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Tabte 4 giv•• the results of the same eleven example. but with the average
polarization i.oIation reduced to only 3 dB.

.....rio • Dowa'" T....

c.. 1: MIx. PFC (dlWkn2I4kHZ) .'42.0 ·'42.0 ·'42.0 ·'42.0 ·1G.O
RIIUlIng~ (t c:ctI) 1M3 m '117 3M2 2407 .m

c.. 2: .... PFC (dIWlm2l4kHZ) ·'38.0 ·138.0 ·'•.0 ·1•.0 ·'•.0
R-*'O e.pecIty (t c:ctI) 1743 n. ,m 2110 - ...,

c.e 3: Mac. PFD (dlWlm2l4kHZ) ·'42.0 .142.0 .'42.0 ·142.0 .M2.0
Reeullng C..-atY (t cx:III) 1111 144 1121 .. - ..

c.e 4: MIx. PFO (CllWlm2l4kHZ) ·1S8.0 .1•.0 ·'11.0 ·111.0 ·1••0
Reeullng C..-atY (t c:ctI) 2018 1031 ,. - - ''1177

c.e 5: Mac. PFO (ctIWhn2I4kHZ) ._·13t.D ·'•.0 ·'•.0 ·,ao
R--. C..-atY (t c:ctI) 2315 1110 .- - 0 ...

c.. 8: Met. PFD (CllWlm2l4kHZ) ·138.0 ·131.D ·1•.0 ·'•.0
R--. C..-atY (t cx:III) 2M3 1sa 2314 • 4121 ..

c.. 7: Mac. PFO (cllWhn2I4kHZ) ·142.0 .142.0 ·'42.0 ·1•.0 .1•.0
R.uIng CIpMity (t cx:III) 1323 114 ". 4to2 4417 ..

c...: Me. PFO (dlWlm2l4kHZ) ·142.0 .142.0 ·'•.f ·'•.0
R..-no Ctpedty (t CC*) 774 ,. azo DI2 ..

c.. 8: .... PFO (cllWlm2l4kHZ) ·142.0 ·'•.0 .1•.0
R-..ang CIpIIdty (t cx:III) ,.. .. 1711 ..

c.. ,0:MIx. PFO (Cl8Wlm2l4kHZ) ·'•.0 ·'•.0
"..nInO~ (tCC*) ?S14 7'201 0 ....

c..11:MIx. PFO (dlWhn2J4kHZ) ·1•.0 ·'•.0 ·H2.0

"-*111 c.pdy (t CC*)
., ... ,- -.a
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The eleven example scenarios in the above tables are each deacribed below:

Cas. 1:

Cas. 2:

C.s.3:
C'81 4:
CU,S:
Cu,6:
C••• I:

Ca'IS:
C.,.i:

C"1'0:

C••• 11:

5.1.3.3

All six systems (COMA applicants +Celsat) ant operating at a maximum
PFO of ·142 dBW/m2/4kHz.
All six systems <COMA applicants + C.lsat) increase their maximum
operating PFD to -139 dBW/m2/4kHz.
Same as Case 1 except that only the five COMA applicants.. opeIming.
Same as Case 2 except that only the five COMA _icanta.. operating.
Same as Case 4 except that Odyssey is assumed not to be opeIming.
Sam. as Case 4 except that Globalstar is uaumed not to be operating.
Same as Ca.. 3 except that Giobaistar and Odyssey inaMH their
maximum PFO by 3 dB.
Same as Case I except that AMSC il assumed not to be operating.

.Same as Case I .except that both AMSC 8nd Constellation .. assumed
not to be operating.
Sam. as Case I except that AMSC, Constellation and Ellipaat ant
aSlumed not to be operating.
Same al Ca.. 10 except that Celsat il .ssumed to be operating (at -142
dBW/m2/4kHz) in addition to Globalstaf and Odyssey <at ·139
dBW/m2/4kHz).

Collectiv. Combined Spt.m Capacitl. (10.1 MHz Bandwidth)

An analysis was .Iso perfonned of the system cep8Cities, on • ~red basis.
when only 10.5 MHz bandwidth is assumed to be 8V8ilable. due to inter-eervice aharing
constraints in the band 1610-1616 MHz. As expected, these retuIts show a reduction
in the ratio of 10.5 MHz to 16.5 MHz. or a ratio of approximatefy 64...
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5.1.4 Uplink M«hodology

A similar technique is used to calculate the uplink C8p8Citi.. of the .yatem•••
wa, used for the downlink (see sections 5.1.2 and 5.1.3). Howev«, it i. impon.nt to
note that the factors determining uplink and downlink capacities .. not completely
identical. The methodology for the uplink capacity calcuilltion i. thew.rote dMcribed
completely in this section, even though parts of the method are the urn•• uMd in the
downlink.

5.1....1 Uplink System Data Required for the Ana~.

The following system parameters are required to perform the analysis. Each
parameter is brietty defined and described.

(Au) B'Bbind Bjt-Bjt,·

This is the total uplink baseband bit-rate required for a lingle voice
channel. It should include all signalling overhud.

