
LMDS AGGREGATE INTERFERENCE INTO POCS RECEIVERS

To estim .,. die IIIIOUm of aggregate imerferenc:e introduced into proximity operations space
receiven. aMATLAB computer simulation program wu developed. Space sy1teID receiver input
parameters are:

1)S~ StatioD I1titudc (usumed to be 350 Ian)
2) Receive HPBW (uaumecl to be 5.90)
3) R.ecIiw....pill (uswned to be 32.55 dBi)
4) R.ecIiw system DOise temperature (assumed to be 733GJ<)
S) lleceive system baDdwidth (14.7 MHZ in mo. cues)

LMDS system input parameters are:

1) Max EIIP (at cell qe for subsaiben)
2) Transmit sipal bandwidth
3) LMDS cell I'Idiua
4) HI:iabt ofhub above srouM level
S) Mnin,m poi"';", elevatioa of subscriber '"""""
6) Hub IIItennI mair-beam elevation aDlie (1iDce bublare typically pointed sliahtlY downwvci)
7) Mochdation peen. fictor (for the cae of. wicItbaDd im.erferer iDto aIWTOwbancl reaMr)
I) RaiDd-.mae (ccmsisteDt with the c:eII size above)
9) Number of!imultaDeoul CC)o8'equeDc:y subtc:ribers per ceU (assumed to be ODe for all systems

except ENDGA1'E wbidl uses a 36-1eCtOrized cell)
10) Frequacy iIartaWIa (asUDed to be -3 dB rorcv ad 0 for aD otben)

AdditiOllllly. 3 dB beam footprint ana for VIriouI beIIIl aimpoiat el~Oft anal- are inpu& to
the simulatiOD. These footpriaI ....WIn~ off-1iDe uU.I separaIe program siDCI
they involve • sipikaDt amount ofcomputarioa by their own ri....

A"FU..L" vector spec:ifyiDs YIrious LMDS beaI S J*CIIlUIIIw the areas of selected MSAI
(metropoJitaD "atjb;al areu) are abo iDput to 1M simuJatioIl. Tbae variables are used to
compute the ..eff'eetiwl LMDS ar." whicb is defined to be thaI.- occupied by LMDS cellt..
Tbis is to take iDto ICiCOUIII the fila tbIl bIa foGqxiuts (especially larp ones that occur II low
elevatiOll ....) will typically DOt be completely SllUl'lted with LMDS systems. The prosnm
provides dna opdaaa ftx' computiDa e6c:d\1e... Tbese are deIcn"bed below with the aid of tM
followiDllpra
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PIian 1. Options for Computiq mecIiYe At_ Occupied by LMDS Cells

Option A UIa the % fiB values to simply calcu1a&e the effective area u a specified percentage of
tbe 3 dB bam fooqxiDl area. For example. a 6D perceataae of20% would take the e:ffedive area
u 2CM oftile fbotprial area. The approximl&e nJ!Db« ofLMDS c:eBI ill the footprint is theD
fouDd by diYidiaa die etfec:tive area by the LMDS cell are&.

In opdoa B t me SJI perceutap is iDwpreted U &C8UiD percentap olthe MSA area. For
fII·mp1e. a 6D percell:'" of 100% wouIcItIka till e6ctiw area to be tbe eacire MSA area a
ltI••,.--/0tJ9rU1tis""tia ,.AaA. The rest oftbe footprint is assumed to be
completely empty ofLMDS ceDs.If....,."",." 011 ,. UM, is ,1IIIIlUr tJuua ,..
MaU *-'j; ,.".....is __ to Ie""'" to ,. CNII ifII 1""M!4
~a~ This typically bappeu. hi.... eleYatioa mates.

