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SHARING IN THE BAND 5 250-5 350 MHz BETWEEN THE EARTH EXPLORATION‑SATELLITE SERVICE (ACTIVE) ALLOCATED IN THIS
BAND AND THE RADIO LOCAL AREA NETWORKS (RLANS)

(Question ITU-R 218/7)

Working Party 7C has developed a PDNR [Doc. 7C/TEMP/147], "Sharing In The Band 5 250-5 350 MHz Between The Earth Exploration‑Satellite Service (Active) Allocated In This Band And The Radio Local Area Networks (RLANs)".  In this PDNR, WP 7C recommends that sharing between spaceborne active sensors of the Earth Exploration-Satellite (EES) service with the characteristics as given in Annex 1 and wireless high-speed radio local area networks (RLANs) in the 5 250-5 350 MHz band is feasible if the RLANs have constraints such as those given in Annex 2 (indoor use, power limitations, operational limitations).

Annex 1 contains technical characteristics of spaceborne active sensors in the 5250 - 5350 MHz band.

Annex 2 contains three separate sharing feasibility studies between the spaceborne active sensors and RLANs in this band: 1) sharing between HIPERLANs Type 1 and SARs, 2) sharing between RLANs and SARs, and 3) sharing betweens HIPERLANs and altimeters.   Based on these studies, WP 7C is concerned about the possibility of spaceborne SARs receiving interference in excess of the SAR interference threshold from Radio LANs and wishes to bring this to the attention of JRG 8A-9B.  WP 7C invites comments on these studies.

WP 7C requests JRG 8A-9B to provide RLAN characteristics in the bands 5350 - 5570 MHz as well, since it is anticipated that RLAN characteristics in this band may be different from those in the band 5250 - 5350 MHz. Spaceborne active sensors have a primary allocation in the band 5350‑5460 MHz, and the need has been identified to expand into the band 5460 - 5570 MHz. WP 7C and would appreciate being apprised of any future changes in the characteristics of RLANs in the bands 5250 - 5570 MHz.  
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Preliminary draft new recommendation

sharing in the band 5 250-5 350 Mhz BETWEEN THE EARTH 
EXPLORATION-SATELLITE SERVICE (ACTIVE) ALLOCATED IN THIS 
BAND AND THE RADIO LOCAL AREA NETWORKS (RLANS)

(Question ITU-R 218/7)

The ITU Radiocommunication Assembly,

considering

a)
that the frequency band 5 250‑5 350 MHz is allocated to the spaceborne active sensors of the Earth exploration‑satellite (EES) and radiolocation services on a primary basis;

b)
that some administrations have proposed using the band 5 250‑5 350 MHz for low power wireless high-speed local area networks (LANs), or radio LANs (RLANs);

c)
that these wireless high-speed local area networks are proposed to be deployed in the band as unlicensed devices, making regulatory control of their deployment density non‑feasible,

noting

1
that some administrations have adopted technical limits which permit RLANs to operate with an EIRP power limit of l Watt, while other administrations have adopted more stringent EIRP limits,

recommends

1
that sharing between spaceborne active sensors of the Earth exploration‑satellite (EES) service with the characteristics as given in Annex 1 and wireless high-speed radio local area networks (RLANs) in the 5 250‑5 350 MHz band is feasible if the RLANs have constraints such as those given in Annex 2 (indoor use, power limitations, operational limitations);

ANNEX 1

Technical characteristics of spaceborne active sensors in the 5 250 - 5 570 MHz band

Technical characteristics of spaceborne active sensors in the 5.3 GHz frequency range are given in Tables 1 and 2 below.

table 1

5.3 GHz typical spaceborne imaging radar characteristics

	Parameter
	Value


	
	SAR1
	SAR2
	SAR3
	SAR4

	Orbital altitude
	426 km (circular)
	600 km (circular)
	400 km (circular)
	400 km (circular)

	Orbital inclination
	57 deg
	57 deg
	57 deg
	57 deg

	RF centre frequency
	5 305 MHz
	5 305 MHz
	5 305 MHz
	5 300 MHz

	Peak radiated power
	4.8 Watts
	4 800 Watts
	1 700 Watts
	1 700 Watts

	Polarization
	Horizontal
(HH)
	Horizontal and vertical
(HH, HV, VH, VV)
	Horizontal and vertical
(HH, HV, VH, VV)
	Horizontal and vertical
(HH, HV, VH, VV)

	Pulse modulation
	Linear FM chirp
	Linear FM chirp
	Linear FM chirp
	Linear FM chirp

	Pulse bandwidth
	8.5 MHz
	310 MHz
	310 MHz
	40 MHz

	Pulse duration
	100 microsec
	31 microsec
	33 microsec
	33 microsec

	Pulse repetition rate
	650 pps
	4 492 pps
	1 395 pps
	1 395 pps

	Duty cycle
	6.5%
	13.9%
	5.9%
	5.9%

	Range compression ratio
	850
	9 610
	10 230
	1 320

	Antenna type
	Planar phased array 0.5 m x 16.0 m
	Planar phased array 1.8 m x 3.8 m
	Planar phased array 0.7 m x 12.0 m
	Planar phased array 0.7 m x 12.0 m

	Antenna peak gain
	42.2 dBi
	42.9 dBi
	42.7/38 dBi (full focus/beamspoiling)
	42.7/38 dBi (full focus/beamspoiling)

	Antenna median sidelobe gain
	-5 dBi
	-5 dBi
	-5 dBi
	-5 dBi

	Antenna orientation
	30 deg from nadir
	20-38 deg from nadir
	20-55 deg from nadir
	20-55 deg from nadir

	Antenna beamwidth
	8.5 deg (El), 
0.25 deg (Az)
	1.7 deg (El), 
0.78 deg (Az)
	4.9/18.0 deg (El), 
0.25 deg (Az)
	4.9/18.0 deg (El), 
0.25 deg (Az)

	Antenna polarization
	Linear horizontal/vertical
	Linear horizontal/vertical
	Linear horizontal/vertical
	Linear horizontal/vertical

	System noise temperature
	550 K
	550 K
	550 K
	550 K

	Receiver front end 1 dB compression point ref to rcvr input
	-62 Dbw input
	-62 dBW input
	-62 dBW input
	-62 dBW input