{SU> Cbann,! Actjvity Eador

This param.t.r (which should be between zero n one) should be
included if the system int.nds to exploit voice activity by rwc:tuc:ing the
uplink transmit power dUring the natural peuM' in "",ch. Thi.
parameter is the numerical ratio of the~ power to the peak power
accounting for only the power reduction. attributed to paUMa in .".ech.
Alternatively, if lOme form of Digital Sp.ech Interpolation (oSI) i.
implemented, which proc:lucea a correaponcIng cNInneI etftciency gain,
this should be included here .s the inverse of the average number of
virtual channels multiplexed in an individuallignal.

(CU> Total BE 8Indwjd&b

This is the total occupied uplink RF bandwidth UHd by the ayItem.

(OJ Minimum Opll'lting EbaS

This uplink parameter, which is a function of the modufation 1Chem. and
modem implementation, i. norm.ly repre••nted in dB form, but n••da to
be converted to a linear power ratio to lUb8tltute in the capecity~.

(EJ Nymbtr at a.'iSt Btam. to PrpyidI Ccwua CMrA

This i. the total number of uplink bMm.,i~ of.. runber of
satellites, used to implement CONUS coverage. If thenI ... aeparate
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satellites in the same system providing co-c:ovwlIge, the beams in the
areas of overlap should only be counted once.

(Fu) aMm FctgYlncy SkU" Factor

This parameter is a measure of the degree to which the uplink frequency
band is re-used spatially among the beams. The vallM of this~
is ·N· I where frequencies are rtHJsed once in fNfKY .~ beams. For
example, a .ystem with r&-Use in every beam hal • value of N=1. A
system with full frequency re-use in every third beam has • vallM of N-3.

(Gy) Average prppagatjQn Margin

This is the uplink power margin required, in dB, at any inatant in time,
averaged over all the users in the CONUS~ d the aytUm, used
to overcome propagation impairments ntlative to he ap8Ce. Not. that
the uplink benefits from a statistical 8dvant8ge NIative to the downlink in
this parameter. On the downlink the went caM link, from ., interferwa
point of view, will have clear line-of-aight to the satellite, and thu. NCeive
the full interfering effect of all the downlink 1ignaIa. However, on..
uplink, the aggregate interference received at the _.Iite will benefit from
the fact that not all interfering uplinkl .nt vilible to the victim 1ateIUte.
Some are shadowed .nd so the resulting aggregate uplink int...rer.nce is
correspondingly less. A .imple model which c.n be UMd to cM:uIate this
effect (based on a two-state propagation model) is given in Annex 5.3.

(Hy) Average Orbit and Btarn Efftdl

This parameter takes account of the combined e1fect of uplink ....
differences and uplink antenna gain contcu etfecta. It is ....mially • dB
value that is equivalent to the average extra UMI' mobil. terminal power
required to communicate with the uteIIite, --..ning '* aU the UI«I..
di.tributed throughout the CONUS~,com~ to 1M IitUIItion if
all thoae users were located at the optimum location in the~..
where GlR2 is at. maximum (G == satellite ......... gain; R - ,.. to the
eat.,it.). It IlCCOUnts for the ditftcuIty of bulldng • plII'r.ct ....Ite
antenna.

(JJ Aypge pgwer ContrgllmgltmlDtltiM Main

This i•• dB value which is • reeuIt of implll'r.ct uplink power COl dlol. It ia
equal to the aver'8g8 amount by~ the Ink poweracll. the
minimum nec:euary to SUlt8in the link, if power COl ttroI w-. plII'r.ct.
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Firat it is necessary to calculate the effective thermal noi.. equiwlent uplink
EIRP areal-spectral density in a 4 kHz bandwidth. E..... which is given by the following
equation:

= (k. T.) I 0.00276 (9)

where: k
T.

----
Boltzmann's constant (= -228.6 dB)
Satellite receive system noi.. temperatunt
(typically =SOCK or 27.0 dBK)

This equation gives a value for Inu of -140.0 dBW/m2l4kHz. auuming that T. i.
SOOK. This is the equivalent uplink EIRP areal-spectral density at the Ed'. aurface
that.would be required to produce the satellite receive system noise temperature
corresponding to 5OOK.

The realizable uplink capacity, C.-u, of the system. when openating without other
interfering systems present, can now be related to the maximum rMliDbIe uplink
eapacity, CMRU. the maximum operating uplink EIRP .....-apectral denaity, Itu, and the
effective thennal noise eqUivalent uplink EIRP areal-speetral density in a 4 kHz
bandwidth, Enu, by the following equation:

= (Ca.RU. s.,) I (e., + enu) (10)

The impact of interfering co-poIar uplink EIRP ""-apectral density from other
co-frequency systems. £iu, can also be taken into account using the following equation:

= (CM.-U . s.,) I (Itu + Inu + &aJ (11)

5.1.5 Uplink Anal~.

This section pewents the results obtained when the uplink rneIhodo'ogy
described in MCtion 5.1.4 eave is _led to the CDMA 1IPPIk**' (Md c.a.r.)
propoMd MSS systems. The individu81 .ystem Clll*ity~ is peI1amed
assuming that the full 16.5 MHz RF banctN1dth i. tMlilele to the CDMA I'jIIlm.. The
collective combined l)'Item cepacity analysis is J*formed for 8VIliiabie~ of
both 16.5 MHz and 10.5 MHz (contingency in the event that the -.et 1810-1616 MHz
is not usable due to other i""-seNice Itwing COMtr8Ira).

