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Dear Sergei and Karl,

At its last meeting (CPG PTD#5), under the agenda item WRC-15 AI 1.1, CPG PTD discussed and considered various input documents on the issue of sharing studies required for possible WAS/RLAN operation in the bands 5350-5470 MHz. 
The attachment to this liaison contains various sharing studies between RLANs and EESS (active) in the 5350-5470 MHz band which were submitted to the 3rd, 4th and 5th CPG-PTD meetings. This compilation of studies is aimed to support activities in relation to the proposal to include RLAN use in the 5350 5470 MHz band in the list of proposed candidate bands under WRC-15 AI 1.1. 
This attachment is presented to WGFM in order to provide an update on the progress of the work in CPG PTD on this subject so that it can be used as an information document when reporting the progress of the studies for 5350 – 5470 MHz in response to the EC mandate to CEPT “to study and identify harmonised compatibility and sharing conditions for Wireless Access Systems including Radio Local Area Networks in the bands 5350-5470 MHz and 5725-5925 MHz ('WAS/RLAN extension bands') for the provision of wireless broadband services”. CPG/PTD assumes that most of these parameters could also consistently be used in the upper bands.
It is noted that WGSE have also been developing parameters for RLAN to be used in the upper 5 GHz bands,  Annex 1 of the attached document contains the technical and operational parameters of RLAN systems to be used in sharing studies in the 5 350 – 5 470 MHz frequency range. These parameters are a result of lengthy discussions in the JTG 4-5-6-7 and consequently in CPG PTD and aim to provide a common set of parameters.
Finally, CPG/PTD will also consider the compatibility between RLAN and terrestrial radiolocation systems 5 350-5 470 MHz and 5 725-5 850 MHz bands and it currently appears that the current version of ETSI standard  EN 301 893 and EN 302 502 do not include provisions for DFS to mitigate interference to frequency hopping radars. Relevant studes will have to be performed to determine either improvement of current DFS at a worldwide level or any proposal of alternative mitigation techniques that will both need to prove their efficiency to ensure protection of frequency hopping radars, including radar whose frequency changes may occur for each pulse.
It is further noted that WGFM are currently working on the results of the public consultation for draft ECC Report 192, CPG PTD requests WGFM to provide an update on the status and the results of the public consultation on this report in order to keep the text on the draft CEPT brief for WRC-15 AI 1.1. up to date.

The next meeting of CPG PTD is scheduled on 28 April - 02 May 2014. 
	
Best regards,

Didier Chauveau
CPG PT D Chairman

Attachments : CPG PTD Working document on sharing between RLANs and EESS (active) in the 5350-5470 MHz band 
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		Working document on sharing between RLANs and EESS (active) in the 5350-5470 MHz band









This document contains various sharing studies between RLANs and EESS (active) in the 5350-5470 MHz band which were submitted at the 3rd, 4th and 5th CPG-PTD meetings in 2013.



The studies use different parameters and assumptions and, consequently, any comparison of the results needs to take into account these differences. The compilation of the studies is aimed to support activities in the relation to the proposal include to include RLAN use in the 5350 5470 MHz band in the list of proposed candidate bands. 



Annex 1 contains the technical and operational parameters of RLAN systems to be used in sharing studies in the 5 350 – 5 470 MHz frequency range. These parameters are a result of lengthy discussions in the JTG 4-5-6-7 and consequently in CPG PTD and aim to provide a a common set of parameters. Therefore a common way forward was reached on how to present the status of these parametrs as defined in the Annex 1. Any future inputs that vary from the common parameters should provide an explanation for the specific changes in their studies.



Specific parameters for antenna gain/discrimination, body/additional losses and RLAN device density still present a number of options and the sharing studies presented in the Annex 2 -  of this document are presenting results for some of these options. 



During the presentation of the studies contained in Annex 2, 3 and 4 the following observations were highlighted: 



Annex 2 (ESA Document 28).

It should be noted that the parameters used follows those confirmed in the JTG and shown in annex 1 taking account of some of the optional choices for antenna patterns and RLAN density. 

Further clarification was requested on the interpretation of the US numbers for active RLANs. Bandwidth factor/channel plan/raster and how these are extrapolated for the analysis The antenna orientation used in this study to present Option B from Annex 1 has been used with the positive angle pointed upwards.

The study shows that depending on the scenario and the parameter set used, the interference to the EESS (active) sensor will be in excess of the relevant protection criteria shown in annex 2 (new1) by 13.7 to 37.7 dB. More specifically even using option B for No of active RLANs and option B for antenna type shown in Annex 2 an excess from 13.7 to 20.7dB is shown.  



Annex 3 (Intel Document 64)

It should be noted that the parameters used follows those confirmed in the JTG and shown in annex 1 taking account of specific options for antenna patterns and RLAN density. 

The antenna orientation used in this study to present Option B from Annex 1 has been used with the positive angle pointed downwards.

The building loss parameters are interpreted from the JTG parameters in a certain way (i.e. uses a value of 17dB but uses a log normal (i.e. not linear) distribution for 7dB standard deviation). Uses a proposed updated interpretation of the Active no of RLANs for Option B in annex 1 that takes into consideration Bandwidth factor/channel plan/raster and carrier frequency. 

The results of the analysis for the parameters studied (for the range of off-nadir angles on Sentinel 1) showed a range of results in the interference to the EESS (active) sensor from 2dB below the threshold of the relevant protection criteria shown in annex 1  to 2dB above the threshold of the relevant protection criteria  shown in annex 1. 



Annex 4 (Cisco Document 31)

It should be noted that the parameters used follows those confirmed in the JTG and shown in annex 1 taking account of specific options for antenna patterns and RLAN density.

The antenna orientation used in this study to present Option B from Annex 1 has been used with the positive angle pointed downwards

Difference in the way the building loss parameters are interpreted from the JTG parameters, (i.e. uses a fixed average value of 17dB but does not include the 7dB standard deviation). 

The results of the analysis for the parameters used in the study showed that in the worst case for a static analysis an excess of 3.8dB compared to the threshold of the relevant protection criteria shown in annex 1.

General comments 

This difference in assumptions used in the annex 2, 3, and 4 results in approximately 17dB variation between the results when presenting the results of comparable RLAN density parameters. 

It should be noted that assuming that two outdoor RLANs in a 250 km squared area transmitting with the full EIRP of 200mW (i.e. without any antenna discimination or obstruction towards the satelitte) are simultanouesly being recieved in the boresight of Sentinel 1 this could be sufficient to exceed the threshold  of the relevant protection criteria shown in annex 2 (new1) 

Although there would have to be a statistical analysis to show the probablility of this situation actually occurring it does show that the means of controlling the outdoor use of RLANs transmitting at their full EIRP will be an important factor to consider when discussing any possible regulations. Therefore one of the assumptions for the studies so far is that the legal use of RLANs will be restricted to indoor but that it [may/will] not be possible to prevent any accidental outdoor usage. 

[bookmark: _MON_1442400069]

Annex 1:	Technical/operational characteristics to be used for sharing studies with RLAN in the 5350 – 5470 MHz band (CPG-PTD(14)094_A06)







Annex 2:	Sharing studies performed by ESA

	1. Summary and further analysis of studies presented to JTG 4-5-6-7 on the 5 GHz RLAN issue To be replaced by document 28 
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	2. Density of 5 GHz RLAN to be used in the sharing analysis between EESS (active) and RLAN in the 5350-5470 MHz band







Annex 3:	Intel Corporation, Qualcomm: Sharing Study Analysis between RLANs and EESS (active) in the 5350-5470 MHz frequency range







Annex 4:	Cisco Systems: Cisco analysis of sharing in the band 
5350-5470 MHz  







Annex 5:	United Kingdom: 5GHz RLAN Studies in 5350 – 5470 MHz (doc 37rev1) 







Annex 6 	France:  5GHz RLAN Studies in 5350 – 5470 MHz doc 10,17r1,18. 



1. Further consideration on technical and operational RLAN parameters to be used for sharing studies in the 5350-5470 MHz band
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	2. Analysis of the mitigation techniques proposed for protecting EESS (active) systems from interference by RLAN





3. Sharing between EESS and RLAN in the 5350-5470 MHz band
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5GHz RLAN drafting group meeting on results for Parameters for study.


The base material for this document is taken from the output document produced by DG parameters group at the last meeting of ITU-R JTG 4-5-6-7 (October 2013). 
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[bookmark: dbreak][bookmark: _Toc323806846][bookmark: _Toc306009339][bookmark: _Toc306176366][bookmark: _Toc306260057][bookmark: _Toc323902782]This document contains the technical and operational parameters of RLAN systems to be used in sharing studies in the 5 350 – 5 470 MHz frequency range. There were lengthy discussions in the JTG 4-5-6-7 and consequently in CPG PTD toward a common set of parameters but no agreement was achieved on all the parameters. A common way forward was reached on specific parameters as defined below based on input contributions found in Input Documents to WRC -15 CPG PTD#5 (Rome, Jan 2014). Adoption of a specific parameter for antenna gain/discrimination, body/additional losses and RLAN device density, may result in changes to the common parameters listed below. Any future inputs that vary from the common parameters should provide an explanation for the specific changes in their studies.


Parameters with a common understanding


EIRP level distribution 





			RLAN EIRP Level


			200 mW


(Omni-Directional)


			80 mW


(Omni-Directional)


			50 mW


(Omni-Directional)


			25 mW


(Omni-Directional)





			RLAN Device Percentage


			19%


			27%


			15%


			39%











Note: RLAN devices are assumed to be indoors only, based on the requirement to help facilitate coexistence. For the purposes of sharing studies, 5% of the devices should be modelled without building attenuation. 





Editor’s note: Input contributions CPG PTD(14)37rev 1, 64 commented on the proposal to only model results for only the 5% figure. An alternative proposal is to also model the results from 0 to 5%. No suitable evidence was provided in the inputs to back up these proposals so the meeting confirmed the use of 5% until further suitable evidence is provided for discussion. 


These EIRP values apply across the entire RLAN channel bandwidth.


Channel bandwidths distribution





			Channel bandwidth


			20 MHz


			40 MHz


			80 MHz


			160 MHz





			RLAN Device Percentage


			10%


			25%


			50%


			15%











Building attenuation


Gaussian distribution with a 17 dB mean and a 7 dB standard deviation (truncated at 1 dB)


Editor’s note: Input contributions CPG PTD(14)37rev 1,64 commented on the validity and evidence for using this figure and ask for some clarification on how it was derived. Evidence has been produced in the two inputs that need to be reviewed and discussed at the next meeting of PTD. 


Propagation model


Aeronautical radar case:


Recommendation ITU-R P.528 (as revised – see Document 3/36(Rev.1)) + angular clutter loss model from Recommendation ITU-R P.452 (as revised – see Document 3/52(Rev.1)) + building attenuation as described above


EESS radar case:


Recommendation ITU-R P.619 + angular clutter loss model from Recommendation ITU-R P.452 (as revised – see Document 3/52(Rev.1))  + building attenuation as described above


Angular Clutter Loss Model:


The angular clutter loss model provided by the "RLAN User Defined Height" column of the attached worksheet should be used in conjunction with the antenna heights as described below.  The clutter loss values calculated for the "sparse houses", "suburban" and "urban" clutter (ground-cover) categories should be applied in the rural, suburban and urban zones of the RLAN deployment model, respectively.


Theta max (°) provides the angle from the RLAN transmitter to the top of the clutter height.  Therefore, if the aircraft/spacecraft is at an elevation angle at or below theta max (°), clutter loss should be added.  If the aircraft/spacecraft is above theta max (°) of the respective clutter category, there is no clutter loss.








Editor’s note: Input contribution CPG PTD(14)64 comments on the model used for clutter loss but no action was taken





Antenna height





			RLAN Deployment Region


			Antenna Height 


(meters)





			Urban


			1.5 to 28.5





			Suburban


			1.5, 4.5





			Rural


			1.5, 4.5











The antenna heights are randomly selected using a uniform probability distribution from the set of floor heights at 3 meter steps.  


Parameters with options remaining


Antenna gain/discrimination


Omnidirectional in azimuth for all scenarios





For EESS/Aeronautical studies:


Option A: Omnidirectional in elevation, 


Editors Note: Input contributions CPG PTD (14)28 (0dBi). CPG PTD (14)10 (may accept average discrimination -1 or -2 dB as a compromise).


Option B: Generic use of the elevation pattern as given in the table below 


Editors Note: Input contributions CPG PTD(14) 31, 64 (the contributions assume the AP pattern below is upside down and only models this configuration) 


Table:  RLAN Elevation Antenna Pattern


			Elevation Angle θ
(Degrees)


			Gain
(dBi)





			45  θ  90 


			-4





			35  θ  45


			0





			0  θ  35


			3





			–15  θ  0


			-1





			–30  θ   –15


			-4





			–60  θ  –30


			-9





			–90  θ  –60


			-8











[Option C: For these studies, the effect of the antenna discrimination in the vertical plane is covered in the section “Additional losses” below.] 


Editors Note: Input contributions CPG PTD(14) (37rev1) proposes a discrimination of 3 to 4 dB towards the satellite as one of the components of this option.  


 For terrestrial radar studies:


Antenna gain relative to the radar received e. i. r. p. for RLAN is important in determining DFS threshold values. Received signals should be increased by 3 dB to account for antenna gain in the RLAN access points which will apply DFS.


Additional/body losses for the EESS/Aeronautical studies


Option A: no additional losses 


Editors Note: Documents CPG PTD(14)28, 31, 64 model this option.


Option B: consider body losses


Option C : To cover additional losses / attenuations (antenna discrimination in elevation, body loss, polarisation etc.) an additional [6] dB factor. for RLAN devices for which the studies take into account building loss or [3] dB for the 5% of RLAN devices for which the studies do not take into account building loss should be applied. (note : this Option C is linked to Option C under the antenna gain/discrimination section) 


Editors Note: CPG PTD(14) 37 rev1 proposes this option. Please note care should be taken not to account for body loss twice when discussing building attenuation in the section above if this option is chosen.





RLAN device density relevant to sharing studies


The following RLAN device densities are to be used as simultaneously transmitting with the e. i. r. p. distribution as given above.


Option A: 2753 active devices per 20 MHz channel based on WRC-03 studies


Editor’s note: This option was requested by UK in the JTG and there was no studies provided the 5th meeting of CPG PTD using this option.


Option B: 5186 active devices per 20 MHz channel or 14931 active devices per 100 MHz channel per 5.25 million inhabitants 


Editors Note: CPG PTD(14) 28, 31, 64 model this option. CPG PTD(14) 37 rev1, 64 agrees with the methodology used in Option B but not necessarily the final values shown for active devices. 


Option C: From 0.0008 to 0.008 active devices per 20 MHz channel per inhabitant (0.004 to 0.04 per 100 MHz channel) (based on 3% to 30% activity factor) applied to any population size


Editors Note: CPG PTD(14)18, 28 model this option. CPG PTD(14)10 proposes to use this option also.


Option D: From 0.0008 to 0.024 active devices per 20 MHz channel per inhabitant (per 0.004 to 0.12 per 100 MHz channel) applied to any population size


Editors Note: CPG PTD(14) 28 models this option.


Option E: Take into account the EESS interference threshold in order to determine the number of simultaneous RLAN connections which can be tolerated. The RLAN density can then be determined for a given population.


Editor’s note: This option was requested by Canada to reflect their studies into JTG 4-5-6-7 meetings. There is no intention in CEPT to provide studies using this option.








Issues related to the characteristics to be used for sharing analysis that were not discussed in the JTG 4-5-6-7 DG Parameters document but which we have proposals for in the received Input documents 


Mitigation techniques and associated characteristics for studies


Editors Note: CPG PTD(14)17rev1, 37rev1 comment on suitable mitigation techniques


· DFS


· ESSS


Editors Note: CPG PTD(14)17rev1, 37rev1 comments on the suitability of current DFS standards as a mitigation technique to protect EESS radar


· Radar


Editors Note: CPG PTD(14)12, 37rev1 comments on the suitability of current DFS standards as a mitigation technique to protect radar particularly Frequency Hopping Radar


· Geo-location 


Editors Note: Document CPG PTD(14) 93, 17rev1, 37rev1 comment on the suitability of geo-location as a mitigation technique to protect EESS and Radar.


EESS Characteristics to study 


Satellites to study 


The meeting agreed in the context of European studies they would be based on the characteristics of the Sentinel 1 Satellite system as this was the most sensitive.


EESS protection Criteria 


Studies should be consistent with ITU-R Recommendation 1166-4


Which proposes using an I/N = -6 dB, where N = kTBF with k=-228.6 dB, T = 300K, F = 3.2 dB, B = 100 MHz, therefore N=-120.6 dBW, I = -126.6 dBW which are not to be exceeded for more than 1% of the time. 


For the dynamic analysis the time and the area of the study may be variable but the 1 % criteria should apply to the whole track of the satellite (i.e. the whole area of the simulation). For the Static analysis, a single snapshot over a densely populated city would be considered to provide a worst case analysis.


 


EESS Antenna pattern (Beam shape and coverage area)


For the studies, a Peak (bore sight) antenna gain was confirmed to be 44 dBi and the Main Beam shape of the satellite footprint can be considered to be elliptical (cigar shaped) with a size of 75 x 4 km. See CPG PTD(14) 28 section 2.1.1 for further in depth information on the antenna pattern to be used.


Terrestrial Radar Characteristics 


The relevant radar to be studied should take account of ITU-R Recommendation M.1638 which is currently under review plus the FH radar type described in CPG PTD(14)12. The studies should only study the effectiveness of DFS with respect to any new radar not studied previously. Studies should also investigate further if RLANs approved to the FCC standard would be capable of detecting all of the types of FH radar that are to be studied. http://hraunfoss.fcc.gov/edocs_public/attachmatch/FCC-06-96A1.pdf. There should also be a need to discuss how to ensure protection of FH radar through provision of proper test procedures in an ETSI standard. 
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												This is the Only User Input =>				Frequency				5.35				GHz



												          Note: It has little effect on the final answer once above 1 GHz







												TABLE 4



												Nominal clutter heights and distances



												Clutter (ground-cover) category				Nominal height, ha				Nominal distance, dk				RLAN
User Defined
Height								UE any								Macro rural								Macro suburban								Macro urban								Small cell outdoor / micro urban								Small cell indoor / micro urban



																(m)				(km)				h=2 (m)				qmax (°)				h=1.5 (m)				qmax (°)				h=30 (m)				qmax (°)				h=25 (m)				qmax (°)				h=20 (m)				qmax (°)				h=6 (m)				qmax (°)				h=3 (m)				qmax (°)				ç Values of h taken from JTG 4-5-6-7/236 & JTG 5-6/180 Annex 2 (UE only)



								Rural				High crop fields				4				0.1				14.8 dB				1.1				17.3 dB				1.4				-0.3 dB				-14.6



												Park land



												Irregularly spaced sparse trees



												Orchard (regularly spaced)



												Sparse houses



												Village centre				5				0.07



												Deciduous trees (irregularly spaced)



												Deciduous trees (regularly spaced)				15				0.05



												Mixed tree forest



												Coniferous trees (irregularly spaced)				20				0.05



												Coniferous trees (regularly spaced)



												Tropical rain forest				20				0.03



								Suburban				Suburban				9				0.025				19.5 dB				15.6				19.6 dB				16.7												-0.3 dB				-32.6



												Dense suburban				12				0.02				19.7 dB				26.6				19.7 dB				27.7												-0.3 dB				-33.0



								Urban				Urban				20				0.02				19.7 dB				42.0				19.7 dB				42.8																				-0.1 dB				0.0				19.4 dB				35.0				19.7 dB				40.4



												Dense urban				25				0.02				19.7 dB				49.0				19.7 dB				49.6																				1.9 dB				14.0				19.6 dB				43.5				19.7 dB				47.7



												High-rise urban				35				0.02				19.7 dB				58.8				19.7 dB				59.2																				12.8 dB				36.9				19.7 dB				55.4				19.7 dB				58.0



												Industrial zone				20				0.05



												é  This Table is taken from Rec ITU-R P.452-14 é												é     dBs of clutter loss calculated using equations (47) and (47a) of Rec. ITU-R P.452-14.       é



																								é           Maximum elevation angle of clutter, qmax, calculated using atan((ha-h)/dk).       é
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			Summary: 





			The present document provides reviewed and new static and dynamic sharing analysis between RLAN and EESS (active) in the 5350-5470 MHz band based on the ESA input to the last JTG meeting (Geneva October 2013) and considering updated RLAN agreed within JTG.


Even considering the lower case RLAN parameters set, these analyses, as a number of other (US, Canada, France) confirm that RLANs cannot share the band 5350 – 5470 MHz with EESS (active) and that any introduction of RLANs into this band will endanger the operation of current and planned EESS systems in this essential band.








			Proposal: 





			CPG/PTD is requested to consider the attached document as a reference document on “sharing between RLANs and EESS (active) in the 5350-5470 MHz band” and to develop relevant European position on this issue based on its conclusions that RLANs cannot share the band 5350 – 5470 MHz with EESS (active).


A proposal for revising the relevant section of the CEPT Brief is provided in the Annex.


CPG/PTD is also requested to consider the attachment as the basis for the relevant section of its Report in response to the EC Mandate on 5 GHz RLAN.








			Background:	





			The present document is based on ESA input to last JTG (document 4-5-6-7/320) and builds upon the outcomes of the October 2013 JTG meeting (Geneva) and in particular the RLAN parameters as given in JTG Chairman’s Report (document 4-5-6-7/393, Annex 2, Appendix 2A) on “technical/operational characteristics to be used for sharing studies with RLAN in the 5 GHz band”.

















Introduction/Background


The present document addresses the issue of potential sharing between EESS (active) and RLAN in the 5350-5470 MHz band and, in particular, builds upon elements presented by ESA at the last JTG.


The European Space Agency (ESA) would like to reiterate its concerns about this proposed “allocation to the Mobile service/identification to RLAN” in view of the need to protect the high investments of several billion Euros made by ESA and by the European Commission in this frequency band on the European project GMES (Global Monitoring for Environment and Security).


ESA also highlights the fact that this band is already used and planned to be used by several EESS (active) systems operated by other Space Agencies worldwide and would hence like to support the Liaison statement from WP7C (as in Document 4-5-6-7/123) that stresses the following elements :


•	In the band 5 250-5 350 MHz, the “other mitigation techniques” that were introduced by WRC-03 in Resolution 229 are still not specified and hence do not provide relevant protection to EESS (active), in particular space-borne Synthetic Aperture Radar (SAR) systems. 


•	In the band 5 470-5 570 MHz, the technical conditions related to RLAN are not suitable for compatibility with SAR systems of the EESS (active) service. This was decided by WRC-03, since the band was meant for use by other types of instruments (altimeters) that are less sensitive to potential RLAN interference.


•	Therefore the band 5 350-5 470 MHz was selected by a number of space agencies to operate SAR instruments (such ESA Sentinel-1 mission (3 satellites) and Canada RADARSAT-2 mission and upcoming RADARSAT-RCM (3 satellites)), to avoid any potential interference from RLAN.


•	The characteristics of current and planned EESS (active) systems are different than those studied prior to WRC-03.


•	RR Article 29A which points to Resolution 673 (Rev.WRC-12) that emphasises the importance of Earth Observations radiocommunications applications such as these.





The present document provides reviewed and new analyses based on static and dynamic methodologies and taking into account recent discussions that were held during last JTG, in particular on RLAN parameters.


Even considering the lower case RLAN parameters set, these studies still demonstrate that RLANs cannot share the band 5350 – 5470 MHz with EESS (active) and that any introduction of RLANs into this band will endanger the operation of current and planned EESS systems in this essential band that is the only frequency range left in C-band where the EESS (active) allocation is not shared with an allocation to the mobile service.


CPG/PTD is requested to consider the attached document as a reference document on “sharing between RLANs and EESS (active) in the 5350-5470 MHz band” and to develop relevant European position on this issue based on its conclusions that RLANs cannot share the band 5350 – 5470 MHz with EESS (active).


CPG/PTD is also requested to consider the attachment as the basis for the relevant section of its Report in response to the EC Mandate on 5 GHz RLAN.





Technical characteristics


EESS (active)


Parameters 


The EESS (passive) parameters and interference criteria used in the present studies are those provided by WP7C to JTG 4-5-6-7 in their liaison statement in Documents 4-5-6-7/123 and 248.


Table 1 gives the technical parameters for the CSAR sensor on board Sentinel-1 and SRAL sensor on board Sentinel-3, both satellites being developed by ESA for the GMES program of the European Commission.


Table 1


			Parameter


			Sentinel-1 CSAR


			Sentinel-3 SRAL





			Sensor type


			SAR


			ALTIMETER





			Orbital altitude (km) 


			693


			800





			Orbital inclination (degrees) 


			98.18


			98.65





			RF centre frequency (MHz) 


			5 405


			5 410





			Peak radiated power (W) 


			4140 


(at ant input)


			32


(at ant input)





			Polarisation


			HH+HV, VV+VH


			Linear





			Antenna type


			Phase array


			Parabolic reflector 1.2m





			Antenna gain (dBi)


			43.5 to 45.1


			34.5





			Antenna pattern steering capability 


			Steerable  in elevation 18 to 40 deg 


			No





			Antenna pattern


			See Below


			Based on F.699





			Antenna orientation (degrees from nadir) 


			20 to 47 deg


			Nadir (altimeter)





			Receiver noise figure (dB) 


			3.2


			3.8





			Pulse/Receiver bandwidth (MHz) 


			Up to 100 MHz


			320





			Noise power (dBW) 


			-121


			-115





			Service area 


			Global


			Global





			Footprint (km2)


			250


			1840





			Image swath width (km)


			20 - 250


			











Concerning the polarization, it is to be noted that Sentinel-1 CSAR (similarly to Canada Radarsat) makes use of a full double polarization system, hence including 2 receiving chains, 1 vertical and 1 horizontal. RLAN are transmitting on a single polarization (horizontal) and it is not possible to know how the RLAN signal will behave and will be polarized at the CSAR receivers input. Therefore no polarization discrimination advantage can be taken into account.





The antenna pattern used for CSAR is derived from the information provided in the liaison statement from 7C to the JTG. The following equations are used as a matter of simulation simplification and lead to the patterns described in Figures 1 and 2 :


G = max(Gmin,Gmax+Gver+Ghor);


With :


Gver = 10 x log (sinc(coefV.sin(Elev))²)


Ghor = 10 x log (sinc(coefH.sin(Az))²)


coefV = 9


coefH = 200


Gmin = -10


Gmax = 44	


Note : the cardinal sine function is here used in its form : 
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Figure 1: Antenna pattern in azimuth (along track) at 0° elevation
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Figure 2: Antenna pattern in elevation (cross track) at 0° azimuth





It should be noted first that the above pattern is not expected to provide a full sphere representation but only a model of gain in the direction of visibility of the Earth from the satellite and secondly that interference are mostly due to the antenna main beam. Therefore, the arguments developed in some contributions at previous CPG/PTD or JTG about efficiency or full-spherical integration of EESS (active) antenna and questioning about the value of the EESS (active) antenna gain are not relevant. 