	ADC saturation ref to rcvr input
	-114/-54 dBW 
input @71/11 dB rcvr gain
	-114/-54 dBW 
input @71/11 dB rcvr gain
	-114/-54 dBW 
input @71/11 dB rcvr gain
	-114/-54 dBW 
input @71/11 dB rcvr gain

	Rcvr input max. pwr handling
	+7 dBW
	+7 dBW
	+7 dBW
	+7 dBW

	Operating time
	30% the orbit
	30% the orbit
	30% the orbit
	30% the orbit

	Minimum time for imaging
	9 sec
	15 sec
	15 sec
	15 sec

	Service area
	Land masses and coastal areas
	Land masses and coastal areas
	Land masses and coastal areas
	Land masses and coastal areas

	Image swath width
	50 km
	20 km
	16 km/320 km
	16 km/320 km


table 2

5.3 GHz typical spaceborne radar altimeter characteristics

	Jason mission characteristics

	Lifetime
	5 years

	Altitude
	1 347 km ( 15 km

	Inclination
	66°

	Poseidon 2 altimeter characteristics

	Signal type
	Pulsed chirp. linear frequency modulation

	C band PRF
	300 Hz

	Pulse duration
	105.6 (s

	Carrier frequency
	5.3 GHz

	Bandwidth
	320 MHz

	Emission RF peak power
	17 W

	Emission RF mean power
	0.54 W

	Antenna gain
	32.2 dBi

	3 dB aperture
	3.4°

	Side lobe level/Max
	-20 dB

	Backside lobe level/Max
	-40 dB

	Beam footprint at -3dB
	77 km

	Interference threshold
	-118 dBW


ANNEX 2

Sharing constraints between spaceborne active sensors and wireless high-speed 
local area networks in the 5 250 - 5 350 MHz band

Introduction to Annex 2

This annex presents the results of three sharing analyses for the band 5 250 - 5 350 MHz between the spaceborne active sensors and the wireless high-speed local area networks, or radio LANs (RLANs). The first study, given in Section 1 of the annex, uses HIPERLAN type 1 classes B and C characteristics for the RLANs and uses SAR1 characteristics for the SAR. In this study, it is feasible for the indoor only HIPERLAN type 1 class B RLANs to share the 5 250 - 5 350 MHz band with SAR1, but is not feasible for the HIPERLAN type 1 class C RLANs to share the band, nor for any HIPERLAN type designed to be operated outdoors with the technical characteristics assumed in the study.

The second study, as given in Section 2 of the annex, uses three RLAN types, RLAN1 , RLAN2, and RLAN3, and uses SAR2, SAR3, and SAR4 characteristics for the SARs. In this study, for the single transmitter deployed outdoors, the RLAN1 wireless high-speed local area network transmitter interference was above the acceptable level for SAR4, the RLAN2 wireless high-speed local area network transmitter interference was above the acceptable levels for both SAR3 and SAR4, and the RLAN3 wireless high-speed local area network transmitter interference was above the acceptable level for SAR4. For indoors/outdoors RLAN deployment, it is feasible for the RLAN1, based on an assumption of only 12 active transmitters per sq km within the SAR [footprint] and a single frequency channel for the RLAN1, to share with SAR2, SAR3, and SAR4, but it is not feasible for the RLAN2, based on an assumption of 1 200 active transmitters per office space and 14 channels across a 330 MHz band, to share with SAR2, SAR3, and SAR4. For a indoors deployment and considering the interference from the RLAN3 configuration of wireless high-speed local area networks to the SARs, the analysis shows that any surface density less than 37‑305 transmitters/km2/channel will yield acceptable interference levels into the SAR, depending on the imaging SAR pixel SNR for an imaging SAR. The anticipated mean density is estimated to 1 200 transmitter/large office area and 250 transmitters/industrial area. The anticipated high density assumes 14 channels, each 23.6 MHz wide, over a 330 MHz band. For interference from the RLAN3 configuration of wireless high-speed local area networks to the SARs, the analysis shows that only for a surface density less than 518 to 4 270 transmitters/km2 over 14 channels, will LANs yield acceptable interference levels into the SAR. For RLAN3 interference into SAR2 and SAR4, this would correspond to about 3 to 12 large office buildings or 15 to 60 industrial areas within the SAR footprint, depending on the SAR pixel SNR.

The third study, as given in Section 3 of the annex, uses HIPERLAN type 1 characteristics for the RLANs and uses the altimeter characteristics as given in Table 2 of Annex 1 for the altimeter. The radar altimeter operation with a 320 MHz bandwidth around 5.3 GHz is compatible with HIPERLANs.

1
Study of HIPERLANs Type 1 and SARs

1.1
Introduction

This section presents the results of a sharing analysis for the band 5 250 - 5 350 MHz between the spaceborne active sensors (more specifically the SAR sensors) and the wireless high-speed local area networks.

The analysis is based on the technical characteristics of wireless LANs as published in Europe by ETSI for the so-called HIPERLAN type1 (ref: ETS 300652). For other study parameters (building attenuation, operational activity duty cycle, HIPERLAN density, etc.) the values used are those agreed by ETSI ERM for these studies in Europe (Decision 4/10).

The analysis brings two main conclusions in the band 5 250–5 350 MHz:

1)
The use of outdoor wireless LANs shall be restricted to indoor use, outdoor HIPERLANs  are not compatible with the operation of SARs.

2) Indoor wireless LANs must be limited to a max e.i.r.p. of 200 mW.

3) The use of HIPERLANs shall only be allowed when the following mandatory features are realised: a) transmitter power control to ensure a mitigation factor of at least 3 dB; b) Dynamic Frequency Selection associated with the channel selection mechanism required to provide a uniform spread of the loading of the HIPERLANs across a minimum of 330 MHz.
1.2
Sharing analysis and conclusions

1.2.1
Introduction

This chapter addresses the sharing analysis between spaceborne active sensors (SARs) and wireless LANs and provides the resulting sharing constraints needed on the wireless LANs to allow their operation in the bands allocated to spaceborne active SARs .

1.2.2
Technical characteristics of the two systems

The technical characteristics of the wireless LANs used for the sharing analysis are those of the HIPERLAN type 1, for which ETSI in Europe has defined the specification in ETS 300 652 (1998).