OptiOll C is simiJ.. IDIi is 1DIl00OUS to the Cuwti,n approach for computiq effective area.
Apia. iftbe beIaa fOotpIiDI is larpr tbIII the MSA (u sboWIl ill the Spre). and 100-,4 MSA
CCMI'Ip is IpedIed. the el'ectM area is.. to be the ent:iR MSA +JJ" 0/* relflllilti",
ItJtI9ri_ ? 'ft,..M&t Like opdoD Bt bawwvIr, ifthe beam footprial is smaller thaa the
MSA, tba die area is simply tabla to be the bam t'ooq)riDl area itself. Apin, this
typically oc:an • dIIlqber eteYlliOll ..... HeDce. u tbe hi...eieYUiocl aqles, the lIN
IJIII'IiIl vaIua for & paniaJ1ar scenario wiJlglDa'IIIy be the SIIIIII Cor both Options B and C.

Once the LMDS e6ctiw ar_ is calollateel accordiDa to ona of the tine options above, the
approximate number ofLMDS cells in the bam footpriDt is bmd by dMdiDa the e&'ective area
by the cell ana. For subscriber interfRDCe, tbe numbIr ofco-channet interfirm per cell who.
carriers &II iD&o the POeS receive blDClwiclth is tbIIl fOUDd by comparina the receiver bandwidth
with the iDterferer's bandwidth. For example. aD LMDS scenario ia which an individual



subscnJa"s baDdwiclth iJ 1 MHZ (for a Tl data rate) and the space system receive bandwidth is
14.7 MHZ. will ..IlDe IS subscriber interfen:rs per ceD. In &dditioD, ifthere is frequency reuse
witbiD the cell by meaDS ofsectorization (as in the case ofENDGAT2 with 36 seeton). the
number ofpoteatill interferers per cell is further multiplied by this factor.

For the abm"ed number ofLMDS cells in the footprint (NCEll). the program then populates
the footpr. with cells SW'ting at the fu edge of the footprint and progressing towards the near
edp. For each cell. the elevation angle to the sazeUite il computed as weU as the gain &ll-off' at
the mellite 1IIIenD&. The atmospheric loss for eacb cell is also c:a1c:ulated bued on its elevuioa
male IDd the specified raiD-<:limate zone. &nil. the ceU az.. are much sm&U. dwl the
distInce to the satelUte, all _scriber's within a cell Ire usumed to have the same satellite
eleYltioa 1DIfe, atmospheric loaa. and gam &J1-oWat the satellite as that computed for the
panicu1ar cell itself (Note, however. that poiDtiDs ansles aad gain &noff's at the subsaiber
lJUama are computed for every subscriber in every cell.) At this point. the allorithm branches
into twO sepallie pllhs~diag on whethtr subscribers or hubs are beins analyzed. Since
subscriber iDterfelence is more complicated., the rae of this description pertains only to subscriber
UII1ysis, altboup the bub IDI1ysis is very simiIIr.

After POpnlatinl the footpriDt with the appropriMe m.mber of cells. the iDlerfera's withia a cell an
randomly Iocaed within each ceO. For example, for the cue descn"bed above with is Tl
iDterfaea i per cell. 1S imerferen would be rudomly distributed in each ofthe NCELL cells
withiD the footprint. (Note that in some cues u seea ill the table. oae interf'.-er per cell is
deIibIn&eIy forced do azimuth alignment with the satellite to scudy its dfcet.). After the
sublc:riben have bee rudomly distributed ill the celli. & """*' ofpanmeten are calcu1&ted for
.... subscriber. Tbese are:

1) Subscriber-to-lalb ruses witbiA each ceD
2) Subscriber EIRP u a fimcbon ofsublcriber-to-bub distaDce
3) SubIcIiber ..... eleYaIioa -ale baled 011 eli... to hub aDd IaJb -pc Ibove grouad lewt
4) 0I'-ail1DIle ofeach suba:riber's ..... pOcnh• direaioa (towuds the hub) itom its !iDe­
of-. to die sateDite
5) UIiq the o~-aiJ lIIIles ill (4) aDd the spded subscriber aatenD& paacm. the correspondiDt

sublCriber antena pill &Doffs are COIftPUt*I
6) The :IIbIcriber__ pin &1Iofrs are cWked to see which ones are less thaD 3 dB. When
tbiI occ:un. it incficatet maiD-beIm couplinlmcl a 3 dB polarizatioa discrimiN,ioll is assumed.