1.1.1.1 Individual Syetem CapIcItIea

Using the equation. given in I8Ction 5.1.4.2 1Ibove, the maximwn~ uplink
capecity, eMU. and the maximum nNIIizabte uplink CIPIIdtY, e.u, for the COMA
applicants' (and Celufs) systems have been calculated, UIling input dID provided by
the proponents of the systems. The input data and reauIta ..given in TM»Ie 5 beiow:
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•,..... '.,.....r u...", A.-c eo...... ....... ...,.., _..,
CeIIMIt

B••on BltoR_ (kiPS) 3.0 U U 4.' 4.' 5.0
ChlnMl Ac1Mty FacD' (I) 0.40 0.50 UO 0.10 OAO 0.•
T_ RF e.ncMicIlh (MHz) ,U ,1.5 'I.' '1.21 11.' 11.'
MinimUm Opera'no~ (dB) 4.0 4.0 4.' 4.' 4.1 4.0

Number r:lBeaml in CONUS (f) e 10 10 20 " Me
Beam F,..,.ncy R..U. FadOr (I) , , , 1 , 1

A,.. P1C1fMl)1tk1n MItfVIn (dB) 2.00 1.70 1.10 1.00 1.30 1.00

A,.. 0rtlIt & Beam EtIIIcta (ell) 2.50 2.10 2.00 1.21 1.10 1.71

A............CClntrollmpl."'. (ell) 1.50 1.50 1.00 1.00 1.00 2.00
A-......, 0Wl1Ip Feco (ell) 1.0' 1.00 1.00 1.23 UI 3.10

Haile Temp.......S~ (K) sao 100 100 100 lOG lOG

............ UpIIlk COtJUS tlor'" ..... U,lft ... .....' -.m --C••II" LIINt (Me ... 1) -)

MIl..........Jlllbil U"'k COtJUS ..., "'1' ... ... .. .....1 nM1
Ca.-aY LIINt (.. Noel 1) -) I..... ,,,,Ink)

N0t81:

Not82:

It is not intended to opetllte the..".. at "'lNIXImum....... uplink CIIPIdY
limb. Power IlIYeI constraints will dlc*te the indlYldUlllIYIIIm power ..... and
co~ndjng ca.......
Motorola beIie~ thIJt certain YIIIuea for 80". of the ...".... In T'" 5 need to be
IIdju8ted tD Atftect wNIt It co,... Mould be uted to '''''In,.._rid concItIon8•
•nd the,.t;,,. CMnot 8gIW wtth the capIIdty numbers~ In the ...... See
Note below.

Using equation (10) from section 5.1.4.2 above, the .....izabI. uplink capIICity of
the systems, when operating both in isolation and in the pres.nce of other interfering
systems, has been calculated, and the results are given in the Figures 7 to 12 below:

NOTE: Motorola's analysis is reflected in the work
of Dr. Peter Monsen dated March 24, 1993.
It is assumed that Motorola will include
this document in its minority report.
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AMIC
Realizable CONUS capacity

- ... ... ... - ... -. - . ... ... . ... ...1000

-.- ... .. -.

o
-'10 ·MeI .,._ ..................'1 .......,

I •• ~

-1ao

figure 7 (Uplink, 11.. MHz)

CONSTELLATION
RaI_bIe CONUS capacity
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~ .. ... ... .. .. .. .. ..
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.............
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.......................'IWa....,........
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.1 ...........
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,
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o
-110

IDOO

,..,.. (UplInk, 1......
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1"~~jfO\.H'i;''UJ:IO::'''~'''''I.'''·'!-:':

ELLIPSAT
Relillable CONUS Capacity

·141 ·140 .,.

--.. u...- ...ANII.IIII... ....,
... IMMII)
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.....................
............. J.-
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.........tlli.

.
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,
_I~~t~~.
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o
·110

7OlIO

1000

IOCIO

IIIlIO

IOCIO

FIgu,., (Uplink, 11.. -.tz)

GLOMLITAR
"-alliable CONUS Capacity

1111l1O

14ODO

12000

10l1llD

---_ ..... ,

....... .......... ,..,~
• I.

• I •

-.-
i'" -.-

~ J 1.
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o
·'10 ·141 .MD .t.

_ ...u...- ......., ... ....,
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ODYSSEY
Realizable CONUS Capacity

11OllO .- .

1ZOllO

ooסס1

1000

po 1olo1......'· •

inIi......I.M 'iii.
'-

.1 ........

... .. .. .. .. .. .. ..

"

~ .. .. .. .. ... .. .. J

~ .. .. .. .. .. .. .. 4

.J" .. .. .. .. .. .. .. ,. .. ... ... .. .. .. .. ...

i ... .. .. .. .. .. .. ..