Protection criteria 


The relevant protection criteria are provided in Table 2, taken from Recommendation ITU-R RS.1166-4. Even if RLANs are nomadic/mobile by nature, their very high density implies that the interference will be systematic. The relevant percentage of data availability, corresponding to the percentage of time, is therefore 99% (see Document 4-5-6-7/248)


Table 2


			Sensor type


			Interference criteria


			Data availability criteria
(%)





			


			Performance degradation


			I/N
(dB)


			Systematic


			Random





			Synthetic aperture radar


			10% degradation of standard deviation of pixel power


			–6


			99


			95





			Altimeter


			4% degradation in height noise


			–3


			99


			95











For the CSAR and SRAL instruments, the protection criteria calculated over a 100 MHz bandwidth are -126.7 dBW and -123.1 dBW (-96.7 dBm and -93.1 dBm) respectively, not to be exceeded more than 1% of the time.


This criteria is applied over data acquisition periods of time when the sensor is operating over the measurement area of interest (as per Recommendation ITU-R RS.1166-4).


 


Mobile service (WAS/RLAN)


Refined and new studies in the present document are based on RLAN parameters agreed during the last JTG and summarized in document JTG 4-5-6-7/393 (October 2013 Chairman’s Report) Annex 2 – Appendix 2A :


· Eirp :


· maximum = 23 dBm (200 mW)


· distribution : 200 mW (19%), 80 mW (27%), 50 mW (15%), 25 mW (39%) 


· average = 19 dBm (79 mW)


· Indoor/outdoor:


· outdoor ratio : 5% (Note: as agreed in JTG, RLAN devices are assumed to be indoors only, based on the requirement to help facilitate coexistence. For the purposes of sharing studies, 5% of the devices should be modeled without building attenuation)


· Propagation conditions :


· building attenuation with a Gaussian distribution (17 dB + 7 dB) truncated at 1 dB. It is to be noted that on average, this distribution leads to a 12 dB attenuation.


· Angular clutter loss model from P.452 associated with RLAN heights distributions and specific parameters for Urban, Suburban and Rural environments. It should be noted that due to the EESS (active) geometry (high elevation) this model does not lead to any attenuation.


Concerning the parameters with options remaining in JTG, the following elements have been used : 


· Antenna pattern :


· 0 dBi omni in azimuth and elevation (i.e. JTG option A).  


Concerning JTG Option B (proposed by US and RLAN industry), it is to be noted that WP 5A as well as industry documents indicate a rather widespread future use of 5 GHz terminals on equipment like smart phones and tablets, where it will be technically impossible to ensure that the emissions present the max gain (+3 dBi) always in the horizontal direction. Even the home access points are designed to be mounted either horizontally or vertically (confirmed by number of internet information). It is in particular rather common for the existing RLAN access points to be mounted to maximize the vertical gain, for example to cover more than one floor in a private house. On this basis, not being possible to make assumptions on the orientation of the RLAN device antenna, a worst case sharing analysis should consider a 3 dBi gain towards the satellite. A more benign hypothesis could be the one used in a number of studies (US, Canada, France) and provisionally agreed at the creation of the JTG Correspondence Group, i.e. to use an averaged 0 dBi gain pattern in azimuth and elevation). See also Attachment 6 to Document CPG-PTD(14)010 for more details on why a 0 dBi gain should be considered.


Furthermore, it should be noted that the directional pattern in Option B presents a spherical gain of -1.6 dBi which is not realistic. Its gain would therefore need to be increased by 1.6 dB. For the cases interesting the EESS (active) with elevation from 35.8 to 67 °, these gains should hence be -2.4 dBi and +1.6 dBi. Taking into account the 3 dBi maximum gain, this will represent respectively a 5.4 dB and 1.4 dB difference with a case with omnidirectional antenna.





· Number of active RLAN :


Consistently with its input to JTG, ESA has used the figures proposed in JTG Option C and D, mainly justified by elements proposed by RLAN industry and proponents and WP5A in support for the 5 GHz extension request:


· Option C: from 0.0008 to 0.008 active RLAN devices per 20 MHz channel per inhabitant (0.004 to 0.04 per 100 MHz channel) (based on 3% to 30% activity factor) applied to any population size.


· Also, the highest factor of Option D, i.e. 0.024 active devices per 20 MHz channel per inhabitant (0.12 per 100 MHz channel) applied to any population size.


· It is here interesting to note that the figure proposed by the US and RLAN industry (i.e. JTG Option B of 5186 active devices per 20 MHz channel per 5.25 million inhabitants) correspond to a factor of 0.001 active RLAN device per inhabitant and is hence included in the range proposed under option C and D).


· Considering a 100 MHz EESS (active) bandwidth these factors lead to the following number of active RLAN to be considered over the French territory (with a population of 66 M inh.) and the Dutch territory (with a population of 16.8 M inh.):





			


			Nb of active RLAN per inhabitant


			Nb of active RLAN over France (in 100 MHz)


			Nb of active RLAN over NL (in 100 MHz)





			JTG option C (France)


			Low (0.004 per inh.)


			264000


			67200





			


			High (0.04 per inh.)


			2640000


			672000





			JTG option D


(ESA)


			Low (0.004 per inh.)


			264000


			67200





			


			High (0.12 per inh.)


			7920000


			2016000





			JTG option B (US and RLAN industry)


			


			187704*


			47780**








					*=14931 x 66000000/5250000 - **=14931 x 16800000/5250000 


Detailed deployment assumptions are described in the analysis sections.


Analysis


Analyses based on static and dynamic methodologies have been used to address the compatibility between RLAN and EESS (active) in the 5350-5470 MHz band.





Static analyses


Generic static analysis


The following Table 3 provides calculation of the impact of 1 single RLAN on EESS (active) sensors described in Table 1 above.


Table 3


			Parameter


			Sentinel-1 CSAR (20°)


			Sentinel-1 CSAR (47°)


			Sentinel-3 SRAL





			Frequency (MHz)


			5405


			5405


			5410





			Orbital altitude (km) 


			693


			693


			800





			Off Nadir Angle (°)


			20


			47


			0





			Slant path distance (km)


			743


			1089


			800





			Free Space losses (dB)


			164.5


			167.8


			165.2





			EESS antenna gain (dBi)


			44


			44


			34.5





			EESS protection criteria (dBm/100 MHz)


			-96.7


			-96.7


			-93.1





			RLAN EIRP (dBm)


			23


			23


			23





			Interference from 1 outdoor RLAN (dBm)


			-97.5


			-100.8


			-107.7





			Margin for 1 outdoor RLAN (dB)


			0.8


			4.1


			14.6





			Nb of outdoor RLAN in the EESS footprint to reach the protection criteria


			1.2


			2.6


			28.5











These calculations show that 1 single outdoor RLAN operated within the whole 5350-5470 MHz band already produces an interference close to the EESS (active) protection criteria for Synthetic Aperture Radar (SAR) instrument and that less than 2 RLAN in the EESS (active) satellite footprint will be sufficient to interfere with the EESS (active) sensor.  





The following Table 4 provides similar calculations for indoor RLAN.


Table 4


			Interference from 1 outdoor RLAN (dBm)


			-97.5


			-100.8


			-107.7





			Indoor/Outdoor average attenuation


			11.9


			11.9


			11.9





			Interference from 1 indoor RLAN (dBm)


			-109.4


			-112.7


			-119.6





			Margin for 1 indoor RLAN (dB)


			12.7


			16


			26.5





			Nb of indoor RLAN in the EESS footprint to reach the protection criteria


			18.7


			40.1


			441.8











Taking into account the EESS (active) footprint size, the above calculation can then be transferred into a maximum RLAN density (RLAN/km²), as given in Table 5 below.


Table 5


			Nb of outdoor RLAN in the EESS footprint to reach the protection criteria


			1.2


			2.6


			28.5





			Nb of indoor RLAN in the EESS footprint to reach the protection criteria


			18.7


			40.1


			441.8





			EESS footprint size (km²)


			250


			250


			1840





			Maximum outdoor RLAN density (Nb/km²)


			0.005


			0.010


			0.016





			Maximum indoor RLAN density (Nb/km²)


			0.07


			0.16


			0.24











These figures show that EESS (active) cannot be protected from any RLAN deployment, assumed to be mass-market and unlicensed, in particular considering information provided by RLAN industry to justify new allocations (several billions yearly shipments, RLAN implemented in all types of equipments, laptops, tablets, smartphones, ….).


Finally, considering population statistics, the abovementioned maximum RLAN densities in Table 5 can be used to determine, for different areas, the number of inhabitants per 1 single RLAN in the whole 5350-5470 MHz band. Calculation are provided in Table 6 below for 5 different representative places (The Netherlands, France, Paris metro, Paris urban and Paris city) and for CSAR (at 20° off nadir angle).





Table 6


			


			


			


			


Number of inhabitants for 1 RLAN in the 5350-5470 MHz band


(CSAR at 20°)





			


			Population (M. inhab.)


			Area (km²)


			Outdoor case


			Indoor case





			The Netherlands


			16.2


			41526


			80937


			5226





			France


			66.7


			550030


			25159


			1624





			Paris metro


			12.1


			17174


			146173


			9438





			Paris urban


			10.4


			2844


			758679


			48984





			Paris city


			2.24


			105


			4426015 (Note 1)


			285768








	Note 1 : This number means that less that 1 outdoor RLAN (actually 0.51) could be used in Paris City





Here also these figures are not consistent with any mass-market and unlicensed RLAN deployment.


Overall, these various calculations based on a static analysis clearly show that EESS (active) in the 5350-5470 MHz band cannot be protected from any RLAN deployment.





Static analysis based on US assumptions


Within JTG, the following set of RLAN parameters was proposed by the US (similar parameters are also proposed in document 4-5-6-7/254 from Cisco):


· Average eirp = 19 dBm (79 mW)


· Antenna pattern : 


			Elevation Angle θ
(Degrees)


			Gain
(dBi)





			45  θ  90


			-4





			35  θ  45


			0





			0  θ  35


			3





			–15  θ  0


			-1





			–30  θ   –15


			-4





			–60  θ  –30


			-9





			–90  θ  –60


			-8











Although disagreeing with the application of the above directional pattern, ESA presents in this document the results for both cases (directional antenna on the horizontal plane and omnidirectional antenna). 


· Indoor/outdoor ratio: 5%


· Propagation conditions :


· building attenuation with a Gaussian distribution (17 dB + 7 dB standard deviation) truncated at +1 dB


· clutter loss model from P.452. It should be noted that due to the EESS (active) geometry (high elevation) this model does not lead to any attenuation.


· Number of active RLAN : 14931 active RLAN within 100 MHz for a population of 5250000 inhabitants deployed over an hypothetical area defined as follow:





			


			Distance (km)


			Area (km²)


			% of RLAN


			Nb of active RLAN (in 100 MHz)


			Density (RLAN/km²)





			Urban


			5


			79


			35%


			5299.4


			67.5





			Suburban


			15


			628


			53%


			7961.2


			12.7





			Rural


			30


			2121


			11%


			1670.4


			0.79





			


			


			


			


			


			





			Total


			


			2827


			


			14931


			5.3











At this stage, one can already note that the density of active RLAN over the total area is already 5.3, i.e. orders of magnitude above the maximum RLAN density calculated in section 3.1.1 above and the ratio becomes up to 964 (=67.5/0.07) in the Urban case. By themselves, these figures are sufficient to show that there is no compatibility between RLAN and EESS (active).





To consider potential interference from RLAN deployment as above on EESS (active) sensor, it is necessary to consider the sensors footprint size that is 250 km² for Sentinel-1.


On this basis, one can therefore consider 3 different scenarios:


· Maximum scenario : the whole urban area (79 km²) + a portion of the suburban area (250-79 =171 km² out of the total 628 km²)


· Medium scenario: a portion of the suburban case (250 km² out of the total 628 km²)


· Minimum scenario: a portion of the rural case (250 km² out of the total 2121 km²)


The following table 7 summarizes the figures related to these cases:


Table 7


			Scenario


			Area


(km²)


			Nb of RLAN in the 250 km² EESS footprint


			Factor/maximum scenario (dB)





			Maximum scenario : (urban + suburban)


			


			


			





			Urban


			79


			5299.4


			





			Suburban


			171


			=7961.2*171/628


 =2172.5


			





			TOTAL Maximum scenario : (urban + suburban)


			250


			7471.9


			0 dB





			TOTAL Medium scenario (suburban)


			250


			=7961.2*250/628


 =3167.7


			-3.7 dB





			TOTAL Minimum scenario (rural)


			250


			=1670.4*250/2121


 =196.9


			-15.8 dB











On this basis, the following Table 8 provides calculation of interference for the “maximum scenario” whereas the other scenarios are given in Table 9 by decreasing the interference in Table 8 by the factor in the 3rd column in Table 7.





Table 8


			Parameter


			Sentinel-1 CSAR (20°)


			Sentinel-1 CSAR (47°)





			Frequency (MHz)


			5405


			5405





			Orbital altitude (km) 


			693


			693





			Off Nadir Angle (°)


			20


			47





			Slant path distance (km)


			743


			1089





			Free Space losses (dB)


			164.5


			167.8





			EESS antenna gain (dBi)


			44


			44





			RLAN EIRP (dBm)


			19


			19





			Interference from 1 outdoor RLAN (dBm)


			-101.5


			-104.8





			Nb of RLAN (maximum scenario case)


			7472


			7472





			Nb of outdoor RLAN


			374 (=25.7 dB)


			374 (=25.7 dB)





			Nb of indoor RLAN


			7098 (=38.5 dB)


			7098 (=38.5 dB)





			Interference from outdoor RLAN (dBm/100 MHz)


			-75.8


			-79.1





			Interference from indoor RLAN (dBm/100 MHz)


			-75


			-78.3





			TOTAL INTERFERENCE (dBm/100 MHz)


			-72.4


			-75.7





			EESS protection criteria (dBm/100 MHz)


			-96.7


			-96.7





			Exceeding = Negative Margin (dB)


			24.3


			21











This Table shows that, when considering the “maximum case” scenario, (with omni directional RLAN antennas), the RLAN deployment in Urban and Suburban area exceeds the EESS (active) protection criteria by 24.3 dB.





As a summary, the following Table 9 provides the level of interference in excess considering the 3 scenarios and both omnidirectional antennas (elevation and azimuth) and the directional antenna in elevation.


Table 9 : level of interference in excess


			Scenario


			Sentinel-1 CSAR (20°)


			Sentinel-1 CSAR (47°)





			RLAN Antenna


			Omni


			Directional (US)


(= Omni – 5.4)


			Omni


			Directional (US)


(= Omni – 1.4)





			Maximum scenario (urban + suburban)


			24.3 dB


			18.9 dB


			21 dB


			19.7 dB





			Medium scenario (suburban)


 (= maximum scenario – 3.7 dB)


			20.6 dB


			15.2 dB


			17.3 dB


			15.9 dB





			Minimum scenario (rural)


(= maximum scenario – 15.8 dB)


			8.5 dB


			3.1 dB


			5.2 dB


			3.8 dB











These calculations therefore show that with the RLAN parameter set provided by the US within JTG, the EESS (active) protection criteria is always exceeded, up to 24.3 dB. In particular, when considering Urban/suburban and Suburban deployments, the exceeding ranges 15.2 to 24.3 dB.





Overall, the above analysis allow to show that, even considering the RLAN parameter set provided by the US within JTG and in document 4-5-6-7/254 (Cisco), there is no compatibility between RLAN and EESS (active) in the 5350-5470 MHz band.





Static analysis based on EESS (active) footprint shape


Alternatively to the previous calculations, it is also possible to consider the hypothetical city proposed by the US (circular based) with the footprint shape of the EESS (active) system (rough ellipse of 4 km width and 75 km long), as shown on the Figure 3 below.
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Figure 3: RLAN deployment and EESS (active) footprint





In this case, the percentage of RLAN within the EESS (active) footprint (as on the right Figure) can be calculated as in Table 10 below.





Table 10


			


			Distance (km)


			Area (km²)


			Area enclosed in EESS footprint


(km²)*


			Ratio of RLAN within the EESS footprint





			Urban


			5


			79


			4 x 10 = 40


			51 %





			Suburban


			15


			628


			2 x 4 x 10 = 80


			13 %





			Rural


			30


			2121


			2 x 3 x 15 = 90


			4 %








*taking rectangular areas for simplicity





To consider potential interference from RLAN deployment on EESS (active) sensor, one can therefore use these percentages to determine the total number of RLAN in the EESS (active) footprint, for both the US assumptions (total of 14931 RLAN within the overall city) and the low assumption from France (FR-low : 0.004 RLAN per inhabitant, i.e. a total of 21000 for 5250000 inhabitants), as given in Table 11 below.





Table 11


			


			Ratio of RLAN within the EESS footprint


			Total Number of RLAN in 100 MHz in the city 


(US assumptions)


			Nb of active RLAN in EESS footprint (US


assumptions)


			Total Number of RLAN in 100 MHz in the city


(FR-low)


			Nb of active RLAN in EESS footprint


(FR-low)





			Urban


			51 %


			5299.4


			2703


			7453.4


			3801





			Suburban


			13 %


			7961.2


			1035


			11197.2


			1456





			Rural


			4 %


			1670.4


			67


			2349.4


			94





			


			


			


			


			


			





			Total


			


			14931


			3805


			21000


			5351











On this basis, the following Table 12 provides calculation of interference for the “EESS (active) footprint shape scenario” for the Sentinel-1 CSAR (with 20° nadir angle).





Table 12


			Parameter


			Sentinel-1 CSAR (20°) with RLAN deployment on US assumptions 


			Sentinel-1 CSAR (20°) with RLAN deployment on “FR-low” assumptions





			Frequency (MHz)


			5405


			5405





			Orbital altitude (km) 


			693


			693





			Off Nadir Angle (°)


			20


			20





			Slant path distance (km)


			743


			743





			Free Space losses (dB)


			164.5


			164.5





			EESS antenna gain (dBi)


			44


			44





			RLAN EIRP (dBm)


			19


			19





			Interference from 1 outdoor RLAN (dBm)


			-101.5


			-101.5





			Nb of RLAN (see table 11 above)


			3805


			5351





			Nb of outdoor RLAN


			190 (=22.8 dB)


			268 (=24.3 dB)





			Nb of indoor RLAN


			3615 (=35.6 dB)


			5083 (=37.1 dB)





			Interference from outdoor RLAN (dBm/100 MHz)


			-78.7


			-77.2





			Interference from indoor RLAN (dBm/100 MHz)


			-77.9


			-76.4





			TOTAL INTERFERENCE (dBm/100 MHz)


			-75.3


			-73.8





			EESS protection criteria (dBm/100 MHz)


			-96.7


			-96.7





			Exceeding = Negative Margin (dB)


			21.4


			22.9











This Table shows that, when considering the “footprint shape” scenario, (with omni directional RLAN antennas), the RLAN deployment exceeds the EESS (active) protection criteria by 21.4 dB (with US deployment) and 22.9 dB (with low deployment from France).





As a summary, the following Table 13 provides the level of interference in excess considering the scenarios above as well as the “FR-high” and “ESA-high” deployment scenario, for both omnidirectional antennas (elevation and azimuth) and the directional antenna in elevation.





Table 13 : level of interference in excess


			Scenario


			Sentinel-1 CSAR (20°)





			RLAN Antenna


			Omni


			Directional (US)


(= Omni – 5.4)





			US scenario (14931 RLAN in the city) (JTG Opt. B)


			21.4 dB


			16 dB





			FR-low (0.004 RLAN per inhabitant) (JTG Opt. C and D)


			22.9 dB


			17.5 dB





			FR-high (0.04 RLAN per inhabitant) (JTG Opt. C)


(FR-Low +10 dB)


			32.9 dB


			27.5 dB





			ESA high (0.12 RLAN per inhabitant) (JTG Opt. D)


(FR-Low +14.8 dB)


			37.7 dB


			32.3 dB











These calculations therefore show that when considering the “footprint shape” scenario with various RLAN deployment proposed in JTG (Option B, C and D), the RLAN deployment largely exceeds the EESS (active) protection up to 37.7 dB. 





Overall, as previous analysis, the above “footprint shape” analysis allow to show that, even considering the RLAN parameter set provided by the US within JTG and in document 4-5-6-7/254 (Cisco), there is no compatibility between RLAN and EESS (active) in the 5350-5470 MHz band.





Dynamic analyses


RLAN deployment


The dynamic analysis have been considered over France (550 000 km² and 66 M inhabitants) on the one hand and over a more restricted area covering the Paris metropolitan area (a square of 10 000 km² and approximately 12 M inhabitants) on the other hand. Some calculations have also been made considering The Netherlands (41 530 km² and 16.8 M inhabitants)


Over these areas, different scenarios related to the number of active RLAN were considered as in Table 14 below:





 Table 14 : scenarios considered for the dynaMIC analysis


			Scenario


			Active RLAN density (Nb per inhabitant per 100 MHz)


			Nb of active RLAN over France


(in 100 MHz)


			Nb of active RLAN over Paris Metro


(in 100 MHz)


			Nb of active RLAN over the Netherlands


(in 100 MHz)


			Factor/scenario FR-low (dB)








			FR-low


			0.004


			264 000


			40 700


			67 200


			0 dB





			FR-high


			0.04


			2 640 000


			407 000


			672 000


			10 dB





			ESA high


			0.12


			7 920 000


			1 221 000


			2 016 000


			14.8 dB











These active RLAN have been deployed following the population densities, as depicted in Figure 4 below. An EESS (active) measurement area has been defined around France, with an area around 1 000 000 km² (blue square on Figure 4a), around Paris with an area of 10 000 km² (blue square on Figure 4b) and around the Netherlands with an area around 120 000 km² (blue square on Figure 4c).





[image: ] Figure 4a: RLAN deployment and measurement area over France (264 000 RLANs)
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Figure 4b: RLAN deployment and measurements area over Paris metropolitan (40 700 RLANs)
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Figure 4c: RLAN deployment and measurements area over the Netherlands (67 200 RLANs)





Dynamic analyses conditions


Simulations have been run for the CSAR sensor on board Sentinel 1 with a time step of 0.1 second and for a period of 11 days.


At each step of the simulation (i.e. corresponding to 0.1s dynamic of the EESS satellite), the interference to the EESS (active) sensor from each RLAN in visibility is calculated (taking into account the EESS antenna pattern to determine the relative gain), hence leading to an aggregate interference.


The percentage of time of interference is calculated with reference to the measurement area, which means that only the time steps when the sensor antenna boresight is within the blue area are retained for the calculation of the percentage of time of interference.


Then, compiling the aggregate interference over the whole steps of the simulations allows to deriving the interference distribution that will be compared to the EESS (active) protection criteria.


The SAR sensor has been considered with an antenna pointing at a fixed off-nadir angle of 30° (corresponding to a 56° elevation on the ground) with a SAR payload active 100% of the time. 





Dynamic analyses results over France


On this basis, Figure 5 gives the cumulative distribution functions of interference for deployment of 264 000 RLANs over France (scenario FR-low) with 5% outdoor deployment.
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Figure 5: Cumulative distribution function of interference for Sentinel-1


(Over France - scenario FR-low (0.004 RLAN per inh.) – 5% outdoor)





It can be seen that the EESS (active) protection criterion is largely exceeded by 13.7 dB.


It can also be seen that the interference level corresponding to the protection criteria is exceeded for more than 40% of the time. The situation is also depicted on Figure 6 below showing in red the interfered portion of images (vs the non-interfered in white).
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Figure 6: interfered portion of images (in red) vs non-interfered (in white)


(Over France - scenario FR-low (0.004 RLAN per inh.) – 5% outdoor)





It appears obvious that in this situation (264 000 active RLAN – 5% outdoor), the Sentinel-1 sensor will be totally ineffective over lands.


Finally, Table 15 provides the levels of interference in excess for the 3 scenarios (FR-low, FR-high and ESA-high).





Table 15 : INTERFERENCE in excess (over France)


			Scenario


			Active RLAN density (Nb per inhabitant per 100 MHz)


			Nb of active RLAN over France


(in 100 MHz)


			Interference in excess for 5% outdoor RLAN 





			FR-low


			0.004


			264 000


			13.7 dB





			FR-high


(FR-Low +10 dB)


			0.04


			2 640 000


			23.7 dB





			ESA high


(FR-Low +14.8 dB)


			0.12


			7 920 000


			28.5 dB











Dynamic analyses results over Paris metropolitan


Under the same principle, the following Figure 7 gives the cumulative distribution functions of interference corresponding to a deployment of 264 000 RLANs over France, including 40 700 RLANs over Paris metropolitan area (scenario FR-low) and with 5% outdoor deployment.
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Figure 7: Cumulative distribution function of interference for Sentinel-1


(Over Paris Métropolitan - scenario FR-low (0.004 RLAN per inh.) – 5% outdoor)





It can be seen that the EESS (active) protection criterion is largely exceeded by 21.8 dB.


Finally, the following Table 16 provides the levels of interference in excess for the 3 scenarios (FR-low, FR-high and ESA-high).





Table 16 : INTERFERENCE in excess (over Paris metropolitan)


			Scenario


			Active RLAN density (Nb per inhabitant per 100 MHz)


			Nb of active RLAN over Paris Metro


(in 100 MHz)


			Interference in excess for 5% outdoor RLAN 





			FR-low


			0.004


			48 400


			21.8 dB





			FR-high


(FR-Low +10 dB)


			0.04


			480 000


			31.8 dB





			ESA high


(FR-Low +14.8 dB)


			0.12


			1 452 000


			36.6 dB











Dynamic analyses results over the Netherlands


Under the same principle, the following Figure 8 gives the cumulative distribution functions of interference corresponding to a deployment of 67 200 RLANs over the Netherlands (scenario FR-low) and with 5% outdoor deployment.
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Figure 8: Cumulative distribution function of interference for Sentinel-1


(Over the Netherlands - scenario FR-low (0.004 RLAN per inh.) – 5% outdoor)





It can be seen that the EESS (active) protection criterion is largely exceeded by 15.3 dB.


It can also be seen that the interference level corresponding to the protection criteria is exceeded for more than 50% of the time. The situation is also depicted on Figure 9 below showing in red the interfered portion of images (vs the non-interfered in white).
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Figure 9: interfered portion of images (in red) vs non-interfered (in white)


(Over the Netherlands - scenario FR-low (0.004 RLAN per inh.) – 5% outdoor)





It appears obvious that in this situation (67 200 active RLAN corresponding to 0.004 active RLAN per inh. – 5% outdoor), the Sentinel-1 sensor will be totally ineffective. It has also to be stressed that the impact of the RLAN deployment on the Dutch territory will largely expand in neighbouring countries. 