HIPERLAN/1 provides high-speed radio local area network communications that are compatible with wired LANs based on Ethernet and Token-ring standards ISO 8802.3 and ISO 8802.5.

HIPERLAN/1 Parameters (ref: ETS 300 652)


Transmit power (high bit rate (HBR), in 23.5 MHz, low bit rate (LBR), in 1.4 MHz):










class A: 10 dBm max e.i.r.p.










class B: 20 dBm max e.i.r.p.










class C: 30 dBm max e.i.r.p.


Antenna directivity:



omni


Minimum useful rx sensitivity:

-70 dBm


Receiver noise power (23.5 MHz):

-90 dBm


C/I for BER 10-3 at HBR:


20 dB


Effective range (class C):


50 m


Radio access:




modified listen before talk


Packet length/duration:


992 bits < x < 19 844 bits/42 (s to 851 (s

Only class B (100 mw max e.i.r.p.) and C (1 W max e.i.r.p.) are considered for this study. In European countries, in the band 5150-5350MHz, the EIRP is limited to 200mW and the use of HIPERLANs shall only be allowed when the following mandatory features are realised: a) transmitter power control to ensure a mitigation factor of at least 3 dB; b) Dynamic Frequency Selection associated with the channel selection mechanism required to provide a uniform spread of the loading of the HIPERLANs across a minimum of 330 MHz.

It is to be noted that the numbers given in the deployment scenarios are based on the availability of a total of 330 MHz band for HIPERLAN, corresponding to 14 channels of 23.5 MHz each. The Frequency Selection (DFS) allows each HIPERLAN system to detect interference from other systems and therefore is able to avoid co-channel operation with other systems, notably radar systems, sense which channel is free for use and to automatically switch to it. This allows large numbers of HIPERLAN systems to operate in the same office environment.

Other HIPERLAN parameters used for this study are those agreed by ETSI ERM (Decision 4/10):

–
average building attenuation towards space-based users: 17 dB;

–
active/passive ratio: 5%;

–
percentage of outdoor usage: 15%;

–
deployment scenarios: 1 200 systems for large office buildings, 250 systems for industrial sites.

For the spaceborne active sensors are taken the SAR characteristics in Annex 1 of PDNR 7C/88 (Attachment 19)(Doc. 7C/TEMP/76). The SAR1 type is taken as example, but similar results can be obtained for the other types.

1.2.3
Sharing analysis

The sharing analysis is given in Table 2 for the two cases considered (class B and class C).

Given the expected HIPERLAN density (1 200 systems per large office building and 250 for industrial sites) the outdoor only or mixed indoor-outdoor cases do not represent a feasible sharing scenario.

For the indoor use only, sharing is not feasible for the high power class C, while the class B case requires further considerations.

In fact the 974 systems limit indicated in the table for class B indoor only is per channel. Considering the DFS mechanism described above, one can make the hypothesis that the HIPERLAN systems can be spread across the 14 channels available, giving a theoretical upper limit of 13 636 systems within the 181.5 km sq of the SAR footprint.

This value corresponds to roughly 11 large office buildings and can be considered a reasonable assumption for urban and suburban areas, allowing therefore the sharing of the band by the two services.

Table 2

Permissible active HIPERLAN capacity in channels shared with SAR

	HIPERLAN type 1 class
	Class B
	Class C

	Parameter
	Value
	dB
	Value
	dB

	Max transmitted power, Watts
	0.1
	-10
	1
	0

	Distance (km) and free space loss
	491.9
	-160.8
	491.9
	-160.8

	Additional transmit path loss, dB
1)
Outdoor only
2)
Indoor only
3)
Mixed (15% outdoor)
	
	
0
-17
-7.8
	
	
0
-17
-7.8

	Antenna gain, Xmit dB
	
	0
	
	0

	Antenna gain, Rcv dB
	
	42.2
	
	42.2

	Polarization loss, dB
	
	-3
	
	-3

	SAR Interf. Threshold (I/N = -6 dB), dBW/Hz
	
	-205.4
	
	-205.4

	Power received dBW/channel 
(channel = 23.5 MHz)
1)
Outdoor only
2)
Indoor only
3)
Mixed (15% outdoor)
	
	

-131.6
-148.6
-139.4
	
	

-121.6
-138.6
-129.4

	Power received, dBW/Hz
1)
Outdoor only
2)
Indoor only
3)
Mixed (15% outdoor)
	
	
-205.3
-222.3
-213.1
	
	
-195.3
-212.3
-203.1

	Margin, dB/Hz
1)
Outdoor only
2)
Indoor only
3)
Mixed (15% outdoor)
	
	
-0.1
16.9
7.7
	
	
-10.1
6.9
-2.3

	SAR antenna footprint, sq km
	181.5
	22.6
	181.5
	22.6

	Permissible active HIPERLAN density 
(/sq. km/ch)
1)
Outdoor only
2)
Indoor only
3)
Mixed (15% outdoor)
	

0.0054
0.27
0.044
	

-22.7
-5.7
-13.5
	

0.00054
0.027
0.0044
	

-32.7
-15.7
-23.5

	Active/passive ratio
	5%
	13
	5%
	13


	Permissible total (active + passive) 
HIPERLAN density (/sq.km/ch)
1)
Outdoor only
2)
Indoor only
3)
Mixed (15% outdoor)
	

0.11
5.37
0.89
	

-9.7
7.3
-0.5
	

0.01
0.54
0.089
	

-19.7
-2.7
-10.5

	Maximum number of active + passive 
HIPERLAN per channel within the 
SAR footprint (181.5 sq.km)
1)
Outdoor only
2)
Indoor only
3)
Mixed (15% outdoor)
	


19
974
161
	
	


2
97
16
	


The DFS mechanism will provide a uniform spread of the load across the 14 channels. If the channel selection is not based on a random choice, this hypothesis is likely to be incorrect and the conclusion needs to be revised.

1.2.4
Conclusions

On the basis of the sharing analysis, the following conclusions can be drawn.

1)
Only indoor wireless LANs can operate in the band 5 250 - 5 350 MHz without creating unacceptable interference to the operation of the SARs of the Earth Exploration-satellite Service (active).