7) The..r-.1IMl &'1pICe 1011 are computed tor each subscriber
8) The..&a_ poww II tM sateDite is co..... &om each subscriber U'lASminer in eadl at

the NCPJ 1 S ....... illto ICCOWIE extra faaon such u iDterieaviD& paki!l& aDd blDdwidth
adjusuueac (tbr awidebaDd iDterferw into a nurowbaDd receiver) wh«e they apply.

9) After COllY_ tid, the iDdiviclual i.atertirina powers hen dB to non-dB u.Dits (W&US), the
agrepae~ power is computed by SUIIIIti:DI OWl' all subscriber interfereDCe powers.
10) The tIIIrmal Itoise power N in dBW is suba'ac:eed from the.... iDterference power I ill

dBW to pt the lIN nQo.

11) The lIN nrio is compared with the fIN criterioa of-6 dB to let the mqi.D.

-.- ---- . -_ ...
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nu procedure is repeated for each of the specified beam (ootpriDt areas and % CQverage values.
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liN Margins at poes Receiver from T1 CV Subscriber
(Based on 25dBWIMHz EIRP Density)
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VN Margins at poes Receiver from r1 ev Subscribe
(1 of 15 Int.rf.r.rs p.r Cell IS AzImuthally In-Itne WIth SIC)
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UN Margins at poes Receiver from ev FMITV Hu
(Hub EIRP is 39.8 dBW Based on 25 dBW/MHz Dens
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VN Margins at PQeS Receiver from Tl Subscnbers
(For 25 MHz and 30 MHz Interferer Bandwidths)
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VN Margins at poes ReceIver trom TI Subscribers
(One Interterer oar cell forced Into AzImuth Alignment»)
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VN Margins at poes Receiver from TI Hubs
(20 dBW EIFlP/40 MHz tnt.If.Alr)
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CV LMDS INTBRFERENCE INTO SPACH STATION PROX OPS RBCBIVBR (lSO KM ALnnmB; S.9° REev BEAM HPBW)

CASB. SYSTeM SUBIHUB MAXEIRP XmilBW CaIIIWiua D.i_7~ IUlovBW 'olillllcn 'Al. MSAs lIN Marlins (dB) .. BAal: ileVabOil
(dBW) DIIIRIID (Ja) (WHz) percell ali""" ABate h 100%eo..ofSNA

IwiIbK (or bcem ifeo iaclialod)

p«ocII O· S· IS· 20· W w
I CV SUB 10.0 1 MHzII'I 4.• 2 14.7N1k IS 0 l()(Mot 0.8 -0.2 2.1 4.1 S.9 1.8

8caIII

2 CV SUB 10.0 1 WHzIfI 4.' 1 ".7 MHz IS I 100% of ·1.6 -<t.0 I.a 1.9 S.9 71
DCMD

) CV SUB 15.0 • WHlITI 4.' 1 14.1M-k IS 0 IOO-~of 14.8 - 109 -9 I -18
Beam 14] 126

4 CV sua 10.0 1...wI'I 2.1 I 141 MHz IS 0 100% of -16 -1.4 ·1 9 -0.4 I 4 10
BellO

S CV SUB 10.0 IWHII'fI 4.' 2 14.1 UHz IS 0 NcwYad 11.7 11.8 68 4.9 68 84

6 (n,,)' cy SUB 10.0 l~lfl •.1 2 1•.1....k IS 0 NcwYod 4.1 ].9 S.4 4.8 10 11

1 CV SUB 10.0 I WHrIl'I ••• 1 14.U-U IS I New YOlk S2 S.4 60 46 6.6 81

'())~) CV SUB 10.0 ....klfl 4.' 1 14.1 MHz IS I New York ~.t -I., 4.8 4.6 61 II

9 CY SUB 1S.0 l..wra 4.1 2 14.1 MIU IS 0 New YOit ..... -t.5 -1.1 -9.9 ".J -6.'
CV SUB 2S.0 I WHUrI ••• 2 14.7 t.flt IS 0 New YOlk . .0.' .,..5 10. .a.J -6..IO())~)

10.'