Finally, Table 17 provides the levels of interference in excess for the 3 scenarios (FR-low, FR-high and ESA-high).





Table 17 : INTERFERENCE in excess (over the netherlands)


			Scenario


			Active RLAN density (Nb per inhabitant per 100 MHz)


			Nb of active RLAN over France


(in 100 MHz)


			Interference in excess for 5% outdoor RLAN 





			FR-low


			0.004


			67 200


			15.3 dB





			FR-high


(FR-Low +10 dB)


			0.04


			672 000


			25.3 dB





			ESA high


(FR-Low +14.8 dB)


			0.12


			2 016 000


			30.1 dB











Dynamic analysis based on US assumptions


Similarly to the static analysis case, a dynamic analysis has been performed with the RLAN parameters set proposed by the US within the JTG CG (and in document 4-5-6-7/254 from Cisco):


· Average eirp = 19 dBm (79 mW)


· Antenna pattern :


· directional in elevation (without 1.6 dB correction). (JTG option B)


· 0 dBi omni (JTG option A)


· Indoor/outdoor ratio: 5%


· Propagation conditions :


· building attenuation with a Gaussian distribution (17 dB + 7 dB).


· clutter loss model from P.452.


· Number of active RLAN : 14931 active RLAN within 100 MHz for a population of 5250000 inhabitants. This corresponds to a deployment of 187 704 active RLAN over France, including 28 695 active RLAN in the Paris metropolitan area selected.





Figure 10 gives the cumulative distribution functions of interference for such conditions.
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Figure 10a: Cumulative distribution function of interference for Sentinel-1


(Paris metropolitan and US/Cisco RLAN parameter set – 0 dBi antenna (JTG optionA))
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Figure 10b: Cumulative distribution function of interference for Sentinel-1


(Paris metropolitan and US/Cisco RLAN parameter set – discriminated antenna (JTG Option B))





It can be seen that using the RLAN parameter set proposed by the US/Cisco over a large urban/suburban area, the EESS (active) protection criterion is still largely exceeded by 13.7 dB (discriminated antenna) and 20.7 dB (0 dBi antenna).


It can also be seen in both cases that the interference level corresponding to the protection criteria is exceeded for 100% of the time. The situation is also depicted on Figure 11 below showing in red the interfered portion of images (vs the non-interfered in white).
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Figure 11: interfered portion of images (in red) vs non-interfered (in white)


 (Paris metropolitan and US/Cisco RLAN parameter set – 0 dBi antenna (JTG optionA))





Dynamic analyses – Summary of results


The results of the dynamic analysis over France are given below:


			Scenario


			Active RLAN density (Nb per inhabitant per 100 MHz)


			Nb of active RLAN over France


(in 100 MHz)


			Interference in excess for 5% outdoor RLAN 





			FR-low


			0.004


			264 000


			13.7 dB





			FR-high


(FR-Low +10 dB)


			0.04


			2 640 000


			23.7 dB





			ESA high


(FR-Low +14.8 dB)


			0.12


			7 920 000


			28.5 dB











The results of the dynamic analysis over Paris Metropolitan are given below:


			Scenario


			Active RLAN density (Nb per inhabitant per 100 MHz)


			Nb of active RLAN over Paris Metro


(in 100 MHz)


			Interference in excess for 5% outdoor RLAN 





			FR-low


			0.004


			48 400


			21.8 dB





			FR-high


(FR-Low +10 dB)


			0.04


			480 000


			31.8 dB





			ESA high


(FR-Low +14.8 dB)


			0.12


			1 452 000


			36.6 dB











The result of the dynamic analysis over Paris Metropolitan using US/Cisco RLAN parameters (in particular a number of 28695 active RLAN) shows interference excess from 13.7 to 20.7 dB.





Finally, the results of the dynamic analysis over the Netherlands are given below:


			Scenario


			Active RLAN density (Nb per inhabitant per 100 MHz)


			Nb of active RLAN over France


(in 100 MHz)


			Interference in excess for 5% outdoor RLAN 





			FR-low


			0.004


			67 200


			15.3 dB





			FR-high


(FR-Low +10 dB)


			0.04


			672 000


			25.3 dB





			ESA high


(FR-Low +14.8 dB)


			0.12


			2 016 000


			30.1 dB











Overall, in all cases, the above dynamic analyses confirm the result of static analyses, presenting interference largely exceeding EESS (active) protection criteria and allow to show that there is no compatibility between RLAN and EESS (active) in the 5350-5470 MHz band.


Summary/Conclusions


The static and dynamic analyses presented above indicate that:


· 1 single outdoor RLAN in 250 km² operated within the whole 5350-5470 MHz band already produces an interference close to the EESS (active) protection criteria for Synthetic Aperture Radar (SAR) instrument. (see section 3.1.1)


· Maximum RLAN densities ranging 0.005 to 0.016 (outdoor) and 0.07 to 0.24 (indoor) RLAN/km² are far from being consistent with typical mass-market and unlicensed nature of RLAN equipment and with RLAN proponents expectations and information to justify new spectrum allocations (several billions yearly shipments, RLAN implemented in all types of equipments, laptops, tablets, smartphones, ….).  (see section 3.1.1) 


· RLAN deployment in the frequency band 5350-5470 MHz would create large harmful interference in the CSAR sensor on board the Sentinel 1 satellite.


· Depending on the scenario (different number of active RLAN and outdoor RLAN), the interference to the EESS (active) sensor will be in excess of the relevant protection criteria by (for 0.004 to 0.12 active RLAN per inhabitant, respectively):


· 13.7 to 28.5 dB (case over France), (see section 3.2.3)


· 21.8 to 36.6 dB (case over Paris metropolitan), (see section 3.2.4)


· 15.3 to 30.1 dB (case over the Netherlands). (see section 3.2.5)


· Further, although representing a too benign case, considering the RLAN parameter set proposed by the US/Cisco, the interference to the EESS (active) sensor will be in excess of the relevant protection criteria by (for JTG Option B or Option A antenna pattern, respectively):


· 18.9 to 24.3 dB (static analysis, urban case) (see section 3.1.2)


· 15.2 to 20.6 dB (static analysis, suburban case) (see section 3.1.2)


· 13.7 to 20.7 dB (dynamic analysis over Paris metropolitan) (see section 3.2.6)


· Finally, when considering the impact of a RLAN deployment over the hypothetical city presented in JTG by the US, the interference to the EESS (active) sensor will be in excess of the relevant protection criteria by (considering footprint shape):


· 16 to 21.4 dB (RLAN deployed based on JTG Option B (US)) (see section 3.1.3)


· 17.5 to 32.9 dB (RLAN deployed based on JTG Option C (FR)) (see section 3.1.3)


· 17.5 to 37.7 dB (RLAN deployed based on JTG Option D (ESA)) (see section 3.1.3)





All these analysis are obviously consistent and depicts situations with large negative margin of several tens dBs that offer no room for potential mitigation techniques that would be effective to filling such a huge gap.


It has to be highlighted that these analyses were not considering a number of assumptions that would further increase these negative margins, such as an additional apportionment factor of the protection criteria (since the band is already shared with terrestrial radars) and different CSAR modes that would likely be more sensitive to interference.


Further, some assumptions related to RLAN remains unclear or unresolved and could also increase the potential interference to EESS (active). This covers in particular the possibilities given to a single RLAN to make use of multiple channels transmission (by means of either orthogonal transmissions or MIMO technique) or to concatenate multiple small channels to provide wider bandwidth with higher power. Such questioning also relate to other applications than RLAN since opening a band to RLAN, low power and unlicensed by nature, will drive the use of different applications such as SRDs, M2M, … (similarly to the current situation in the 2.4 GHz band). Consideration of these additional applications would need to be considered in sharing studies.





Overall, this document demonstrates and confirms that RLANs cannot share the band 5350 – 5470 MHz with EESS (active) and that any introduction of RLANs into this band will endanger the operation of current and planned EESS systems in this band.


-------------








Annex


Proposed revision to the CEPT Brief on AI 1.1


Section 3.2


…/….





5350-5470 MHz band





This band is considered in the JTG 4-5-6-7 for extension of the current RLAN allocation in the 5 GHz range





Background on the use of this band by EESS (active):


:


In the band 5 250-5 350 MHz, the “other mitigation techniques” that were introduced by WRC-03 in Resolution 229 are still not specified and hence do not provide relevant protection to EESS (active), in particular space-borne Synthetic Aperture Radar (SAR) systems. 


In the band 5 470-5 570 MHz, the technical conditions related to RLAN are not suitable for compatibility with SAR systems of the EESS (active) service. This was decided by WRC-03, since the band was meant for use by other types of instruments (altimeters) that are less sensitive to potential RLAN interference.


Therefore, the band 5 350-5 470 MHz was selected by a number of space agencies to operate SAR instruments (such ESA Sentinel-1 mission (3 satellites) and Canada RADARSAT-2 mission and upcoming RADARSAT-RCM (3 satellites)), to avoid any potential interference from RLAN.


The characteristics of current and planned EESS (active) systems are different than those studied prior to WRC-03.


RR Article 29A which points to Resolution 673 (Rev.WRC-12) that emphasises the importance of Earth Observations radiocommunications applications such as these.


The European Commission and ESA (and hence all its members states) made large investments of several billion Euro in the frame of GMES to develop instruments in the 5350-5470 MHz band that will fly on-board sentinel type satellites.


Current operation of RLAN in other 5 GHz frequency bands raised coexistence issues with terrestrial radars and EESS which are under investigation at CEPT and EU level.


Various studies for the band 5350 ‑ 5470 MHz are available in CEPT with diverging results due to significantly differing input parameters and assumptions. 


In this regards, CEPT is of the view that there needs to be consistency between parameters to be used in the sharing studies and those submitted to justify additional spectrum requirements for RLAN.  


CEPT intends to consider carefully input parameters and assumptions for the studies in particular the density of active RLAN equipment and the indoor/outdoor ratio. 


For what is relevant to sharing with EESS(active), the latest studies show that even using the most benign assumptions on RLAN technical characteristics and deployments, the compatibility deficits  are in the order of tens of dB. Consequently, even a very strong reduction of the RLAN power limits would not be sufficient to compensate for this deficit.


CEPT noted the ITU-R Recommendation RS.1166-4, which is applicable for the interference criteria.


…/…
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			Summary: 





			The present document provides an analysis of the potential density of active 5 GHz RLAN to be used in the sharing analysis between EESS (active) and RLAN in the 5350-5470 MHz. Based on different approaches, this document shows and confirms that several millions active RLAN will be simultaneously operating in Europe (e.g. between 2.6 and 9.4 Millions in France).








			Proposal: 





			It is requested that CPG/PTD considers this document as a reference for its sharing studies between EESS (active) and RLAN in the 5350-5470 MHz.


In particular, it is proposed that CPG/PTD makes sure that the number of active RLAN used in the sharing studies be consistent with elements proposed as justification for the 5 GHz extension and that such statement be made in the CEPT brief.


It is finally proposed that CPG/PTD sent this document as a CEPT contribution to the forthcoming JTG meeting.








			Background:	





			This document builds upon elements provided in the following documents :


·     ITU-R Recommendation M.1652


·     Document CPG-PTD(13)048 (Intel)


·     Document CPG-PTD(13)062 (Digital Europe)


·     Document CPG-PTD(13)065 (CISCO)


·     Report “Future proofing Wi-Fi – the case for more spectrum – A report for CISCO (January 2013), so-called the PLUM Report


·     Document 4-5-6-7/137 : Liaison Statement from WP5A to JTG 4-5-6-7











Introduction


The present document provides an analysis, based on different approaches,  of the potential density of active 5 GHz RLAN to be used in the sharing analysis between EESS (active) and RLAN in the 5350-5470 MHz. 





Background and references


Current 5150-5350 MHz and 5470-5725 MHz RLAN bands were allocated at WRC-03. In particular, this allocation was made considering:


· ITU-R Recommendation M.1651, which provides a method for assessing the required spectrum for RLAN 5 GHz. Among others, this recommendation already depicted RLAN activity factors from 10 to 50 % for various RLAN applications. These activity factors have been confirmed by WP5A in their recent liaisons statement to JTG).


· ITU-R Recommendation M.1652, on RLAN DFS to protect radars. In particular, this Recommendation considered at that time a number of 2753 RLAN devices per 20 MHz channel (i.e. operating on a co-channel basis with a radiodetermination system at a given moment) over an hypothetical area of 1963 km².





Obviously, if additional RLAN spectrum is required (compared to the one already allocated), the total number of RLAN (and hence of active RLAN) to be considered in the sharing studies needs to be higher than the one used at WRC-03.


In addition, at constant RLAN eirp, the operational range of an RLAN with 80 MHz bandwidth (reference bandwidth for new spectrum requirement) is obviously reduced compared to one with 20 MHz (reference bandwidth at WRC-03).


With 20 MHz bandwidth, Recommendation ITU-R M.1651 provides a AP-MT (Access Point to Mobile terminal) distance between 12 and 18 meters (corporate) whereas the recent liaison statement from WP5A (document 4-5-6-7/137) provides, for 80 MHz bandwidth, distances from 4 to 18 meters.


This means that to provides the high throughputs advertised for standard 802.11ac (up to 455 Mbit/s second for 80 MHz bandwidth) to the same number of terminals, the number of Access Point will have to be at least an order of magnitude higher (i.e. the area ratio given by 12²/4² = 9).





Estimation of the number of RLAN


1.1 Method 1


This method 1 is the one already given in the CPG/PTD working document.


It consider the case of one country (namely France with 66 Million inhabitants) with the following basic assumptions:





· 1 BOX RLAN per house (3 inhabitants average per house) = 66/3=22 million indoor,


· 2 RLAN per house = 66/3*2 = 44 million, most of them indoor (90%)


· 1 RLAN per mobile phone = 60 million, half of them indoor (50%)


This gives a total of 126 million RLAN in France, 34.4 million being outdoor (which is 30%) and this in the overall 5150-5470 MHz MHz band. In average, the number of RLAN expected in the band 5350-5470 MHz is therefore 126 x 120/320 = 47 million.


Assuming an activity factor of 20%, this gives 9.4 million active devices in the band 5350-5470 MHz over the territory of France. 





1.2 Method 2


According to the document presented by the RLAN industry (Intel, Digital Europe and Cisco) at last CPG (see documents CPG-PTD(13)048, 062 and 065 respectively), expectation of 3.5 billion yearly shipments is to be considered.


Assuming a typical 3 to 4 year equipment lifetime therefore gives a total of around 10 Billion equipments in service worldwide, so about 1 and ½ equipment per inhabitant.


Assuming higher penetration in some parts of the world (such as North America, Europe, Japan, Korea,…) will then result in 3 RLAN equipment per inhabitants.


For France, with 66 million inhabitants, this will result in a total of 198 million RLAN in the whole 2.4 GHz (83 MHz) and 5 GHz range (775 MHz), hence resulting on average in 28 million in the 5350 – 5470 MHz.





Considering an average 10 to 20 % activity factor will hence give a 2.8 to 5.6 million active RLAN over France in the 5350 – 5470 MHz band.





1.3 Method 3


The so-called the PLUM Report (“Future proofing Wi-Fi – the case for more spectrum – A report for CISCO (January 2013)) is one of the reference Report in Europe to justify for the 5 GHz RLAN spectrum extension.


One can in particular note Figures 4-2, 4-3 and 4-4 from this Report, as given below, providing the evolution of WIFI Access points and terminals as well as band usage from 2009 up to 2025 in western Europe..
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Figure 4-2: Devices by technology in Europe (source “Plum Report”)
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Figure 4-3: APs by technology in Europe (source “Plum Report”)
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Figure 4-4: Number of devices using the 5 GHz band in Europe (source “Plum Report”)





From these figures, one can note that in 2009, there were 100 million Wi-Fi access points in western Europe and 350 million active devices WIFI equipment, mainly accommodated in the 2.4 GHz band (83 MHz spectrum). This represented 450 Millions equipment, hence already more than 1 per inhabitant (assuming 400 Million inhabitants in western Europe).





By 2020, the expectation is 350 million Wi-Fi access points in western Europe and 1200 million active devices, most of them having 5 GHz capabilities.





By 2025, the expectation is 400 million Wi-Fi access points in western Europe and 1300 million active devices most of them having 5 GHz capabilities.


 


This represents between 1.55 and 1.7 Billion equipment in Europe, hence about 4 per inhabitant, namely 3 devices and 1 Access Point.





For France, with 66 million inhabitants, this will result in a total of 198 million RLAN devices and 66 million Access Points (AP), i.e. a total of 264 million RLAN.





Considering a 10 to 20 % activity factor will then lead to 26 to 52 M active AP or devices in the whole 2.4 GHz (83 MHz) and 5 GHz range (775 MHz) and subsequently represents a 3.6 to 7.2 million active RLAN in the 5350 to 5470 MHz.





Conclusion


Based on different approaches and information sources, this document shows and confirms that several millions active RLAN will be operated in Europe (between 2.6 and 9.4 Millions in France) in the band 5350-5470 MHz (even considering low case activity factors):


· Method 1 : 9.4 million active devices in France


· Method 2 : 2.8 to 5.6 million active devices in France


· Method 3 : 3.6 to 7.2 million active devices in France





On average, these figures are quite consistent and correspond to a range of about 470 thousands to 1.57 million active RLAN per 20 MHz channel in France.


On a more general basis, this represents a density of 0.007 to 0.024 active RLAN per 20 MHz per inhabitant in Europe.





It is finally interesting to use these figures for a comparison with elements used at WRC-03, namely the hypothetical area of 1963 km² that was expected to represent a city in the US with about 3 Million inhabitants.


In similar conditions (3million inhabitants), the current assumptions would give a number of 21000 (3M x 0.007) to 72000 active RLAN the channel. Compared to the figure of 2753 used in 2003, this represents a factor of 7.7 to 26.


These figures are fully consistent with the elements provided by the RLAN industry to justify additional spectrum:


· larger throughputs that would lead to a much higher number of access points to serve a same number of terminals


· “more products based on IEEE 802.11ac (5 GHz) will be released” and “Wi-Fi chipsets are being incorporated into a wider range and greater number of devices”


· more applications (e.g. “media streaming in home applications will grow rapidly as quite apart from PCs, tablets and smart phones, TV sets, cameras, printers, data storage and other devices  requirement”   





It is CPG/PTD responsibility to make sure that the number of active RLAN used in the sharing studies are consistent with elements proposed as justification for the 5 GHz extension.


It is therefore requested that CPG/PTD considers this document as a reference for its sharing studies between EESS (active) and RLAN in the 5350-5470 MHz and confirm that a density of 0.007 to 0.024 active RLAN per 20 MHz per inhabitant in Europe is used in the sharing studies with EESS (active).


It is finally proposed that CPG/PTD sent this document as a CEPT contribution to the forthcoming JTG meeting.





image1.wmf


ECC



Electronic Communications Committee



CEPT






image2.emf





image3.emf





image4.emf







image5.emf

CPG-PTD(14)064_Fav ourable Sharing Study Between 5 GHz RLAN and EESS.docx




CPG-PTD(14)064_Favourable Sharing Study Between 5 GHz RLAN and EESS.docx

			[bookmark: _Toc325460485][image: ]CPG-15 PTD





			CPG-PTD(14)064





			CPG-15 PTD #5


			





			Rome, 13-17 January 2014


			





			


			





			Date issued:  


			8th January 2014





			Source:


			[bookmark: _GoBack]Intel Corporation, Cisco, Qualcomm, Broadcom 





			Subject:   


			Favourable Sharing Study Between 5 GHz RLAN and EESS





			N





Password protection required? (Y/N) 








			Summary: 





			This document contains a sharing study between 5 GHz RLAN and EESS which concludes – 


These results show that sharing between EESS (Sentinel-1 and Radarsat-3) and RLANs is feasible.  Even when utilizing free space loss with a clutter model that provides unrealistic LOS conditions for satellite and a building attenuation not specifically suited for satellite, the threshold for Sentinel-1 is only exceeded by a few dB for low off nadir angle.  And similarly for Radarsat-3 the exceedance is less than a dB.   


Still using an unrealistic satellite clutter model but applying a more appropriate building penetration model from Recommendation ITU-R P.2040, there is no interference to Radarsat-3. There is no interference to Sentintel-1 for the off nadir angle of 47 degrees.  .  The interference threshold for Sentinel-1 is only exceeded by less than a dB for low off nadir angle.


In all cases, the interference from the RLANs exceeds the I/N threshold less than 1% of the time over a few hundred kilometers.


This study shows that sharing between EESS and RLAN is feasible, thereby supporting a mobile allocation permitting RLAN use in 5350-5470 MHz.





			Proposal: 





			CPG-PTD consider the sharing study provided in this document (Annex 1 below) and include it in a revision to Annex 4 of “Working document on sharing between RLANs and EESS (active) in the 5350-5470 MHz band” (SWG AI1.1 TEMP 06) from last meeting.


CPG-PTD revise the draft CEPT brief on Agenda Item 1.1, plus any associated working / TEMP documents and / or reports, to appropriately reflect the conclusion in this sharing study. 


CPG-PTD support a mobile allocation permitting RLAN use in 5350-5470 MHz. 


CPG-PTD consider the conclusions of this sharing study in any response to EC 5 GHz Mandate.





			















ANNEX 1





Sharing Study between 5 GHz RLAN and EESS


Introduction


This study uses parameters from the US contribution (document JTG CG-1) to Joint Task Group 4-5-6-7 Correspondence Group on RLAN parameters for an initial set of sharing results.  We conduct further investigation specifically into building penetration loss from satellite to RLAN and present an update to the building penetration model.  Sharing studies with the updated building penetration model are also presented.


RLAN system characteristics


The RLAN system characteristics utilized in these studies are based on the US  contribution to the CG on RLAN parameters (document JTG CG-1) This contribution was the result of lengthy discussions between dozens of experts from the RLAN industry and incumbent services (including satellite, space, military, ITS, etc.). This contribution presented RLAN system characteristics, including RLAN density, EIRP distribution, antenna gain, channel bandwidth distribution, RLAN antenna height distribution, and propagation.  


EESS system characteristics


Sentinel-1 system parameters


Simulation parameters utilized in this study are those agreed within JTG 4-5-6-7 (extracted from JTG document 4-5-6-7/123)    





			


			Sentinel-1





			Center Frequency (MHz)


			5405





			Bandwidth (MHz)


			100





			Boresight antenna gain (dBi)


			45.1





			Receiver Noise Figure (dB)


			3.2





			Off nadir scan angle (deg)


			20, 47





			Orbital altitude (km)


			653





			I/N threshold (dB)[footnoteRef:1] [1:  The EESS (active) SAR interference criterion is given in Recommendation ITU-R RS.1166-4 as a value of –6 dB I/N with 99% data availability (equivalent to 99% of the time, i.e. the I/N = –6 dB criterion is not to be exceeded for more than 1% of the time.). This criteria is applied over data acquisition periods of time when the sensor is operating over the measurement area of interest] 



			-6








The antenna pattern in Document 4-5-6-7/123-E was modeled with a sinc function, as illustrated below.
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coef_V=9;


coef_H=200;


G_min=-10;


G_max=43.5;





Gver=10*log10((sinc(coef_V*sind(angle_V))).^2).*(abs(angle_V)<=90)-1000.*(abs(angle_V)>90);


Ghor=10*log10((sinc(coef_H*sind(angle_H))).^2).*(abs(angle_H)<=90)-1000.*(abs(angle_H)>90);





G=max(G_min,G_max+Gver+Ghor);





Radarsat-3 system parameters


Simulation parameters utilized in this study are those agreed within JTG 4-5-6-7 (extracted from JTG document 4-5-6-7/123):





			


			Radarsat-3





			Center Frequency (MHz)


			5405





			Bandwidth (MHz)


			14, 100





			Boresight antenna gain (dBi)


			42.7





			Noise Figure (dB)


			6





			Off nadir scan angle (deg)


			33





			Orbital altitude (km)


			600





			I/N threshold (dB)


			-6[footnoteRef:2] [2:  The EESS (active) SAR interference criterion is given in Recommendation ITU-R RS.1166-4 as a value of –6 dB I/N with 99% data availability (equivalent to 99% of the time, i.e. the I/N = –6 dB criterion is not to be exceeded for more than 1% of the time.). This criteria is applied over data acquisition periods of time when the sensor is operating over the measurement area of interest.] 









The antenna pattern is as described in JTG document 4-5-6-7/123-E.


EESS Deployments


The interference scenario considered is a space-borne system flying such that the mainbeam intersects the Earth’s surface passing through the center of the distribution of urban, suburban, and rural RLAN devices, as illustrated below.


[image: ]





Propagation


For simplicity and speed of simulation, we model the propagation loss between the RLAN and the satellite with free-space path loss plus clutter.  For RLAN devices that are indoors, an additional building penetration loss is included.  Based on typical Wi-Fi usage, we assume that 95% of the RLAN devices are indoors and 5% are outdoors.


Clutter loss model


The clutter model from ITU-R P.452 Eq 47.  The plots below illustrate the attenuation as a function of elevation angle.  Note that above 45 degrees elevation this is no clutter loss in the urban environment.  As such this is a very unrealistic in terms of the how often clear line of sight paths will occur between an RLAN device and the satellite, with respect the reality of an “urban canyon”.  And in rural and suburban environments there will essentially be no clutter loss, also unrealistic when compared to environments with foliage, etc.
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Building penetration loss


The building penetration loss model for the results in section 5 is modeled as log normal with 17 dB mean and 7 dB standard deviation based on an average over all environments and conditions.


Results based on RLAN parameters in Document JTG CG-1


Simulations assume no DFS.





Sentinel-1 Results


With an off nadir value of 47 deg, the max overage is -0.60dB, as illustrated in the figure below.


[image: U:\ntiasim\ItoN_735601.6259radar_id=111.png]


With an off nadir value of 20 deg, the max overage is 2.19dB, as illustrated in the figure below.





[image: U:\ntiasim\ItoN_735601.6249radar_id=112.png]


Radarsat-3 results


With a bandwidth value of 14 MHz, the max overage is 0.59 dB, as illustrated in the figure below.
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With a bandwidth value of 100 MHz, the max overage is -0.06 dB, as illustrated in the figure below.
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Summary


			Satellite


			Off Nadir (deg)


			BW (MHz)


			Max overage (dB)





			Sentinel-1


			47


			100


			-0.60





			Sentinel-1


			20


			100


			2.19





			Radarsat-3


			33


			14


			0.59





			Radarsat-3


			33


			100


			-0.06








Satellite building penetration loss


As described in document JTG CG-1, the corporate environment dominates the busy time of day for RLAN usage.  The corporate environment is comprised of office and multistory buildings.  ITU-R Study Group 3 recently developed a new recommendation (Rec. ITU-R P.2040) which is relevant for these studies as it contains several measurements on office building penetration loss specific to 5 GHz with large elevation angles modeling loss to satellite. 