~ .. .. .. .. ... .. ... ~

·1.·130.* .,.
_ ....... u,Ink" ANlIII. ... DIMIr

'AI ~

·1'-
O~-----+-----......-----+------+-------1
·110

Figure 11 (UptinIl, 1... MHz)

CELIAT
"-'iable CONUS C&pIcIty
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'. .. .. .. ... .. ... ..

·140 .,.• .flftt~....,.....
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............

o
·'10

' .... 12 (UplInk, tU MHz)
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CoIlectlv. Combined Syat.m Capacttl.. (11.SMHz BandwIdth)

This section addresses the collective CONUS uplink c.pKity acnev.bIe when
the MSS systems analyMd in section 5.1.5.1 .. -.umed to be opetating
simultaneously, co-frequency and co-coverage. In this section the full 18.5 MHz
bandwidth is assumed to be available. No use of orthogonal COMA is auumed on the
uplink.

The achievable individual and collective uplink C8P8Citiea when mutiple COMA
systems are in operation will depend on the amount of uplink EIRP -.J-.pectral
density used by each system. There are therefore numerous permutations of varying
amounts of this resource to each system that can be analyled.

Tabfe 6 gives eleven.fX8!t'P'e ScerwtOi (described IIbove in MCtion 5.1.3.2)
when aU systems are assumed to be operating co-poI., ahowing the maximum uplink
EIRP areal-spectral density in use by each system, the COI'TMponding ....izabI.
capacity of that system, and the aggregate CONUS capacity (the swn of all the
systems).

....Ito· U,elall .-c e-tII'l ..... ....... 0.».1' OIMI ,...
c.. 1: MD. !I"P (dlWlln2J4kHZ) -143.0 ·143.0 ·141.0 -141.0 -141.0 -141.0

"wullIn9 CIpedty (I cell) 104 .. 1m t• tltO - ..
c.. 2: MD. II"P (dlWlln2J4kHZ) ·140.0 ·140.0 ·140.0 -t40.0 -140.0 -140.0
R~ CIpedty (lC*) .,. 713 1221 .. 2110 "211 ..

c.. 3: MIx. EIRP (d8Wlln2J4kHZ) -143.0 .143.0 .143.0 -141.0 -141.0
ReNlng CIpedty (I CllltI) .,. 714 ,. ., Ita ,.

c.. 4: MlIll. II"P (dlWlln2J4kHZ) .140.0 .140.0 -140.0 -140.0 -140.0
ReNIng c.pec:ity (I CllltI) 1071 110 1433 2141 21M ..

c.. 5: MD. EI"P (dlWlln2J4kHZ) ·140.0 .140.0 -140.0 -140.0
R-.dIng CIpedty (I CllltI) ,. 1011 11'ZO 3110 ?1M

c..1: ....
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The capacities achievable when using orthogonal polarization nnemillionl to
increase isolation between COMA MSS systems are presented in the following two
tables. This was discussed above in section 5.1.3.2.

Table 7 gives the same eleven example scenarios but with the

7

orthogonal

polarizats
(7)Tj
ET
BT
/Suspect <</Conf 0 >>BDC 
/T1_0 1 Tf
-0.035 Tc 7.4.684 0 0 12.67.6.98686.041.664 Tm
(between)Tj
EMC 
/Suspect <</Conf 0 >>BDC 
777549 0 0 1221 247728686.041.664 TlO(same)Tj
EMC 
ET
BT
/T1_0 1 j
-0.6229 Tc 12.8 0 0 12.48176175686.041.664 Tof
(7)Tf
-0.035 Tc 122.549 0 0 12262228898686.041.664 Tt
(The)Tj
ET
BT
/Suspect <</Conf 0 >>BDC 
/T1_0 1 Tf
-0.7099 Tc 12.8 0 0 12.8 20.048686.041.664 Tm
(sys.nal)Tj
EMC 
ET
BT
/T1_0 1 Tf
-045343 Tc 12.8 0 0 12.29.18563686.041.664 T(Right
(7)Tj
ET
BT
/Suspect <</Conf 0 >>BDC 
/T1_0 1 Tf
-0.035 Tc 4905828 0 0 13.8 127528686.041.664 THandeen RHC)
(7)Tj
ET
BT
/Suspect <</Conf 0 >>BDC 
/T1_0 1 Tf
0 T 29096 0  29047743083686.041.664 Tween LHC»les.arein7
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Table 8 givel the resultl of the lame eleven examplel but with the 8V8nIg8
polarization ilolation reduced to only 3 dB.

....no· U....' T"
c.. 1: MIx. EIRP (dlWmQI4kHz) ·143.0 -143.0 -143.0 -"'.0 -143.0

ReIUIllng CIiplIclIty (I cetI) ... 122 13204 2440 2310 ..
ca.. 2: MIll. EIRP (dlWhn2I4kHZ) .140.0 .140.0 ·140.0 -MO.O -MO.O
R~ CIiplIclIty (I cetI) 1187 170 1113 2110 zm ..

ca.. 3: Mel. EtRP (dlWmQI4kHZ) .14U -143.0 -143.0 -143.0 -143.0
R-.dng CIiplIclIty (f oetI) 1072 ., 1431 ... 2147 -ca.. 4: MIll. EtRP (ClIWhn2I4kHZ) -140.0 -140.0 -140.0 -140.0 -MO.O
R....g~ (loetI) 1214 1011 171' ,til 1M2 ...