2) The max e.i.r.p. of the indoor wireless LANs shall not exceed 200 mW to avoid unacceptable interference to the operation of the SARs of the Earth Exploration-satellite Service (active).

3) The use of HIPERLANs shall only be allowed when the following mandatory features are realised: a) transmitter power control to ensure a mitigation factor of at least 3 dB; b) Dynamic Frequency Selection associated with the channel selection mechanism required to provide a uniform spread of the loading of the HIPERLANs across a minimum of 330 MHz.
Based on this study, in the band 5 470–5 725 MHz, where the maximum mean EIRP of HIPERLAN will be 1 W, sharing between SAR and HIPERLAN will not be feasible.

2
Study of RLANs and SARs

2.1
Technical characteristics of typical wireless high-speed local area networks

The technical characteristics for typical wireless high-speed local area networks at 5.3 GHz are given herein for three configurations. These wireless high-speed local area networks are sometimes referred to as radio LANs or RLANs. The characteristics chosen in this analysis for the configurations are those which would result in the worst case interference to a SAR receiver. The information on the first configuration, RLAN1, of wireless high-speed local area networks was taken from the FCC Report and Order FCC 97-7, 9 Jan 1997, and on the High Performance Radio Local Area Networks (HIPERLANS) from Document WP 7C/54, 18 Sep 1996. These characteristics are summarized in Table 3. The information on the second configuration RLAN2 of wireless high-speed local area networks was taken from Space Frequency Coordination Group (SFCG)-18/45, 8-17 September 1998. The second configuration, RLAN2, has a noticeable increase in wireless high-speed local area networks transmitter power, increase in the indoor/outdoor use ratio and resulting lower mean building attenuation, increase in the active/passive ratio, and increase in the anticipated deployment density. The information on the third configuration, RLAN3, of wireless high-speed local area networks was taken from Space Frequency Coordination Group (SFCG)-19/39, 8-15 September, 1999 and Doc. 7C/110 “Sharing Constraints Between Spaceborne Active Sensors (SARs) and Wireless High-speed Local Area Networks in the 5 250-5 350 MHz Band”, 17 Feb. 1999. The third configuration, RLAN3, is restricted to indoor use only, with a medium anticipated deployment density.

Table 3

Technical characteristics of wireless high-speed local area networks at 5.3 GHz 

	Parameter
	Value

	
	RLAN1
	RLAN2
	RLAN3

	Peak Radiated Power (W)
	0.25
	1.00
	0.20

	Deployment
	99% indoors/1% outdoors
	85% indoors/15% outdoors
	100% indoors/0% outdoors

	Mean Attenuation (dB)
	17.0
	7.8
	17.0

	Polarization
	random
	random
	random

	Bandwidth (MHz)
	23.6
	23.6/channel (14 chs.)
	23.6/channel (14 chs.)

	Interference Duty Cycle into SAR (%)
	100
	100
	100

	Operational Activity (active/ passive ratio, %)
	1
	5
	5

	Mean Density (transmitters/sq km)
	12
	1 200/office area

(89 000/sq km/ch)
	1 200/office area, 250/industrial area

	Interference Threshold (dBW)
	-120
	-120 to TBD
	-100


2.2
Interference from wireless high-speed local area networks into SARs

The first step in analysing the interference potential from wireless high-speed local area networks into spaceborne SARs receivers is to determine the signal power from a single wireless high-speed local area network transmitter at the spaceborne SAR. Then, the single interferer margin can be calculated by comparing the interference level with the SAR interference threshold. Knowing the SAR footprint, the allowable density of active wireless high-speed local area networks transmitters can then be calculated, using a conservative activity ratio for the fraction of transmitters operating at any one time. 

2.2.1
Interference from a single RLAN transmitter located outdoors

Table 4 shows the interference from a single RLAN wireless high-speed local area network transmitter in the 5 250-5 350 MHz band for SAR2-4. SAR1 was not used because this SAR1 system was designed to operate in the 5 150-5 250 MHz band. An omni antenna is assumed for RLAN1, RLAN2, and RLAN3. For SAR4, Table 4 shows negative margin for the RLAN1, RLAN2, and RLAN3 wireless high-speed local area network transmitters. For SAR3, Table 4 shows a positive margin for the RLAN1 and RLAN3 transmitters, and negative margain for RLAN2. For SAR2, and interference from RLAN1, RLAN2, and RLAN3, there are positive margins for all three RLAN transmitters interference.

2.2.2
Interference from an indoors deployment Of RLAN transmitters

Table 5 shows the allowable configuration RLAN1 wireless high-speed local area networks density in the 5 250 - 5 350 MHz band for SAR2-4. For SAR4, Table 5 shows the allowable density of RLAN1 wireless high-speed local area networks to be about 118 transmitters/ km2, below which the interference level to the 40 MHz SAR4 is acceptable. Using information on the anticipated HIPERLANS deployment density from document WP 7C/54, 18 Sep 1996, the High Performance Radio Local Area Networks (HIPERLANS) mean density over Europe was estimated at that time to be 12 transmitters/km2. It was expected that the density in metropolitan and densely inhabited areas would be higher than the mean. Table 6 shows the allowable density of configuration RLAN2 wireless high-speed local area networks in the 5 250 - 5 350 MHz band for SAR2-4. For SAR4, Table 6 shows the allowable RLAN2 wireless high-speed local area networks density to be about 0.2 transmitters/km2, or equivalently 1 transmitter/5 km2, below which the interference level to the 40 MHz SAR4 is acceptable. This low allowable density is to be compared with the anticipated deployment density from document SFCG-18/45, 8-17 September 1998, of 1 200 transmitters/office area; there is also the indoor RLAN2 capacity of 89 x 103 /sq km/channel, for separation distances of 0.5 m. The anticipated high density uses 14 channels, each 23.6 MHz wide, over 330 MHz band. Table 7 shows the allowable density of RLAN3 wireless high-speed local area networks for SAR2‑4. Table 7 shows the allowable density of configuration RLAN3 wireless high-speed local area networks in the 5 250-5 350 MHz band for SAR2-4. For SAR4, Table 7 shows the allowable RLAN3 wireless high-speed local area networks density to be about 37 transmitters/ km2/channel, below which the interference level to the 40 MHz SAR4 is acceptable. The anticipated high density uses 14 channels, each 23.6 MHz wide, over 330 MHz band. For 14 channels, the allowable density is then 518 transmitters/ km2. This low allowable density is to be compared with the anticipated deployment density from document WP 7C/110 “Sharing Constraints Between Spaceborne Active Sensors (SARs) and Wireless High-speed Local Area Networks in the 5 250-5 350 MHz Band”, of 1 200 transmitters/large office area and 250 transmitters/industrial sites. Thus, for SAR4, the allowable density would be that for less than one large office area and about two industrial areas, which seems to be unrealistic. For SAR2 and SAR4, the allowable density over 14 channels would be 4 270 and 3 990 transmitters, respectively. This would correspond to about 3 large office buildings or 15 industrial areas which may be a slightly more reasonable assumption for urban and suburban areas.