In Section 4.1.3.2 “Slant-path measurements from towers or high rise buildings” of ITU-R P.2040, the elevation angle dependence of building entry loss was measured in the 5 GHz band at two different elevation angles by using high-rise buildings to simulate the reception of satellite signals. In an office-type room, the measured medians of the excess building entry loss were 20 dB and 35 dB for elevation angles of 15° and 55°, respectively.





In Section 4.1.3.3 “Helicopter measurements to office building”, the elevation and azimuth angle dependencies of building entry loss around 5 GHz were measured at different positions within an eight-story building on three different floors.  The loss values range from 5 to 45 dB.  





Measurements at 2.57 GHz and 5.2 GHz using an igloo shaped flight pattern were performed inward to three different buildings, one of them in the Graz/Austria area, another two in the Vienna/Austria area, covering various building types.  At 5 GHz, for different elevation and relative azimuth angles, the loss ranged from 15 to 47 dB.  A dependence on elevation angle was seen with the “office building” and “airport – gate area” measurements.  The office building saw losses of  26.5 dB at 15 deg and 35.2 dB at 60 deg.  The airport – gate area saw losses of 28.4 dB at 15 deg and 38.0 dB at 60 deg.





In Section 4.2 “Losses within buildings” of ITU-R P.2040 showed that studies of terrestrial propagation within buildings indicate that at 2 GHz in an office building, the loss (dB) though floors is given by 15+4(n – 1) where n is the number of floors penetrated. For a residential building, the loss is typically 4 dB per floor, which serves to estimate the additional loss of a satellite signal entering from a high elevation angle and passing downwards through a building.  While the study in Section 4.2 of Rec. ITU-R P.2040 was not at 5 GHz, it does illustrate the concept of increased pathloss to satellite with number of floors.  Larger losses would be expected at 5 GHz.





Based on this new information from the recently approved Recommendation ITU-R P.2040, building penetration loss to satellites in Section 6 of this contribution is modeled as log normal with 22 dB mean and 7 dB standard deviation.


Sentinel-1 Results


With an off nadir value of 47 deg, the max overage is -1.44 dB, as illustrated in the figure below.





[image: U:\ntiasim\ItoN_735601.6241radar_id=111.png]


With an off nadir value of 20 deg, the max overage is 0.79 dB, as illustrated in the figure below.
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Radarsat-3 results


With a bandwidth value of 14 MHz, the max overage is -1.38 dB, as illustrated in the figure below.


[image: ] With a bandwidth value of 100 MHz, the max overage is -1.66 dB, as illustrated in the figure below.
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Summary


			Satellite


			Off Nadir (deg)


			BW (MHz)


			Max overage (dB)





			Sentinel-1


			47


			100


			-1.93





			Sentinel-1


			20


			100


			0.79





			Radarsat-3


			33


			14


			-1.38





			Radarsat-3


			33


			100


			-1.66











Conclusions


These results show that sharing between EESS (Sentinel-1 and Radarsat-3) and RLANs is feasible.  Even when utilizing free space loss with a clutter model that provides unrealistic LOS conditions for satellite and a building attenuation not specifically suited for satellite, the threshold for Sentinel-1 is only exceeded by a few dB for low off nadir angle. Similarly for Radarsat-3 the exceedance is less than a dB.   


Still using an unrealistic satellite clutter model but applying a more appropriate building penetration model from Recommendation ITU-R P.2040, there is no interference to Radarsat-3.  There is no interference to Sentintel-1 for the off nadir angle of 47 degrees.  The interference threshold for Sentinel-1 is only exceeded by less than a dB for low off nadir angle.


In all cases, the interference from the RLANs exceeds the I/N threshold less than 1% of the time over a few hundred kilometers.


This study shows that sharing between EESS and RLAN is feasible, thereby supporting a mobile allocation permitting RLAN use in 5350-5470 MHz.
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			Summary: 





			An analysis of the potential for a wideband synthetic aperture radar (SAR) in EESS (active) to share with unlicensed RLANs in the 5350-5470 MHz band is presented.


The document considers the aggregate interference from a population of RLANs in a large urban area based on model discussed previously in PTD and developed further in JTG 4-5-6-7.


The results show that the interference threshold is not exceeded even when the SAR antenna is pointed directly at the centre of the urban area if there all RLANs are indoor. 


In the case that 5% RLANs are outdoor, interference levels can exceed the criterion by 3.8 dB when the SAR is imaging the centre of an urban area at busy hour. Potential interference event lengths are found to be 1.8 seconds worst case assumptions, but in practice these worst case assumptions cannot occur for Sentinel 1 because the satellite will not operate to a location at the assumed busy hour, when pointing 20 degrees from nadir. 


It is further noted that the instantaneous worst case calculation is not sufficient alone to determine whether sharing is possible and this must be related to a percent time, and, a so far undefined, SAR measurement period.


The paper concludes that in the specific case of Sentinel 1 operating 20 degrees from Nadir, it is very unlikley that there will be compatibility issues, under the RLAN population assumptions given. 





			Proposal: 





			Cisco asks PTD to consider this updated study when assessing the compatibility of RLANs and EESS (active) in 5350-5470 MHz.





			Background:





This paper updates, clarifies and extends a Cisco input to PTD CPG-PTD(13)013. 


The RLAN population model is updated as are other RLAN parameters. A simple model for the SAR antenna is included.


The granularity of the mathematical model used to calculate the aggregate interference is improved. Each active RLAN is explicitly included in the model.





			











Introduction and background


This paper summarises the likely worst case interference levels that the Sentinel SAR antenna will see when observing an urban area with parameters presented below. 


Two key factors are: 


1. The main beam and sidelobe performance of the SAR antenna as function of sub-satellite pointing angle;


2. The calculation of an upper bound to the number of RLANs that can be simultaneously operating in the 100MHz SAR channel.


These two factors combine to determine the maximum aggregate interference that the SAR can, in theory, instantaneously see as it images the urban area.


The analysis relies on a number of mitigation factors including


1. RLAN Power control; 


2. RLAN EIRP limits;


3. RLAN use primarily indoors.


These factors are implicit in the RLAN parameters proposed.


The paper considers the dynamic aspects of the scenario, characterising the shape and duration of an interference event. 


The paper concludes with a discussion about the implications of a dusk/dawn sun synchronous orbit for the interference calculation.


Scenario Parameters


Sentinel 1 Parameters 


The following table gives the general parameters of the Sentinel 1 system used in the study.


			Parameter


			Sentinel-1





			Sensor type


			SAR





			Orbital altitude (km)*


			693





			Orbital inclination (degrees)


			98.18





			RF centre frequency (MHz)


			5 405





			Antenna gain (dBi)*


			43.5 to 45.1 depending on operational elevation angle and mode





			Antenna main beam steering capability


			Steerable  in elevation 18 to 40 deg





			Antenna pattern


			See Below





			Antenna orientation (degrees from nadir)


			20





			Receiver noise figure (dB)


			3.2 (at receiver input)





			Pulse/Receiver bandwidth (MHz)


			Up to 100 MHz





			Noise power (dBW) at antenna port


			-121/100 MHz





			Interference Threshold (dBW)


			-127

















Sentinel Antenna Model used in Analysis


In this analysis we will take a simple model of the Sentinel Antenna based on information provided by ESA. (see discussion below about the SAR antenna) The antenna footprint is approximately an ellipse with axes and peak gain that are a function of the SAR operational mode and operational elevation angle. As an initial approach, for a 20° nadir angle, the minor axis (azimuth) is around 0.3° (full) and the major axis (elevation) is around 5.6°.


This defines the antenna -3 dB footprint. The roll-off outside this footprint is determined, in our simulations by the following equations.





where the effective D/ is given by,





In these equations and 0 are the off axis and the half power beamwidth in the direction of interest. 


The resulting antenna pattern in the direction of elevation is shown below. This pattern has somewhat higher sidelobes than the pattern previously used which was derived from the equations in a Liaison Statement from WP7C to JTG 4-5-6-7  (doc 4567/123-E)
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Figure 1 – Simplified model for SAR at 20 degrees from Nadir – elevation 


The elliptical coverage resulting from this is shown in Figure 2


Number of Active on Tune RLANs 


In the calculations of aggregate interfering signal power levels, below, the RLAN devices are assumed to be randomly distributed over three regions:  urban, suburban, and rural.  The three regions exist within concentric circles as shown in Figure 1.  








[bookmark: _Ref371576181]Figure 2.  RLAN Device Deployment Regions


Table 1 provides the radius of each RLAN deployment zone.





[bookmark: _Ref371576202]Table 1.  Deployment Zones


			RLAN Deployment Region


			Radius from the Center


(km)





			Urban


			0 to 5





			Suburban


			5 to 15





			Rural


			15 to 30








Table 2.  Deployment Zones





The total population within the RLAN deployment is assumed to be 5.25 million people.  Table 2 provides the population distribution within each zone in the RLAN device environment.


			Population split


			Percent


			Population in Zone





			Urban


			30%


			1575000





			Suburban


			50%


			2625000





			Rural


			20%


			1050000
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Table 3.  Population Zones


The number of active RLANs is calculated from a base population in the following way. 


Step 1:  Determine base population size by zone (Table 3)


Step 2:  Apply a Busy Hour factor – what percentage of population are using WiFi at busy hour


Step 3:  Apply Market Factor (percent of users with devices using 5 GHz) by zone


Step 4:  Apply System Factor (determine number of cells, or the ratio AP/Users) by zone


Step 5:  Apply Activity Factor (percent of cells instantaneously operating) by zone


Step 6:  Apply Bandwidth Factor – we assume a simple level spread of devices across 775 MHz and a factor to account for channel spacing. We also calculate the RLAN average EIRP per unit bandwidth


The resulting active RLAN population is calculated by zone 


			


			urban area


			sub urban area 


			rural area 





			


			


			


			





			population factor for zone


			0.3


			0.5


			0.2





			population by zone


			1575000


			2625000


			1050000





			busy hour factor


			0.71


			0.64


			0.47





			market penetration for whole 5 GHz band


			0.8


			0.8


			0.5





			system factor


			0.07


			0.07


			0.2





			activity factor


			0.25


			0.25


			0.1





			


			


			


			





			number of RLANS in whole 5 Ghz band


			15655.5


			23520


			4935





			guard band/channel spacing factor


			0.9


			0.9


			0.9





			total available bandwidth  MHz


			775


			775


			775





			


			


			


			





			number of RLANS in 100 Mhz


			1819


			2732


			574








Table 4 – number of active RLANs in 100 MHz per zone


The resulting 5125 devices will have a range of bandwidths and EIRPs. A percentage of them will be outdoor. 


In our simulation model an average EIRP per 20 MHz has been calculated as shown in the Annex.


This value is used for each of 5125 devices and a factor 5 (6.99 dB) applied to account for the 100 MHz SAR bandwidth.


Elevation Dependent Factors


RLAN Antenna


Earlier studies have considered RLAN antennas that are:


1. Omni directional in azimuth with 3 dB gain


2. Have an elevation pattern that is given relative to the AP reference frame


The elevation pattern is presented in other places in the following form:


			Elevation Angle θ
(Degrees)


			Gain
(dBi)





			45  θ  90


			-4





			35  θ  45


			0





			0  θ  35


			3





			–15  θ  0


			-1





			–30  θ   –15


			-4





			–60  θ  –30


			-9





			–90  θ  –60


			-8








Table 5 the RLAN antenna mask in the reference of the Access Point


The APs are intended to be table mounted or plenum mounted and hence for our analysis this pattern is upside down. We also note that we have already included a 3 dB factor in our analysis because the RLANs are characterised by their maximum EIRP.


The following table therefore shows the antenna gain in the local horizontal references frame – in which elevation angle has the expected definition where 0 degrees is horizontal and 90 degrees is straight up. 





			Local elevation angle range


			Gain
(dBi)





			-90< el <=45


			-7





			-45 <el <= 35


			-3





			-35 <el <=0


			0





			0 <el <=15


			-4





			15 <el <= 30


			-7





			30 < el <=60


			-12





			60 <el <= 90


			-11








[bookmark: _Ref376376057]Table 6 – RLAN antenna discrimination as function of elevation angle


Clutter Loss


At some elevation angles local clutter will result in additional attenuation of the signal towards the satellite. The relevant elevation angles and loss depends on the environment type. These are summarised in the table below


			environment


			Attenuation (db)


			Maximum elevation in local horizontal reference frame





			Rural 


			14.8 dB


			1.1 °





			Suburban


			19.7 dB


			27.7 °





			Urban


			19.7 dB


			59.2 °








Table 7 – clutter loss and maximum elevation angles 





Overall Elevation Dependence


The effective elevation dependence combining the antenna discrimination and clutter loss is given in the table below:


			


			Combined antenna gain and clutter loss (dB)





			elevation angle range


			Urban 


			Sub-urban


			Rural





			-90< el <=45


			-26.7


			-26.7


			-21.8





			-45 <el <= 35


			-22.7


			-22.7


			-17.8





			-35 <el <=0


			-19.7


			-19.7


			-14.8





			0 <el <=1.1


			-23.7


			-23.7


			-18.8





			1.1< el <= 15


			-23.7


			-23.7


			-4





			15 <el <= 27.7


			-26.7


			-26.7


			-7





			27.7 < el <= 30


			-26.7


			-7


			-7





			30 < el <=59.2


			-31.7


			-12


			-12





			59.2 < el <=60


			-12


			-12


			-12





			60 <el <= 90


			-11


			-11


			-11








Table 8 – overall elevation dependence – clutter loss plus antenna discrimination


Simulation Set Up


Each of the 5125 active RLANs is simulated explicitly, with a random location, according to the distribution across the 3 zones defined. 


The deployment area is located at the SAR antenna boresight. The SAR antenna is pointed 20 degrees from the sub-satellite point to a location 40 degrees north.  


The figure below shows this worst instantaneous case. 











[bookmark: _Ref376359969]Figure 3 – the SAR Elliptical coverage at 20 degrees from Nadir superimposed on the RLAN distribution over three zones





Results


The worst case interference is calculated for this snapshot scenario under the following scenario variations 


			Case Number


			Indoor outdoor ratio


			Elevation Dependence





			Case 1


			100 % indoor


			Proposed mask from Table 6, no clutter loss





			Case 2


			95 % indoor


			Proposed mask from Table 6 no clutter loss








We find no excess interference in Case 1 and an instantaneous excess of 3.8 dB in case 2. 


Case 1 – Indoor Operation


With all RLANs operating indoors we find the aggregate interference level is around 1.5dB below the threshold. Details of the calculation of the level from a single RLAN and the number included in the aggregation are given below:


			SAR RX.Worst Interferer


			value


			unit


			





			  Interfering Bandwidth


			20.0


			MHz


			





			  Interfering Power


			-16.95


			dBW


			This is the average EIRP level in 20 MHz 





			  Interfering Peak Gain


			0.0


			dBi


			





			  Interfering Relative Gain


			-12


			dB


			The worst interferer  sees the satellite at high elevation and hence low relative RLAN transmit gain – this reflects the antenna models





			  Path Loss


			181.552868


			dB


			This the sum of free space loss plus small atmospheric losses plus the indoor/outdoor loss average value





			    Freespace


			164.508036


			dB


			





			    676 dry


			0.04275


			dB


			





			    676 water


			0.002082


			dB


			





			    Extra (indoor loss)


			17.0


			dB


			





			  Victim Peak Gain


			43.5


			dBi


			





			  Victim Relative Gain


			-0.002493


			dB


			This value close to zero indicates that the worst location is very close to the SAR boresight





			  Victim Feeder Loss


			0.0


			dB


			Nothing assumed here





			  Interfering Signal Strength in 20 MHz


			-166.5


			dBW


			Interference from one 20 MHz RLAN





			    Bandwidth factor (100/20 MHz)


			6.9897


			dB


			Factor to account for SAR 100 MHz band





			  Single Entry  Worst Interference  in 100 MHz


			-159.5


			dBW


			





			  No. of Interferers


			5125


			


			Total number of RLANs included in the aggregate calculation





			  Aggregate Interference


			-128.53


			dBW


			Aggregate interference level. Note that this indicates around 1000 times the worst single entry value





			  Margins


			


			


			





			Margin to -127 dBW  


			+ 1.53


			dBW


			Margin – positive value means is good.








Table 9 – summary of instantaneous worst case interference seen when all RLANs are indoors


Case 2 - 5% Outdoor Operation


For the case with 5% outdoor RLANs, we see an instantaneous excess interference of 3.8 dB. This scenario is analysed further below


			SAR RX.Worst Interferer


			value


			unit


			





			  Interfering Bandwidth


			20.0


			MHz


			





			  Interfering Power


			-16.95


			dBW


			This is the average EIRP level





			  Interfering Peak Gain


			0.0


			dBi


			





			  Interfering Relative Gain


			-12


			dB


			The worst interferer  sees the satellite at high elevation and hence low relative RLAN transmit gain





			  Path Loss


			164.54


			dB


			





			    Freespace


			164.49


			dB


			





			    676 dry


			0.04275


			dB


			





			    676 water


			0.002082


			dB


			





			    Extra (indoor oss)


			17.0


			dB


			





			  Victim Peak Gain


			43.5


			dBi


			





			  Victim Relative Gain


			-0.00201


			dB


			This value close to zero indicates that the worst location is very close to the SAR boresight





			  Victim Feeder Loss


			0.0


			dB


			Nothing assumed here





			  Interfering Signal Strength in 20 MHz


			-149.5


			dBW


			Interference from one 20 MHz RLAN





			    Bandwidth factor (100/20 MHz)


			6.9897


			dB


			Factor to account for SAR 100 MHz band





			  Single Entry  Worst Interference  in 100 MHz


			-142.5


			dBW


			





			  No. of Interferers


			5125


			


			Total number of RLANs included in the aggregate calculation





			  Aggregate Interference


			-123.2


			dBW


			Aggregate interference level





			  Margins


			


			


			





			Margin to -127 dBW  


			-3.8


			dBW


			Margin – positive value means is good.








Table 10 – summary of instantaneous worst case interference seen when 5% or RLANs are outdoor


Analysis of Scenario with 5% outdoor usage


We have simulated the potential interference event that might occur as the SAR antenna passes over the urban area at peak hour. 


The simulation time is 10 seconds – this is how long it takes the satellite beam to pass over the whole RLAN deployment. The interference event itself last less than 1.8 seconds – reflecting the fact that the beam moves across the surface of the earth at over 7 km/s


The event profile between the two situations illustrated in Figure 4 below is shown in 








			[image: ]


			[image: ]





			Start of Event Simulation t=-10 second


			End of Event Simulation t= 0








[bookmark: _Ref376442514]Figure 4 – Start and End configurations of a simulated ‘interference event’


The following figures shows the interference level, calculated in 0.1 second timesteps as the satellite propagates in its orbit from the start of the simulation to the end.


[image: ]


Figure 5 – worst case interference event profile (5% of RLANs outdoor)[footnoteRef:1] [1:  In this simulation the RLAN locations are randomised at each timestep. This is the cause of the small fluctuations and roughness in the profile. ] 



Other Event Geometries


The 1.8 second event length is the maximum value that we can see whenever the SAR is imaging the city. If the SAR antenna boresight passes a few kilometres either side the centre of the urban area the event length the profile will be considerably different. In the example below the maximum interference excess is 1.6 dB and the event length only 1.3 seconds.





			[image: ]


			[image: ]





			Start of Event Simulation  t= -10 seconds


			End of Event Simulation t= 0








[bookmark: _Ref376442896]Figure 6 – a close to worst case geometry start and end configurations of simulated event


The following figures shows the interference level, calculated each 0.1 seconds as the satellite propagates in its orbit from the start of the simulation to the end.


[image: ]


Figure 7 interference profile for event illustrated in Figure 6


Relation of Worst Case Calculation to the Protection Criteria


The EESS(active) interference criterion does not relate to the instantaneous worst case values that we have calculated, but has an associated % data availability which has been directly related to percent time. The percent time relates to some unspecified SAR measurement period which has not been considered to date. 


This should be included in further studies – the ‘area of interest’ specified and the event profile assessed in relation to the actual criteria. 


If we consider the interference from a few outdoor RLANs to be random, then a measurement time of 36 seconds or more would be able to tolerate the 1.8 seconds of busy hour interference calculated.


Busy Hour and Dusk/Dawn Sun-synchronicity


Sentinel satellites will fly in sun-synchronous orbits – the following quote taken from an ESA web site


‘All Sentinels will fly in low Sun-synchronous orbits at altitudes ranging from 700 to 800 km’ –- http://www.esa.int/Our_Activities/Operations/GMES_Sentinels (accessed December 18th 2013)


Specifically, the Sentinel-1 C-band SAR will fly on a dusk/dawn orbiter at 693 km height.  This means that the sub-satellite point closely follows the day/night terminator line and so when the satellite is overhead a specific location it is either at sunset or at sunrise (dusk and dawn). 


This has implications for the interference levels that the satellite will experience. The satellite does not image locations at zero nadir angle but uses a range of angles – hence there is a range of local times at the imaging target. 


In the specific case studied here the satellite is on the day night/terminator at dawn or dusk and the imaging target is around 3 degrees to the east and so the local time is close to dawn or dusk.


[image: ]


Figure 8 – Figure showing relative longitude of the satellite and urban area – 20 degrees from nadir


The number of on-tune RLANs is calculated at ‘busy hour’, but the satellite will never observe at 20⁰ from nadir at this hour – busy hour for the dominant urban centre being early in the afternoon. This factor should be taken into account in the interference analysis and some further work is required to define diurnal variations in RLAN activity.


As an example of the potential impact of this, if the traffic levels when the satellite is imaging the centre are 60% below the busy hour, this would result in a reduction of the interference by around 4 dB and the elimination of the excess.


Sentinel Antenna Performance


As discussed above, the Sentinel peak gain and beam size are key drivers in the interference calculation. 


Our previous analysis used a representation of the antenna footprint which was derived from a set of equations given in the Liaison Statement from WP7C to the JTG. This was referenced in CPG-PTD(13) 035.


Those equations result in a beam that has an elevation angle dependent gain and cross section, which at 20 degrees, has a peak gain of 41.6 dBi. The beam cross section is also significantly smaller than the values used in our analysis here. Higher peak gains occur using those equation, but at larger elevation angles – with a corresponding reduction in the beam size.


In addition this reference 


http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=5296464&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D5296464


Indicates a receiving mode gain of 41.3 dB – which is consistent with the equations of our earlier analysis.


Whilst we are happy to undertake the analysis with the parameters provided by ESA we feel this is an area where some clarification is needed.


Conclusions


We conclude the following


1. Operation of RLANs in 5 GHz is compatible with the Sentinel 1 SAR 


2. Indoor operation of RLANs is compatible with the most sensitive instruments deployed by EESS. Interference levels are 1.5 dB below the defined threshold even in the instantaneous worst case.


3. Where 5% of RLANs are outdoor, interference levels can be 3.8 dB above the threshold for a maximum of 1.8 seconds if the satellite antenna passes directly over the city centre at the RLAN network busy hour AND is operating at 20 degrees from its nadir


4. However, the dusk/dawn sun synchronous orbit implies that this cannot occur and that interference levels should be reduced to account for this – further work is needed to define diurnal variations in RLAN activity, but as an example a reduction in traffic by 60% from peak would result in no excess in any scenario.


5. The single value worst case number calculated is not sufficient to determine whether sharing is possible. We need to further study the EESS sharing criteria and define their ‘areas of interest’.


6. Further work is needed to look at different operational angles of the Sentinel satellite. The operational angle impacts the SAR antenna gain and beam size, the relative longitude of the satellite and target and the clutter loss 


7. The SAR antenna performance remains an area of uncertainty. If the antenna gain is lower than we have simulated, for example the peak antenna gain is +41.3 dB , as some sources indicate, then a corresponding improvement of 2.1 dB in interference levels would be seen in all scenarios.



Annex 1


Calculation of the RLAN Average EIRP per 20 MHz


The following table gives the calculation of the average bandwidth, total EIRP and hence average EIRP per 20 MHz for the population of RLANs considered in the study 
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			RLANs
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			2562
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			484
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			Summary: 





			Ofcom has commissioned a study to provide an independent assessment of some of the sharing and compatibility issues around the three bands identified in the EC mandate looking at possible extension bands for RLANs in the 5GHz band. 


The study is being carried out by Quotient Associates and they are expected to produce a report which:


· Reviews as appropriate, existing studies, information and evidence that is available on RLAN characteristics;


· Provides reasonable assumptions on RLAN transmitter activities based on the evidence collected;


· Provides sharing and compatibility studies with the aim of identifying suitable sharing conditions for each of the bands;


· Recommends what conditions, if any, under which sharing may be considered feasible, including any appropriate mitigation techniques for the operation of RLAN to ensure compatibility with incumbent services.


This paper contains some of the initial findings of their studies so far for the 5350 – 5470 MHz band. 





			Proposal: 





			To take account of the initial findings when producing CEPT inputs for the next meeting of JTG 4-5-6-7 and the interim CEPT report in response to the EU mandate. 


This paper gives a summary of the study’s interim findings so far. We also provide some UK recommendations for this meeting based on some of the evidence provided in the Report. 


It should be noted that we are still in the process of reviewing all of the recommendations and conclusions from the Interim Report and they may be used to further develop the UK position for future meetings. The full content of the Initial Report can be found attached as an annex . It should be noted that the Quotient work is  still ongoing and it is intended to be completed by March 2014.





			Background:	





			The bands 5350 – 5470 MHz, 5725 – 5850 MHz and 5850 – 5925 MHz have been proposed for study as possible RLAN extension bands to the existing RLAN bands at 5150 – 5350 MHz and 5470 – 5725. These three extension bands could allow RLANs to operate on an uninterrupted basis between 5150 – 5925 MHz.  These bands are currently used by a number of services, including radiolocation and Earth Exploration Satellite Services (EESS), FSS, ITS etc. Ofcom have commissioned this independent study to advise on, and where appropriate, form the basis of UK inputs to studies associated with the ITU-R WRC-15 agenda item 1.1 and the CEPT response to the current EU 5GHz mandate.


















1. Summary of Initial Findings





· RLAN Characteristics studies 


· Provides evidence on CSMA/CA protocol and how RLAN Networks are rolled out.	


· Provides given examples of Network capacity and throughput using CSMA/CA


· Two devices (minimal loading of network)


· A number devices (fully loaded network)


· Examples of Frequency Re-use for planned and unplanned WiFi networks including independent assessment of RLAN parameters.


