INTOP

To estimate the amount of aggregate interference introduced into proximity operations space
receivers, 8 MATLAB computer simulation program was developed. Space system recerver input
parameters are:

1) Space Station altitude (assumed to be 350 km)

2) Receive HPBW (assumed to be 5.9°)

3) Recerve antenna gain (assumed to be 32.55 dBi)

4) Receive system noise temperature (assumed to be 733°K)
S) Receive system bandwidth (14.7 MHZ in most cases)

LMDS system input parumeters are:

1) Max EIRP (at cell edge for subscribers)

2) Transmit signal bandwidth

3) LMDS cell radins

4) Height of bub above ground level

5) Maximum pointing elevation of subscriber anteanas

6) Hub antenna mainbeam elevarion angle (since bubs are typically pointed slightly downward)

7) Modulation peaking factor (for the case of 8 wideband interferer into a narrowband recetver)

8) Rain climate zone (consistent with the cell size above)

9) Number of simuitaneous co-frequency subscribers per cell (assumed to be one for all systems
except ENDGATE which uses a 36-sectorized cell)

10) Frequency interieaving (assumed to be -3 dB for CV and 0 for all others)

Additionaily, 3 dB beam footprint areas for various beam aimpoint elevation angles are input to
the simulation. These footprint areas were pre-calculated off-line using s separate program sincs
they involve a significant amount of computatioa by their own right

A “FILL" vector specifying various LMDS beam fill percentages and the areas of selected MSAs
(metropolitan statistical areas) are aiso input to the simulation. These variables are used to
compute the “effective LMDS area” which is defined to be that area occupied by LMDS cells.
This is to take into account the fact that beam footprints (especially large ones that occur at low
elevation angies) will typically not be completely ssturated with LMDS systems. The program
provides thres options for computing effective area. These are described below with the aid of the
following figure.
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OPTION A OPTION B OPTION C

II%

MSA
Beam IM:A::“ @ Effsctve Area = % of MSA Effsative Atca ~ MSA + 33% of

Ares Oumnide MSA
Figure 1. Options for Computing Effective Area Occupied by LMDS Cells

Option A uses the % fill vaiues to simply calculate the effective area as a specified percentage of
the 3 dB beam footprint area. For example, a fill percentage of 20% would take the effective ares
as 20% of the footprint area. The approximate number of LMDS cells in the footprint is then
found by dividing the effective area by the LMDS cell area.

In option B, the fill percentage is interpreted as a certain percentage of the MSA area. For
example, a fill percentage of 100% would taks the effective area to be the eatire MSA area as
long as the beam footprint is larger than the MSA. The rest of the footprint is assumed to be
compietely empty of LMDS cells. If the beam footpring, on the other hand, is smaller than the
MSA itself, the cffective aves is taken to be equal to the beam ares even if a 100% MSA
coverage is specified This typically happens at higher elevation angles.

Option C is similer and is analogous to the Canadian approach for computing effective area.
Again, if the beam footprint is larger than the MSA (as shown in the figure), and 100% MSA
coverage is specified, the effective area is taken to be the entire MSA + 33% of the remaining
Jootprint ares eutside the MSA. Like option B, hawever, if the beam footprint is smailer than the
MSA, then the effiective area is simply taken to be the beam footprint area itself. Again, this
typically occurs at the higher elevation angles. Hence, at the higher elevation angles, the UN
margin values for a particular scenario will generally be the same for both Options B and C.

Once the LMDS effective area is calculated according to one of the three options above, the
approximate mumber of LMDS cells in the beam footpeint is found by dividing the effective area
by the cell area. For subscriber interference, the number of co~channel interferers per cell whose
carriers fall into the POCS rmcbmdmdthu:hnfwﬂbymmﬁwrmbmdwtdm
with the interferer’s bandwidth. For example, an LMDS scenario in which an individual
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subscriver’s bandwidth is | MHZ (for a T1 data rate) and the space system receive bandwidth is
14.7 MHZ, will assume 15 subscriber interferers per cell. In addition, if there is frequency reuse
within the ceil by means of sectorization (as in the case of ENDGATE with 36 sectors), the
aumber of potential interferers per cell is further muitiplied by this factor.

For the estimated number of LMDS cells in the footprint (NCELL), the program then populates
the footprint with cells starting at the far edge of the footprint and progressing towards the near
edge. For each cell, the elevation angie to the satellite is computed as well as the gain fall-off at
the satellite antenna. The atmospheric ioss for each cell is aiso calculated based on its elevation
angie and the specified rain-climste zone. Because the cell sizes are much smaller than the
distance to the sateilite, ail subscribers within a ceil are assumed to have the same sateilite
elevation angle, atmospheric loss, and gain fall-off at the satellite as that computed for the
particulsr cell itself. (Note, however, that pointing angles and gain falloffs at the subscriber
antenna are computed for every subscriber in every ceil.) At this point, the algorithm branches
into two separste paths depending on whether subscribers or hubs are being analyzed. Since
subscriber interference is more complicated, the rest of this description pertains only to subscriber
analysis, aithough the hub analysis is very similar.