• CalCs muUd ))% rdor &0~ mCIIhod ill whida ac~vc we. ",idU.~ beam fooaprinl eree IS ca1wta&ed. lhc dfocuve alea •• tilRUIlcd to be &bal area
occ:upicd br LWDS AlP.. for~muted (])~). Ihc eftCaclivc AI cqullo dac bam INa itlhe bcaan area i.lclllbM or cquallO IIac qulWiay (%oovcr-ac•~
~h i.dIe ,en:coa LMDS cava-ale (in tcnaa 01_) 01 SMA (...illicel JIIGIRIpOIiI. ala). IIIk beam IrC& is~cr dwa Ihas qulNil). am abc
dliDwvC alea it &akca 10 be IIU. quMIiIy t ))1(a 01ac bceIa alea ouI.IicIo lUI wea (i.c. "-r • (%Gow:I••A.a-) t O. U·(A.....-¥er.ovcr.·A•..J). Fell ~elC. not
....~..(U~•. A.,. • A....,"" A...-,..........II.·Aa... ..A~·A............... pCaI« ...... ~VCI.JC·SNA (ic. lIacre" of the be.... alea II

•__.J ..........,~.... ~(IJl. ;3 I
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.
11 CV SUB 10.0 I WHzJrI 1.1 I 14.1MH1 IS 0 Millni 11.5 112 10 S.O 2.2 11

l2(ll") CV SUB ·10.0 I NIflIfJ 2.7 I J".7~ IS 0 Uiaaai 3.• 29 2.9 2.1 1.9 18

I) CV SUB 10.0 1 WHdI'I 21 I 14.1 MHz IS I NiIlDi 11.4 11.2 ·6.2 4.4 2.0 14

14(ll%) CV SUB 10.0 I NHdI'I 2.1 I 14.1 NIh 'IS 1 Miami -2.8 -u 1.9 25 1.9 )S

IS CV SUB S.O 10 kHzII6 kbpa 4.' 2 500kHz SO 0 New 'fork ~J.1 ....6 ..... II" ..... -4"

16(n%) CV SUB S.O 10 kHzII6 kbpa 4.' 1 SOOklk SO 0 New 'fork - I'''' .,.. 10.1 ....1 -4.1
IDol

11 CV SUB 19.' ]0 NHlJ4S Mbp. 4.• 2 141 MHz I 0 New YoB ...., -1.1 ..., .1.1 ~.J ... 1

II (n,,) Cv SUB 19.' lO WHzI4S ..,. 4.' 2 14.1 MHz I 0 New Vor" - .... . Uu -1.1 ".8
10.1 18.'

19 CV HUB 1.0 2DMtkRMTV 4.' 2 14.7 MHz 1 0 New Yort 68 1.0 20." .81 20.1 21.8

10 (n,,) CV HUB 1.0 20WHzPWIIV .... J 14.1NHz I 0 New York 0.2 o.G 1!Ili 111 20.J 2"8

11 CV WIt )'.0 20WlkPWlfV 4.' 1 14.1WHl I 0 New YOlk - 14.' - 11.J 10"' ·9.1
14.' 10.6

n (ll") CV HUB )8.0 20WlkfWfrV 4.1 1 141 Mlk 1 0 New YOlk - f.ju - lU -10.6 -9.1
• .1 11.9

2l CV HUB 1.0 :IOWlkPNII'V 4.' 1 14.1 NHz I 0 New York+ I.J U - - - -
Phi"+W~

DC

24 (ll") CV HUB 1.0 :IOWlkfNffV 4.' 2 14.1 MHz I 0 ~cw Vort. -1.4 -1-' - - - -
Phil.'" DC

25 CV SUB 10.0 1 WHzIlI 4.' 2 14.1 NlU IS 0 New YOlk i- S.. 4.9 - - - -
Phil•• DC

26(ll%) CV SUB 10.0 I MHlITl 4.' 2 14.1 MHz. IS 0 !New Vod t 29 21 - - - -
Phil.'" DC