· Future direction of 802.11/WiFi standards and possible effects


· Study mapped and confirmed the RLAN parameters put forward by Industry were suitable for use in the studies 


· Architecture Factor maps used in study compared with System Factor proposed by RLAN industry.


· Values used, such as 30% utilisation also confirmed.


· SAR Characteristics Studies


· Evidence provided on how EESS (Sentinel 1) works and the appropriate SAR footprint Size and Shape that should be used in studies. 


· Radar Characteristics


· We have carried out a review of previous studies including Radar types. There are still uncertainties regarding the final radar types to be studied. 


· Frequency Hopping (FH) radars not covered in European DFS standard for RLAN bands but are covered in US approval standards. 


· System Coupling loss studies


· A review has been undertaken of indoor building losses[footnoteRef:1].  [1:  See also http://stakeholders.ofcom.org.uk/market-data-research/other/telecoms-research/improving-building-coverage ] 



· Previous Study work (Radiocommunications Agency) suggests indoor propagation may be a significant portion of indoor/outdoor building loss that is not included in current studies. Current proposal may just take account of wall losses See figure below. 


[image: ]





· Review of all the sharing and compatibility analysis carried out so far 


· EESS 


· Proposals for SAR Footprint to be used (see diagram below). Ellipse/cigar shape does not cover same proportion of geo-types (urban etc.) as circular beam would, see Figure below. This will affect compatibility considerations and simulations. These simulations should be re-run. [image: ]


Concentric city model, real SAR beam shape superimposed


· Some queries raised around interpretation of the SAR availability criterion (what size is the geographical area of interest?)


· Some queries raised on characterisation of RLAN interferer (current criterion based on radar signals i.e. pulsed)


· Analysis shows current sparse temporal use of spectrum by SARs (less than 1% of time) and possible applicability of Geo-location databases as a mitigation technique.


· Radar


· Awaiting information on new radars from changes to M.1638 and RLAN densities to finalise studies


· DFS for Radars covered in previous studies would still apply but we may also in future wish to account for such new information. 





2. UK Recommendations





· Recommendations and proposals for future sharing and compatibility analysis.


· RLAN Characteristics and parameters 


· Recommend adding a RLAN Characteristics section similar to that provided in the Interim Report explaining how RLANs and the WiFi protocol works.


· Recommend using figures, assumptions and methodology provided by industry vendors to JTG calculate no. of active RLAN transmitters.


· Antenna gain 


· Quotient have provided some evidence for antenna gains for both APs and handheld devices in the direction of a satellite which should be taken account of in the studies. 


· Building and body loss 


· Quotient has provided some new evidence on appropriate losses, we recommend discussing and reviewing whether to include any additional losses in the model to be studied (i.e. indoor propagation loss and not just wall loss).


· SAR footprint size and shape


· Propose to use a more accurate main beam footprint (beam is cigar shaped with footprint of 85x3 km and not circular)  


· Should include interference into side lobes in the calculations.


· Granularity of population distribution used in models


· Three geo-types as presently adopted are very low. For example in France, more rural geo-types are needed to model population densities properly. More granularity suggested for population densities (add super-urban, very rural)


· Indoor vs Outdoor Distribution


· To provide more examples of outdoor usage as 5% seems very high compared to previous studies in 2003 for assumptions for indoor only usage restrictions. Recommend providing a range of results between 0 – 5 %. 


· Consider review of 2003 Radar studies where relevant for the new bands for any new radar types (including FH types).Investigate if US approval standards would be appropriate for European FH radar.





Annex: 5 GHz coexistence investigations
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0 INTRODUCTION 




0.1 Background 




This interim report addresses the band 5350-5470MHz.  We begin by spending some time 
describing RLAN and SAR characteristics as it seems that these aspects may not be equally 
well known to various stakeholders. 




We then review existing studies plus information and evidence in the wider literature that 
are available on technologies operating in this band.   




Finally we suggest sharing and compatibility scenarios with the aim of identifying possible 
sharing conditions.  Areas of uncertainty with respect to the parameters needed to 
perform compatibility analysis are highlighted.  We introduce the potential for geo-
location as a possible mitigation method, if required. 




As this is an interim report, we are not yet in a position to provide recommendations. 




0.2 Potential for sharing 




There would seem to be at least  the prospect of opportunities for sharing, given firstly 
that individual EESS SAR usage amounts to only several seconds occupancy every few days; 
secondly that radar use is geographically limited; and thirdly that a wide range of sharing 
techniques are available. 




0.3 Scope of study 




The scope of this document is technical.  We limit ourselves to examining or re-examining 
only the technical bases upon which subsequent decisions may be based. 




0.4 Economic value of applications 




All three of EESS, Radar and RLANs are of clear and significant economic benefit to the UK 
and globally, both now and into the future, and we do not seek to differentiate on any 
economic basis in this document. 




0.5 Acknowledgments 




From time to time it has been necessary to contact the authors of standards contributions 
in order to seek clarifications.  We are grateful to all who have helped us, for example the 
European Space Agency, the NTIA, Intel and of course the teams at Ofcom who all engaged 
in detailed discussions. 
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1 RLAN CHARACTERISTICS 




1.1 Introduction 




For the purposes of this study, we have equated RLANs with the IEEE 802.11 range of 
standards and the corresponding Wi-Fi specifications from the Wi-Fi Alliance.  We note that 
Wi-Fi has been backwards compatible over all generations to date. 




The 5 GHz extension bands are needed for two reasons 




� Faster, hence wider channels; this makes contiguous spectrum important; 




� More channels are needed to serve dense deployment, to avoid congestion. 




For convenience, we reproduce earlier work showing the location of the proposed 
extension bands in Figure 1-1 (cf. bands E1, C and E2)1. 




 




Figure 1-1  Proposed 5GHz RLAN extension bands 




This Chapter draws out the RLAN characteristics which are important for compatibility 
analysis.  It provides examples of achievable network capacity and throughput in real 
world conditions.  This is a necessary basis for calculating RLAN emissions. 




1.2 Wi-Fi PHY (physical layer) 




Wi-Fi has a wide selection of modulation and coding schemes.  More complex schemes 
have been developed with each version of the standard and great speed increases have 




                                                        
1 “Technologies and approaches for meeting the demand for wireless data using licence exempt spectrum to 2022”, Quotient 




Associates, January 2013.  Available from www.ofcom.org.uk  
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been achieved.  From an 802.11 starting point of 1Mb/s2, current 802.11n works at several 
hundred Mb/s while the upcoming generation (802.11ac) offers gigabit Wi-Fi. 




One way improved speeds have been achieved is by improved modulation and coding with 
recent Wi-Fi using OFDM3, another is via the use of multiple spatial streams (MIMO4) and a 
third is via wider channel bandwidths.  Power levels have not increased.  From a spectrum 
sharing point of view, channel width is of most interest. 




1.2.1 Channel widths 




All Wi-Fi uses a channel width from the range (20, 40, 80, 160) MHz.  Current Wi-Fi, 
802.11n, uses either 20 or 40 MHz channels in either the 2.4 GHz or 5 GHz bands5.  Next 
generation 802.11ac will also include 80 and 160 MHz channels and will operate in the 
5GHz band only.  It is the higher speed 11ac ‘gigabit Wi-Fi’ which is a key driver for more 
contiguous Wi-Fi spectrum at 5GHz. 




1.2.2 Devices and power levels 




Many more types of device now have Wi-Fi connections, led notably by a proliferation of 
smartphones and tablets.  In the case of tablets, it is very often the case that Wi-Fi is the 
only possibility for a network connection. 




Transmit levels tend to be lower from smaller devices.  There are several reasons for this 




� Small devices tend to be battery powered; 




� Small devices have small antennas, which are relatively inefficient; 




� Small devices have more tightly packed components and suffer self-interference; 




� Handheld devices suffer from antenna shielding by the user’s body. 




As a result, handheld device transmit levels may be significantly under the 200mW 
maximum allowed, for example around 50mW or below6.  Further, although not classed as 
handhelds, it is interesting to note that at least some laptops have tested output levels at 
or below 100mW7.  Clearly the inclusion of a manufacturing margin is important in any 
wireless device subject to approvals. 




1.2.3 Devices and bandwidths 




The trend for smaller devices also influences the choice of transmission bandwidth.  Small 
devices cannot use MIMO to attain high transmission speeds, as their size often limits 
them to a single PCB track (PIFA8) or chip antenna.  Further, in order to be battery power 
efficient, a Wi-Fi radio must sleep as much as possible; hence transmission times must be 
short. 




Therefore small devices tend to use single antennas and a wide transmission bandwidth.  
The future sweet spot is widely expected to be an 80MHz channel. 




                                                        
2 No longer deployed. 
3 Orthogonal Frequency Division Multiplexing. 
4 Multiple In, Multiple Out. 
5 40 MHz is not encouraged at 2.4GHz, as it will take up too high a proportion of the available band. 
6 For example, see FCC WLAN Test Reports for iPhone / iPad / iPod (2.4 / 5GHz); Nexus 7 (2.4 GHz). 
7 For example, see FCC WLAN Test Reports for laptops using Intel Centrino 6235 (2.4 / 5 GHz). 
8 Planar Inverted F Antenna. 
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1.2.4 Antenna patterns 




Most often, access points and user devices use so-called ‘omnidirectional’ antennas, which 
may be dual band.  These typically have more gain in the horizontal versus the vertical 
direction, thus power emitted vertically is typically smaller.  We illustrate this for a dipole 
antenna in Figure 1-2. 




 




Figure 1-2  Typical 'doughnut’ pattern of a real 'omnidirectional’ antenna. 




1.3 MAC (medium access control) 




Figure 1-3 shows two Wi-Fi access points (AP) and associated user devices, each forming a 
basic service set (BSS).  Each AP has a coverage area as shown and only the AP or one 
device may transmit at once in this area.  Since the APs are connected via a wired network, 
an extended service set (ESS) has been created, whereby a device may be automatically 
reconnected9 as it moves from one coverage area to another, whether or not the coverage 
areas overlap. 




 




Figure 1-3  Two Wi-Fi basic service sets (BSS) connected to form an extended service set (ESS) 




                                                        
9 At layer 2, the MAC layer. 
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If the coverage areas were to overlap, in order to achieve seamless coverage, the single 
transmission rule would be obeyed by all stations which were within range at that point in 
time (the collision domain).  CSMA/CA (Carrier Sense Multiple Access with Collision 
Avoidance) is node-based protocol for achieving such a sharing of the wireless medium.  It 
has a controlling effect on the achievable throughput in Wi-Fi networks, especially when 
considering realistic operating environments. 




1.3.1 Polite, distributed access protocol CSMA/CA 




The 802.11 MAC is a polite protocol.  It will exponentially delay its transmission repeatedly 
whenever it senses the channel is busy, in order to avoid a collision.  This back-off 
behaviour is essential for the system to work in the absence of a centralised medium 
access controller (MAC), but it does come with an overhead.  Back-off may also operate 
due to other devices in band (i.e. which may not be Wi-Fi).  A further complication is that 
the network may include hidden nodes (nodes which cannot be seen by all nodes in a 
collision domain).  Hidden nodes can reduce the throughput of Wi-Fi, although recent 
handshake additions10 to the protocol effectively reduce this. 




Throughput per user naturally varies by the number of users connected.  However, in dense 
deployment, Wi-Fi networks can suffer self-interference, if the coverage areas (BSS) 
overlap on the same channel.  This can be a significant limitation on achievable 
throughput, since co-channel devices will effectively become part of the same collision 
domain as more devices will try to share the same channel.  This is one of the main drivers 
for requiring more Wi-Fi channels at 5 GHz.  




 




Figure 1-4  Wi-Fi re-use factor and carrier to interference ratio for 3 and 12 available channels 




Figure 1-4 shows the difference between a deployment with 12 independent channels and 
one with only 3.  The C/I (carrier to interference ratio) is higher with the greater frequency 




                                                        
10 The RTS/CTS mechanism. 
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reuse factor.  In other words, less self-interference occurs and the throughput will thus be 
higher.  This example, with its ideal channel distribution, assumes a manual or automatic 
mechanism11 has been used to assign channels to APs to maximise re-use distance and to 
ensure power appropriate to cell size has been chosen where appropriate. 




In managed deployments, such as in corporate spaces, Wi-Fi AP channel and power is 
normally centrally managed, plus a minimum connection speed may be enforced.  Setting 
a minimum speed reduces overhead by ensuring legacy, slower Wi-Fi does not have to be 
accommodated, plus it discourages ‘sticky’ client behaviour (where a client will stay 
attached to an AP even when stronger signals are available from better placed APs).  It 
should be remembered that in all Wi-Fi deployments, the decision over when to transmit 
and when to re-associate with an AP is always controlled by the client – the best any 
network management can do is ‘encourage’ the desired client behaviour. 




In an unmanaged deployment, such as in private homes, no central control of channel 
assignment or AP power is performed.  In this case, more co-channel BSS overlap is 
possible and throughput will reduce as the collisions domains grow.  However, in recent 
years, consumer grade APs are being produced with free-channel selection algorithms (for 
example as used on the latest BT Home Hubs).  This can reduce BSS overlap, assuming 
alternative, free channels are available. 




1.4 How contention caps emissions 




 




Figure 1-5  Association and contention ranges12 




It is well understood that in dense Wi-Fi deployments, co-channel overlapping coverage 
areas should be avoided.  In fact the association (where a device will register with Wi-Fi) 
and contention (no association, but still interference) ranges are different, see Figure 1-5.  
It is often the case that contention ranges are overlapped but not so for the association 
ranges.  This creates the densest layout of co-channel Wi-Fi APs without congestion.  




                                                        
11 e.g. Ruckus ChannelFly 
12 See for example, “High-Density Wi-Fi Design Principles”, Aerohive, 2012, or numerous similar guides by Cisco, Ruckus and other 




AP vendors. 
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Where more than one channel is available, then the capacity is increased by the re-use 
factor, as we illustrated in Figure 1-4. 




Once a dense Wi-Fi network has been created by deploying APs until no more may be added 
without overlapping association ranges, then we have effectively arrived at a maximum 
useful density as far as user throughput is concerned.  It is also a maximum for emissions. 




The reason is that adding any more APs will certainly cause congestion and the new, 
additional AP(s) will thus begin to time-share the spectrum with existing APs (since Wi-Fi 
congestion causes back-off by the MAC).  In emissions terms, this means a cap has been 
reached (although there are more APs, now more are sharing the airtime).  In throughout 
terms, it means a little less throughput will be available, due to the extra control 
signalling to deal with congestion. 




Of course we are tacitly assuming an open green field site in the example above.  The real 
world will include local shielding from the internal walls of offices and the like.  In this 
situation, more APs can be deployed for more throughput, but only due to the effects of 
the wall shielding.  Where shielding is available, then sufficiently isolated Wi-Fi coverage 
can help throughput without fear of contention.  Of course, in emissions terms, the wall 
shielding also effectively provides attenuation.  This is a necessary corollary of the relative 
isolation allowing the larger throughput. 




Also, in the real world, where dense coverage of an open site such as a sports stadium is 
required, then a degree of contention limitation usually has to be accepted, since the 
number of APs has to be quite high in order to accommodate all the associated Wi-Fi 
devices (c.f. association does not imply active data transmission). 




In summary, although Wi-Fi AP density may be made arbitrarily high, there is likely to be a 
throughput and hence  emissions cap at some density, above  which adding more APs does 
not create more emissions, since contention for the airtime then limits access, via Wi-Fi’s 
usual MAC protocols.  However, this effect has proved very difficult to characterise due to 
the variability of propagation conditions, plus the fact that Wi-Fi networks are generally 
operated well below maximum throughput, which we discuss next. 




1.5 Key parameters for network traffic and emissions 




In Table 1-1, we show the key parameters required to arrive at an RLAN emissions level 
from a starting point of user population in an area.  It requires an understanding of RLAN 
deployment numbers over different geo-types and user types; the number of served users 
per AP; the average traffic usage levels; and the proportion of users operating within the 
band of interest, as a first series of steps.  Further steps then translate this number to a 
power level via consideration of device transmit power distribution; antenna gain; and 
building loss applied to indoor RLANs. 




Parameter Notes 




User population 




 




Per urban / semi-urban / rural area 




Per corporate / public / home, busy hour, market 




penetration 




Architecture - number of users per 




Access Point 




(Only one device transmits per coverage area) 




Per corporate / public / home 
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Traffic - average throughput Per corporate / public / home 




Band occupancy Users are spread over full Wi-Fi spectrum 




Transmit power distribution Including TPC 




Building Loss Discussed in Section 4.2 




Antenna gains Illustrated in Section 1.2.4 




Table 1-1  Key parameters for network traffic and emissions 




We cover each parameter in turn 




User population 




The user population calculation is based on differentiating between different usage areas 
and user types as listed in Table 1-1. 




Overall, the user population is growing, but the corporate share is decreasing at the 
expense of the public and home areas, as Wi-Fi devices become more popular in the 
general population. 




Architecture  




The number of users per AP is a key factor for emissions, as only one device, the AP 
included, will be transmitting at any one time. 




Traffic  




The average throughput of contention based networks is deliberately kept quite low in 
order to allow for the burstiness of traffic.  In other words, Ethernet and Wi-Fi networks are 
over-provisioned.  An average throughput of 30% is typical.  Where the network traffic is 
mostly to/from a wide area connection, then the speed of that connection can also place a 
limit on carried traffic (for example limited backhaul from a public Wi-Fi hotspot will cap 
Wi-Fi traffic).  In general, although traffic is increasing over time, it remains relatively flat 
as a percentage of airtime, since the APs are getting faster. 




We show an example of typical measured traffic levels in Figure 1-6.  The violin charts show 
both median and probability density.  The average throughput is 30-40%. 




 




Figure 1-6 Measured traffic levels, average around 30-40%13 




                                                        
13 “Wi-Fi Networks are Underutilized”, Microsoft Research publication, MSR-TR-2009-108, 2009. 
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Contention based networks are typically over provisioned, since with a fully loaded 
network, throughput and delay will suffer strongly as more users try to use the network.  
Figure 1-7 shows the effect of the number users on average network delay under 
saturation conditions.  Such a delay increase, with an accompanying increase in delay 
variation will cause difficulty for real time (e.g. VoIP) or streaming (e.g. video) 
applications.  Overprovisioning provides a degree of headroom. 




 




Figure 1-7  Saturated Wi-Fi – effect of number of stations on delay (versus Collision Window size)14 




Band occupancy 




The user population will be spread over the whole Wi-Fi band.  Where only a portion of the 
available spectrum is of interest (say 5350-5470 MHz), then the number of users must be 
scaled down appropriately. 




Transmit power distribution 




For the reasons already discussed in Section 1.2.2, Wi-Fi devices have a spread of output 
powers significantly below the maximum allowed.  This distribution can include the effect 
of Transmit Power Control. 




Building loss 




We discuss this in detail in Section 4.2. 




Antenna gains 




Typically, antennas on APs have less gain towards the vertical direction15; this includes the 
slant angles relevant to SAR satellites. 




                                                        
14 “Performance Analysis of IEEE 802.11 DCF: Throughput, Delay, and Fairness”, Li et al, available from 




http://www.cs.jhu.edu/~zfli/Publications.htm  
15 See Figure 1-2. 
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1.6 Examples of network traffic and emissions 




1.6.1 Hypothetical 2-device network - maximum throughput 




In this example, we look at the emissions for a maximum hypothetical throughput.  This 
example would have to be created in a lab environment. 




Firstly, and pessimistically, we assume 100% busy hour and 100% market penetration.  We 
assume only 2 devices in the network, with both devices using maximum transmit power 
and 50% airtime each, i.e. constant traffic at full capacity.  We assume the single channel 
used is within the band interest; there is thus no spreading effect possible. 




Next for a 200mW device we assume -4dB antenna gain and 13.5dB wall loss16.  




Therefore the maximum hypothetical RLAN EIRP measured outdoors is 19dBm for RLAN 
outdoors and 5.5dBm for RLAN indoors.  We will use these values for compatibility analysis 
in Chapter 6. 




1.6.2 Planned Wi-Fi network throughput 




In a planned Wi-Fi network, there would be a coverage plan including a channel plan.  An 
external network manager would optimise layout and could identify and reject rogue 
devices. 




Realistic assumptions for the parameters discussed in Section 1.5 are 




� 80% busy hour, 80% market penetration; 




� 20 devices per AP; 




� 30% traffic load; 




� bandwidth of interest 5350-5470 MHz; 




� channel width distribution of (10, 25, 50, 15) % for (20, 40, 80, 160) MHz. 




Assuming an average transmit power of 80mW, wall loss of 13.5dB and an average antenna 
gain of -3dB, the average power outdoors, due to indoor RLANs, is 2.5dBm for a 
population of devices17.  We will use these values for compatibility analysis in Chapter 6. 




1.6.3 Unplanned Wi-Fi network throughput 




The key difference between planned and unplanned Wi-Fi deployments has been that AP 
location and channels selection can be random.  This will create overlapping coverage 
areas and thus contention.  Contention will reduce throughput and emissions, as 
discussed in Section 1.4. 




However, we note that, recently, home APs are being shipped with channel selection 
algorithms, which search for local free channels.  This will mitigate contention issues. 




We have previously noted that WAN connection bandwidth can cap Wi-Fi traffic.  However 
we do not believe this will apply in the future home case as firstly, peer to per traffic such 
as streaming may be an increasingly significant proportion of home traffic, and secondly, 
home access speeds are increasing. 




                                                        
16 We discuss wall loss versus total building loss in Section 4.2. 
17 The base population and distribution is based on the US concentric circles city model used by the NTIA in their most recent 




standards submissions. 
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1.7 802.11 High Efficiency Working Group 




For completeness, we mention that this is a forward thinking group which seeks to address 
the overlapping BSS problem.  At the moment they are defining scenarios of interest.  It 
seems likely ty that they may progress to some form of multicast approach to address the 
problem of overlapping BSSs in certain circumstances (such as sports stadia), but it is too 
early to say what other outputs may arise. 
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2 SAR CHARACTERISTICS 




2.1 SAR (synthetic aperture radar) operation 




The Sentinel-1 SAR is right-looking slant radar.  In the range direction it is a conventional 
aperture radar.  In the azimuth direction is has a synthetic aperture.  As an alternative to 
requiring many passes to build up a map in strip map mode, Sentinel-1 operation allows 
the acquisition of several swaths of ground images per pass (see inset to Figure 2-1).  This 
is the cornerstone of enabling Sentinel-1 to achieve global coverage in a relatively small 
number of orbital passes. 




 




Figure 2-1  Sentinel-1 SAR modes18 




The Sentinel-1 global repeat period is 12 days, but since there are two satellites in the 
constellation, the effective period is 6 days.  Due to the polar orbit, some areas are 
covered more often.  Europe is covered every few days. 




The particular SAR variant operated on Sentinel-1 is the TOPS SAR.  As an alternative to 
switching portions of a large beam across many swaths, TOPS SAR sweeps the beam 
forwards, in the same direction as the spacecraft as it scans.  This foreshortens the beams 
and allows time for three successive subswaths to be made per observation burst, see 
Figure 2-2.  The burst time is 2.75 seconds (TB in the figure).  The TOPS SAR method is 
preferred as it facilitates less distorted reconstruction of large images. 




                                                        
18 “Sentinel-1 Mission Overview”, Miranda N, ESA presentation, 2013. 
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Figure 2-2  TOPS SAR operation19 




Figure 2-3 shows sample images as will be received from Sentinel-1.  Contrary to the 
generalised depiction of Figure 2-2, the sub swath per burst on Sentinel-1 is wider in 
range than it is in azimuth, leading to sub swaths per burst which are 20km long and 85 km 
wide, approximately. 




 




Figure 2-3  Swath mode samples20 




As mentioned above, the beam is scanned forwards in TOPS SAR; the beam footprint on the 
ground is the width of a sub swath and we calculate it to be a little less than 3km long21.  
This makes the footprint area approximately 250 km2.  We note that the footprint will not 
be round, but elliptical or cigar-shaped.  This is important for compatibility analyses. 




                                                        
19 “Comparison of Sentinel-1 and TerraSAR-X TOPS Processor Implementations based on Simulated Data”, Mittermeyer et al, CEOS 




Workshop, Pasadena, USA, 17-19 November, 2009. 
20  “Sentinel-1 Mission Overview”, Miranda N, ESA presentation, 2013. 
21 See “TOPSAR: Terrain Observation by Progressive Scans”, De Zan, F; Monti Guarnieri, A, IEEE Transactions on Geoscience and 




Remote Sensing, 44, 9, 2006, for example calculations. 
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2.1.1 Parameters presented in ITU or CEPT submissions 




We next describe a number of parameters where we believe an improved understanding 
would be beneficial for compatibility assessments.  These are 




� SAR footprint; 




� SAR sweep time and repeat time; 




� Availability and interference criteria. 




SAR footprint 




As shown in Figure 2-4, the SAR footprint was initially described as ‘from 80 to 400km 
continuous swath’.  Later a footprint area of 250 km2 was stated in the 4-5-6-7 
correspondence group. 




 




Figure 2-4  SAR characteristics presented by ESA, CPG-PTD(13)035, April 2013. 




The area of the footprint is clearly important, but not sufficient.  As noted in the previous 
section Quotient calculated it has a 250km2 footprint which is elliptical or ‘cigar shaped’ 
and this has now been confirmed directly with ESA22. 




                                                        
22 Private communication with Philippe Tristant, 6th December 2013. 
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The shape is important since we note that an elliptical footprint will image a different 
proportion of urban, suburban and rural areas of a sample city, as compared to a circular 
spot beam.  We show this is important for compatibility calculations in Chapter 6. 




SAR sweep time and repeat time 




The SAR sweep time (the burst time) is important in order to calculate footprint, as we 
showed in Section 2.1. 




The repeat time is important to calculate the percentage of time the SAR actually uses the 
band at any one geographical point.  The figure is very small, showing that the band is 
available for other uses for a very high percentage of time.  The percentage of time 
Sentinel-1 images a spot on the Earth is of the order of 2.75 seconds23 per 3 days.  This 
translates to 0.1 % usage or over 99% availability for sharing.  Clearly there is more than 
one SAR in operation globally, but the availability for sharing is still high even if 100 SARs 
are assumed.  In addition we note that Sentinel-1 cannot operate in wide swath mode for a 
whole orbit, further increasing the potential for sharing. 




The repeat time is also important in order to help assess whether other mitigation 
technologies could be employed, such as geo-location, see Chapter 7. 




Availability criterion 




As distinct from an interference criterion, there is an availability criterion for SAR.  This 
concerns geographic availability.  Connected with this is the issue of whether RLAN signals 
should be seen as random or systematic interference, during the SAR sweep event.  Also 
connected is the area to which the availability criterion should apply.  In recommendation 
ITU-R RS.1166-4, it is not sufficiently clear whether this is globally, per country, or per 
subswath, for example.  The area to which availability should apply is highly relevant for 
compatibility analyses. 