After popuiating the footprint with the appropriate aumber of cells, the interferers within a cell are
randomly located within each cell. For example, foc the case described above with 15 T1
interferers per cell, 15 interferers would be randomly distributed in each of the NCELL cells
within the footprint. (Note that in some cases as seen in the table, one interferer per cell is
deliberately forced into azimuth alignment with the satellite to study its effect.). After the
subscribers have been randomly distributed in the cells, a number of parameters are calculated for
each subscriber. These are:

1) Subscriber-to-hub ranges within each cell

2) Subscriber EIRP as a function of subscriber-to-bub distance

3) Subscriber antenna elevation angle based on distance to hub and hub height above ground level

4) Off-axis angle of each subscriber’s antenna pointing direction (towards the hub) from its line-

of-sight to the satellite

5) Using the off-axis angles in (4) and the specified subscriber antenna pattern, the corresponding
subscriber antenna gain falloffs are computed

6) The subscriber antenna gain falloffs are checked to see which ones are less than 3 dB. Whers
this occurs, it indicates main-beam coupling and & 3 dB polarization discrimination is assumed.

7) The slant rangs and free-space loss are computed for each subscriber

8) The interfarence power at the satellite is computed from each subscriber transmitter in each of
the NCELLS taking into account extra factors such as interleaving, peaking, and bandwidth
adjustment (for 2 wideband interferer into a narrowband receiver) where they apply.
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This procedure is repeated for each of the specified beam footprint aress and % coverage vaiues.
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(Basad on 25dBWMHZz EIRP Density)
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/N Margins at POCS Receiver from CV FM/TV Hubs
(Hub EIRP is 39.8 dBW Basad on 25 dBW/MHz Densgy)
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(For 2.5 MHz and 30 MHz Interferer Bandwidths)

N Margins at POCS Receiver from TI Subscnbers

6 : : :
l\ g
. Vo !
—r
/ rd
c':: /‘:".‘
Dy o 1 -
N \ s :;:-
Pl S
r AL T
G =
UN Maggin at 350 km PPCS Receiver (dB)
P i
Q 10 p.o] 0 40 0
Beam Boresight Elevation Angie (deq)

ENY MSA + 33% (30 MHZ) @ NY MSA (2.5 MHZ/T MHZ) g NY MSA + 33% (2.5 MHZ/{M

{Margin based on 6 dB 1))




VN Margins at POCS Receiver from Tl Subscribers
(One Interterar per cell forced nto Azmuth Alignment))

CS Recaver dB)

}
o} 10 2 K o] O D
Beam Boresignt Elevattion Angle (deg)

[@NY Msa ONY MSA « 33% 4 Miami MSA @Miami MSA « 33%

{Margin based on 6 dB 1))




VN Margins at POCS Receiver from Tl Hubs
{20 dBW E1RP/40 MHZ Interferen

10 -

UN in at 350 km PACS Recawer (dbB)
20 L
0 10 P 4] ' k o] 0 0
Beam Boresignt Elevaton Ange (deg)
fGNY Msa ONY MSA + 33% 4 Miam) MSA @Miami MSA + 33%
ku based on 8 dB Iﬂ)
T—

5 B




CV LMDS INTERFERENCE INTO SPACB STATION PROX OPS RECBIVER (350 KM ALTITUDE; 5.9° RECV BEAM HPBW)

CASEB # SYSTEM SUBHUR MAX EIRP Xmit BW Coll Radius Rai Recv BW J#ofintfers | # AZ MSAs |I/N Margins (dB) st Bea Elevali
(dBW) Dels Rato (am) (MHz) percell [aligned Angle for 100% Coverage of SMA
ith S/ (or beam if 90 indicstod)
pex ocli 0* | s° §15°j20*|30*| 40°
| cv SUB 100 1 MH2/TI 48 2 14.TMHz 5 0 100%of ]08)02]23143%s59] 718
Beam
2 cv SUB 100 1 MH2/T1 43 2 14.TMHz 15 i 100%of |-36]40}18139159] 713
Beam
3 Ccv SuB 250 ) MH/TI 48 2 14.7MHz 15 0 100%of | - pL48] - 10991 78
Beam 143 126
4 cv sSuUB 100 1 MH/T) 23 | 147 MHz 15 0 100% of }-26]-3.4}-191-04] 14 30
Beam
S cv suB 100 | MH/TI 48 2 147 MMz 15 0 New York [11.7]118168149]68) B84
6 (3I%)' Ccv SUB 100 Iz 48 2 4.2 [} 0 New York {48139[{54[48[70( 83
7 Ccv suB 100 } MH2T 48 2 14Tz 15 ) New Youk |52)54160)]46)66) 812
$(33%) cv suB 100 | MITI 48 2 4.7 MHz IS | New York |-09]-0.1148]46162 | 88
9 cv suB 250 | MEHT) 43 2 14.7 MH2z 15 0 New York | 4.8(-4.5]-7.71-99]-83] 6.6
10(3)%) CcvV sUB 250 | MHZ/TN 438 2 14.7 MH:z 15 0 New York | - }10.71-9.5110.31 83| 6.8
108