VtJ Ie ,].;L



21 CV SUB 10.0 I WHdrI 4.' 2 .4.1NHz IS • ~yOlti -0.1 0.• - - - -
Phi..... OC

2. (U%) cv SUB 10.0 I WHrII'I 4.' 2 14.1NHz IS 1 New yOlt ... -1.4 -1.4 - - - -PId..... DC

29 (U%) CV HUB(IOIIIII) 1.0 20WHzNWTV 4.' 2 .4.1MHz I 0 N6wYor". -1.1 -J.• 12 10.1 11.4 U.S

)O(]]%) CV HUB 7.0 ~V 4.' 2 IWHlIrI I 0 Now Yort -9.1 1'.1 9.1 1.1 10.4 1&&
(•• IOdB
pabal)

)1 CV SUB -10.0 10000016tbpa 4.' 2 SookHz SO 0 New Yort 18.. U... 11 Sl 10 86

l2(ll") CV SUB -10.0 IOUWl6kbpa 4.' 1 SOOklU SO 0 New Yolk 4.1 ".1 55 4.9 69 82

)J CV SUB 2.... lONHzJ4SW11ps 4.' 2 1".lNlh I 0 New Yolk I'" 7.7 66 56 7.0 &8

14(n%) Cy SUB 24.' JCUIIJ4swt.p1 4.' 2 14.1 I 0 New YOlk 6.9 1.1 5.6 S.l 6.4 III

r;~((! ~3



TI LMDS INTERFBRBNCB INlO SPACe STATION PROX O'S RECBlVBR (lSO 10d ALTmJDB; 5.90 RBCV BEAM HPBW)

CASH. SYSTBN SUBIHUB NAxBIRP IKmiaBW DaIa Cell RaiaZaao RClCVBW ~ofialfan 'AZ ..SAl lIN M_IPJIS (dB) .. 8cMI Blcvalioo
(dBW) ... IlIIIiuI (NHz) percall ..... AJlJIc for I~~CMAJC olSMA'

(kID) .u:
pcrClClI O· S· IS· 20· )0· 40·

I T. SUB 20.0 2.5~1.) ~I 5.0 2 14.1 S 0 NcwYark ).8 1.2 -0.8 -1.9 -0.1 , 1

2 (ll%)' T. SUB 20.0 2.SWHlJl.lN'pI S.O 2 14.1 5 0 NcwYark -4.S -19 -2.1 -I.' 0.2 U

) 11 SUB 10.0 2.S~.)"', S.O 2 '4.1 S , NcwYod -66 -11 -48 ~.2 O.S 16

4 ())%) TI SUB 20.0 2.S WHlJ).1..... S.O 1 '4.1 5 • NcwYOIt -12.9 -Il) -s 8 -42 0.6 2 )

S TI SUB 20.0 2.S WHlJ).1.... 2.S 1 14.1 S 0 Mi...u 18 lS -2 I ·)4 -55 -45

6 (U%) TI SUB 20.0 2.SMHIIl...... 2.S 1 '4.1 S 0 Mi...u -6.2 -S.4 -6) -s ) -56 -4 S

7 TI SUB 20.0 2.SYWl.J.... 2.S 1 14.1 S I Miami -1.9 -1.1 ·S 2 -6J ·5.1 -)9

• (U%) TI SUB 20.0 2.SWHlJl...... 1.S 1 14.1 S I Miami ·IS • .• S4 -96 ·10 -5.0 -40

9 TI SUB n.o lOWIWtO..... S.O 2 .4.1 1 0 Now York 19 ·0 • -1) -11 -.6 ·09

IO())%) 11 SUB 11.0 10 WHlJ4O"" 5.0 2 14.1 • 0 New York ·4S .) ) -l 8 -l.' -1.• ·01

-Nolo in~GUGI.' dcacribod ill fooIlIGIC 1 below, diIc.an SMA IIU..., DOl be oovCRld sdnply beoauclbc beAm footpnal illclt is 1m.ller daaA
abc SMA g , II die bIfpriaI_ far iIIdic 11..ar.: 14IS4Okaa"Uoe); ISI)00kaa"2(S~;
)~A2(IS.); 19S1",A1(20->; 'JI 1(~; l612b1A1(W). Par 01 WSAs..: 19I2S1l1DA2(Ncw VOlt); II96Iun

A
2(MA...u>;

and ~101UlA2 (New YOlk ... PIli W.... D.C. MIA.~.A1Io, willie die foaIpr'inIlR. i• .....u ..dao SWA .... and 1M 3J% Nlc u .......
&he area by~ ocIIa g red'" be..SMA , ip ia IIac iIoIprinI.

