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Annex 3: RLAN - FSS

This Working document provides some preliminary considerations regarding sharing studies between RLAN using the band 5725 – 5925 MHz and the FSS (Earth to space) operating in this frequency band.  
Working document is structured as follows:
Section 3: FSS parameters and protection criteria;
Section 4: RLAN parameters and deployment scenarios;
Section 5: Methodology. 

Guidance is expected from WG SE on the following parameters to be considered for the study:
Ratio between indoor and outdoor applications relevant for FSS/RLAN studies;
maximum RLAN power to be used in the calculations. 
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This working document includes a set of FSS parameters and protection criteria, RLAN parameters and deployment scenarios, and elements on the methodology for sharing and compatibility studies between RLAN and the FSS in the range 5725-5925 MHz.
[Editor’s note: the information below is extracted from various existing documentation and can be used as a basis for further work on this issue. It will be further developed by correspondence]
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[bookmark: _Toc375322446]FSS parameters and protection criteria
For sharing and compatibility studies between RLAN and the FSS in the range 5725-5925 MHz, the following FSS parameters and protection criteria can be used 
[bookmark: _Toc375322447]Document JTG/393, Annex 2, Attachment 3, Appendix 3
The information below is extracted from the above mentioned JTG 4-5-6-7 Chairman’s report.
“Characteristics of Earth-to-space links in the 5 850-6 700 MHz band”
Working Party 4A has started developing a list of representative characteristics to be used in compatibility analyses in the 5 850-6 700 MHz range in respect of interference from RLAN transmitters into receiving space stations and interference from transmitting FSS earth stations into IMT receivers. Some initial parameters are provided in Table below.
Table 1: Typical FSS parameters in the 6 GHz band
	Parameter
	Typical value

	Range of operating frequencies
	5 850-6 700 MHz

	Antenna diameters (m)
	1.2, 1.8, 2.4, 3.0, 4.5, 8, 16, 32

	Antenna reference pattern
	Recommendation ITU-R S.465

	Range of emission bandwidths
	40 kHz - 72 MHz

	Receiving space system figure of merit
	 +5 ↔ -10 dB/K (The database of Recommendation ITU-R S.1328 provides one example with Gsat= 24.8 dBi and Ts= 400 K, corresponding to a G/T of -1.2 dB/K

	Earth station deployment
	All regions, in all locations (rural, semi-urban, urban)

	Earth station e.i.r.p. density towards the horizon
	In accordance with RR No. 21.8 and Recommendation ITU-R S.524-9

	Minimum earth station antenna elevation angle, h, (degrees)
	5, 15 and 40



[Editor’s note: the information in the table above provides with various ranges of possible values, studies shall not be conducted for all these values but only for those considered representative/relevant for the sharing situation. For example, antenna diameters of 1.8m to 3m may be considered representative of most FSS use in this frequency band.]

[bookmark: _Toc375322448]Protection criteria of FSS systems in the bands 3 400-4 200, 4 500-4 800 and 5 850-6 700 MHz 
Two interference criteria are identified for use when assessing the interference from RLAN to FSS.
Long-term interference criterion
Based on Recommendation ITU-R S.1432, two cases have been considered, depending on the type of the scenarios studied:
In-band sharing studies: I/N = −12.2 dB (∆T/T = 6%) corresponding to the total interference from other systems having co-primary status, for 100% of the worst month or I/N = −10 dB (∆T/T = 10%) corresponding to the aggregate interference from co primary allocation for 20% of any month.
Adjacent band sharing studies: I/N = −20 dB (∆T/T = 1%) corresponding to the aggregate interference from all other sources of interference, for 100 % of the time.
Where N is the clear-sky satellite system noise as described in Recommendation ITU-R S.1432.
Suitable apportionment of this criterion must be considered.

Short-term interference criterion

The ITU-R reference for this criterion is Recommendation ITU-R SF.1006. This criterion also appears in Annex 7 (see both text and Table 8b) of RR Appendix 7: 
I/N = −1.3 dB which may be exceed by up to 0.001667% time (single entry).
It is noted that:

The criterion above is also used to define a coordination area as defined in Annex 7 of RR Appendix 7, in conjunction with the methodology (e.g. propagation model) and other parameters described therein.

Recommendation ITU-R SF.1006 recommends the methods that may be used for assessing interference potential between earth stations and the specific stations in the fixed service within the coordination area.  


Apportionment of interference allowance

In the absence of specific recommendations on how to apportion these allowances among the competing potential sources of interference, it is suggested that the long-term interference from any individual secondary or unallocated service as well as interference into adjacent frequency bands (unwanted emissions) should be limited to half of the total noise interference allowance into an FSS link, and from any individual primary service it should be limited to half of the afore mentioned values of 6% or 10% of the total noise, as appropriate.

Guidance to use the two interference criteria

The interference potential into a FSS earth station should be evaluated taking into account both long-term and short-term interference criteria.

Studies have shown that for all types of terrain and paths, the separation distances calculated using the short-term criterion are significantly different from those calculated using the long-term. 