! Cascs masked 33% refer (0 the mothod in which the clicctive asca within the beam footprint arca is Calculatod. Vhe effoctive arca 18 assumed (o be tbat arca
occupied by LMDS colls. For cases masked (33%), the cffective arca is cqual 1o the beam arca if the beam arca is lcss than or oqual (0 the quantity (Yeoovarage®A,,,,)
which i3 the parcent LMDS coverage (in terms of arca) of the indicatod SMA (statisticel motropoliten arca). If the beam arca is greater than this quantity, then the
effecuve ares is laken 10 be this quantity + 3% of the beain arca outsido this arcs (i.c. Agy = (Yocoverage®Ay,,,) + 0.33'(Am-?avqm‘h,.)). Foc cescs not
marhod (1396). Age ® Agun 08 Agy, < Mcovasage®A,,, a0d A Vecovarage®A,,, fof beam aress grcalar than %%ocovcrage®SMA (i c. the reat of the besem asca 13

Tabla 3/
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1" cv SUB 100 | MH2/T) 27 | 147MHz| 15 0 | Mimmi f1isfin2|r0ls0{22] 37
12(33%) cv SUB 100 ) MH2/TI 27 I NVRTY 78 BT 0 | Miami [34]29]29]27}19] 18
13 cv SuUB 100 1 MHZ/TI 27 N ETR Y T BT | Miami Diiafi12|62 {4a{20] 34
14(33%) cv SUB 100 1| MH2TI 2.1 ! TRV 1'% BT 1 Mismi [-20]-23[{19]25]19] 35
IS cv suB 50 I0kHZI6kbps | 48 2 $00 kHz 50 0 |New York |-37]46|-00}i00 00| <4
16(33%) cv SUB 50 10kHZ16kbps | 48 2 500 kiHz 50 0 [NowYork | - {10.6]-9.6 .m]u %7
103
1 cv SUB 198  |3oMbzasvops| 48 2 | amuz| 0 | New York |47]-22|-07}10] s3] <1
18 (33%) cv suB 98 30 MHzA4S Mops | 48 2 | 1Mz | 0 {NewvYork| - f1re] - Lie2}-2.0] <o
10.2 10.3
19 Ccv HUB 70 20 MHz PMTV 48 2 14.7TMH2 | 0 New York {68170 12041187]20.3] 218
20 (33%) cv HUB 70 0MEPWTV{ 48 I RTRIY ! 0 | New York |02]00 Ji91187[200] 218
21 cv HUB 180 0M8PWTV | 48 2 | 1au | 0 [NewYak | - 200 - }1234106] 92
4.1 10.6
22 33%) cv HUB 8.0 WMEFAWTV] 48 2 | oM ] 0 |NewvYok | - Joug| - Jinsfros| 92
30.8 119
2 cv HUB 70 WMEPWTV | 48 2 |1z I 0 [Newvork+[t3ft3) t_{_ 1 _
hilat W,
DC
24 33%) cv HUB 10 WMEPWTV | 48 2 |1z | o}ecw York+|-nelae] | __ | _
Phila + DC
25 cv SUB 100 | MHZ/TI as 2 |uamz| s 0 rcw Yok Hsalaof | _|_ 1| _
Phila + DC
SUB 100 ) MHZTI 48 2 JrMz | 1S 0 Newvok#29]27) _|_|_ 1 _
26 (33%) cv Phila + DC
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27 cv SUB 10.0 | MHZ/T1 48 2 14.7 MH:z 15 ) Youk4go01]0) ]| ) _} _ _
Phils + DC
28 OMN) cv SUB 100 ) MH/TY 48 2 14.7 MHz 15 1 kwvau-z.o 24y _f_ ] _ _
Phila +DC
29 (33%) cv HUB(scatter) 70 2004H2/FMTV 48 2 14.7MHz ) 0 Néw York [-2.8]1-3.0] 12 [10.7]124] 135
30(33%) cv HB 70 200812FMTV 48 2 IMH2/TI | 0 |Now York |-9.8}10.19.1 |87 J104] 118
(with l_OdB
peaking)
31 cv sSuB -100 Jokiz/16kbps 48 2 S00kHz S0 0 New York [10.8{168]71 51170 86
32(33%) cv suB -100 10kH2/16 kbps 48 2 SOOkH. 50 0 |NewYork [47]|43]55]|49][69 ] 82
3) cv suB 248 TWW 48 2 14 TMHz 1 0 New York |108] 1716615670 .5 )
34(33%) cv suB 2483 J0MEHz/4 5Mbps 48 2 147 1 0 New York 691235657164 83
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TI LMDS INTERFERENCE IN'i O SPACE STATION PROX OPS RECEIVER (350 KM ALTITUDE; 5.9° RECV BEAM HPBW)

casé# | system | sumup }w_(am}(mmw Dm{ Cel  {Rain Zoao | Recv BW koﬁnlfa;[ oAz | MSAs | UNMurgins (4B) et Beam Blcvation
(@BW) Rate Radius (MHz) | percell | aligned Anglc for 100% Coverage of SMA'