1:1 Y-,;." /<.

1 c...1NIbd U% r.1o Ibc mcIhod ill wtUda Ihc ctl'a;&ivo ua w.......b~ fooIprinl .c. is c;aloulaaod TIle cftCc&ivc IRa as Issumed 10 be m.IAR'
ocwpic4 by LWDS..cAb. Por COMeI nwbd (n,,), 1M c6lcIivc iI cq...a 10 1M bcMI .... if__ bcMn IIU g leIS lblD or equal 10 the qUllllily (%covcrlsc·As..J
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RadlOCOlDDlun1catlon
Study Groups
Period 1993 - 1995

Doc. WP 7B/9D/CAN 1
141uly 1995

Onainal: Enalish

CANADA.

Considerations for Bandsharina Between the Inter-Satellite Service and the
Fixed Service Employina Local Multipoint Communications Systems

1.0 INTRODUCTION
j-I,dJ.:p ~,~-

This sharing study examines the potential impact of transmitten of Local MiefeVJtliYe
Communications Systems (LMCS) would have on the receivers of Data Relay Satellite3 (DRS)
in the Inter-Satellite Service (ISS) band at 2S.25 to 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 banel. 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-Sate11ire Sendee (Return J .ink) Parameten

Table 1 below has been taken from ITO-R document Doc. 7Bl26 (90/54) 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 talcm from ITO-R Draft New he. [Doc. 719]. The side-lobe patterns for the User
Satellite and the ORS were taken from rI11-R Doc. 7BI26 (90/54).

Table 1: Parameters of ISS Return Link

Note: Transnut bandwidth - 4 MHz.

ISS Frequency Centre Frequency 26.375 GHz

User Satellite Transmitting Power 7.3 dBW
Antenna Gain 49.9 dBi

Data Relay Satellite Antenna Gain 58.0 dBi
Noise Temperature 1200K.
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2.2 I MCC; 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 km1 both as
a function of rain climatic zone for the LMCS I 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 AMex 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 5 and 6.

2' GMmetrical 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. As a
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 kIn in
radius in Rain Climatic Zone M (Rec. rnI-R PN.837), it wu assumed that the hub wu
situated at an averaae of 60 m above the swrounding 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 anteMas to DRS can be expected from elevation angles above 6°. In Rain
Climatic Zone Ie, sliptly lar&er cell sizes are feasible and will result in a distribution in which
the elevation anale 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 anlles 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 J MCS Rajn fade Compensatjon

Automatic Power Control (or APC) is a technique that may be useful to LMCS to
compensate for detected rain fade. In this study t APe is employed by LMCS 'B'. LMCS I 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 APe and rain attenuation on the interference slant paths, below about IS·, 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 (rom Rec. lTU-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 a maximum 0.1~ rain fade at any
instant. Thus, the resultant agategate uplink interference is composed of a level of APe
corresponding to a 0.1" rain fade from 10" of all visible LMCS cells md no APe from the
remainin. 90~ of all visible LMCS ce1ls. In aU cases, assumed radin. conditions on the
interference path resulted in lower levels of aurecate interference into the DRS for elevation
angles below about IS· than under clear-sky conditions. For elevation males above about IS·,
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.S I MCS Power SprdTaJ Densit¥

In this study, ratios of power in the worst I MHz to the avenae power over the wont
1 MHz were added to the avenae power over the transmission bandwidth acc:ording to the
type of modulatioll 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 Peak (Worst MHz)/Averue Power Ratio (dB)

Digital (4 phase) 3.0

TV/PM 10.0
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3.0 OTHER CONSIDERAnONS IN TIlE DETERMINAnON OF THE LEVEL OF
INTERFERENCE BETWEEN LMCS SYSTEMS AND TIlE ISS