It was noted by ITU-R that the propagation model described the Recommendation ITU-R P.452 should not be applied with a smooth earth terrain, but should use a representative terrain profile.

However, some studies have considered that the terrain profile associated with a smooth earth model is representative of areas such as coastal and flat inland plain regions. It should be noted that it is not representative of areas that have different characteristics and the use of such a model may result in the overestimation of the interference into a receiving FSS earth station.”


[bookmark: _Toc375322449]ECC Report 206
Relevant extracts from ECC Report 206:
“FSS deployments use the whole band 5725-5925 MHz and it is used by transmitting earth stations in the Earth-to-space direction operating only to satellites in geostationary orbits. In the 125 MHz portion of the band up to 5850 MHz, this is a Region 1 allocation only (i.e. only Europe, Africa, and some of the northernmost countries in Asia). Above 5850 MHz the band is part of the heavily utilised FSS global uplink band and most of the currently operating satellites (INTELSAT & New Skies for instance) have receive transponders in this upper portion of the band.
The following table provides details of the selection of satellites that have been taken as representative of those requiring protection in the visible portion of the geostationary orbit from Europe. In these frequency bands, the satellite beams cover very large areas of the Earth (using global, hemispherical, zonal or regional beams) as can be seen by the satellite footprint coverage plots in Annex 6 of ECC Report 68

Table 2: Sample Satellite Data taken from ITU filings for the band 5725-5875MHz
	Satellite
	Sub-satellite longitude
	Part of Frequency range
5725-5875 MHz used
	Satellite Maximum Receive Gain Gsat(dBi)
	Space Station Receiving System Noise Temperature Tsat (Kelvin)

	A
	5o West
	Whole band
	34
	773

	B
	14o West
	Whole band
	26.5
	1200

	C
	31.5o West
	> 5850 MHz
	32.8
	700

	D
	3o East
	Whole band
	34
	773

	E
	18o West
	>5850MHz
	32.8
	700

	F
	53o East
	Whole band
	26.5
	1200

	G
	59.5o East
	Whole band
	34
	1200

	H
	66o East
	 >5850 MHz
	34.7
	700

	I
	359o East
	>5850 MHz
	32.8
	700



[Editor’s note: the information in the table above provides with various orbital positions and ITU filings, studies shall not be conducted for all these networks but only for those considered representative/relevant for the sharing situation. For example, considering the most sensitive satellite network, e.g. satellite network H. Information on satellite networks and coverage could be added]
[Editor’s note: the additional information below needs to be reviewed and checked by correspondence. The information extracted from ECC Report 206 can be considered as a baseline in the meantime.
The above sample of satellite data from ITU filings could be used for studies, noting that the following orbital positions also have satellite networks over Europe operating in 5725-5925 MHz or parts thereof, and could be considered in the studies as well (if necessary):
22W, 20W, 11W, 8W, 3W, 5E, 10E, 17E, 20E, 26E, 30.5E, 49E, 50.5E, 57E]

[bookmark: _Toc375322450]RLAN parameters and deployment scenarios
For sharing and compatibility studies between RLAN and the FSS in the range 5725-5925 MHz, the following RLAN parameters and deployment scenarios are under consideration. 
Ed.’s note: consistency between the hypothesis taken in different groups of CEPT where the issue of RLAN at 5 GHz is discussed (i.e.: WGSE and its PTs, CPG PTD) has to be ensured. The current information given below (from SE24 and JTG 4-5-6-7) does not prejudge the final hypothesis that will be considered and use in the studies).

[bookmark: _Toc375322451]Information currently available in SE24
The information currently available in SE24 on RLAN parameters (document SE24-5ghzrlan-02rev2_assumptions for RLAN parameters.xlsx) can be used for studies between RLAN and the FSS in the range 5725-5925 MHz.




[bookmark: _Toc375322452]Information currently available in JTG 4-5-6-7
The information currently available in JTG 4-5-6-7 on RLAN parameters in the range 5350-5470 MHz could be further considered for information on studies between RLAN and the FSS in the range 5725-5925 MHz. The attached document SE40(13)21 INFO prepared by the WGSE Chairman summarises the RLAN parameters in the range 5350-5470 MHz that are agreed within JTG and those that are still under discussion.





[bookmark: _Toc375322453]Methodology 
The methodology similar to the one used in ECC Report 72 could be used for the purpose of sharing and compatibility studies between RLAN and the FSS in the range 5725-5925 MHz, but it should be adapted to the RLAN case. Cisco expressed views on this in SE40(13)27.
The methodology similar to the one used in ECC Report 206 could be used for the purpose of sharing and compatibility studies between RLAN and the FSS in the range 5725-5925 MHz, but it should be adapted to the RLAN case.
Another possibility is to consider the methodology used in JTG/393 Annex 7 Attachment 4, Sharing and compatibility between IMT systems and fixed-satellite service networks in the 5 850-5 925 MHz and 5 925-6 425 MHz frequency bands, which should be adapted to the RLAN case.
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Body text (style: ECC Paragraph)
(advice: a conclusion may review the main points of the ECC Report. A conclusion might elaborate on the results of the ECC Report and suggest extensions.)