ca.. 5: MIll. EtRP (CllWhn2I4kHz) . -140.0 -140.0 -140.0 -MO.o
R..att~ (foeti) 1427 1117 11" 1122 0 ..,

ca.. II: Mel. ItlltP (dlWhn2I4kHz) -1,",.0 -140.0 -140.0 -140.0
R-.tllng~ (f octI) 1101 ,. 2110 0 .,, -ca.. 7: MIx. EIRP (dlWlrn2'4kHZ) -143.0 ·143.0 -143.0 -MO.O -MO.O
R-.ftng~ (loetI) III 713 1141 42Z3 ~ ~

c.. 8: MIx. EIRP (ellWhn2I4kHZ) .143.0 ·143.0 -MO.O ·'40.0
R-.ftng CtIpeCity (f oetI) as ,. 4174 .. ft7t7

ca.. 8: Mel. EIRP (11W1rn2'4kt"lZ) ·143.0 -140.0 ·140.0
R..att~ (f cetI) MS'7 .. ..,

~

c.. 10:MIx. EiRP (ellWhn2I4kHZ) -140.0 -MO.O

R~ CII*lIIY (f oetI) 1M3 1101 0 ..
c.. 11:MD. EtRP (dlWhn2I4kHZ) -140.0 ·1.0 ·Ml.0

Reeullng~ (f cetI) mss 11IO ,... amz

5.1.5.3 Collective Combined System Capacities (10.1 MHz Bandwidth)

An analysil wal 8180 performed of the l)'Item~.., only 10.5 MHz
bandwidth il auumed to be available, due to inter-MNice Ih8ring COI18tnIintl in the
band 1610-1616 MHz. As expectec:I, these resultlshow a reduction in the f'8tio of 10.5
MHz to 16.5 MHz, or a ratio of approximately 64"'.
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Annex 5.1

The N..d for Sharing Crlterta

This annex shows that the ground level Power Flux Spectl8I Density per aystem
for the downlinks, and the Area Aggregate EIRP Spectral Density per ayItem for the
uplinks. both possess the fUndamental properties necellary to allow them to act as ttw
primary coordination interface parameters between COMA MSS systeml, irrespective
of the individual systems' satellite altitude and gain.

Downlinks

For space-tcrEarth downlinks, the PFO den8ity criterion, (W/rn2/Hz in baic wUtI)
is such a fUndamental criterion. That it appli.. equitably, independent of aatellite
altitude and gain is ..If evident. Avictim receiver doesn't~ where the inteI'feI'wnce
came from, only its signal strength or ftux denlity. And all M8S aysteml IUfrer
e_ntially equally from a given level of interference measured in terml of PFO. For
nearomnidireetionalsubscriber unit antennas, PNtCribing PFO il equivaI.n to
prescribing an interterenc:e apectral denlity at the receiv« input' wtich may be related
directly to receiver thermal nai... It has been shown MVW'aI tim. in ......
proceedings that the power eftIciency (circuita per watt) and the spectral efficiency
(circuits per MHz) of an MSS band sharing aystem, depend on the ratio, f, of total
(including self-) interference spectral density tofU~ receiver noi.. spectral
density. When that ratio is very small the bandwidth IPectIaI etftci.-,cy il poor; when
the ratio is large, power efficiency sutr.a .. well .. the gener8I inteI'feI'wnce level to
other services. A design optimum usually occu... about the knee of the curve wheAl
interference spectral density equals noise spectral den8ity. For &-band Md typical
lub8Criber unit Grr of about -24 dBIK tnl oc:an at a PFD of -139.2 dBWIm2I4kHz.
Thul even without PFD limits, the individual aysteml, in attempting to optimize their
capacity w eftlciency, end up with PFOa in a am" rwoa IIbout -138. PFD il a
fundamental and equit8bte sharing criterion for down-linkl. Four ay8tem1, MCh Uling 8
PFD limit of ·139 d.BW/m2I4kHz, would each suffer a Nduction of nominal non-shared
capacity by a factor of about 2/5.

Uplinks

For the Ear1h-to-apace links it mey not be qUte 10 obvicM th8t the uplink EIRP
areal-apectral density playa In exactly similar fundlmental role. ,....tingly, it 8110
has the same fUndamental units .. PFD, WIfn2IHz. ". iI..ogoua to h brighbwII
of an extended optical 1OU"Ce. Specifying the EIRP 81U14p8dnII den8ity determines
the absolute available intetWence power IpectIIII den8ity, 10. at the latellite receiver

Pow«' or power derwIty lit the ....Input ieL:nwd tD ...... 1n tIrmI of.......
power". that it ...... inlD • mIIIched 1aIld.
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input independent of satellite altitude or antenna ~n orw~ details and
dependent only on wavelength. This comes about as follows:

For a satellite antenna viewing the Earth, that is without ligniftcant sidebands off
the Earth nor signifiC8nt atmospheric absorption, the effective ..",. noi.. is simply
TII the effectiVe temperature of the Earth with which the nenna i. in fIdative
equilibrium. The available noise power apectraI density. 10, at the receiver input is then
kTI' WlHz. If the satellite receiver has a good low noi.. M'pIifter, this then il the
fundamental system noise limit which determines the minimlln power for uplinks.
Notice that it is independent of satellite altitude and antenna gain.