3.1 Clear-Sky Atmospheric 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. ITU-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, ti) Rec. ITU-R IS.847 Radioclimatic Zone (AI, Al, 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. lTU-R IS.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. ITU-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 Rajn Attenllatim 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. lTU-R PN.837 Rain Climatic Zone M for a ranle of elevation anlles usinl 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 1I.. The 10 I. (Ala> rain fade values were estimated by
calculating the 0.1 I. and the 1I. attenuations (At.• and AI.I~ and calculatin& the fourth order
coefficients to a curve which passes through the two points and throu&b an attaluatiOQ of 0 dB
exceeded for 100I.. A family of curves, for values of P ("), illustrating the elevation angle
dependency of the expected rain attenuation on the interference path is given in Figure 13.

LMCS systems aenera1ly radiate power horizontally. Also, LMCS systems are designed to
have typical desian availabilities of 99.9 ~. Thus, increased attenuation due to rain and
atmospheric pses on interference slant paths between the LMCS and the DRS in combination with
the levels of APe 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 wont case. This cancelling effect
will be more pronounced on interference paths where the LMCS antenna has a better vertical plane
discrimination. In both the Eanh-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 tenninals 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 100 to 15 0 and a slight reduction in system margin on slant paths of greater
elevation.

3.3 I jnear to Circular Polariz2tjon Djscrimjnation

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 OIl 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 caJI 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 S· of the boresight elevation of the
subscriber antenna.

In heavily rain faded conditions, the 3 dB linear-~ polarization discriminatioa
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 aurecate uplink interference, however, loss 01
linear-to-eircular polarization discriminatioo wu considered to be nealilible as it assumed tbal 1t
would be statistically unlikely for more than 10~ of all ce1ls to be ~encing a 0.1 ~ raiD fade
<Act.I) at any instanL Thus, under rain faded conditions, 3 dB of discrimination was assumed Oft

the aggrepre interference level into the DRS when the transmittinC LMCS main beam wu in the
main beam of the DRS receiving antenna.

3.4 Atmospheric Refractioo and Beam Sprrading Effrets at I DW Elevation Angles

Signal loss resulting from spreading of the beam on the LMCS antenna caused by a
variation of atmospheric refraction has been considered for elevatioo angles below 50. The
attenuation on the interference slant path due to beam spreading effects was calculated usinC Rec.
rru-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 transmitten into DRS receiven.

4.1 Inter-Sate11ite Service Qletum) l.ink jnto I Mes Recejvers

For the LMCS systems, interference due to ISS Return Linla 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 occun when the
Return Link from a User satellite causes interference into the LMCS Hub receiver. The second
mode of interference occ:un when the Retum Link from a LEO space-aaft 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-pointina anpe between the User satellite main beam and the limb-of-the-Earth must
be maintained in order for the User Satellite to meet the~78 pfd limits of -liS dB(W/mJIMHz)
for anpes of arrival below S· and -105 dB(W/m2/MHz) for angles of arrival above 2S•. This
minimum off-pointinl aqle was ca1cu1ated to be 3·. Intaferen<:e into both the LMCS hub and
LMCS subscriber receivers were ca1cu1ated usumina the surface of tbe Earth was illuminated by a
pfd equivalent to the~78 limit u this was the wont case. The wont case pfd from the Usc:r
satellite assuminl the 3° off-pointinl 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 DO sipificant depadation to the FS system marains. Results of interference
calclliations into LMCS hub receivers are presented in Table 4.

4.1.2 Inter-Satellite Service (Return Link) into LMeS Subscriber Receiven

Positive interference marains are always maintained in the presence of interference
from ISS Return Links. The results of interference calculations indicated that the
depadation of system marpn would be more severe for lower subscriber elevation angles
and less severe for hiaher subscriber elevation anpes. Both TVIFM and dilital subscriber
receiven, althoup experiencinl some reduction in marain, did not experience a negative
interference marpn over any anplar ranle. Results of interference calculations into
LMeS subscriber terminal receiven are presented in Table 4.

7