(lom) with SKC ‘
pes ccll 0° | s* f1se[20°[30°f 40
] Ti sSuUp 200 2.5 MHz/3.3 Mbps 50 2 142 5 0 NewYak [ 38 |32 |-08]-19]0I 12
2 (33%) T SUB 200 | 25MHzAIMbdps | 50 2 147 s 0 |[NewYork|-45]-39(-27]-18]02] 13
3 T sup 200 |25 MH21.IMbps 50 p; 141 S | NewYork | 66 ]-71148]-42]05 16
4(33%) TI SUB 200 [25MH33Mops| SO 2 147 s ) [New Yok |-129]-133] 58| 42|06 | 23
S Ti SUB 200 2.5 MH2/3.3Mbps 25 1 {47 5 0 Miami 78] 7251-211-34]-55) 45
6 (33%) TI suB 200 |25MHnIM0pe] 25 | 147 s 0 | Mami |62]-salea|-s3|se| -4s
? Tl sUB 200 [25MnIMBps] 25 | 14.7 5 ) Mismi [-19]-11]-52]63[-sa] 29
8 (33%) TI SUB 200 [25ML33Mepe] 125 ] 17 s ) Mismi [-15.1{-154]-96[-80]-50( -40
9 Tl sUB 320 | 30MHzMOMDps | 50 2 147 | 0 |NewYoak|19]01]33]37]06] 09
10(33%) Tl SUB 320 | 30MHz40Mbps | S0 2 147 I 0 [NewYork|-4s|-33|-38]38]21] 01

"Noio that in some cascs as described in foolnole 2 below, the catire SMA arca may nol be covered simply becsuse the beam footpnat itsclf 1s smalicr than
the SMA ascs. This is usually wruc sl the higher beam clevations. The foolprint ercss for the indicated clovalions arc: 141540km"2(0%), 151300km"2(5°),

39900km*2(15°); 19587km*2(20%); 7212km*2(30%); snd 3612(am*2(40°). For comparison, the ercas of tho MSAs are; 19825km”2(New York); 8196km"2(Miami),

and 50702km"2 (New York + Philedelphis + Wash D.C. MSAs combined). Also, where the footprint arca is larger tham the SMA arca and the 13% rule is esswncd,
lhcuumwbymwnMdbthuufJﬂdhmmﬁ“h&cbﬂp‘w.

3 C ascs madkied 33% refer (0 the method i which the effoctive arca within the beam footprint arcs is caloulated. The effective arca is assuticd (o be that arce
occupicd by LMDS cclls. Por cascs marked (33%), the cfiective arce is cqual 10 the beam asca if the beam arca is less than ll‘oqud (o the qunplily (%fovangc’A,,u)
which ishpmMSmmm(hmudua)thoMM(MM motropolitan arca). If the beam asca is greater than this quantity, then the
cloctive arca is laken 10 be this quantity + 33% of the beam arca outsde this arca (16 Ay = (Yecoverage®A,,,) + 0.33%(A, .., Yecoverage®A,,,,)) For cases ol
mashod (33%), Aup ® Acer, 608 Aguu, o MWcoverngs®Ay, ed Ayy™¥ocovcrags®A,,, for beam aicas Peatar than Yeoovarage®SMA (i ¢. the rest of the beam arca is

ssanad 10 bs amphy of LMDS celle)
b Table /5)




1 (33%) T suB 320 | 30MHzM40Mbps | 25 ) 147 0 | Miami [.79{-70]-85{-12{-24] 6
12(33%) T suB 320 |30MHzM0Mbps | S0 2 147 0 rvmnu s1|817] | _ _
+DC
14 (33%) T SUB 200 [25MH3IMbps| SO 2 147 0 hwm ssls7] 1.1 | _
+DC
15 Tl HUB 200 | 40 MHZAES Mbps | 50 2 147 0 INewYok|-54]-52)06[-20}06]| 43
16 (33%) Tl HUB 200 |eoraizssMbps | 50 2 14.7 0  [New York \-123{-126[-091-20[ 06 | 43
17 Tl HUB 200 | 40 MH26S Mbps | 2.5 ] 147 0 Misms |-02]-05)-24]-28Y.50] 15
18 (33%) TI HUB 200 | 40MH26SMbps | 25 ) 147 0 Mismi [-141]-045| 44)a8]-50] -1
19 n HUB 250 60 MH2/200 Mbps 50 2 147 0 New York | - 861 -851-2271-53}]-27 10
20 (33%) Tl HUB 250 |60 MHz200Mbps | 50 2 142 0 [New York [-156]-159]42{-s3|-27| 10
21 Tl HUB 250 [60MHz200Mbpe | 25 ) 147 0 Mismi {-34)33]35]61]-8a] 47
22 (3I%) 1) HU8 250 | 60MBHz200MDPs | 25 | 147 0 Mismi [-173]-178)-76|-8.1]|-84] 47
23 (33%) Tl HUB 200 ] 40)Riz6SMops | 50O 2 147 0 Nv:vbigw-u.u 43 2} ] _
24 (33%) Tl HUB 250 | 60MHZ200Mbps | 50 2 147 o NverHIAL173[17S) [ _ | - )
+DC
25(33%) Tl HUB with 200 | soMHzesMbps | 50 2 147 0 |New York |-123}-126]-09]-20} 06 | 43
scallening
26 n suB 200 |25MH233Mbps [ 50 2 IMHz 0 [NewYok|-29|42[09]|-29]06] 06
27(33%) Tl suUB 200 |25MHz33Mbps | S0 2 IMH2 0 |NewYork |-44]|-42{-4s|-23]0s| 07
Wolucs Mc st @von kur hcas beam alsvetums snce the il docs out cacompass all Uvec MSAs
TABLE £S5