For imaging SARs with SNRs 8 dB or higher, the INR can be 0 dB and still not degrade the pixel power standard deviation more than 10%. This increases the allowable transmitter density by a factor of 4.  For RLAN3 interference into SAR2 and SAR4, this would correspond to about 12 large office buildings or 60 industrial areas within the SAR footprint. However, for interferometric SARs, the INR must be less than -6dB, independent of the SNR.

As far as a self-limiting density such that the surrounding wireless high-speed local area networks interfere unacceptably among themselves, for RLAN3, the wireless high-speed LANs are assumed to occupy 14 channels, each 23.6 MHz wide, over a 330 MHz band, and the transmitters can be as close as 0.5 m, giving a possible density of 89 x 103/sq km/ channel over small areas corresponding to the large office area. The LAN receiver no longer requires the interference to be lower than ‑100 dBW, but that the carrier-to-interference ratio (C/I) be greater than 20 dB. This allows the transmitters to operate within 0.5 m of each other without mutual self-interference.

2.3
Interference from SARs into wireless high-speed local area networks

The first step in analyzing the interference potential from spaceborne SARs into wireless high-speed local area networks is to determine the signal power from a spaceborne SAR onto the Earth’s surface.  Next, the threshold of the wireless high-speed local area network receiver is determined.  Then, the interference margin can be calculated by comparing the SAR interference level with the LAN interference threshold. For SAR1-4, the peak antenna gains are 40-50 dB higher than the average sidelobe levels of –5 dBi.  Therefore for the duration of the flyover, which in the main beam of the SAR would be about 0.5-1.0 sec, the SAR interference levels at the surface would be well above the RLAN1 interference thresholds.  However, for RLAN2, the level of –120 dBW is no longer the maximum allowable interference level, but rather that C/I be greater than 20 dB, which in the case of transmitters within 0.5m of each other, can raise the allowable interference level by 50‑80 dB.  

The situation for RLAN3 is similar to that for RLAN2. For these typical SAR2-4, the peak antenna gains are 14-38 dB higher than the average sidelobe levels of –5 dBi. Therefore for the duration of the flyover, which in the main beam of the SAR would be about 0.5-1.0 sec, the SAR interference levels at the surface would be well above the RLAN3 interference thresholds. However, for RLAN3, the level of –120 dBW is no longer the maximum allowable interference level, but rather that C/I be greater than 20 dB, which in the case of transmitters within 0.5 m of each other, can raise the allowable interference level by 50‑80 dB. The repeat period for the SAR is 8-10 days, although the SAR is not necessarily active for every repeat pass. Therefore, a given area on the Earth would be illuminated by the SAR beam no more often than 0.5-1.0 sec every 8-10 days.

2.4
Conclusion

The potential interference between one configuration RLAN3 of wireless high-speed local area networks and spaceborne synthetic aperture radars (SARs) in the band 5 250-5 350 MHz was analyzed in this document for 1) a single RLAN1-3 transmitter deployed outdoors and 2) a density of RLAN3 indoors deployment. For the single transmitter deployed outdoors, the RLAN1 wireless high-speed local area network transmitter interference was above the acceptable level for SAR4, the RLAN2 wireless high-speed local area network transmitter interference was above the acceptable levels for both SAR3 and SAR4, and the RLAN3 wireless high-speed local area network transmitter interference was above the acceptable level for SAR4.

For interference from the RLAN1 configuration of wireless high-speed local area networks to the SARs, the analysis shows that any surface density less than 32-128 transmitters/km2 will yield acceptable interference levels into the SAR, depending on the imaging SAR pixel SNR.  The anticipated mean density over Europe was in the past estimated to be only 12 transmitters/ km2.    At a density of 0.32 active transmitters/ sq km (density of 32 active transmitters/ sq km with a 1% activity ratio) a typical wireless high-speed local area network (0.25W transmitter power) deployed outdoors will experience self-interference levels of -120 dBW, a level which the RLAN1 wireless high-speed local area networks hold as their interference threshold. For interference from the RLAN2 configuration of wireless high-speed local area networks to the SARs, the analysis shows that only for a surface density less than 0.2-1.5 transmitters/km2 will LANs yield acceptable interference levels into the SAR, depending on the imaging SAR pixel SNR.  The current anticipated mean density is 1200 transmitters/office area, up to about 89 x 103/sq km/channel.  The anticipated high density assumes 14 channels, each 23.6 MHz wide, over a 330 MHz band. For a indoors deployment and considering the interference from the RLAN3 configuration of wireless high-speed local area networks to the SARs, the analysis shows that any surface density less than 37-305 transmitters/km2 /channel will yield acceptable interference levels into the SAR, depending on the imaging SAR pixel SNR for an imaging SAR. The anticipated mean density is estimated to 1200 transmitter/large office area and 250 transmitters/industrial area. The anticipated high density assumes 14 channels, each 23.6 MHz wide, over a 330 MHz band. For interference from the RLAN3 configuration of wireless high-speed local area networks to the SARs, the analysis shows that only for a surface density less than 518 to 4 270 transmitters/km2 over 14 channels, will LANs yield acceptable interference levels into the SAR. For RLAN3 interference into SAR2 and SAR4, this would correspond to about 3 to 12 large office buildings or 15 to 60 industrial areas within the SAR footprint, depending on the SAR pixel SNR.