Interference criterion 




The interference rejection capabilities of SAR must depend on signal type.  Present 
calculations presented in recommendation ITU-R RS.1166-4 indicate that radar pulses 
have been assumed as the interfering source.  Presently ESA has adopted interference 
criteria calculated in this way, but this may bear further examination.  The question is how 
the SAR processing stages react to a Wi-Fi like interferer; since they may react differently 
than to a radar interferer.  This will likely be a complex calculation and, without Sentinel-1 
design information, we cannot properly predict how suppression of Wi-Fi signals will differ 
from that of radar signals.  However a reasonable first assumption may be that the SAR will 
see Wi-Fi as noise and hence no processing gain is available.  This would increase the 
protection required. 




 




 




                                                        
23 See Figure 2-3. 
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3 RADAR CHARACTERISTICS 




3.1 Overview of radar types 




A number of radars are employed in 5350-5470 MHz, for the aeronautical navigation and 
radiolocation services.  Aeronautical radionavigation radars are used primarily for 
airborne weather avoidance (e.g. storms in flight path) and wind shear detection (e.g. on 
approach to land).  Some radars may be multifunctional, e.g. weather/terrain avoidance 
plus search and rescue.  A number of radars, those used for electronic counter-counter-
measures (ECCM), employ frequency hopping. 




3.1.1 Uncertainties due to ITU re-specification of radars 




ITU-R M.1638 (2003) specifies the characteristics of and protection criteria for sharing 
studies for radiolocation, aeronautical radionavigation and meteorological radars.  
However this document is under consideration for revision.  Specifically a draft revision 
has been proposed in ITU contribution 5B/397-E. 




The proposal is to leave out of M1638 all those weather radars which are already specified 
in Recommendation ITU-R M.1849 (2007), thus avoiding duplication.  The proposed 
revision of M1638 then adds a number of new radar types and modifies the characteristics 
of the original types.  This thus represents a major revision, although it still does not cover 
frequency hopping radars, which we address below.  Nonetheless, although frequency 
hopping types are not characterised, the recommendation states that they should be taken 
into account. 




The current draft of the revised M1638 in contribution 5B/397-E deletes the original table 
of radar characteristics in its entity and proposes a new table with an increased number of 
radar types.  This pending change effectively introduces uncertainty into the assessment 
of co-existence, which we discuss in Section 5.2.2. 




3.1.2 Frequency hopping radars 




Frequency hopping radars are often used as ECCM (electronic counter-counter measures).  
As stated in ITU-R M1638, they should be considered in compatibility studies.  For 
characteristics we can look to the FCC Memorandum Opinion and Order 06-9624.  In 
response to a stakeholder petition, this document specifically states that the DFS 
approach is intended for all radars, including frequency hopping, and it defines 
appropriate test signals.  We note that the hopping radar specified does not hop for every 
pulse; in fact nine pulses per hop are used.  This makes it more likely that DFS will have the 
opportunity to react appropriately, as the radar’s on-channel dwell time is increased. 




By way of confirmation, ITU-R M1652 briefly discusses the detection of frequency hopping 
radars25.  Specifically it confirms that the probability of detection at short dwell times is 
related to the number of pulses during the dwell time. 




                                                        
24 “Revision of Parts 2 and 15 of the Commission’s Rules to Permit Unlicensed National Information Infrastructure (U-NII) devices in 




the 5 GHz band”, 30th June 2006, downloaded via fcc.gov as FCC-06-96A1 DFS Final 063006.pdf. 
25 See section 3.1.1 
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4 SYSTEM COUPLING MODEL 




The generalised system coupling situation for both EESS and Radar with respect to indoor 
RLANs is shown in Figure 4-1.  We have already discussed the RLAN network factors in 
Chapter 1 and antenna gains / footprints for SAR and Radar in Chapters 2 and 3.  Factors 
previously discussed are shown greyed out in Figure 4-1. 




 




Figure 4-1  System coupling model to/from RLANs within a building 




4.1 Coupling losses 




The remaining system coupling factors comprise 




� Building penetration loss, including 




� Wall loss 




� Indoor losses 




� Any angle dependency of building penetration loss 




� External clutter loss 




� External path loss 




� Average height 




We describe each factor in turn.   
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4.1.1 Building penetration loss 




Wall losses are generally measured across the appropriate thickness of relevant wall 
material.  Building loss measurements typically consider the whole structure and include 
the effects of wall type, thickness variation, and window placement.  There is some 
inconsistency in building loss measurement methodology, in our experience.  Depending 
on the particular method, they may or may not consider internal propagation losses.  In 
other words they may consider the case that an indoor transmitter is sited near to the 
internal wall, or they may consider the case that an transmitter is deeper within the 
building.  Indoor losses comprise propagation loss, where for example the IEEE802.11ac 
working group have assumed a path loss index of 3.5, plus any losses due to internal walls 
(shown dotted in Figure 4-1).  As well as internal walls, the presence of people within the 
building can also be a source of attenuation.  Significant indoor losses should come as no 
surprise since, without them, Wi-Fi could not enjoy such wide deployment. 




A number of studies26 have concluded that considering wall loss without considering 
internal losses can lead to a significant underestimation of total building loss.  A wide 
spread of measured values was found for the total loss, from 10-80dB.  Some studies have 
also shown an angle dependency of building loss, which is important for the range of 
incident angles (slant paths) typical of satellites27.  However, measured values have been 
small, or in some cases, showed no monotonic dependence28. 




We examine these issues further in Section 4.2. 




4.1.2 External clutter loss 




Clutter loss exhibits a variation with incident angle due to the changing amount of clutter 
encountered at a given angle.  However, even for the incident angles typical of satellites, 
significant clutter loss can occur from surrounding buildings or foliage where this clutter is 
higher than the RLAN transmitter. 




4.1.3 External path loss 




When free of clutter, this is assumed to be a free space loss. 




4.1.4 Average height 




The average height of the RLANs is most important in the case of ground radar. 




4.2 On the constituent factors of total building loss 




Although a figure of 17dB attenuation with 7dB standard deviation has become the de 
facto adopted value for building penetration loss in current CEPT and ITU studies of the 5 
GHz extension bands, we nonetheless feel bound to comment on our knowledge of the 
results of studies in the wider literature.  These other studies lead us to question whether 
the 17dB adopted value adequately takes into account internal propagation losses. 




The role of internal losses was highlighted in an RA report26.  This report concluded that 
the wall loss alone was modest and, in comparison to indoor propagation losses, it showed 




                                                        
26 See “Building Shielding Loss at 5GHz”, UK Radiocomunications Agency RTCG Project 424,1997, which reviews the results of nine 




studies.  Available at http://www.ofcom.org.uk/static/archive/ra/topics/research/rtcg/projects/project424.pdf  
27 “Building Penetration Loss for Slant-Paths at L-, S- And C-Band”, Rudd R, IEE ICAP No 491, pp550-594, 2003. 
28 “Building Attenuation Loss Measurements at the 5.1 GHz Band in an Office Building Area”, Ericsson Radio Systems, Input to ITU-R 




WP 3K, Document: 3K/69, 2000. 
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relatively small variation.  In contrast the indoor propagation losses were found to extend 
over a significantly wider range, with the upper end extending towards high values.  The 
total building loss is the combination of wall loss and indoor propagation loss.  The 
question is whether the adopted 17dB with 7dB standard deviation represents an 
appropriate range of losses. 




Specifically, the RA report finds wall loss as reported  from nine differ sources is relatively 
stable at around 10 dB, and on top of this there exists a much more variable indoor 
propagation loss of typically 15dB, but ranging over 10-80dB.  We reproduce the report’s 
summary table in Table 4-1.  References listed can be found within the report. 




 




Table 4-1 Summary results of nine independent building loss measurement studies 




We note especially that 




1. The lowest average wall loss reported in studies was 10dB and may be up to 
15.6dB; 




2. The typical loss at 5m within the building ranges from 12 to 37dB, with maxima of 
28-80dB, and an average value of 40dB; 




3. The effect of people in a building may be to add a further 5dB (from reference 9). 




4.2.1 Modern building materials 




Looking towards the most recent evidence we note that modern building materials are 
designed with enhanced environmental performance, notably with respect to heat 
insulation.  Such materials must be used to satisfy today’s building regulations.  These 
materials also present a higher attenuation to RF signals, for example heat retaining glass 
coatings can introduce 9dB extra attenuation.  This effect has already been causing 
problems for in building reception of mobile signals29,30,31.  The urban corporate built 
environment is often the first place such materials are deployed.  This region of increased 
shielding thus corresponds to where Wi-Fi deployment is most dense.  The tendency is thus 
to reduce emissions. 




This is further evidence for re-considering the figures for building loss which are 
appropriate for use in compatibility studies. 




                                                        
29 “Options for Improving In-Building Mobile Coverage”, Real Wireless, April 2013.  Available from www.ofocm.org.uk  
30 “Many Unhappy Customers Could be Left Without Indoor Coverage Due To Widespread Assumptions About In-Building Penetration 




Losses”, Vilicom, 2012.  Available from http://www.vilicom.com/wp-content/uploads/2012/10/Penetration-Loss.pdf  
31 “Poor In-building Coverage Leaves Valuable Licensed Spectrum Under-utilized”, SpiderCloud Wireless, 2013.  Available from 




http://spidercloud.com/news/press-release/poor-building-coverage-leaves-valuable-licensed-spectrum-under-utilized  
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4.3 On the building loss model for compatibility studies 




Given the evidence cited we suggest that the building loss figure presently adopted with 
the CEPT and ITU 5GHz extension bands may be worthy of re-examination, since it may 
represent an under-estimate, which would distort compatibility analyses.  In particular we 
suggest that 




� It is examined whether the mean value and spread is representative, taking into 
account the likely loss figure of 10dB due to wall loss alone.  We note that the adopted 
17dB with 7dB standard deviation distribution can result in a theoretical negative loss 
(i.e. a building gain of 4dB at three standard deviations), for which we know of no 
supporting evidence; 




� It is examined whether an additional loss of 5dB should be added to accommodate the 
additional attention due to people within a building; 




� It is examined whether additional loss should be employed to incorporate the effect of 
modern building materials; 




� A figure of 10dB with relatively small deviation appears most appropriate for wall loss, 
plus a conservative additional average of 15dB with a wider a deviation to account for 
indoor losses.  An average total building loss of 25dB thus represents a conservative 
estimate for use in compatibility studies.  This is in line with the recommendations 
made in the RA report26; 




� A specific suggestion as input to the current compatibility studies could be that a 10dB 
fixed wall loss is added to the adopted 17dB distribution, giving 27dB with 7dB 
standard deviation.  This would give losses of 6db and 48dB at three standard 
deviations; 13dB and 41dB at two standard deviations; and an average of 27dB which 
bears comparison with Table 4-1 and the overall RA report conclusion. 




� As an alternative method, the IEEE802.11ac propagation index of 3.5 could be used as 
a basis for determining an average indoor loss component. 
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5 5350-5470 MHZ COMPATIBILITY STUDIES TO DATE 




5.1 Introduction 




We consider the following two sharing scenarios 




� RLAN sharing with EESS; 




� RLAN sharing with radar. 




5.2 Review of previous compatibility studies 




Studies are ongoing in ITU JTG 4-5-6-7 and CEPT CPG-15 PTD.  Some of these studies draw 
on approaches outlined for WRC-03 when the existing 5GHz RLAN bands were under 
discussion, for example the use of Dynamic Frequency Selection.  DFS was introduced to 
avoid radar.  DFS is not useful to avoid SAR, but may still helpfully spread Wi-Fi users over 
the band. 




5.2.1 EESS 




Although the ITU JTG 4-5-6-7 and CEPT CPG-15 PTD groups are two distinct fora, 
contributions to each have followed similar lines from similar contributors. 




Overview 




In general, discussions with respect to EESS have split into three strands.  ESA, who are 
the technical authority on SARs and altimeters, have provided technical analyses which 
showed that sharing with RLAN is not possible.  NTIA and the RLAN vendors have also 
provided analyses, but these showed that sharing is possible.  Finally, Sweden and the UK 
have suggested that present conclusions are premature, and Sweden pointed out some 
inconsistencies in the ESA approach to RLANs, for example activity factor.  Equally, it also 
seems apparent that the RLAN community may not be fully aware all the relevant details of 
SAR operation.  To try to enable a common understanding for all stakeholders was the 
motivation of Chapters 1 and 2 in this interim report. 




We next discuss the analyses presented. 




NTIA/RLAN vendors’ example analysis – RLAN density 




This analysis used a city model in order to establish population zones.  The model is 
described by NTIA32 and is the same population model which they propose for radar 
analysis.  The model has three concentric zones; urban (0-4km), sub-urban (4-12km) and 
rural (12-25km). 




The steps used to progress from population to RLAN emissions are as follows 




1. Determine base population size by zone; 




2. Apply a Busy Hour factor to determine the base population by zone; 




3. Apply Market Factor (% of users with devices) by zone; 




4. Apply System Factor (% of devices actively transmitting) by zone; 




5. Apply Activity Factor (% of devices operating) by zone; 
                                                        




32 The model appears in several documents; see for example USA Document 4-5-6-7/167, 15 July 2013. 
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6. Apply Bandwidth Factor (% of devices on-tune based on bandwidth distribution 
model). 




These factors were clarified by Intel via a 4-5-6-7 correspondence group input33. 




Busy Hour factor 
The population was split between urban, suburban, and rural regions assuming 30%, 50%, 
and 20% respectively.  Within each region the population was split between corporate, 
public access, residential environments.  The usage of RLANs is different in the various 
regions and environments; 
Market Factor  
A market factor needs to be applied to take into account typical RLAN usage as well as 
uptake in the corporate, public access and residential environments; 
System Factor  
With IEEE 802.11, only one device at a time in a Basic Service Set (BSS) is transmitting at 
any given time and thereby causing interference.  This concept is captured by a ‘system 
factor’, a parameter that determines the ratio of the user’s devices to an access point.   
This varies by user type and may also be used to include a proportion of non-AP 
communications (e.g. Wi-Fi Direct); 
Activity Factor  
Activity factor was defined as the percentage of time that there is an RLAN device 
transmitting in a BSS when averaged over a wide area and over a period of time.  This may 
be affected by backhaul limitations (unless peer to peer) and back-off effects during 
congestion; 
Bandwidth factor 
This allows for the spread of users over all available 5GHz bands; 
Indoor/Outdoor 
A 95/5% split is suggested, with building loss dealt with in the emissions steps, see below; 
Power distribution factor 
This is included in the emissions steps, see below. 
 
Before considering the further steps, we first compare the factors above to the factors 
discussed earlier in Chapter 1. 




Mapping of RLAN parameters between Quotient and NTIA/RLAN vendors 




We note that the RLAN vendors’ steps and parameters map well onto the RLAN parameters 
we discussed in Section 1.5, see Table 5-1. 




Chapter 1 parameter NTIA/vendor parameter Equivalent? 




User population, penetration, 




busy hour 




User population, busy hour, 




market factor 




Yes 




Architecture - number of users 




per Access Point 




System factor Yes 




Traffic - average throughput Activity factor Yes 




                                                        
33 JTG 4-5-6-7 correspondence group input from Intel, 17 September 2013. 
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Band occupancy Bandwidth factor Yes 




Transmit power distribution Same Yes 




Antenna gain Same Yes 




Building loss Same Yes 




Table 5-1  Mapping USA RLAN parameters to Section 1.5 parameters 




 




NTIA/RLAN vendors’ example analysis – RLAN emissions 




The document which most clearly shows the steps above together with the required next 
steps is CPG-PTD(13)115 from Cisco/Qualcomm34, although other submissions contain 
similar analyses.  The analysis progressed as follows 




� Following the steps above, the number of active RLANs was found to be 9964.  This 
number was then converted to power output, noting the distribution of powers, with 
80mW as the most popular power.  This submission also corrected the maximum power 
of 250mW used by ESA to 200mW.  The average RLAN power calculated is -11dBW 
(19dBm or 79mW); 




� The RLAN vendors used a building loss of 13.5dB.  They also point out a shielding loss 
of 7.5 dB is possible, but do not include it, in order to be conservative.  The vendors 
include an antenna pointing loss of 3dB.  The net RLAN emissions is then -27.5dBW 
(2.5dBm or 1.8mW); 




� They calculate the average emissions of a 95/5 % indoor outdoor split as -27dBW, 
having included 3dB clutter loss, but no building loss for the fraction of outdoor 
RLANs. 




At this point, the need was to find the interference level at the SAR.  For this, the RLAN 
vendors borrowed the results of the ESA dynamic analysis35 (performed via Visualyse 
software), but with an adjustment for the lower RLAN emissions found, i.e. a scaling 
factor. 




ESA’s dynamic analysis assumed 10,000 RLANs, which was close enough to the vendors’ 
9964 figure.  ESA had found -114dBW interference for their RLANs, but had used a power 
of -6dBW (250mW36).  Since the RLAN vendors calculated -27dBW RLAN power (see above), 
they scaled the ESA analysis by -21dB. 




The RLAN vendors thus found -114-21 = -135dBW as the interference level seen by the 
SAR.  As this was below ESA’s 126.7dBW protection criteria, the RLAN vendors concluded 
that sharing was possible. 




 




 




                                                        
34 “Agenda Item 1.1 – Sharing Study Analysis between RLANs and EESS (active) in the 5350-5470 MHz frequency range”, Intel 




Corporation; Qualcomm,  issued 4th September 2013, CPG-15 PTD #4 Ljubljana, 9-13 September 2013. 
35 With insufficient knowledge of SAR parameters, e.g. footprint, at this point in time, this was probably the next best option. 
36 This number probably represents the maximum HiperLAN output level used in earlier SAR compatibility analyses.  In any case it 




assumes all RLANs operate without the factors of Table 5-1, which is not realistic. 
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ESA example analysis 




ESA has provided both static analysis (simple path loss, single interferer) and dynamic 
analysis (using Visualyse software and taking into account population distribution and 2D 
antenna gain profile). 




The static analysis finds a small negative margin and the dynamic analysis a much larger 
negative margin.  Here we describe the dynamic analysis and results found by ESA and 
described in CPG-PTD(13)088. 




This analysis used real country data for France in order to establish population levels.  A 
figure of 9.4 million RLANs was found over France, in band, with 30% assumed to be 
outdoors.  It seems that this analysis may not have included a system factor (only one 
device is active per AP), but this is not completely clear.  The power used was initially 
250mW for each RLAN37, with a building loss of 12dB used for indoor operation. 




A simulation was then run with a time step of 1 second and period of 11 days, which is 
more than enough for global coverage.  The simulation area was a rectangle encompassing 
France within an area of 100,000 km2.  The simulation output consisted of a cumulative 
distribution of the interference level seen at the satellite.  In this way the simulation 
predicted the proportion of time that the interference criterion (derived from ITU-R 
RS.1166-4) was exceeded.  This could then be compared to the 1% availability criterion. 




The results for the analysis are shown in Figure 5-1.  For RLAN numbers of only 10,000 or 
100, 000, the protection level (red cross at centre of figure) is seen to be exceeded.  The 
interference power was seen to scale with the number of RLANs. 




 




Figure 5-1 CDF of interference seen by S-1 for 10,000and 100,000 RLANs 




This contribution next built upon earlier ones and corrected for the power distribution of 
RLANs, but still found the protection level was exceeded for the number of RLANs 
predicted.  Hence the conclusion of this analysis was that sharing was not possible. 




5.2.2 Radar 




In order to update earlier work from 2003, account needs to be taken of two changed 
inputs 




                                                        
37 In fact the maximum is 200mW.  A power distribution was applied later in the contribution which made this assumption moot. 
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� the proposed new radar characteristics, as we discussed in Chapter 3; 




� updated usage levels of Wi-Fi. 




In submission 4-5-6-7/166-E38, a working document towards this goal has been started.  
At the moment, it takes its radar specifications from M1638 and it uses levels of Wi-Fi 
deployment appropriate to 2003. 




Nonetheless the results are instructive, pending new input data.  In short summary, the 
working document finds that additional power control may be sufficient for co-existence 
between aeronautical radar and RLANs.  The most difficult case concerned search and 
rescue radar. 




We reproduce the results of one simulation in Figure 5-2 by way of example.  The 
simulation is for an airborne radar approaching a distribution of RLANs (at 300km on the 
x-axis of the lower two graphs).  The upper graph shows the number of RLANs moving off 
channel due to DFS action over the corresponding timescale.  The middle graphs show the 
received power at the radar versus time and distance, where the red line is the protection 
threshold.  The lower graph shows a high/low function on the received power. 




The received power varies on a short timescale due to the radar sweep and on a longer 
timescale due to the aircraft position.  Due to the combined effects of propagation loss 
and antenna gain, the level of received power stays relatively constant in this simulation 
over the longer timescale39. 




 




Figure 5-2  Example simulation results for aeronautical radar and RLAN, see text. 




                                                        
38 “Working document towards a preliminary draft new report ITU-R M.[5350MHzAERO]” 16th July, 2013. 
39 This is nothing more than a coincidence in this example. 
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It is clear that the red protection threshold of the radar is exceeded by several dB.  The 
actual figure is 2.5 dB in this example and this is the factor by which RLAN output power 
must be reduced in order to ensure compatibility.  By running the simulation for three 
different radars (B, D, S from M1638) and at different percentages of indoor/outdoor RLAN 
ratios (90. 95, 99, 100% indoors), a maximum allowable RLAN power was found in each 
case. 




The worst case for radar B was 17.6dBm; for radar D was 11.1dBm; and for radar S was 
8.4dBm, using previous data for RLAN density and current radar characteristics.  This 
compares to a maximum power of 17dBm in 5150-5250MHz. 




This work may be updated with evolved RLAN densities, but until the proposed new radar 
specifications become available, it cannot be completed. 
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6 5350-5470 MHZ COMPATIBILITY SCENARIOS 




6.1 Radar RLAN scenario 




Given the uncertainty surrounding radar parameters which we described, we can presently 
draw only on the existing USA input we summarised in Sections 3.1.1 and 5.2.2.  Further 
advances must await revision of M1638. 




6.2 EESS RLAN scenarios 




We offer a number of compatibility scenarios for EESS and RLAN.  We also summarise the 
uncertain nature of several parameters to which the results of compatibility analyses are 
sensitive.  Our view is that until these uncertainties are clarified, then any compatibility 
analysis will contain a degree of speculation. 




6.2.1 Two device network 




In Section 1.6.1, we looked at the emissions for a maximum hypothetical throughput.  This 
example would have to be created in a lab environment.  A single RLAN device will have 
only beacon emissions, thus the minimum useful configuration is two devices. 




Firstly, and pessimistically, we assume 100% busy hour and 100% market penetration.  We 
assume 2 devices in the network, with both devices using maximum transmit power and 
50% airtime each, i.e. constant traffic at full capacity.  We assume the single channel used 
is within the band of interest; there is thus no spreading effect possible. 




Next for a 200mW device we assume -4dB antenna gain and 13.5dB wall loss40.  




Therefore the maximum hypothetical RLAN EIRP measured outdoors is 19dBm for RLAN 
outdoors and 5.5dBm for RLAN indoors.  Table 6-1 shows a coupling loss analysis for the 
interference seen at the SAR. 




Parameter Sentinel-1 CSAR  Sentinel-1 CSAR  




RLAN location Outdoor Indoor 




Frequency (MHz) 5405 5405 




Orbital altitude (km)  653 653 




Off Nadir Angle (°) 20 20 




Slant path distance (km) 700 700 




Free Space losses (dB) 164 164 




EESS antenna gain (dBi) 44 44 




EESS protection (dBm/100 MHz) -96.7 -96.7 




RLAN EIRP (dBm) 19.0 5.5 




Interference from RLAN (dBm) -101.0 -114.5 




Margin (dB) 4.3 17.8 




Table 6-1  Two device maximum throughput; interference at SAR. 




                                                        
40 We discuss wall loss versus total building loss in Section 4.2. 
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Both margins are positive.  We have used our normal assumption of 13.5dB wall loss; this 
does not include any indoor propagation loss, so is therefore conservative. 




6.2.2 Planned Wi-Fi network 




Also in Section 1.6.1, we discussed a planned Wi-Fi network, where there would be a 
coverage plan including a channel plan.  An external network manager would optimise 
layout and could identify and reject rogue devices. 




Realistic assumptions for the parameters (discussed in Section 1.5) are 




� 80% busy hour, 80% market penetration; 




� 20 devices per AP; 




� 30% traffic load; 




� bandwidth of interest 5350-5470 MHz; 




� channel width distribution of (10, 25, 50, 15) % for (20, 40, 80, 160) MHz. 




Assuming an average transmit power of 80mW, wall loss of 13.5dB and an average antenna 
gain of -3dB, the average power outdoors, due to indoor RLANs, is 2.5dBm per device for a 
population of devices41. 




In order to translate this to interference at the SAR, we may borrow ESA’s analysis for a 
comparable number of devices, in a similar manner to the NTIA example calculation we 
gave in Section 5.2.1. 




ESA modelled 10,000 devices and found an interference level of -114 dBW for 1% of 
devices.  But they used -6 dBW for every RLAN device.  By scaling this result to 2.5dBm (-
27.5dBW), the interference level from indoor devices then becomes -135.5 dBW, hence a 
positive margin of 8.8 dB exists, since the protection level is -126.7dBW. 




6.2.3 Unplanned Wi-Fi Network 




In general, we expect the emissions from an unplanned network to be lower than for the 
planned network described above.  The difference will depend on the deployment, but a 
reduction will be seen whenever RLAN coverage areas overlap.  This will occur since then 
the collision domain will increase in size and each device will transmit less often, plus 
there will be management overhead.  In an unplanned network, some spectrum may be left 
fallow, unless APs operate proprietary channel selection algorithms.  We discussed these 
effects, which are due to the CSMA/CA protocol, in Chapter 1. 




                                                        
41 The base population and distribution is based on the US concentric circles city model used by the USA/NTIA, see for example 




“Baseline RLAN Deployment and Technical Parameters”, USA submission to 4-5-6-7 Correspondence Group, 13th September 2013.. 
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6.2.4 Footprint based analysis 




We have clarified that the antenna pattern of the SAR antenna is elliptical or cigar shaped.  
This is important for compatibility analysis, since it affects the proportion of an urban area 
which may be seen relative to a circular beam.  Specifically, since the beam is 
approximately 85x3km, it is not possible to include the whole of a typical urban area of 
5km radius (as used in the US city model42), as shown in Figure 6-1. 




 




Figure 6-1 Effect of cigar-shaped rather than circular SAR beam43. 