ENDGATE LMDS INTERFERENCE INTO SPACE STATION PROX OPS RECEIVER (350 KM ALTITUDE; 5.9° RECYV BEAM HPBW)

CASE# | SYSTEM | SUBHUB | MAXERP | XmitBW c:unm?.-.m«{ ReovBW [#ofintfers | #AZ | MSAs  JUN Margins (dB) st Beam Elevation]

(dBW) Dala Rete (km) (MH2) | pescell ugnps% Angic for 100% & 33% beam fill

per ocl 0* | s Jise |20} 300 | 40

| EG sup 50 29 2MH/4sMbps| 76 2 14 36’ ) 100% [160f16.125.9[27.5|301( 114
2 EG SUB 50 29.2MH2/4SMbps| 7.6 2 14.7 16 0 n%  s2isaprafaa)iss| 169
3 5G SUB -100 ) MH2TI 16 2 2 MHz 7 0 100% |17.4)170{262{218{30.4] 321
4 EG SuB -100 IMH2TI 16 2 2 MHz 7 0 1% h1ohis2p22p13]60] 372
s EG SUB -100 IMH2T) 16 2 ! MHz 16 0 100% |179)eslef218[302{ 321
6 BO SUB -100 IMHDTI 16 2 ) MHz 36 0 1% liscfoshaifaslase] 319
7 50 SUB -100 T 4 l IMHz | 36 o | wow |is2hasf2ifarsf2sa| 19
(] BO suB -100 | MHYTI 4s ) ) MMz 36 0 1% |is2)172]28.4f29.4318] 337
9 EG HUB ns |29 MHzasMbps| 16 2 14.7 ] 0 w0o% |-22]-21f22.0p2s|391] 33
10 EG HUB Tk 9 IMHz4SMbps| 4.5 | 147 1 0 100% [|-31]3.0 2320283348} 389
1 EG HUB with 1.5 [292MH2A4sMbps] 45 | 14.7 ' 0 100% |-31]-32]232fw6)282] 293

scalienng

'ENDGATE usos s scctosized hub wherein the coll is dividod into soparate 10° sectors (36 seciors ia the cell) with the frequancy beng reused willun cach
soulor Adjacenl 30Gi0rs upcrate on opposile lincar palanzations in ondes 10 provide discrumination luhcmr.civa_n mnuuuba of co-channel u?lafaas pev cell (in
he cane of subanbers) is tharchurs the vicum feccive baadwidd/intarfwrar bandwiddh x 36 Sinos the apace scociver is sssumed (o operaic on ciccular pulanzation snd
st hases polanisnon wierdrenes oo bs resmved Sum ol sstar is ¢ call
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HP LMDS INTERFBRENCE INTO SPACE STATION PROX OPS RECEIVER (350 KM ALTITUDE, 5.9° RECV BEAM HPBW)

CASE # SYSTEM SUBHUB BIRP| Xmit BW/ C¢l| Rain Zone MBWLoﬁmﬁs’ #AZ | MSAs UN Margins (dB) at Beam Blevation
dBwW) Data Rots Rodius MHz) | percell | aligacd Aangle for Indicalod Coverage'
(k) with 8/C o

pes oel) 0° | 5° Ji1s*j20°830°}) 40

| HP HUB 80 OMHz/60Mbps | 20 2 147 ) 0 100%of |-14.5]-15.2]-98]-26[-23] 21
BEAM

2 HP HUB 80 4OMHz/60Mbps | 0.5 i 147 ) 0 0% of |-154]-158}154(-13.1}-83] -38
BEAM

] HP HUB 80 40MH2/60 Mbps 10 | 147 } (1] MIAMI [26 27 177]88]-81] -37

4 Hp HUB 80 40MHz/60Mbps 20 2 147 1 0 |[NewYork}-27]-27]164}-76]-23) 21

5(33%) Hp HUB 80 A0MH2/60Mbps 20 2 142 ) 0 [NewYork]-93)97])78}76}1-23) 21

6 w HUB 80 400EH2/600Mbps 40 2 147 i 0 Y+Pi -221-22)-38]-16)37 ] 81
+DC

7(33%) 1 4 HUB 20 4003 1260Mbps 40 2 147 l 0 F&Yﬂ’lﬂl_ﬁ -531-561-38}-16})137 81
+DC

s Hp HUB with 50 40MHz/60Mbps 20 2 147 1 0 100% of |-14.5]-152]-98{-76]-23] 21
scaliening beam

