dB beamwidths and front-to-back ratios in order to ensure conservation of energy.
] 


NOTE: Directional pattern and maximum gain values should be consistent with law of conservation of energy. 

	Mechanical up-tilt
	[0]

NOTE: No up-tilt is used in the absence of other information. 

	Mechanical 
azimuth scan
	At every Monte Carlo trial, the radar antenna points to a random azimuth direction that is uniformly distributed between 0 and 360.

	Noise figure
	2dB.
NOTE: See ITU-R M.1464-2.

	Adjacent channel 
selectivity
ACS

	NOTE: In the absence of any information on the radar receiver selectivity, only interference from the mobile base station leakage is studied (i.e. the impact of the radar receiver is not studied). This is consistent with the assumptions used to derive the existing regulatory limits.

	Target experienced 
interference
I/N
	-6 dB.

NOTE: Radionavigation (safety B/D/E) radar I/N = -10 dB (ITU-R M.1464-2), radiolocation (I/J/K/L/M) radar I/N = -6 dB (ITU-R M.1464-2). 

	Probability of interference exceeding the target level

	[5%-10%]

NOTE: TBD.

	Experienced 
interference
PI
	PI [mW/MHz] = POOB,RX [mW/MHz]
			+ PIB,RX [mW/40 MHz] / ACS 

NOTE: Received powers PRX are radiate powers scaled by coupling loss.

NOTE: The ACS is in principle derived based on measurements of radar receiver and implicitly performs the translation from interferer bandwidth (e.g., 100 MHz) to 1 MHz. 




Note that a radar antenna loss of 3 dB has been assumed, in addition to the agreed values in the above table.

Propagation model

	Frequency
	3400 MHz.

	Median path loss 
and clutter
	Macro-cell:
a) Free space and Fresnel diffraction, or
b) P.452

	Polarisation loss
	3 dB

NOTE: Based on ITU-R TG5/1 contribution no. 104.
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453  The height-gain model
The additional loss due to protection from local clutter is given by the expression:

A4, =1025Fp - e™ kmh{s [170525]] -033 dB 7

where:
Fp =025+0.375(+ tanh[7.5(7 - 0.5)]} (57a)

dy:  distance (km) from nominal clutter point to the antenna (see Fig. 3)

h:  antenna height (m) above local ground level
ha nominal clutter height (m) above local ground level
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