ECC REPORT <No>-  Page 12
ECC REPORT <No>-  Page 1

[bookmark: _Toc169147730][bookmark: _Toc375322455]heading (style: ECC annex - heading1)
Body text (style: ECC Paragraph)
heading 2 (style: ECC annex heading2)
Heading 4 (style: ECC Annex heading4


[bookmark: _Toc375322456]List of reference
1. Reference one (style: reference)
Reference two
Etc.

Microsoft_Excel_Worksheet1.xlsx
Cisco

		Parameters for statistical simulations based on a Cisco proposal (M73_09R1_SE24) are provided below; for MCL claculations only some parameters are needed (e.g. Tx power, antenna, BW)



		frequency range / GHz		5.15-5.925 GHz		randomly distributed



		Tx power e.i.r.p.		1W (directional)		1 W (omni)		200mW (omni)		80mW (omni)		50mW (omni)		25mW (omni)		all				RLAN EIRP Level		1 Watt		1 Watt		200 mW		80 mW		50 mW		25 mW

		indoor		0%		4%		14%		26%		14%		37%		95%						(Directional)		(Omni-Directional)		(Omni-Directional)		(Omni-Directional)		(Omni-Directional)		(Omni-Directional)

		outdoor		0.10%		0.20%		0.70%		1.30%		0.70%		2%		5%				RLAN Device Percentage		0%		4%		14%		26%		14%		37%



		antenna omnidirectional

		Elevation angle		-90 to -60°		-60 to -30°		-30 to -15°		-15 to 0°		0 to 35°		35 to 45°		45 to 90°				Note: +90 means frontwards (will depend upon how it is mounted)

		Rx/Tx gain dBi		-8		-9		-4		-1		3		0		-4

		Horizontal plane		omnidirectional (0dBi)



		directional antenna		type 1: 11 dBi		type 2: 18 dBi

				full pattern:tbd		full pattern:tbd



		Bandwidths		20, 40, 80, 160 MHz		distribution see below



		Antenna height m						1,5 to 28,5m		1,5 and 4.5m		1,5 and 4.5m



		Derivation of active device density						Major city divided into the regions

		people						5.25E+06

								Urban		Suburban		Rural

								circle 0-5km		Ring 5-15km		Ring 15-30km

		Area km^2						78.5		628.3		2120.6

		Percentage						30%		50%		20%

		People						1,575,000		2,625,000		1,050,000

		People Density/km^2						20053.5		4177.8		495.1

		Active devices, Reduced by factors

		Busy hour						71%		64%		47%

		Market share 5GHz						80%		80%		50%

		System: Percentage access points						7%		7%		20%

		Activity						25%		25%		10%

		Product of reduction factors						0.99%		0.90%		0.47%

		Active devices						15655.5		23520.0		4935.0

		Active device density /km^2		all BWs				199.3		37.4		2.3



		Active device density per bandwidth		Active RLANs per Bandwidth		available No of channels		active device density/km^2, Urban, per BW		active device density/km^2, Suburban, per BW		active device density/km^2, rural, per BW

		20MHz systems		10%		37  		19.9		3.7		0.2

		40MHz		25%		18  		49.8		9.4		0.6

		80MHz		50%		9  		99.7		18.7		1.2

		160MHz		15%		4  		29.9		5.6		0.3



		scenario		the ring-scenario proposed by Cisco (see M73_09R1), can't be used for all studies; more reasonable would be to run three different calculation for Urban, Suburban and Rural environments and use for each the active device density

		Simulation radius/km		can be specific for the different scenarios, but the user or active used density is fixed (see above)

		Victim location		can be specific for the different scenarios (e.g. in the middle of a circle)

		propagation model		can be specific for the different scenarios; e.g. draft ECC report 206 shows different possibilities; claculation with deployment figures in the urban environment may require to use urban-propagation conditions







		Parameters for 1 to 1 scenarios - MCL analysis



				RLAN 1		RLAN 2		RLAN 3		RLAN 4

				Indoor		Indoor		Outdoor		Outdoor

		Transmit Power (eirp - dBm)		23		30		30		30

		Bandwidth (MHz)		20/40/80/160		20/40/80/160		20/40/80/160		20/40/80/160

		Transmit Power Density (eirp - dBm/MHz)		10/7/4/1		17/14/11/8		17/14/11/8		17/14/11/8

		Antenna directivity gain (dBi)		Omni		Omni		Omni		6/12/18







		indoor-outdoor loss: 15 dB at 0 elevation. Need to consider further for other elevations.



		Transmit spectrum mask		From IEEE 802.11ac Draft 7 22.3.18.1 Transmit spectrum mask										Consistency with EN 301893 v1.7.1 to be checked??



















































































		Distribution Access points versus client: is it relevant for Monte-Carlo analysis?



		Needs to add receiver parameters for studies with RLAN as victim
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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 5350 – 5470 MHz frequency range. No parameters have yet been submitted for the 5725 – 5850 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%







[bookmark: _GoBack]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 eirp 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 a 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 EIRP 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 EIRP 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.



---------
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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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