9 HP suBp 140 IMH2/TI 20 2 147 [} 0 (100%becam]-70|-70f05118}34] 46

10(33%) HP suB 140 I MHZTH 20 2 141 15 o New Yark [ 62| 6412918135 41

i WP suB 140 IMH2/T) 20 2 147 IS 0 New Yok | 04 | 04146117 )34 46

"Noie that in some cascs as deacribed in footnole 2 below, the aatire SMA arcs may not be covered simply boceusc the beam footpant itsclf 1s smaflce than
foolprint arcas fos the indicaled clevations are. 141540km*2(0%); 15§ 300km”2(5°);
0°). For comparison, the arcas of the MSAs arc: 19825km"2(New York), 8196km~2(Miam),
Lso, whese the fooiprial arca is larger than the SMA asca and the 33% rule 13 sssumod,

the SMA arcs. This is usually truc of the higher beam clevations. The
319900kin~2( 1 5°); 19587km*2(20°); 7212km"2(30%), md 361 2km”2(4

wnd $0702km*2 (New Yark ¢ Phuladelphis + Wash D C MSAs combined). A

the wes uccagesd by 1 M3 cuils 1 cosmdered 10 be s JMA arss ¢ 3% of the ares smuasnng is the foorpnnt
TABLL )37
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Radiocommunication Doc. WP 7TB/9D/CAN 1
Study Groups 14 July 1995
Period 1993 - 1995 Qriginal: English

CANADA

Considerations for Bandsharing Between the Inter-Satellite Service and the
Fixed Service Employing Local Multipoint Communications Systems

1.0 INTRODUCTION

s , ‘Z.’J/’L'\P >
This sharing study examines the potential impact of transmitters of Local

Communications Systems (LMCS) would have on the receivers of Data Relay Satellites (DRS)
in the Inter-Satellite Service (ISS) band at 25.25 t0 27.5 GHz (26 GHz). This sharing study
also examines the potential impact which interference from the transmitters of low Earth orbit
'User' spacecraft would have on LMCS systems in the 26 GHz band. This band exhibits
favourable propagation characteristics which could be used to advantage by a two-way
microcell-type communication system such as LMCS.

2.0 PARAMETERS FOR THE ISS AND LMCS RECEIVERS
2.1  Inter-Satellite Service (Retum Iink) Parameters

Table 1 below has been taken from ITU-R document Doc. 7B/26 (9D/54) which was
included in the Chairman's Report from the November 1994 Second Joint Meeting of Ad Hoc
Working Parties 7B and 9D. The transmit gain of the antenna in the ISS Return Link has been
frequency scaled here to the centre of the 26 GHz band. The noise temperature of the DRS
was taken from ITU-R Draft New Rec. (Doc. 7/9]. The side-lobe patterns for the User
Satellite and the DRS were taken from ITU-R Doc. 7B/26 (9D/54).

Table 1: Parameters of ISS Return Link

ISS Frequency Centre Frequency 26.375 GHz

User Satellite Transmitting Power 7.3dBW
Antenna Gain 49.9 dBi

Data Relay Satellite Antenna Gain 58.0 dBi
Noise Temperature 1200 K

Note: Transmit bandwidth = 4 MHz.




2.2 LMCS Parameters

The transmit and receive parameters for two LMCS systems are given in Tables 2.1
and 2.2. Typical LMCS cell sizes for the LMCS systems by climatic zone are given in Table
2.3. Figures 1 and 2 graphically illustrate cell radii and clear-sky power per 100 km? both as
a function of rain climatic zone for the LMCS 'A’' and LMCS 'B' systems, respectively.

2.2.1 LMCS Antenna Parameters

The LMCS hub and subscriber antenna patterns used in this sharing study were
taken from data provided by LMCS equipment manufacturers . LMCS hub stations
employ a toroidal transmit antenna pattern which is omni-directional in the horizontal
plane but directive in the vertical plane. The vertical plane patterns of the LMCS hub
antennas are given in Figures 3 and 4. The hub vertical plane antenna patterns exhibit
slightly better discrimination than the patterns contained in Annex 11 of Doc. 7B/26
(9D/54). The subscriber antennas for the LMCS systems employ highly directional
patterns with maximum gains ranging from approximately 30 to 35 dB and are shown
in Figures § and 6.

2. Geometrical Considerations

For practical purposes the hub has a negative elevation angle in order to effectively
deliver service to as many subscribers as possible in a given service area while minimizing
interference to adjacent cells. For example, hub elevation angles of -1.9° and -2.3° for the
LMCS 'A’' and 'B' systems, are required to ensure maximum coverage within the cells. Asa
consequence of the hub configuration, a subscriber's elevation angle will always be positive.
For both LMCS 'A' and LMCS 'B’ which both have typical service areas of roughly 5 km in
radius in Rain Climatic Zone M (Rec. ITU-R PN.837), it was assumed that the hub was
situated at an average of 60 m above the surrounding area. Assuming a uniform distributioa of
subscribers around the hub, nearly all (99%) subscribers could ‘see’ the hub antenna at
positive elevation angles less than about 6° (see Figures 7 and 8). Negligible interference
from subscriber antennas to DRS can be expected from elevation angles above 6°. In Rain
Climatic Zone K, slightly larger cell sizes are feasible and will result in a distribution in which
the elevation angle of nearly all subscribers is less than 5°. Thus, in Zone K and in other less
severe rain rate zones than Zone M, most potential subscriber interference may occur at lower
elevation angles those than in Zone M.