For interference from the spaceborne SARs into RLAN1 wireless high-speed local area networks in the 5250-5350 MHz band, the SAR interference levels at the surface for sidelobes are 14-38 dB lower than the LAN interference threshold.  For SARs peak antenna interference over the duration of the flyover, which in the main beam of the SAR would be about 0.5-1.0 sec, the SAR interference levels at the surface would be well above the RLAN1 interference thresholds by 10‑30 dB. .  However, for RLAN2 and RLAN3, the levels of –120 dBW and -100 dBW, respectively, are no longer the maximum allowable interference levels, but rather that C/I be greater than 20 dB, which in the case of transmitters within 0.5m of each other, can raise the allowable interference level by 50-80 dB, so that the SAR even in the mainbeam may be below the LANs interference threshold.  Since the repeat period for the SAR is 8-10 days, and the SAR is not necessarily active for every repeat pass, a given area on the Earth would be illuminated by the SAR beam no more often than 0.5-1.0 sec every 8-10 days.

Table 4

Interference from a single outdoor RLAN transmitter to SARs
	
	SAR2
	
	SAR3
	
	SAR4
	

	Parameter
	Value
	dB
	Value
	dB
	Value
	dB

	Transmitted Power, Watts
	
	
	
	
	
	

	    RLAN1
	0.25
	-6.02
	0.25
	-6.02
	0.25
	-6.02

	    RLAN2
	1.00
	0.00
	1.00
	0.00
	1.00
	0.00

	    RLAN3
	0.20
	-6.99
	0.20
	-6.99
	0.20
	-6.99

	Bldg Attn, dB
	
	0.00
	
	0.00
	
	0.00

	Antenna Gain, Xmit dB
	
	0.00
	
	0.00
	
	0.00

	Antenna Gain, Rcv dB
	
	43.33
	
	44.52
	
	44.52

	Polarization Loss, dB
	
	-3.00
	
	-3.00
	
	-3.00

	Wavelength, m
	5.65E-02
	-24.96
	5.65E-02
	-24.96
	5.65E-02
	-24.96

	(4*pi)-**2
	6.33E-03
	-21.98
	6.33E-03
	-21.98
	6.33E-03
	-21.98

	Distance, km
	638.51
	-116.10
	425.67
	-112.58
	425.67
	-112.58

	Power received, dBW
	
	
	
	
	
	

	    RLAN1
	
	-128.74
	
	-124.03
	
	-124.03

	    RLAN2
	
	-122.72
	
	-118.00
	
	-118.00

	    RLAN3
	
	-129.71
	
	-124.99
	
	-124.99

	
	
	
	
	
	
	

	Noise Figure, dB
	
	4.62
	
	4.62
	
	4.62

	k*T
	4.00E-21
	-203.98
	4.00E-21
	-203.98
	4.00E-21
	-203.98

	Rcvr Bandwidth, MHz
	356.50
	85.52
	356.50
	85.52
	46.00
	76.63

	Noise power, dBW
	
	-113.84
	
	-113.84
	
	-122.73

	SAR Interference threshold (I/N=-6dB)
	
	-119.84
	
	-119.84
	
	-128.73

	
	
	
	
	
	
	

	Margin, dB
	
	
	
	
	
	

	    RLAN1
	
	8.90
	
	4.19
	
	-4.71

	    RLAN2
	
	2.88
	
	-1.83
	
	-10.73

	    RLAN3
	
	9.87
	
	5.16
	
	-3.74


table 5

Interference from RLAN1 wireless high speed LANS to SARs

	
	SAR2
	SAR3
	SAR4

	Parameter
	Value
	dB
	Value
	dB
	Value
	dB

	Transmitted power, Watts
	0.25
	-6.02
	0.25
	-6.02
	0.25
	-6.02

	Bldg Attn, dB
	
	-17.00
	17.00
	-17.00
	17.00
	-17.00

	Antenna gain, Xmit dB
	
	0.00
	0.00
	0.00
	0.00
	0.00

	Antenna gain, Rcv dB
	
	43.33
	44.52
	44.52
	44.52
	44.52

	Polarization loss, dB
	
	-3.00
	3.00
	-3.00
	3.00
	-3.00

	Wavelength, m
	5.65E-02
	-24.96
	5.65E-02
	-24.96
	5.65E-02
	-24.96

	(4*pi)-**2
	6.33E-03
	-21.98
	6.33E-03
	-21.98
	6.33E-03
	-21.98

	Distance, km
	638.51
	-116.10
	425.67
	-112.58
	425.67
	-112.58

	Power received, dBW
	
	-145.74
	
	-141.03
	
	-141.03

	
	
	
	
	
	
	

	Noise figure, dB
	
	4.62
	4.62
	4.62
	4.62
	4.62

	k*T
	4.00E-21
	-203.98
	4.00E-21
	-203.98
	4.00E-21
	-203.98

	Rcvr bandwidth, MHz
	356.50
	85.52
	356.50
	85.52
	46.00
	76.63

	Noise power, dBW
	
	-113.84
	
	-113.84
	
	-122.73

	SAR interference threshold (I/N=-6dB)
	
	-119.84
	
	-119.84
	
	-128.73

	
	
	
	
	
	
	

	Margin , dB
	
	25.90
	
	21.19
	
	12.29

	
	
	
	
	
	
	

	SAR footprint, sq km
	159.03
	22.01
	57.55
	17.60
	57.55
	17.60

	Mean surface pwr of HIPERLANS
	
	3.88
	
	3.59
	
	-5.31

	(dBW/sq km)
	
	
	
	
	
	

	
	
	
	
	
	
	