Now consider the interference. For the time being we~imate a uniform
distribution of point emitters as an areal density of uniform brightneIa, I, W/m2IHz, like
a uniformly bright extended optiQaI source. The utellite Mtenna gathera in the total
radiation from an area equal to its effective bMm footprint on the Earth. By the
definition of gain, the footprint subt.nds an effective solid engl. of 4WG, and u..tont,
an area on the surface of the Earth, ~, where:

A, = 4n:R2/ G

where R is the Earth-te-satellite distance and G the ....lit• .".". gllin. The total
effective isotropic interference power spectral! density. 15, f'IMIated from within the
footprint is then:

=
=

Finally, the availabt. interference power apedlal density at the satellite receiver
front end, I•• is just this total radiated power, times the nnsmiasion l01I including free
space loIS and antenna gain:

=

or

=

Thus the factor G/4b:R2 cancels out and the interference level at the nteeiver
input is exactly independent of G and R.
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Equating the interference to thermal radiation at temperature, T.:

kT. =

This equation is famitiar to radio .tronome,.. .s the Rayleigh.JMnaI. for
radiation from uniform extended radio noi.. 1OUrCa. This is • rwnark8ble n perhaps
eounter-intuitive result: The interference spectral density at ., MSS satellite NCliver
front end, from a uniformly distributed IOUre8 over the be8mwidth of the uteUite
antenna, depends only on the effective isotropic nIdi.ted power ....-apectr8I ctensity
of the source and the wavelength of the radiation, and is independent of .....ite
antenna gain and altitude or distance from ICU'Ce to receiver. Similarly, the noi..
spectral density depends only on the effective noise temper8tLn of the Earth in the
field of view of the antenna.

.
Thus such a criterion ensures that all just complying ay8tems operate at ttw

same interference-to-noi.. ratio and .t the urne potential POW" and ..-etraI
efficiency, that is it tre.ts all systems equitably, irrespective of altitude, whether LEO or
GEO and irrespective of satellite antenna gain.

For a given frequency band, the satellite receiver front end interference spectral
density, I., depends only on the EIRP areal-..-etraI ctensity, I, (Wfm2/Hz) on the
surface of the Earth. At 1610 MHz for example, the natation is limply:

-- 0.00276 £ (W1Hz)

It is useful as a point of reference to define a uniform IOU"Ce interrenlnce deMity
or brightness, £210. that causes an interference level at an MSS _.,ite AlCeiver input
equal to the antenna noise due to the assumed 290 K Eerth radiation. In ott. words:

0.00276 £2tO = 290k

or, using k= 1.380E-23 WIHzIK)

= -178.4 dBW/m2/Hz,

agatn independent of utellite chanlcteristicl.

The aignlftcance of the interrerence is ttu completely dwIlctertzed for any
MSS satellite at any altitude by the ratio II... independent of aateIIitelMude or gMt
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This annex describes an altemative way to calcut•• the capacity of an
individual COMA MSS system as a function of its PFD, ancl the PFO nteeived
from other interfering MSS systems.

..............................................................................................

(sse attached memo)
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MEMORANDUM

TO: MSS NlMC IRWG·1
PROM: CBLSAT

Jack MalliDctroclt
DATE: Pebruary 19, 1993 (Reviled (*) 2123193)
SVBJECf: Data for St.-red eap.city. Calculltiou

CELSAT eDC10nes aDd supports !be TRW eflbrt daIt baa to collect belt
curreDt data to perform lite abated capacity caJcu cIUIaeDt .-erial.
The requelted data is UDderstDod to c:ouilt of die eqaiYIIeat of papI 6 III 18 of
Dr. Barnett's preseatatiOll, IRWGI-38.

However, we have some CODCeJ'DS about pouible ambipi_, mieildlerprecatioDl,
or omisIjODS of system peculiar releveat factors iD .... data. There ia ...
way to the aame result wbich is aaore directly CCHIIIICIId to DIU boUoaa 1iDe.,....
performance factors, may be less subject to IUCb clilcftpDCieI, aDd ill ., CUI
provideI ID importal1t uaity cbect OIl tbe -..111. Ia Iddldoa, It ...... die
operadDa poillt on the curve of pile 6 which ......,i_.~ CIPICitY,
let by ateWte power limits. TbiI is die mecbod .. tbItb in Table 1 of 1be

.CELSAT nbmiasioD, IRWGl-6.

The foltowma three factors suffice to cIefIae tbe QIIeIII capacity ........
cbaracteriltiCl. It II .",*tl "'" til,., """ ....... *' lIN ..
Nf",.tl b1 Dr. """11 (italiet indicate flu deaaiCiel aDd IUblcript •~
~_. .. )
~IP operatiD& polDt :

1. The I)'ICeID IUIxlawal CONUS CIpIci&y, .1IIber of voice ciIaIiII, c...
2. Tbe IDcideII PPD,I~ clBW/Dl~4kRz, • die wonc CUI (max PPD) uer
popapbic locadOll in CONUS, wbeD die .,.em iI opII'IIiDa It tbat .,fann
c:aplCity. To abe extut Ibat iDdivid1Ja1 :iAk power is ldIpdvely power CODU'OIIed
ill ftIPODIO to a uer'. local tidina ODvironmeat, tbiI •.,.... AD 1M"'" over
the diltribution of power. coatrol.