The distribution of subscriber elevation angles for LMCS 'A°’ and 'B’' is illustrated in
Figures 7 and 8. Subscribers closer to the hub will receive a proportionately stronger signal
than at the outer limit of coverage. The received subscriber powers at the hub, not including

differences in hub antenna gain, for LMCS 'A' and 'B' is shown as a function of subscriber
elevation angle in Figures 9 and 10.
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2.4 LMCS Rain fade Compensation

‘Automatic Power Control (or APC) is a technique that may be useful to LMCS to
compensate for detected rain fade. In this study, APC is employed by LMCS 'B'. LMCS ‘B’
has a minimum C/N of 18.9 dB in the TV/FM case or 14.0 dB in the digital case in the hub to
subscriber direction. Table 2.3 derives the cell sizes based upon maintaining the above
minimum C/N.

Low elevation angle interference into the DRS is worse than high elevation angle
interference due to LMCS antenna patterns and geometries. However, the interfering signal is
passing through more troposphere which more than compensates for any lesser correlation
between APC and rain attenuation on the interference slant paths, below about 15°, to the
DRS. Under rain conditions, it was assumed that in both the space-to-Earth and the Earth-to-
space direction the interference from the 'User' satellite on the downlink and from the
aggregate interference of the LMCS hub stations (and subscriber terminals) on the uplink were
attenuated by a 10 % rain fade derived from Rec. [TU-R PN.618-2. It has been assumed that
it is statistically unlikely that, in the total area of the 3 dB DRS receive antenna beamwidth,
more than 10% of all visible cells will be experiencing 2 maximum 0.1% rain fade at any
instant. Thus, the resultant aggregate uplink interference is composed of a level of APC
corresponding to a 0.1% rain fade from 10% of all visible LMCS cells and no APC from the
remaining 90% of all visible LMCS cells. In all cases, assumed fading conditions on the
interference path resulted in lower levels of aggregate interference into the DRS for elevation
angles below about 15° than under clear-sky conditions. For elevation angles above about 15°,
aggregate interference into the DRS was slightly greater than under clear-sky conditions;
however, margins were much greater. Rain attenuation is further discussed in section 3.2.

2.5 LMCS Power Spectral Density
In this study, ratios of power in the worst 1| MHz to the average power over the worst
1 MHz were added to the average power over the transmission bandwidth according to the

type of modulation employed. These approximate peak power spectral density ratios are given
in Table 3 below for two types of modulation.

Table 3: Peak Power Spectral Density Ratios

Modulation of LMCS Transmission | Peal

Digital (4 phase) S 3.
TV/FM 10.0




3.0 OTHER CONSIDERATIONS IN THE DETERMINATION OF THE LEVEL OF
INTERFERENCE BETWEEN LMCS SYSTEMS AND THE ISS

3.1  Clear-Sky Atmaspheric Attenuation on Interference Slant Paths

As the 26 GHz band exhibits significant fading characteristics due to atmospheric gases
for slant paths of low elevation angles, the effect of atmospheric attenuation cannot be ignored.
The atmospheric attenuation prediction model used in this study was that from Rec. [TU-R
PN.676-1. In addition to frequency, the minimum attenuation calculated by the model
depends upon: i) height above mean sea level (amsl) of the point on or above the surface of the
earth, ii) Rec. ITU-R IS.847 Radioclimatic Zone (A1, A2, B or C) and iii) the elevation angle
of the slant path to the satellite. A ground elevation of 360 m (amsl) at the hub antenna was
assumed such that less atmospheric attenuation would be calculated than would be experienced
for most typical situations. Also, using the more general value of water vapour density from
radioclimatic zones in Rec. ITU-R 1S.847 instead of a more specific value from Rec. ITU-R
PN.836 will lead to a lower estimate of attenuation due to atmospheric gases. The Rec. [TU-R
P.676-1 clear-sky attenuation due to atmospheric gases is shown in Figure 11. The Rec. ITU-
R PN.676-1 attenuation due atmospheric gases in the presence of rain, which is slightly higher
due to a higher 'water vapour equivalent height', is also shown in Figure 11.

3.2 Rain Attenuation on Interference Slant Paths

The effect of rain attenuation in a temperate climatic zone has been shown to illustrate
its role in the mitigation of interference. Figure 12 shows the expected rain attenuations for
Rec. ITU-R PN.837 Rain Climatic Zone M for a range of elevation angles using the Rec.
ITU-R P.618-2 model. It should be noted that the ITU-R rain attenuation model does not
apply at percentages of time above 1%. The 10 % (A, rain fade values were estimated by
calculating the 0.1% and the 1% attenuations (A,, and A, o) and calculating the fourth order
coefficients to a curve which passes through the two points and through an attenuation of 0 dB
exceeded for 100%. A family of curves, for values of p (%), illustrating the elevation angie
dependency of the expected rain attenuation on the interference path is given in Figure 13.