	Active xmtr/sq km
	9.78
	
	9.14
	
	1.18
	

	Active xmtr/sq km @ 1% activity ratio
	978.40
	
	913.56
	
	117.88
	


table 6

Interference from RLAN2 wireless high speed LANS to SARs

	
	SAR2
	SAR3
	SAR4

	Parameter
	Value
	dB
	Value
	dB
	Value
	dB

	Transmitted power, Watts
	1.00
	0.00
	1.00
	0.00
	1.00
	0.00

	Bldg Attn, dB
	
	-7.80
	7.80
	-7.80
	7.80
	-7.80

	Antenna gain, Xmit dB
	
	0.00
	0.00
	0.00
	0.00
	0.00

	Antenna gain, Rcv dB
	
	43.33
	44.52
	44.52
	44.52
	44.52

	Polarization loss, dB
	
	-3.00
	3.00
	-3.00
	3.00
	-3.00

	Wavelength, m
	5.65E-02
	-24.96
	5.65E-02
	-24.96
	5.65E-02
	-24.96

	(4*pi)-**2
	6.33E-03
	-21.98
	6.33E-03
	-21.98
	6.33E-03
	-21.98

	Distance, km
	638.51
	-116.10
	425.67
	-112.58
	425.67
	-112.58

	Power received, dBW
	
	-130.52
	
	-125.80
	
	-125.80

	
	
	
	
	
	
	

	Noise figure, dB
	
	4.62
	4.62
	4.62
	4.62
	4.62

	k*T
	4.00E-21
	-203.98
	4.00E-21
	-203.98
	4.00E-21
	-203.98

	Rcvr bandwidth, MHz
	356.50
	85.52
	356.50
	85.52
	46.00
	76.63

	Noise power, dBW
	
	-113.84
	
	-113.84
	
	-122.73

	SAR interference threshold (I/N = -6dB)
	
	-119.84
	
	-119.84
	
	-128.73

	
	
	
	
	
	
	

	Margin , dB
	
	10.68
	
	5.97
	
	-2.93

	
	
	
	
	
	
	

	SAR footprint, sq km
	159.03
	22.01
	57.55
	17.60
	57.55
	17.60

	Mean surface pwr of HIPERLANS
	
	-11.34
	
	-11.63
	
	-20.53

	(dBW/sq km)
	
	
	
	
	
	

	
	
	
	
	
	
	

	Active xmtr/sq km
	0.07
	
	0.07
	
	0.01
	

	Active xmtr/sq km @ 5% activity ratio
	1.47
	
	1.37
	
	0.18
	


table 7

Interference from RLAN3 wireless high speed LANs to SARs

	
	SAR2
	
	SAR3
	
	SAR4
	

	Parameter
	Value
	dB
	Value
	dB
	Value
	dB

	Transmitted Power, Watts
	0.20
	-6.99
	0.20
	-6.99
	0.20
	-6.99

	Bldg Attn, dB
	
	-17.00
	
	-17.00
	
	-17.00

	Antenna Gain, Xmit dB
	
	0.00
	
	0.00
	
	0.00

	Antenna Gain, Rcv dB
	
	43.33
	
	44.52
	
	44.52

	Polarization Loss, dB
	
	-3.00
	
	-3.00
	
	-3.00

	Wavelength, m
	5.65E-02
	-24.96
	5.65E-02
	-24.96
	5.65E-02
	-24.96

	(4*pi)-**2
	6.33E-03
	-21.98
	6.33E-03
	-21.98
	6.33E-03
	-21.98

	Distance, km
	638.51
	-116.10
	425.67
	-112.58
	425.67
	-112.58

	Power received, dBW
	
	-146.71
	
	-141.99
	
	-141.99

	
	
	
	
	
	
	

	Noise Figure, dB
	
	4.62
	
	4.62
	
	4.62

	k*T
	4.00E-21
	-203.98
	4.00E-21
	-203.98
	4.00E-21
	-203.98

	Rcvr Bandwidth, MHz
	356.50
	85.52
	356.50
	85.52
	46.00
	76.63

	Noise power, dBW
	
	-113.84
	
	-113.84
	
	-122.73

	SAR Interference threshold (I/N=-6dB)
	
	-119.84
	
	-119.84
	
	-128.73

	
	
	
	
	
	
	

	Margin , dB
	
	26.87
	
	22.16
	
	13.26

	
	
	
	
	
	
	

	SAR footprint, sq km
	159.03
	22.01
	57.55
	17.60
	57.55
	17.60

	Mean surface pwr of HIPERLANS
	
	4.85
	
	4.56
	
	-4.34

	(dBW/sq km)
	
	
	
	
	
	

	
	
	
	
	
	
	

	Active xmtr/sq km/ch
	15.29
	
	14.27
	
	1.84
	

	Active xmtr/sq km/ch @5% activity ratio
	305.75
	
	285.49
	
	36.84
	


3
Study Of HIPERLANs Type 1 and altimeters

3.1
Interference from HIPERLANs into altimeters

For this analysis, we consider one HIPERLAN in the altimeter main lobe.

The altimeter has an extended bandwidth of 320 MHz, while the HIPERLANs have a 23.5 MHz bandwidth included within the altimeter bandwidth. The maximum HIPERLAN transmitted EIRP (PhGh) is 30 dBm. The altimeter antenna gain (Go) is 32.2 dB, Ga is the off-axis antenna gain towards the HIPERLAN, with additional 1 dB input loss L. The altimeter is nadir pointing, antenna size is 1.2 meters. R is the range of the altimeter from the HIPERLAN.

The power received by the altimeter from one HIPERLAN in the boresight of the SAR (i.e. Ga = Go) is: 
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(3-1)

From this we obtain a value for Pr of –108.3 dBm.

The altimeter interference threshold is - 88 dBm; we can thus deduce that the altimeter can withstand the operation of a number of HIPERLANs simultaneously, since we have a 20.3 dB margin. Furthermore, the altimeter is built to provide measurements mainly over oceans and is not able to provide accurate data when a significant amount of land is in view of its antenna beam. From this analysis, it is clear that the altimeter will not suffer from the operation of HIPERLANs.

For completeness, the number of HIPERLANs in the –3dB footprint that can be tolerated by the altimeter operating over land can be calculated. The methodology is described in Section 3.1.1 of this document.

We obtain a range from 586 (outdoor use) to 4664 (indoor use) HIPERLANs installed as a limit not to interfere into the altimeter. Extra margins remain in the fact that

· No polarisation loss or additional propagation losses have been taken into account (about 3dB)

· The HIPERLAN are supposed to used the maximum transmitter power (30dBm)

· Mitigation technique such as Transmitter Power Control are not considered (which is expected to provide at least 3dB margin)

· The gain of the altimeter in the direction of HIPERLAN devices was overestimated in the simulation.