3. ne sabIcriber system orr, dBIE .... G II die 1Dten'" pill tlOWIrd die
IateWte for the above wont cue 111« ad T die I8bIcriber .,.. DOlle
temperature, dealt.
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USAGE (* Reviled 2123193)
TIle \lie of tbeIe terms is u follows:

1. c., and 1... topther define the "maximum operadDa point OD the curve.

The rest of the curve is defiDed u foUows.

2. Fust. coavert all terms from dB to power ratioIlDcI deasitiel to per Hz.
3. DefiDe the .yam DOile equivaJeot flux cleaaity. N. from

N. -N.A.,or
N••• N.I A.

where A. II tbe IDteDDI caPcw'e ..,
A. a 0).2 1(4 1r).

4. Debe the interference to Doise deDSity ratio, r:
r.. a 1.,.1 N.

- I... (Om ().2 14ft).
5. The ·M&~imu1D· (self-DOiIe Umited, or IbeoreticalllylDptOdc) capacityia ....

c.. - c., «1 +r.,)/r.,>

6. Similarly, for other tbaD operadDJ poUlt PPD, deftae tJae iDted..... to DOlle
cleality ratio:

r(IJ. I. (Om ().2 141rk)
TbeD tbe rest of the curve of system DOD-Ibared ClplCity .. a 6mctioa of its
aUowable, or allocated maximum PPD it

e(l) - c., • [r(1J/r.,J [(1 + r.,>1(1 + 1(1.»]-c... r(JJ 1[l + r(I.»)
proridld I. <- I....

TIle latter limit reftecCI tile deIip power Ii..... of die ICDJIJ 1)'ICeID.

6. ID 1be pt.IIDee of • tDCaI iDtert'er.K» ftu cI-.ky I.... > - I. a "Ilea
operadDa willa aa aIIocIled PPD I. baa • reduced C8PICitY

CU.J.",) • CU.) [1 +1(1.)] I (l+r(l.,.)]

ne.....CIpICity of IeVen1 .,.. III tbiI tDII1 PPD~
lip.. limply by tbe Idditioa of tbr tICb Q*Il.

TOTIL '.12



Annex 5.3

This annex describes a simple model which can be UMd to determine the
average uplink propagation margin, based upon a simple tw04tMe~on

uponThis
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5 • 2 • CDKA v.. l'tixA/'l'DKA .

5.2.0. IntrQductiQn. This sectiQn discusses the PQtential fQr
sharing amQng the prQpQsed TDMA and COMA systems. One apprQach
tQ COMA/TDMA sharing is Qutlined here.

MQtQrQla's prQpQsed Iridium system, which uses TDMA access
mQdulatiQn, cannQt viably Qperate as currently designed Qn a
cQ-frequency, cQ-cQverage basis with the prQposed COMA systems.
(See Annex 5.2.3.) MQtQrQla's views why the cQncept described
here is nQt a viable apprQach are presented in SectiQn 5.2.7.

5.2.1. Full Band/PQlarizatiQn Interference Sharing. Full Band
Interference Sharing fQr systems with different technQIQgies
(COMA, TDMA, LEO & GSO) , in cQ-frequency/cQ-cQverage
envirQnments, is accQmplished Qn Qne basic principle, i.e., to
reduce interference generated by Qther systems and tQ allQcate an
apprQpriate amQunt Qf nQise budget fQr interference.

One way tQ separate the interference signal from the wanted
signal is tQ use pseudQ-randQm cQding, which is called spread
spectrum COMA in general. Full-band interference sharing among
COMA systems is cQvered in SectiQn 5.1. A COMA/TOMA sharing
scheme is described in this sectiQn as presented in IWGl-73 (by
Ming Louie Qf LQSS). It includes an analysis of achievable
capacity fQr variQus systems and Qperating technical criteria.

5.2.2. DescriptiQn Qf the CDHA/TPMA Scheme. The basic elements
Qf this plan are as fQIIQws:

(1) All qualified applicants WQuld be authQrized tQ CQn­
struct systems that can Qperate over both bands in
their entirety (i.e. 16.5 MHz in L-band fQr the
Earth-tQ-space link and 16.5 MHz in S-band for the
space-tQ-Barth link), Qr as much thereof as they have
requested in their applications.

(2) TDMA operation would be permitted in the top 2.75 MHz
in both bands (i.e. from 1623.75-1626.5 MHz and from
2497.25-2500 MHz) with right band circular polarization
(RHCP) .

(3) COMA operation would be permitted with left hand
circular polarization (LHCP) and with the remaining
bands in RHCP (i.e. 1610-1623.75, and 2483.5-2497.25
MHz) in their entirety.