Number of devices in footprint 




The effect of this can be calculated as follows, with some simplifying assumptions.  The 
SAR footprint is 85x3 km (i.e. approximately 250 km2) and hence encompasses less of the 
urban area, but more of the suburban and rural areas.  The footprint extends beyond the 
30km radius of the model and it is necessary to assume that the rural area continues 
beyond 30km.  The city model circular areas are (79, 628, 2121) km2 for (urban, sub, 
rural). 




The worst case is when the footprint is centred on urban area, as drawn above.  We can 
scale from whole concentric model population numbers to find only those areas enclosed 
by the 85x3 km footprint, under the assumption that the footprint is rectangular for 
simplicity.  This gives the following result 




Device numbers enclosed by the rectangular footprint (based on US city model): 
urban    1486 
sub      561 
rural      93 
Hence total devices in footprint 2140 




Interference calculation 




1 RLAN = -101.0dBm 
2140 RLAN = 33.3dB 
building loss =-13.5dB (open to question, see below) 




                                                        
42 See, for example, “Baseline RLAN Deployment and Technical Parameters”, USA submission to 4-5-6-7 Correspondence Group, 13th 




September 2013. 
43 With thanks to Philippe Tristant, ESA, for the figure (private communication). 
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average power=-4 dB (80mW versus 200mW) 
total interference = -85.7dB 
protection level = -96.7 




Hence the margin is -11.5dB for the worst case footprint.  If we assume the footprint 
encompasses only rural areas, then the margin becomes positive, but only 0.2dB. 




Correction for building loss 




If we now move to 25dB building loss as found in RA project 42444, then margins improve 
by (25-13.5) 11.5dB. 




Hence worst case margin =0.0dB 
Rural only margin=11.7dB 




In this case, zero and positive margins are found. 




The interference calculation is thus sensitive to the building loss assumed.  Other 
important assumptions made in the above include that 




� all RLAN devices are operated indoors.  This assumption takes on an increased 
significance as higher building losses are employed;   




� all rural areas are adequately described by a single geotype.  This is not true for rural 
France for example which would require geotypes with a lower population density.  This 
assumption thus leads to a danger that the interference potential of rural areas may be 
overestimated, leading to lower values of system availability than is really the case. 




6.2.5 The need for statistical modelling 




Negative margins in minimum coupling loss models are not necessarily cause for concern.  
The reason is that since ITU-R RS.1166-4 specifies an availability criterion, a degree of 
interference above the protection level is acceptable. 




We note that ITU-R RS.1166-4 states that availability must exceed 99% of locations, over 
the area of interest (see 6.3.5).  Therefore in 1% of locations, a negative margin with 
respect to the interference criterion is acceptable.  A full statistical analysis over the whole 
area is thus required in order to build up a cumulative distribution of powers received at 
the SAR device. 




This may be achieved by using proprietary satellite modelling software and the 2D antenna 
pattern (see 5.2.1).  Alternatively, now we have established the SAR footprint may be 
approximated by a 85x3km rectangle, it may be estimated with a simpler modelling 
approach using standard database software45.  However to do this faithfully, the 
population densities need to be known to a granularity greater than the three geotypes 
presently used (see 6.3.4). 




6.2.6 Scenario implications 




Our point is not to try to conclude that sharing is or is not possible at this stage, but rather 
to draw attention to the fact that there are a number of key areas in which uncertainty 
with respect to modelling parameters remains present.  We bring these together in Section 
6.3.  




                                                        
44 See Section 4.2. 
45 Time has not yet permitted us to begin such a task. 
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6.3 Summary of issues for compatibility modelling 




We have been able to confirm that the RLAN parameters used by the RLAN vendors appear 
conventional and in accordance with common understanding of 802.11 operation and 
deployment46.  We have also independently calculated the size and shape of the SAR 
footprint47 and had this confirmed by ESA.  However there remain a number of issues 
where questions still remain.  These are as follows. 




6.3.1 Building loss 




In Section 4.2, we have cited a number of previous studies which reported measured 
building loss at considerably higher values than used in present co-existence 
contributions.  We have suggested this may be because indoor propagation loss may not 
have been adequately accounted for.  We also noted that materials specified by modern 
building regulations may have extra loss at radio frequencies, as a by-product of their heat 
insulation properties, for example glass coatings can introduce 9dB extra loss (see Section 
4.2.1). 




A connected issue is that where a higher building loss figure is used, then the proportion 
of devices which are assumed to operate outdoors has a larger impact on the interference 
seen at the SAR.  If a condition for indoor operation is mandated, then outdoors operation 
must be assumed to be unlikely48.  In this case the proportion of outdoor RLAN devices 
used in simulations ought to be very small; we suggest no more than 1% and potentially 
less. 




6.3.2 Antenna gain 




We note that some contributions have suggested a 3-4dB loss in the direction of a 
satellite, whereas others have suggested 0dB.  Quotient’s experience is that several dB’s of 
loss is normal, with more from the simpler PIFA or chip antennas internal to handhelds, 
and less from the external antennas used in APs.  Body shielding must also be taken into 
account for handhelds.  A reasonable working value might thus be 3 or 4dB.  It is 
appropriate to use this figure with an average RLAN device power of 80mW. 




6.3.3 SAR footprint size and shape 




We have clarified that the antenna pattern of the SAR antenna is elliptical or cigar shaped.  
This is important for compatibility analysis, since it affects the proportion of an urban area 
within a circular city model which may be seen.  Specifically, since the beam is 
approximately 85x3km, it is not possible to include the whole of a typical urban area of 
5km radius. 




With this footprint information, it should now be possible for more stakeholders to 
perform straightforward co-existence calculations without needing complex simulation 
software.  However with this comes the caveat that the footprint represents only the main 
beam of the SAR and thus is likely to underestimate interference to some extent, although 
the first side lobes are about 13dB down on the main lobe. 




                                                        
46 See Table 5 1, page 23. 
47 See Chapter 2. 
48 Enforcement of such mandates is beyond the scope of this work. 
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6.3.4 Granularity of population distribution  




The number of geotypes for describing a population distribution is very low in current 
submissions (urban, suburban and rural).  For example, France is poorly represented by 
such a geotype granularity, especially in terms of rural areas.  The granularity is not fine 
enough to adequately describe many rural areas of France.  Since the aim is to satisfy an 
availability criterion, it is especially important not to overestimate the number of RLANs in 
rural areas due to too coarse a granularity in geotypes. 




6.3.5 Interpretation of SAR protection criteria 




There remains a question of the area over which the availability criterion should apply.  On 
the one hand if we consider a whole country, the effect of urban areas is in proportion, yet 
if we consider a smaller area, then urban (or rural) effects may dominate.  Without 
defining the area of interest, an availability criterion cannot be applied correctly.  When 
both the satellite footprint and the area of interest are known, a statistical analysis of the 
power level received at the SAR device may be performed.  A single minimum coupling loss 
calculation is a helpful indication, but not necessarily sufficient. 




In terms of interference protection levels, these are presently calculated under the 
assumption of a pulsed radar interferer, which may well be inappropriate for Wi-Fi.  It 
seems likely that the RLAN would be seen as noise by the SAR, thus altering (increasing) 
the protection required. 




With respect to future SAR instruments, we are advised by those in the SAR community 
that performance is likely to be relatively constant. 




6.4 Potential future threats to compatibility 




For completeness, we mention the possibility of LTE in the Wi-Fi bands, also known as 
Qualcomm’s ‘unlicensed LTE’.  This scheme is said to incorporate co-existence with Wi-Fi49.  
The vision involves the opportunistic use of unlicensed spectrum via carrier aggregation 
with existing mobile bands (e.g. a supplemental downlink in unlicensed spectrum). 




A major issue with this or any similar proposal it that it is not clear how such a vision 
solves the problem of needing more spectrum – this vision is simply swapping 
technologies, yet still using the same spectrum.  For this reason, and the installed base of 
equipment, we consider replacement of Wi-Fi to be quite unlikely. 




                                                        
49 “Extending the benefits of LTE Advanced to unlicensed spectrum”, Qualcomm, Nov 2013. 
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7 5350-5470 MHZ MITIGATION OPTIONS 




Mitigation options presently in use include 




� limiting RLAN device power; 




� mandating RLANs to be used indoors; 




� mandating DFS. 




However there are also a number of potential further mitigation options including, for 
example, Geo-location.  The option also remains for multiple mitigation methods to be 
used simultaneously. 




Geo-location 




Geo-location approaches could apply equally well to radar or EESS.  Here we give an 
example for SAR. 




The approach is predicated on the fact that at any given location, EESS use of spectrum is 
sparse over time.  As we showed in Section 2.1.1, availability for sharing is 99% for up to 
100 deployed SAR devices with a  Sentinel-1 type orbit. 




A suitable methodology could be as follows:  Given the satellite swath is known in advance, 
it would be possible to interrupt operation of RLANs in 5350-5470MHz at a given location 
during the several seconds the SAR was scanning.  Practically, some margin would be 
required of course and perhaps the RLAN might be interrupted for the order of minutes in 
5350-5470MHz.  Nonetheless, this still represents a very large sharing opportunity, since 
interruptions would occur only once every few days.  In this way the SAR would not see 
interference and the RLAN would simply move to other channels automatically, albeit with 
temporarily increased congestion over the short and infrequent interruption period.  
Suitable geo-location database technology has already been developed for TV White Space 
Devices. 
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8 ABBREVIATIONS AND GLOSSARY OF TERMS 




BDA2G Broadband Direct Air to Ground 




BFWA Broadband Fixed Wireless Access 




C/I Carrier to interference ratio 




C2C Car to car 




CAA Civil Aviation Authority 




CSMA/CA 802.11 / Wi-Fi  link protocol (Collision Avoidance) 




DFS Dynamic Frequency Selection 




EESS Earth Exploration Satellite Service 




ENG Electronic News Gathering 




ESA European Space Agency 




FS Fixed Service 




FSS Fixed Satellite Service 




FWA Fixed wireless Access 




GEO Geosynchronous Earth orbit 




GMES Global Monitoring for Environment and Security (previously Copernicus) 




ICAO International Civil Aviation Organization 




IEEE Institution of Electrical and Electronic Engineers (USA) 




IET Institute of Engineering and Technology (UK) 




IoT Internet of things 




MNO Mobile Network Operator 




OB Outside Broadcast 




PMP Point to multipoint 




R2V Roadside to Vehicle 




RLAN Radio Local Area Network 















 




 




 




 
5 GHz Co-existence Investigations | Abbreviations and glossary of terms  
Interim Report : qa1001  © Quotient Associates Ltd. 2014 




Commercial in Confidence. No part of the contents of this document  
may be disclosed, used or reproduced in any form, or by any means, 
without the prior written consent of Quotient Associates Ltd.    35 




RNAV Radio Navigation 




RSPG Radio Spectrum Policy Group 




RSPP Radio Spectrum Policy program 




RTTT Road Transport Traffic And Telematics 




SAR Synthetic Aperture Radar 




SE43 European Committee on WSD 




SRD Short range Device 




WIA Wireless Industrial Automation 




Wi-Fi Standard for wireless LANs, 802.11 series. 




WSD White Space Device 
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			Summary: 





			The last JTG considered the issue of RLAN parameters and found an agreement on a number of parameters whereas 2 parameters are still with options remaining (see Attachment):


-	RLAN vertical antenna pattern


-	Number of active RLAN


In addition to the work already undertaken during last JTG 4-5-6-7 on RLAN parameters, the present document provides additional considerations on the representative RLAN antenna issue and consideration on RLAN deployment





			Proposal: 





			France supports the agreements made in JTG on various RLAN parameters and invites CPG PTD 


· to further consider the issue of RLAN antenna and RLAN deployment in order to reach a more global package.


RLAN antenna issue: JTG Option A proposing an antenna pattern Omnidirectional in elevation (i.e. 0 dBi) is representative of a global situation and is on the safe side. However, as a compromise, France could accept considering a -1 or -2 dBi antenna discrimination gain in the case of EESS.


RLAN deployment: France still supports his proposal to JTG on the number of active RLAN, represented as Option C of JTG, i.e. “From 0.0008 to 0.008 active devices per 20 MHz channel per inhabitant (0.004 to 0.04 per 100 MHz channel) (based on 3% to 30% activity factor) applied to any population size”. France encourages CPG PTD to support this approach of a range of number allowing for a parametric analysis.


· To develop a CEPT contribution to JTG on that basis 








			Background:	





			Document JTG 4-5-6-7/393 (October 2013 Chairman’s Report) (Annex 2 – Appendix 2A) on “technical/operational characteristics to be used for sharing studies with RLAN in the 5 GHz band”





See Also Annex 1 attached


















ANNEX 1 





1 Introduction


Last JTG considered the issue of RLAN parameters and found an agreement on a number of parameters whereas 2 parameters are still with options remaining (see Attachment):


· RLAN vertical antenna pattern


· Number of active RLAN


France supports the agreements made in JTG on various parameters and encourages PTD to further consider the issue of RLAN antenna and numbers in order to reach a more global package.


The present document provides additional considerations on the representative RLAN antenna issue.


On the number of active RLAN, France still supports Option C of JTG.





2 General comment


On a general basis, France will insist on the fact that the whole set of assumptions used in the sharing studies between RLAN and other services in the 5 GHz range needs to depict RLAN parameters and deployments consistent with the requirement for additional spectrum and consistent each other.


As an example, RLAN data rates are linked to RLAN e.i.r.p. and bandwidth that also control the access points coverage area and hence the number of RLAN covered by an access point. Also, one should consider that the maximum RLAN e.i.r.p. will have an impact on the number of access points to cover a certain area.


To this respect, a number of documents presented by the industry to justify such additional spectrum provide a number of information relevant to this discussion. In addition, document 4-5-6-7/137 from WP5A that estimates the spectrum requirement for broadband RLAN in the 5 GHz range, is also a relevant source of information.


Finally, the mass-market and unlicensed nature of RLAN applications mean that any potential introduction in the additional portions of the 5 GHz range will represent a point of no-return. The sharing conditions have therefore to take into account long-term RLAN expectations and all possibilities.


This means that sharing parameters, and in particular RLAN parameters, have to be based on the safe side.





3 RLAN Antenna pattern


JTG outcomes


JTG agreed that RLAN antenna should be considered omnidirectional in azimuth for all scenarios.


In elevation, for EESS/Aeronautical studies, JTG has listed 3 options:


Option A: Omnidirectional in elevation (i.e. 0 dBi gain)


Option B: Generic use of the elevation pattern as given in the table below 








Table:  RLAN Elevation Antenna Pattern


			Elevation Angle θ
(Degrees)


			Gain
(dBi)





			45  θ  90


			-4





			35  θ  45


			0





			0  θ  35


			3





			–15  θ  0


			-1





			–30  θ   –15


			-4





			–60  θ  –30


			-9





			–90  θ  –60


			-8











Option C: For these studies, the effect of the antenna discrimination in the vertical plane is covered in the section “Additional losses” below :


“To cover additional losses / attenuations (antenna discrimination in elevation, body loss, etc.) an additional 6 dB factor for RLAN devices for which the studies take into account building loss or 3 dB for the 5% of RLAN devices for which the studies do not take into account building loss should be applied.”





General principles


When considering the definition of the RLAN antenna pattern to be used in the sharing studies, the following elements are essential to be considered :


· For simplification, only AP emissions are considered in the technical studies but this is recognisant to the fact that, at a given time, either the AP or the terminal is transmitting. Such a situation cannot be described by only AP antenna pattern but should consider a composite antenna pattern representative of an average between the AP and terminal antennas.


· Various type of AP antennas need to be considered, mounted on ceiling, walls, tables, …


· Even though some antennas are designed for some type of mounting (e.g. ceiling), there is no possibility to ensure that they will indeed be implemented as they should. There is therefore a need to consider a certain percentage of misuse in other directions.





Consideration of JTG Option B


The antenna pattern as in JTG option B was proposed by US and Intel/Cisco to the discussions.





			Elevation angle, 
(degrees)


			Gain
(dBi)





			45  θ  90


			-4





			35  θ  45


			0





			0  θ  35


			3





			–15  θ  0


			-1





			–30  θ   –15


			-4





			–60  θ  –30


			-9





			–90  θ  –60


			-8











Proponents of this pattern claim that it is based on the analysis of several AP antenna patterns. So far, despite multiple requests, no information has been provided.


Several elements advocate the contrary:


· If it was indeed based on existing antennas (i.e. an antenna envelope), its overall gain over the sphere would be positive. On the contrary, it is actually -1.6 dBi.


· comparing this pattern with the pattern currently described in ITU-R Recommendation M.1652, shows that it is only a coarse modification in order to artificially increase the high elevation discrimination (merely increasing the horizontal gain and decreasing the low elevation gain) to be presented to EESS satellite (see figure 1 below)





WAS elevation antenna pattern (Rec ITU-R M.1652 – Table 12) 


			Elevation angle, 
(degrees)


			Gain
(dBi)





			45    90


				–4





			35    45


				–3





				0    35


				0





				–15    0


				–1





			–30    –15


				–4





			–60    –30


				–6





			–90    –60


				–5
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Figure 1: comparison of antenna pattern in elevation





On this basis, further considering that it cannot be representative of RLAN terminal antennas, PTD should not consider JTG Option B antenna pattern as representative for the studies between RLAN 5 GHz and incumbent services.





Impact of antenna orientation


For AP antennas with some level of “directivity” (as on figure 1 above), the antenna orientation has an impact on the antenna gain that will be presented to EESS satellite (considering the range of elevation of EESS Main Beam from 36 to 67 °).


Indeed, the average gain of the above pattern over the 36-67° elevation is -0.8 dBi (increased by 1.6 dBi to normalise the overall pattern to 0 dBi).





[image: ]


Figure 2a: JTG Option B antenna pattern (note, horizontal plan is 90°-270° oriented)





When such pattern is not used on the horizontal plane but in the vertical plane (i.e; rotated by 90°), such average gain over the 36-67 ° elevation range is equal to 0.2 dBi, i.e 1 dB above the same antenna implemented horizontally.


[image: ]





Figure 2b: JTG Option B antenna pattern rotated 90° (note, horizontal plan is 90°-270° oriented)





In addition, some comments were made during last JTG that the proposed pattern should be understood up-side-down, i.e. that positive elevations should be seen as downtilted.


[image: ]


Figure 2c: JTG Option B antenna pattern upside down (i.e. rotated 180°) (note, horizontal plan is 90°-270° oriented)





In this case with pattern downtilted (i.e. rotated by 180°), the average gain over the 36-67 ° elevation range is equal to -7.1 dBi, i.e 6.3 dB above the same antenna implemented in the opposite direction.


It is known that, for a number of AP, it will not be possible to control the orientation of the antenna since it can be indiscriminately be installed horizontally and vertically.


The antenna orientation is therefore an important factor to take into account when deriving relevant antenna pattern to be used in the sharing studies with RLAN.


Determination of an average antenna pattern


As stated above, relevant RLAN antenna pattern to be used in the studies cannot be described by only AP antenna pattern but should consider a composite antenna pattern representative of an average between the AP and terminal antennas.


For terminals antenna patterns, it should be expected that they are purely omnidirectional, hence with 0 dBi gain.


For the calculations, it has however been assumed that 50% of the terminal will present a 0 dBi gain whereas the other 50% will be -3 dBi. On average, this represents a situation where terminals present a -1.2 dBi antenna gain.





For AP antenna patterns, it has been considered that a high percentage (80%) of antennas are implemented following the nominal orientation (horizontal e.g. ceiling or table mounted) whereas the other 20% are rotated upward (assumed to be e.g. wall mounted) and has been considered with 10% rotated +90° and 10% rotated -90°. Justifications for these assumptions can be found in Annex





On this basis, a combined averaged antenna pattern can be calculated taking into account 50% of terminal antenna pattern and 50 % of AP pattern.


When considering the JTG (option B) pattern, such combined pattern is described on the figure and table below, presenting an average gain in the EESS elevation range of -0.9 dBi.





Finally, considering the maximum gain of the AP antenna (3 dBi in such an case) and the -1.2 dBi  gain of terminals, leads to a composite maximum gain of 1.4 dBi.


Overall, the calculated average antenna pattern allows to derive the antenna discrimination to be considered in the direction of the satellite as 1.4 – (-0.9) = 2.3 dB.
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Figure 3: Combined antenna pattern for the JTG Option B antenna (note, horizontal plan is 90°-270° oriented)





			Elevation angle, 
(degrees)


			Gain
(dBi)





			75    90


				–0.9





			55    75


				–1.2





				45    55


				-1.6





				35    45


				0





				0    35


				+2











Consideration of real antenna pattern


Among others, several existing AP antennas pattern have been considered, representing quite low antenna gain.


· The Cisco Aironet OEAP 600 integrated antenna (maximum 5 GHz gain of 2 dBi) (see attachment 2)


· The Cisco Aironet 3600i integrated antenna (maximum 5 GHz gain of 5 dBi) (see attachment 3)


· The Aruba AP-ANT-90 antenna (maximum 5 GHz gain of 3 dBi) (see attachment 4)


· The Aruba AP-ANT-13B antenna (maximum 5 GHz gain of 3.3 dBi) (see attachment 5)





It can first be seen in the attachments that, although all presenting low maximum antenna gain, they present quite different antenna pattern, in different orientations.


On the same principles than in section 3.5 (i.e. taking into account the antenna in various directions as well as terminal antenna pattern), the following sections provides the calculation of the average antenna pattern for the real antennas.


   


3.1.1 Cisco Aironet OEAP 600


The following figure X describes the Cisco Aironet OEAP 600 antenna pattern


[image: ]


Figure 4a: Aironet OEAP 600 antenna pattern (note, horizontal plan is 90°-270° oriented)





When considering the Cisco Aironet OEAP 600 antenna pattern, the combined pattern is described on the figure and table below, presenting an average gain in the EESS elevation range of -1.5 dBi. The composite maximum gain is 0.7 dBi hence leading to a 2.2 dB antenna discrimination in the direction of the satellite.
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Figure 4b: Combined antenna pattern for the Aironet OEAP 600 antenna (note, horizontal plan is 90°-270° oriented)





3.1.2 Cisco Aironet 3600i


The following figure X describes the Cisco Aironet 3600i antenna pattern
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Figure 5a: Aironet 3600i antenna pattern (note, horizontal plan is 90°-270° oriented)








When considering the Cisco Aironet 3600i antenna pattern, the combined pattern is described on the figure and table below, presenting an average gain in the EESS elevation range of -1.2 dBi. The composite maximum gain is 2.9 dBi hence leading to a 4.1 dB antenna discrimination in the direction of the satellite.








[image: ]


Figure 5b: Combined antenna pattern for the Aironet 3600i antenna (note, horizontal plan is 90°-270° oriented)





3.1.3 Aruba AP-ANT-90


The following figure X describes the Aruba AP-ANT-90 antenna pattern


[image: ]


Figure 6c: AP-ANT-90 antenna pattern (note, horizontal plan is 90°-270° oriented)








When considering the Aruba AP-ANT-90 antenna pattern, the combined pattern is described on the figure and table below, presenting an average gain in the EESS elevation range of 0.6 dBi. The composite maximum gain is 1.3 dBi hence leading to a 0.7 dB antenna discrimination in the direction of the satellite.
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Figure 6b: Combined antenna pattern for the AP-ANT-90 antenna (note, horizontal plan is 90°-270° oriented)








3.1.4 Aruba AP-	ANT-13B


The following figure X describes the Aruba AP-ANT-13B antenna pattern
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Figure 7a: AP-ANT-13B antenna pattern (note, horizontal plan is 90°-270° oriented)





When considering the Aruba AP-ANT-13B antenna pattern, the combined pattern is described on the figure and table below, presenting an average gain in the EESS elevation range of -1.8 dBi. The composite maximum gain is 1.6 dBi hence leading to a 3.4 dB antenna discrimination in the direction of the satellite.
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Figure 7b: Combined antenna pattern for the AP-ANT-13B antenna (note, horizontal plan is 90°-270° oriented)





4 Conclusion


The mass-market and unlicensed nature of RLAN applications mean that any potential introduction of RLAN in the additional portions of the 5 GHz range (5350-5470 MHz) will represent a point of no-return.


The sharing studies will have therefore to take into account long-term RLAN expectations and all possibilities to avoid any future interference issues that will be impossible to overcome. This means that the sharing parameters, and in particular RLAN parameters, have to be determined and based on the safe side.


France believes that it is the case for the RLAN parameters on which JTG found an agreement at its last meeting and therefore supports such agreement.


France also considers that similar approach is needed for the 2 parameters that are still with options in JTG:


· RLAN vertical antenna pattern


· Number of active RLAN


The RLAN vertical antenna pattern necessarily needs to be a composite pattern in order to reflect a realistic situation of terminals and AP with different orientations. The present document makes use of existing RLAN AP antenna pattern to calculate such combined antenna pattern under the following assumptions :


· 50% AP and 50% terminals


· For terminals : 50% 0 dBi and 50% -3 dBi


· For AP : 80% nominally oriented, 10% oriented +90° in the vertical plane and 10% oriented -90° in the vertical plane %


Such assumptions are further justified by elements listed in Attachment 6 to this contribution, showing numerous scenarios and equipment for which antennas are not mounted on ceiling and hence that the assumption that all (or nearly all) RLAN AP are mounted on ceilings cannot be reasonably made.





On this basis, the calculated combined patterns are described in section 3.6 above, leading to average gains in the EESS elevation range (36-67°) from of -1.8 dBi to +0.6 dBi and antenna discrimination in the direction of the satellite from 0.7 to a 4.1 dB.





This is far from the proposed antenna pattern as in JTG option B that is artificially designed to decrease the high elevation antenna gain to be presented to EESS satellite (see figure 1 below), in particular if such pattern is considered up-side-down. Such pattern could only lead to large underestimation of potential impact of RLAN on EESS.





France is therefore of the view that JTG Option A proposing an antenna pattern Omnidirectional in elevation (i.e. 0 dBi) is representative of a global situation and is on the safe side. However, as a compromise, France could accept considering a -1 or -2 dBi antenna discrimination in the case of EESS.





Finally, France still supports his proposal to JTG on the number of active RLAN, represented as Option C of JTG, i.e. “From 0.0008 to 0.008 active devices per 20 MHz channel per inhabitant (0.004 to 0.04 per 100 MHz channel) (based on 3% to 30% activity factor) applied to any population size”. France encourages CPG PTD to support this approach of a range of number allowing for a parametric analysis.






Attachment 1


Document JTG 4-5-6-7/393 (October 2013 Chairman’s Report)


Annex 2 – Appendix 2A





DG Parameters


TECHNICAL/OPERATIONAL CHARACTERISTICS TO BE USED FOR SHARING STUDIES WITH RLAN IN THE 5 GHZ BAND





[bookmark: _Toc323806846][bookmark: _Toc306009339][bookmark: _Toc306176366][bookmark: _Toc306260057][bookmark: _Toc323902782]This document contains the technical and operational parameters of RLAN systems to be used in sharing studies in the 5 350 – 5 470 MHz frequency range. No parameters have yet been submitted for the 5 725 – 5 850 MHz frequency range.