We can thus conclude that the altimeter will not suffer from interference from HIPERLANs when used over oceans. However, if it were to be operated over land the situation is marginal dependant on the final choice of parameters for the HIPERLAN but the expected margin may allow sharing even when altimeter are operating close to the land.

3.1.1
Estimation of the number of HIPERLAN in the –3dB footprint of an altimeter

For this analysis, we consider one HIPERLAN in the altimeter main lobe.

The altimeter has an extended bandwidth of 320 MHz, while the HIPERLANs have a 23.5 MHz bandwidth included within the altimeter bandwidth. The maximum HIPERLAN transmitted EIRP (PhGh) is 30 dBm. The altimeter antenna gain (Go) is 32.2 dB, Ga is the off-axis antenna gain towards the HIPERLAN, with additional 1 dB input loss L. The altimeter is nadir pointing, antenna size is 1.2 meters. R is the range of the altimeter from the HIPERLAN.

The power received by the altimeter from one HIPERLAN in the boresight of the SAR (i.e. Ga = Go) is: 
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From this we obtain a value for Pr of –108.3 dBm.

The altimeter interference threshold is - 88 dBm; we can thus deduce that the altimeter can withstand the operation of a number of HIPERLANs simultaneously, since we have a 20.3 dB margin. Furthermore, the altimeter is built to provide measurements mainly over oceans and is not able to provide accurate data when a significant amount of land is in view of its antenna beam. From this analysis, it is clear that the altimeter will not suffer from the operation of HIPERLANs.

For completeness, the number of HIPERLANs in the –3dB footprint that can be tolerated by the altimeter operating over land can be calculated; the computation is not straightforward since with a small change in the angle ( from altimeter boresight, the distance to ground, the gain and the surface element intercepted at ground level will vary. 

Assuming a certain density of HIPERLAN devices, i.e. D, then the total number of HIPERLAN devices seen by a satellite (assuming the devices are evenly distributed over the Earth’s surface) is given by N=D × A, where A is the –3dB footprint of the Altimeter. Since the devices are not equidistant to the satellite, the visible Earth’s surface is divided into concentric surface strips (as in Fig. 1), so that one can assume that all of the HIPERLAN devices within the i-th surface strip are at the same distance (di) to the satellite, and are seen with the same nadir angle ((i) and the same elevation angle ((i). The number of HPERLAN devices within the i-th strip is given by 



Ni = Ai × (N/A) = Ai × D
(3-3)

where :



Ai = 2Re2 × [cos(i-1) - cos(i)], (where i > i-1).
(3-4)
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Figure 1

Geometry for aggregating the interference

The aggregate HIPERLAN interference power (I) at the altimeter is therefore given by summation of the i-th component Ii as below:
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where:

G((i) is the satellite altimeter antenna receive gain which depends on the nadir angle (i, i.e. the angle between the sub-satellite point and the considered strip. 

For this, a numerical computation has been done: a constant HIPERLAN power density at ground level per square metre has been assumed, and an antenna gain of the altimeter varying as Ga =Go (Sin(()/()2, ( being the angle between the vertical and the direction satellite to HIPERLAN, which is a worst case since the altimeter lobe will be much lower than this.

The integral of the received power at the altimeter level in the –3dB footprint was then computed: the mean power acceptable by the altimeter is - 60 dBm/m2, or 0 dBm/km2 (D × EIRP).

Since the altimeters are nadir pointing an additional pathloss of 20 dB (due to roof and ceiling attenuation) is included when calculating the interference from indoor HIPERLANs. When considering the case of HIPERLANs which are restricted to indoor operation, it is assumed that at any given time 1% of the HIPERLAN devices will be operating outdoors - leading to an overall additional attenuation factor of 17 dB. For HIPERLANs which are permitted to operate outside, it is assumed that 15% of devices are outdoors at a given time - giving an additional attenuation factor of 8 dB. For both cases it is assumed that 5% of HIPERLANs will be transmitting at once.

TABLE 8

Calculation of number of terminals in -3dB footprint
	
	Indoor
	Outdoor

	Power density (D × EIRP)
	0 dBm/km2
	0 dBm/km2

	EIRP
	30 dBm
	30 dBm

	Percentage of HIPERLAN operating outdoor
	1 %
	15 %

	Additional Margin
	17 dB
	8 dB

	Active Terminals per km2
	0.05
	0.063

	Percentage of Active Terminals
	5 %
	5 %

	Number of terminals per km2
	1.002
	0.126

	Number of terminals in the –3dB footprint
	4664
	586


We then obtain a range from 556 (outdoor use) to 4424 (indoor use) HIPERLANs installed in the
–3dB footprint as a limit not to interfere into the altimeter.

3.2
Interference from altimeters into HIPERLANs

In this case we consider a bandwidth reduction factor Bh/Ba, since the altimeter bandwidth Ba is much larger than the HIPERLANs bandwidth Bh. Ba has a value of 320 MHz and Bh is 23.5 MHz, hence a reduction factor of 11.34 dB is obtained. The HIPERLAN antenna gain Gh towards the vertical direction is 0 dB.

The power received by one HIPERLAN from the altimeter is: 
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The power transmitted by the altimeter into the HIPERLAN will then be, at the worst case (e.g. main beam of the altimeter, closest distance 1347 km, outdoor HIPERLAN), -103.64 dBm.

This case (altimeter main beam into HIPERLAN sidelobes at the vertical) has to be considered as a worst case, since altimeter lobes decrease very quickly with boresight angle (they are at a -20 dB level 4° from nadir, and -40 dB 15° from nadir).

The calculation above produces a margin of 10 dB; it is therefore concluded that the altimeter will not interfere into HIPERLANs. Furthermore the altimeter is a pulsed radar; the low duty cycle, polarisation and additional propagation losses, which provide additional margins, have not been taken into account.

3.3
Conclusion

It is concluded that radar altimeter operation with a 320 MHz bandwidth around 5.3 GHz is compatible with HIPERLANs. It is noted that the lower limit of the radar operation is 5.15 GHz, the conclusion of this study is therefore also relevant to the existing HIPERLAN band. It is likely that sharing between HIPERLAN and Altimeter will also be feasible in the band above 5460MHz.
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