LMCS systems generally radiate power horizontally. Also, LMCS systems are designed to
have typical design availabilities of 99.9 %. Thus, increased attenuation due to rain and
atmospheric gases on interference slant paths between the LMCS and the DRS in combination with
the levels of APC required to achieve an availability of 99.9% in a typical cell size, results in the
interference calculated under clear-sky conditions as being the worst case. This cancelling effect
will be more pronounced on interference paths where the LMCS antenna has a better vertical plane
discrimination. In both the Earth-to-space and the space-to-Earth directions, the net effect of rain
is one of interference reduction for low elevation angles. The overall effect of rain attenuation on
LMCS hub stations and subscriber terminals is a net reduction of interference along low elevation
angle slant paths having elevation angles less than about 10° to 25° and a slight reduction in
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system margin on slant paths of greater elevation. The overall effect of rain attenuation on a
receiving DRS is a net reduction of interference along low angle slant paths having elevation
angles less than about 10° to 15° and a slight reduction in system margin on slant paths of greater
elevation.

33 L Fircular Polarization Discriminati

The ISS and LMCS employ different polarization schemes. The ISS employs circular
polarization for operational reasons. LMCS, however, employs rectangular/linear polarization for
purposes of facilitating intra-service sharing between nearby cells. In the instance where the main
beam of an interfering transmission is in-line with the main beam of a receiver, 3 dB of
discrimination can be expected; otherwise no discrimination is assumed.

In the space-to-Earth direction, the highly directive beam on the User satellite should not
illuminate any portion of the surface of the earth with its main beam and thus no circular-to-linear
polarization discrimination can be expected when calculating interference into the LMCS
receivers. -

In the Earth-to-space direction, when the User satellite is between the DRS and LMCS
transmitters whose main beams are directed towards the DRS and are also in the main beam of the
tracking antenna on the DRS, 3 dB of polarization discrimination toward the DRS receiver can be
assumed. As a result, 3 dB of polarization discrimination can be expected when the elevation
angle to the DRS from an LMCS hub is below 7 or 8° or when the elevation angle to the DRS
from an LMCS subscriber is within approximately 3 to §° of the boresight elevation of the
subscriber antenna.

In heavily rain faded conditions, the 3 dB linear-to-circular polarization discrimination
which is achieved under clear-sky conditions, will not be present due to the depolarizing effect of
rain at these frequencies. In the calculation of aggregate uplink interference, however, loss of
linear-to~circular polarization discrimination was considered to be negligible as it assumed that it
would be statistically unlikely for more than 10% of all cells to be experiencing 2 0.1% rain fade
(Aq,) at any instant. Thus, under rain faded conditions, 3 dB of discrimination was assumed on

the aggregate interference level into the DRS when the transmitting LMCS main beam was in the
main beam of the DRS receiving antenna.

Signal loss resulting from spreading of the beam on the LMCS antenna caused by a
variation of atmospheric refraction has been considered for elevation angles below 5°. The
attenuation on the interference slant path due to beam spreading effects was calculated using Rec.
ITU-R PN.834. The apparent elevation angle, due to tropospheric refraction on the interference
slant path was used in the calculation of beam spreading, angular discrimination calculations for
LMCS antennas and in polarization discrimination calculations.
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4.0 RESULTS

The two main interference mechanisms between LMCS and the ISS are:
i) ISS Return Link into LMCS receivers and ii) LMCS transmitters into DRS receivers.

4l Satellte Service (Retum) Link into LMCS Recei

For the LMCS systems, interference due to ISS Return Links from User satellites caused
no significant degradation to designed service margins. There are two different interference
modes in the case of space-to-Earth interference. The first mode of interference occurs when the
Return Link from a User satellite causes interference into the LMCS Hub receiver. The second
mode of interference occurs when the Return Link from a LEO space-craft causes interference into
the LMCS subscriber receiver.

The second of these two interference modes is obviously the worst case since the LMCS
subscriber antenna gain toward the satellite for elevation angles less than 10° tends to be much
greater than in the case of the LMCS hub. The two main reasons for this are that a typical
subscriber antenna has a maximum gain of approximately 20 dB greater than that of the hub and
the subscriber has a predominantly positive elevation angle.

Using the Return Link satellite parameters from Table 1, it was determined that a
minimum off-pointing angle between the User Satellite main beam and the limb-of-the-Earth must
be maintained in order for the User Satellite to meet the RR2578 pfd limits of -115 dB(W/m?/MHz)
for angles of arrival below 5° and -105 dB(W/m3/MHz) for angles of arrival above 25°. This
minimum off-pointing angle was calculated to be 3°. Interference into both the LMCS hub and
LMCS subscriber receivers were calculated assuming the surface of the Earth was illuminated by a
pfd equivalent to the RR2578 limit as this was the worst case. The worst case pfd from the User
satellite assuming the 3° off-pointing restriction is shown in Figure 14.

4.1.1 Inter-Satellite Service (Return Link) into LMCS Hub Receivers

For all LMCS systems, interference due to ISS Return Links from LEO satellites

caused no significant degradation to the FS system margins. Results of interference
calculations into LMCS hub receivers are presented in Table 4.

4.1.2 Inter-Satellite Service (Return Link) into LMCS Subscriber Receivers

Positive interference margins are always maintained in the presence of interference
from ISS Return Links. The results of interference calculations indicated that the
degradation of system margin would be more severe for lower subscriber elevation angles
and less severe for higher subscriber elevation angles. Both TV/FM and digital subscriber
receivers, although experiencing some reduction in margin, did not experience a negative
interference margin over any angular range. Results of interference calculations into
LMCS subscriber terminal receivers are presented in Table 4.
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