There were lengthy discussions toward a common set of parameters but no agreement was achieved. A common way forward was reached on specific parameters as defined below based on input contributions found in Documents 4-5-6-7/254, 314, 315, 320, 344, and 349. Adoption of a specific parameter for antenna gain/discrimination, body/additional losses and RLAN device density, may result in changes to the common parameters listed below. As stated in the general principles of this Annex, members should provide an explanation for the specific changes in their studies.


Parameters with a common understanding


EIRP level distribution





			RLAN EIRP Level


			200 mW


(Omni-Directional)


			80 mW


(Omni-Directional)


			50 mW


(Omni-Directional)


			25 mW


(Omni-Directional)





			RLAN Device Percentage


			19%


			27%


			15%


			39%











Note: RLAN devices are assumed to be indoors only, based on the requirement to help facilitate coexistence. For the purposes of sharing studies, 5% of the devices should be modelled without building attenuation.





These EIRP values apply across the entire RLAN channel bandwidth.


[Alternatively administrations may choose to use a single e. i. r. p level]





Channel bandwidths distribution





			Channel bandwidth


			20 MHz


			40 MHz


			80 MHz


			160 MHz





			RLAN Device Percentage


			10%


			25%


			50%


			15%











Building attenuation


Gaussian distribution with a 17 dB mean and a 7 dB standard deviation (truncated at 1 dB)





Propagation model


Aeronautical radar case:


Recommendation ITU-R P.528 (as revised – see Document 3/36(Rev.1)) + angular clutter loss model from Recommendation ITU-R P.452 (as revised – see Document 3/52(Rev.1)) + building attenuation as described above


EESS radar case:


Recommendation ITU-R P.619 + angular clutter loss model from Recommendation ITU-R P.452 (as revised – see Document 3/52(Rev.1))  + building attenuation as described above


Angular Clutter Loss Model:


The angular clutter loss model provided by the "RLAN User Defined Height" column of the attached worksheet should be used in conjunction with the antenna heights as described below.  The clutter loss values calculated for the "sparse houses", "suburban" and "urban" clutter (ground-cover) categories should be applied in the rural, suburban and urban zones of the RLAN deployment model, respectively.


Theta max (°) provides the angle from the RLAN transmitter to the top of the clutter height.  Therefore, if the aircraft/spacecraft is at an elevation angle at or below theta max (°), clutter loss should be added.  If the aircraft/spacecraft is above theta max (°) of the respective clutter category, there is no clutter loss.











Antenna height





			RLAN Deployment Region


			Antenna Height 


(meters)





			Urban


			1.5 to 28.5





			Suburban


			1.5, 4.5





			Rural


			1.5, 4.5











The antenna heights are randomly selected using a uniform probability distribution from the set of floor heights at 3 meter steps.  





Parameters with options remaining


Antenna gain/discrimination


Omnidirectional in azimuth for all scenarios





For EESS/Aeronautical studies:


Option A: Omnidirectional in elevation


Option B: Generic use of the elevation pattern as given in the table below 


Table:  RLAN Elevation Antenna Pattern


			Elevation Angle θ
(Degrees)


			Gain
(dBi)





			45  θ  90


			-4





			35  θ  45


			0





			0  θ  35


			3





			–15  θ  0


			-1





			–30  θ   –15


			-4





			–60  θ  –30


			-9





			–90  θ  –60


			-8











[Option C: For these studies, the effect of the antenna discrimination in the vertical plane is covered in the section “Additional losses” below.]





For terrestrial radar studies:


Antenna gain relative to the radar received e. i. r. p. for RLAN is important in determining DFS threshold values. Received signals should be increased by 3 dB to account for antenna gain in the RLAN access points which will apply DFS.





Additional/body losses for the EESS/Aeronautical studies


Option A: no additional losses 


Option B: consider body losses


Option C : To cover additional losses / attenuations (antenna discrimination in elevation, body loss, etc.) an additional [6] dB factor for RLAN devices for which the studies take into account building loss or [3] dB for the 5% of RLAN devices for which the studies do not take into account building loss should be applied. (note : this Option C is linked to Option C under the antenna gain/discrimination section)





RLAN device density relevant to sharing studies


The following RLAN device densities are to be used as simultaneously transmitting with the e. i. r. p. distribution as given above.


Option A: 2753 active devices per 20 MHz channel based on WRC-03 studies


Option B: 5186 active devices per 20 MHz channel or 14931 active devices per 100 MHz channel per 5.25 million inhabitants


Option C: From 0.0008 to 0.008 active devices per 20 MHz channel per inhabitant (0.004 to 0.04 per 100 MHz channel) (based on 3% to 30% activity factor) applied to any population size


Option D: From 0.0008 to 0.024 active devices per 20 MHz channel per inhabitant (per 0.004 to 0.12 per 100 MHz channel) applied to any population size


Option E: Take into account the EESS interference threshold in order to determine the number of simultaneous RLAN connections which can be tolerated. The RLAN density can then be determined for a given population.





---------






Attachment 2


Antenna CISCO Aironet OEAP 600 Series Integrated Antennas


[image: ]





Typical gain = 2 dBi


Bandwidth (degrees)


Horizontal plane = 360°


Vertical plane = 120°


Antenna patterns


(right pattern = azimuth (horizontal), left pattern = elevation (vertical plane))





[image: ][image: ]









Attachment 3


Antenna CISCO Aironet 3600i Series Integrated Antennas
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Typical gain = 5 dBi


Bandwidth (degrees)


Horizontal plane = 360°


Vertical plane = 120°


Antenna patterns


(right pattern = azimuth (horizontal), left pattern = elevation (vertical plane))


5 GHz, Azimuth Plane Radiation


Pattern
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Attachment 4


Antenna ARUBA AP-ANT-90
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Typical gain = 3 dBi


Bandwidth (degrees)


Horizontal plane = 360°


Vertical plane = 55-59°


Antenna patterns (upper patterns = 2.4 GHz band, lower curves = 5 GHz band, blue curves = vertical, red = horizontal) 
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Attachment 5


Antenna ARUBA AP-ANT-13B
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Typical gain = 3.3 dBi


Bandwidth (degrees)


Horizontal plane = 360°


Vertical plane = 60°


Antenna patterns (upper patterns = 2.4 GHz band, lower curves = 5 GHz band, blue curves = vertical, red = horizontal) 
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Attachement 6





Internet search on RLAN AP mounting options 





1 Introduction


This short annex provides examples of information available on internet on how RLAN Access Points (AP) can be positioned in various high-density and low-density environments





2	High-density environments.





In the Aruba Networks document “High-Density WirelessNetworks for Auditoriums.Validated Reference Design” 


(http://www.arubanetworks.com/wp-content/uploads/DG_HighDensity_VRD.pdf), 


the section  on Coverage Strategies for Auditoriums indicates 3 strategies for positioning AP in an auditorium (or similar environments):


1. Overhead coverage from the ceiling


2. Side coverage from the walls or pillars


3. Floor coverage from the floor





For the floor coverage the text says: “This design creates picocells using APs mounted in, under, or just above the floor of the auditorium, with a low-gain downtilt antenna reversed to face straight up at the ceiling. This strategy is the only one that can allow for multiple channel reuse inside a


room of 10,000 ft2 (930 m2) or less.”





It is to be noted that this mounting would give the maximum gain of the AP transmitter in the direction of the satellite sensor.





[image: ]


In the CISCO document  “Wireless LAN Design Guide for High Density Client Environments in Higher Education” the section “AP placement options” lists the following suitable options: Overhead, Side mounting, Front and Rear Mounting, Shadows, Under Seat Mounting, Under Floor Mounting. Only the first option represents a ceiling mounting all the others are either wall mounting or  floor mounting. The text for the Under seat mounting option reads: “One of the optimal ways to cover a large, dense area is from underneath the users” 
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3	Low-density environments





As for smaller users (home, shops, small business), some examples of dual-band AP offered on the market are given here below.   Their picture shows that they are conceived for table mounting and not for ceiling mounting.
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CISCO Access Point Linksys WAP610N. 
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Asus RT-AC66U Dual-band Wireless-AC1750 Gigabit Router
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ZYXEL WAP3205 V2
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Xtreme N Duo Wireless N Access Point 
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AirStation™ Extreme AC 1750 Gigabit Dual Band
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Belkin AC 900 DB Wi-Fi Dual-Band
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EnGenius ECB300
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RLAN antenna – Wall – Meeting Room – Charlemagne Building - Brussels 





4 Conclusions





The results show that the assumption that all (or nearly all) RLAN AP are mounted on ceilings cannot be reasonably made.  This reinforces the point made in section 3.5 of the main document: the determination of an average antenna pattern for RLAN AP requires taking into account that a sizable percentage of Access Points will not be mounted on the ceiling.
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——ITG (option B)
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—— ITG (option B) (rotated +90°)
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——ITG (option B) up-side-down
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—— Combined pattern
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—— Aironet OEAP600
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—— Combined pattern (with Aironet OEAPG00)
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—— Aironet 3600









image10.jpeg


—— Combined pattern (with Aironet 3600i)
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—— AP-ANT-90 pattern
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—— Combined pattern (with AP-ANT-90)
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—— AP-ANT-13B pattern
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———Combined pattern (with AP-ANT-138)
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Clutter calcs Rev  4.xlsx






Clutter calcs Rev 4.xlsx
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												This is the Only User Input =>				Frequency				5.35				GHz



												          Note: It has little effect on the final answer once above 1 GHz







												TABLE 4



												Nominal clutter heights and distances



												Clutter (ground-cover) category				Nominal height, ha				Nominal distance, dk				RLAN
User Defined
Height								UE any								Macro rural								Macro suburban								Macro urban								Small cell outdoor / micro urban								Small cell indoor / micro urban



																(m)				(km)				h=2 (m)				qmax (°)				h=1.5 (m)				qmax (°)				h=30 (m)				qmax (°)				h=25 (m)				qmax (°)				h=20 (m)				qmax (°)				h=6 (m)				qmax (°)				h=3 (m)				qmax (°)				ç Values of h taken from JTG 4-5-6-7/236 & JTG 5-6/180 Annex 2 (UE only)



								Rural				High crop fields				4				0.1				14.8 dB				1.1				17.3 dB				1.4				-0.3 dB				-14.6



												Park land



												Irregularly spaced sparse trees



												Orchard (regularly spaced)



												Sparse houses



												Village centre				5				0.07



												Deciduous trees (irregularly spaced)



												Deciduous trees (regularly spaced)				15				0.05



												Mixed tree forest



												Coniferous trees (irregularly spaced)				20				0.05



												Coniferous trees (regularly spaced)



												Tropical rain forest				20				0.03



								Suburban				Suburban				9				0.025				19.5 dB				15.6				19.6 dB				16.7												-0.3 dB				-32.6



												Dense suburban				12				0.02				19.7 dB				26.6				19.7 dB				27.7												-0.3 dB				-33.0



								Urban				Urban				20				0.02				19.7 dB				42.0				19.7 dB				42.8																				-0.1 dB				0.0				19.4 dB				35.0				19.7 dB				40.4



												Dense urban				25				0.02				19.7 dB				49.0				19.7 dB				49.6																				1.9 dB				14.0				19.6 dB				43.5				19.7 dB				47.7



												High-rise urban				35				0.02				19.7 dB				58.8				19.7 dB				59.2																				12.8 dB				36.9				19.7 dB				55.4				19.7 dB				58.0



												Industrial zone				20				0.05



												é  This Table is taken from Rec ITU-R P.452-14 é												é     dBs of clutter loss calculated using equations (47) and (47a) of Rec. ITU-R P.452-14.       é



																								é           Maximum elevation angle of clutter, qmax, calculated using atan((ha-h)/dk).       é
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			Summary: 





			This document analyses the suitability of the mitigation techniques that have been mentioned so far in a formal or informal way in order to ensure protection the EESS sensors from RLAN systems in the band 5350-5470 MHz.


This document shows that only the RLAN EIRP reduction below the power distribution currently assumed by the RLAN industry could represent an effective solution. However, such EIRP reduction is not likely to allow a proper RLAN operation, in particular for the larger bandwidth channels that are the justification for the bandwidth extension request.


It is also shown that, for a number of technical, operational and regulatory reasons, all the other mitigation techniques would not be practical and/or effective for protecting EESS. 








			Proposal: 





			It is proposed that PTD considers these elements in drawing European Position, modifying the draft Brief on AI 1.1 and preparing elements in response to the EC mandate.





			Background:





			











Analysis of the mitigation techniques proposed for protecting EESS (active) systems from interference by RLAN in the band 5350-5470 MHz





1	Background


All the current sharing studies between EESS (active) and RLAN in the band 5350-5470 MHz concur in indicating that there is a sizable negative margin and that, without any mitigation technique, sharing will not be possible between the 2 applications.


Even assuming some mitigation techniques such as RLAN indoor usage and antenna discrimination, studies show that the deficit will still exceeds 20 dB.


At this stage the only solution would be a reduction of RLAN maximum power by more than 20 dB. But this is not likely to deliver a usable RLAN system.


Contributions have been made talking in general terms of “other mitigation techniques”. Even if the degree of details provided for these mitigation techniques is extremely limited, this contribution tries to analyse:


· their technical feasibility, 


· the complexity level of their implementation and


· how will national regulators be able to impose and verify the use of these mitigation techniques.





2	Which mitigation techniques could be used?


WP 5A was asked by JTG 4-5-6-7 to provide details on mitigation techniques that could be used by RLAN to protect existing services. The WP 5A reply (doc 4-5-6-7/389-E) listed the following techniques, even though not specific to EESS (active):


1. EIRP reduction. 


2. Transmitter Power Control (TPC)


3. Indoor usage


4. DFS


The RLAN experts in WP 5A indicated that they were not in the position to evaluate any other mitigation technique other than these 4 ones. 


It is to be noted that the JTG studies concluding about sharing feasibility are expected to be concluded by February 2014. Therefore, unless contributions are made to the February JTG meeting on this subject, the CPM methods will only be based on the use of the 4 techniques mentioned above. 


Nevertheless, even in the absence of support by WP 5A, this document analysis those additional mitigation methods mentioned in some contributions in either CPG/PTD or JTG  (in particular Cisco in document 4-5-6-7/369 of the UK in document 4-5-6-7/349). More specifically, these techniques are:


5. Database


6. Dedicated sensors


7. Orbit avoidance


Chapter 3 below will analyse individually each of these mitigation techniques. 





3	Analysis of the various mitigation techniques.


3.1	EIRP reduction. 


This technique is self-evident and everybody agrees about its feasibility. However, the problem stands as to know whether RLAN systems can still operate at such reduced power levels than the one initially required. This is particularly true for the large channels that are the main reason behind the request to extend the current allocation otherwise sufficient to handle the expected traffic.


Also, such EIRP reduction will have to be applied to a single level and not to the distribution currently considered in the studies. Otherwise, it can be expected that the RLAN will operate at the top of the reduced distribution.


 


3.2	Transmitter Power Control (TPC)


This mitigation technique has already been taken into account in the current studies, where, instead of the maximum EIRP level of 200 mW, a certain power level distribution has been considered. All parties have agreed that they represent the actual real distribution of power usage. TPC is therefore already taken into account.





3.3	Indoor-only usage


This mitigation technique has already been accounted for in the current studies, where the indoor usage is the starting assumption. Therefore no further benefits can come from this mitigation technique to compensate for the compatibility deficit.


Actually, questions have been raised on how this indoor-only concept will be enforced, given the intention of equipping even mobile phones with these RLAN devices. Administrations will have to indicate how they intend to ensure that the indoor-only limitation will be respected. It should be noted that to overcome such difficulty, it has been agreed to undertake sharing studies with 5% outdoor RLAN to cover the potential accidental future outdoor usage. 





3.4	DFS


JTG 4-5-6-7 has already concluded that DFS is unlikely being effective as a useful mitigation technique to protect EESS sensors.


A document from the US administration (4-5-6-7/167) showed that the EESS sensors power levels are largely insufficient to trigger DFS on RLAN. Furthermore the ESA document (4-5-6-7/320 section 3.3) explained that, even if DFS would be able to intervene on detection of the EESS signal, any reaction by RLAN would not result in any mitigation for the EESS interference, since the reflection signal read by the EESS sensor has already been interfered. The change of RLAN channel would happen when the satellite is already illuminating another area away from the RLAN.


This mitigation technique is therefore ineffective for EESS sensors.





3.5	Database


Document 4-5-6-7/369 from CISCO indicates the use of database as a possible mitigation factor. The description given is : Databases can provide information about the locally usable frequencies to RLAN devices and thus provide protection to other services in the band from harmful interference. A database can protect a wide range of radio services, including passive services that cannot be easily protected by sensing.


While this method may have relevance for some static systems (assuming that the implementation and enforcement problems affecting DFS are somehow solved), it is not applicable to moving systems like EESS (active) satellites or the aeronautical radionavigation systems.


Also this mitigation technique is therefore ineffective for EESS.





3.6	Dedicated sensors


The same CISCO document 4-5-6-7/369 mentions also the use of local sensors as a possible mitigation technique. This could take the form of individual dedicated listening devices or interconnected community sensors “…to identify and communicate the presence of incumbent operations and the availability of particular frequencies to end-user devices.”


With reference to what said in section 3.4  on DFS, even assuming that, differently from the RLAN,  these devices will have the sufficient sensitivity to detect the SAR signal, the specific EESS (active) problem remains, in particular for SARs. Indeed, there is still the need to switch channel before the SAR signal illuminates the RLAN and not at the moment it is illuminated. 


Considering a more sophisticated system of interconnected remote sensors whereby a sensor detecting a SAR signal will alert all the RLAN in the region to avoid using the SAR channels, raises a number other types of technical/operational problems:


· SAR system present different operating modes which are not performing measurements over a continuous strip, but can jump from an area to another, hence presenting holes within the SAR vibility area. Therefore a remote local sensor may not sense the SAR because it is not transmitting when over the sensor area; but the SAR may then become active over the area where the RLANs are located and be interfered by them.  Furthermore, if the SAR illumination moves from open water into land, there will be no possibility to protect measurements made on the coastal areas. Similar problems for SAR moving from mountain areas or, more in general, areas where these remote sensors cannot be placed. 


· Assuming the above problem is somehow solved, the question is to know how would this alarm be relayed to all RLAN in the region? Indeed, considering the 7 km/sec speed of the satellite, the size of the region where all the RLAN will have to switch channel will be quite large, since it has to give the time to the sensor to communicate its detection to a control centre, time to the control centre to distribute the information to all the AP in the region, time to the AP and terminals to switch channel. 


· This can only be ensured if all AP and terminals are duly connected to the internet 


· Overall, if all technical issues are solved,  such a network of interconnected sensors would be very complex and expensive. Who is going to pay for the world-wide deployment of such a sophisticated network? 


· Who is going to take the responsibility to operate it?


· How will administrations check the actual use of this system?


As can be seen from the above list of problems, also this mitigation technique seems to be unpractical and ineffective for protecting EESS sensors.





3.7 Orbit avoidance


The option of avoiding the use of the SAR channels only when the satellite is present has never been formally put on any input document to ITU or CEPT.  Nevertheless it is sometimes unofficially mentioned as a possible global solution to the problem.


The idea would be to have all RLAN informed about the position of satellites with 5 GHz sensors operating in the 5350-5470 MHz band. Consequently the RLAN equipment would move out of the band when anyone of these EESS satellites is in visibility.





No further details are given about how this will be implemented but some hypotheses can be made.


At first, considering the number of existing/planned satellites (several tens), it should be understood that this would imply many events each day when the 5350-5470 MHz band will be blocked for a given RLAN, wherever it is located. Since these blockages would be quite long, this could represent aggregate period of more than 50% of the time without availability of the channels covering the band 5350-5470 MHz band.


The first question is therefore whether  it is compatible with the RLAN operational requirements, considering that this would bring back extension main argument for extending the current RLAN allocation at 5 GHz. 


But there are several technical/operational and regulatory issues in addition to this first consideration:


1 How the orbital information will be collected and how is the dynamicity of this information managed? It is to be noted that orbit adjustments are often performed on the satellites and this information would therefore be rather dynamic and not static at each satellite launch. Also, information about new satellites will have to be considered.


2 It does not seems conceivable that individual RLAN can be equipped with orbital propagation software and therefore there will be a centralized system in charge of informing all the billions of expected RLAN in the world when they will have to switch channel according to the orbital analysis.


3 Over any area and to maintain their operation, all RLAN operating in the 5350-5470 MHz band will undertake a channel change at the same time. Over urban/suburban area, this will represent several hundred thousand equipment.


4 In case one believe that such orbit avoidance can be made within the individual RLANs, these questions about collecting and distributing the dynamic information about all satellites will remain.


5 Considering the RLAN protocol, and assuming that all these RLAN have already a list of available channels (i.e. having performed all DFS requirements), this will create huge perturbation of the use of the channels outside the 5350-5470 MHz band in which these numerous RLAN will try to access a new channel.  


6 This can only be ensured if all AP and terminals are duly connected to the internet 


7 Some of the EESS satellites have dual use (civil and military) and information on their precise orbital position will not be disclosed to an external organization.


8 Which international organization would be in charge of collecting the orbital information, maintain this database, propagate all the orbits and provide the actual ephemeris of all the satellites? 


9 Who will pay for this task?


10 Will this organization be legally/economically responsible for loss of data linked to mistakes in the generation of the information?


11 How will national administrations ensure that the mechanism is working and it is actually implemented and active on all RLAN on their territory?


12 Facing such a constraining situation where the service will be repeatedly disrupted, one can believe that users could wish to overcome the situation by any means (as is currently done for DFS in number of cases).


13 Any interference will represent a dead-end for EESS (active).


14 Considering the interference mechanisms from RLAN to EESS (active) (aggregate interference), it is more than likely that EESS operators will detect possible interference only once RLAN deployment will be already high and mature.


15 Building upon the experience of interference to meteorological radars for which it takes long time to Administrations to find single RLAN sources (for long time interference) and for which Administrations are not able to locate sources for short-term interference, it appears that administrations will not be able to handle future potential interference in urban/suburban areas.


Given that some of these points do not seem to present solutions (e.g. point 7 or 13) and that responses to other are probably not trivial, this mitigation technique is to be considered as unpractical and  ineffective to protect the EESS sensors.





4 The experience in Europe with the DFS implementation


When discussing mitigation techniques, it is also important to consider how reliable and effective are the mitigation techniques agreed for the bands allocated to RLAN at WRC-03.


Actually, 10 years after WRC-03 at which RLAN were authorised provided use of DFS and more than 7 years after the first reported RLAN interference cases to meteorological radars in the 5600-5650 MHz band, the situation is still not solved.


The DFS specifications have been modified to ensure a better detection of meteorological radars but the current situation is that a large number of RLAN are operated without DFS !


In a lot of cases, the DFS mechanisms settings are available to the users that can then switch it off. In few cases, the DFS mechanism is even not implemented in the equipment.





If similar situation was experienced in the future considering the potential mitigation proposed in the band 5350-5470 MHz, the situation would be worse compared to the current situation for meteorological radars and could represent a dead-end for EESS (see in particular item 14 and 15 in section 3.7).


Obviously, this unfortunate DFS experience and its consequences is to be taken into account when considering any mitigation technique that would be proposed to ensure protection tof he EESS sensors in the band 5350-5470 MHz.





5 Conclusion


This document has analysed all the conceivable mitigation techniques that the RLAN could apply to protect the EESS sensors in the band 5350-5470 MHz. The document considered also mitigation techniques for which no details have been provided yet by the RLAN industry.





The conclusion of this analysis is that:


1 Only the RLAN power/eirp reduction would have an effect in compensating the negative margin indicated in the sharing studies between RLAN and EESS (active) sensors.


2 The Transmitter Power Control technique and the Indoor-only regulation have already been counted in the current studies and therefore do not offer any further reduction of the compatibility deficit resulting from these studies.


3 All the other mitigation techniques have been shown to be unpractical/ineffective for the EESS/RLAN sharing scenario.





[bookmark: _GoBack]Furthermore, based on previous experience with mitigation techniques (i.e. DFS) in other RLAN bands,  serious doubts are expressed on the feasibility for individual national Administrations to verify the implementation and use of technical/regulatory mitigation techniques and to solve any potential interference cases that would lead from any misuse or non-compliant equipement.





Consequential changes are therefore proposed to the CEPT Brief as indicated in Annex 1.












Annex


Proposed changes to the draft CEPT Brief on AI 1.1


(source: Doc. CPG15(13)024 Annex IV-33)


……(omissis)


5350-5470 MHz band


…..(omissis)


Current operation of RLAN in other 5 GHz frequency bands raised coexistence issues with terrestrial radars and EESS which are under investigation at CEPT and EU level.


Various studies for the band 5350 ‑ 5470 MHz are available in CEPT with diverging results due to significantly differing input parameters and assumptions. 


In this regards, CEPT is of the view that there needs to be consistency between parameters to be used in the sharing studies and those submitted to justify additional spectrum requirements for RLAN.  


CEPT intends to consider carefully input parameters and assumptions for the studies in particular the density of active RLAN equipment and the indoor/outdoor ratio. CEPT noted the ITU-R Recommendation RS.1166-4, which is applicable for the interference criteria.


CEPT considers that the only effective mitigation techniques for the protection of EESS sensors are the RLAN power reduction and the indoor-only use. All the other mitigation techniques are not practical/effective and, in some cases, also not enforceable or verifiable. 


….(omissis)
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			Summary:


First studies have been introduced in CEPT and ITU-R with regard to the sharing between EESS (passive) and RLAN in the 5350-5470 MHz showing significant negative margins.


At last JTG, France has submitted similar studies with consistent conclusions that RLAN with the current characteristics are unable to use this band without causing unacceptable interferences to EESS (passive).








			Proposal:


France invites CPG PTD to take into account that the already available studies provided by ESA (in PTD CPG-PTD(13)088 and JTG Document 4-5-6-7/320-E) and France (in JTG Document 4-5-6-7/329-E) show that sharing between EESS (passive) and RLAN in the 5350-5470 MHz band is currently not feasible.


Any introduction of RLAN in this band is subject to the introduction of effective mitigation techniques that would have to reach a gap of several tens dB and will have to be assessed.








			Background:


France has submitted to the former JTG meeting in November 2013 a contribution (Document 4-5-6-7/329-E) showing that there is a significant negative margin (from 11 to 27 dB) in the sharing studies between EESS (passive) and RLAN in the 5350-5470 MHz band.


A revised French contribution, taking into account more detailed characteristics of, both, EESS (passive) and RLAN systems, is currently under development and will be introduced at the next JTG meeting (February 2014).


It is expected that the results of the revised French contribution will not show a decrease of the negative margin mentioned above and may even show an increase of the latter.
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