(4) All operational systems (both COMA and TOMA) must main­
tain 6-8 dB cross-pQlarization isolation with their
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mobile terminal antennas and 20 dB cross-polarization
isolation with their satellite antennas to minimize
interference into systems in the opposite polarization.

(5) Sharing among COMA systems would be determined by the
CDMA Interference Sharing Criteria described in
Sections 2, 3 and 5.1. The frequency and polarization
plan of this sharing scheme is shown in Figure 5.2.1.
The plan is further described in IWGl-73.

5.2.3. Sharing Analysis. The basic objective in any
communications link design is to achieve a certain Eb/No for
certain kind of service which requires a certain bit error rate
(BER). The link design for the MSS is no exception. In
CDMA/TDMA sharing, the No may be described as:

No • Nt + Is + Io

where

No: total noise density

Nt: thermal noise

Is: noise density caused by self interference, e.g.

from adjacent beams

Io: noise density caused by interference from other

systems sharing the same frequency

When a TDMA system operates at one polarization and COMA
systems operate at the opposite polarization, polarization
isolation would reduce the amount of interference from one system
into the other system.

In the NBS link d.sign, the Ib <signal energy per bit) is
another important factor. Bb is decided by SIRPs and receive
antenna gaina of mobile terminals and satellites. ED is thus
limited by the transmitted power of the mobile terminal and of
the satellite. Both power of the mobile terminal and power of
the satellite have· great impact on the system cost. Thus
optimizing the antenna gains of the mobile terminal and the
satellite would become a major avenue to optimizing the whole
system.

However, there is another factor in determining the
achievable Eb, i.e. the degradation due to shadowing. When the
direct line-of-sight path between the satellite and the mobile
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terminal is shadowed by an obstacle, e.g. a tree, the wanted
signal would suffer degradation. There are two approaches to
overcome the degradation caused by shadowing: (1) to transmit
more power from the mobile terminal and from the satellite to
overcome shadowing, i.e. fade margin; (2) to use another
transmission path that is not shadowed nor blocked, i.e. path
diversity. Using the fade margin alone would require that both
the satellite power amplifier and the mobile terminal amplifier
be able to transmit very high power when shadowing occurs; this
would require that both amplifiers be able to operate over very
large dynamic range (i.e. from very low power to very high
power). The requirement of large dynamic range, especially at
the low power range, would make the system vulnerable to other
noises, such as interference from other systems sharing the same
frequency. Operating the system at high power range would
generate more interference into other systems sharing the same
frequency. Thus, using large fade margin alone to overcome
shadowing would reduce the feasibility of multiple systems
sharing the same frequency. Even with large power margin, it may
not be sufficient to overcome blockages, deep fades and multipath
fades.

Using path diversity to overcome shadowing would require
multiple satellite coverage and innovative signal processing
techniques, such as rake receiver and coherent combining. Using
path diversity alone may not be sufficient to overcome the
shadowing fading.

Therefore, a combination of fade margin, power control and
path diversity may allow MSS systems to have sufficient fade
margin to overcome shadowing while maintaining high system avail­
ability. It also makes it easier for multiple systems to share
the same frequency.

The basic principle to achieve CDMA/TDMA sharing is to
achieve balance among Eb (wanted signal power density), Nt (ther­
mal noise density) and Io (interference power density). An exam­
ple to achieve COMA/TOMA sharing has been shown in Document IWG­
1-73. According to the above analysis:

(1) Pull band, co-frequency, co-coverage CDMA/TDMA sharing
i8 feasible;

(2) Achieves capacity of:
3640 voice circuits for a TOMA system, and
10,000 to 15,000 voice circuits for multiple COMA
systems
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(3) Inter-system interference can be limited with 6 to 8 dB
cross-polarization isolation of the mobile terminal
antenna.

This is one of the scenarios for both COMA and ~MA systems
to share the same spectrum. Further optimization would enhance
the sharing feasibility and improve the utilization efficiency of
the L- and S- MSS spectral bands.

5.2.4. System Adjustments to Optimize Fregyency Sharing. Both
TDMA and CDMA systems would have to make adjustments to make
CDMA/TDMA sharing feasible.

For the TDMA system:

(1) Operate in L- and S-bands; no bi-directional operation
is permitted in order to eliminate the potential for
interference from the secondary downlink into the
primary uplink of other MSS systems and make
international frequency coordination easier with other
MSS/CDMA systems;

(2) Reduce TDMA data rate to reduce required power for the
TDMA carrier, e.g. from 50 Kbps (TDD) to 20 Kbps (FOD);

(3) Improve mobile terminal antenna performance, e.g. 3 dB
gain and 6-8 dB cross-polarization isolation; and

(4) Optimize antenna design to balance thermal noise and
interference noise

For CDMA systems:

(1) Improve mobile terminal antenna performance, e.g. 3 dB
gain and 6-8 dB cross-polarization isolation;

(2) Accept more interference from TDMA systems operating at
higher PFO, thus reducing COMA capacity of same
systems;

(3) Optimize antenna design to balance thermal noise,
interference noise from other systems (both TDMA and
COMA); and

(4) Some COMA systems may have to change their
channelization plan to accommodate non-homogeneous
systems.


