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III addresses the question of sharing between SET's and
other large terminal systems. The results of several
analyses dealing with the impact of small earth terminals
are highlighted.

Finally, Section IV will indicate those areas where
the most beneficial action may result in nproved spectrum
use and provide a basis for accommodating small terminals

for a variety of functional applications.
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because the development history has led to early establish-
ment of systems oriented toward large terminals and thus the
small terminal technology must try to "fit in."

In fact the question of sharing between "large" and
"small" in communications satellite applications has matured
to the point wherein many studies have been conducted and
much has already been added to the literature. But the
criteria for sharing and the necessary regulatory controls
have not been established.

During the seminar, the need to initiate actioh in
appropriate CCIR Study Groups was repeatedly emphasized.
Sharing criteria based on various grouping strategies were
proposed; papers expounding on these strategies should be
developed and funneled into the CCIR process. Only in this
way can the various ideas and opinions discussed at the
seminar receive broadbased technical scrutiny. Such scrutiny
and review is necessary to the establishment of rational
recommendations on an unquestic..ably internatior 1 issue.

Questions raised but not answered during the seminar
inc 1ded such factors as:

o Should presently allocated bands be broken up and
suballocat 1 for separate use by small and large terminal

systems?

© Should grouping strategies on the geostatic 1iry orbit

be employed and if so what are the best strategies?







APPENDIX A

GOES SATELLITE SYSTEM CAPABILITIES;
SMALL EARTH TERMINALS USED BY NESS

























4. SFSS (Satellite Field Service Station)

The £ifth and last type of small earth terminal in use
is the SFSS. This terminal provides high resolution imagery
and is intended for professional meteorologists.

The GOES satellite is spin stablized with its axis parallel
to the earth's axis; it spins at about 100 rpm from East to
West across the earth's surface, and each line of high
resolution imagery is transmitted to the CDA ground station
in real-time. This requires a data rate of 28m bi:.s/sec.

In order to receive this high a data rate with an acceptable
error rate, the CDA station requires a 20 meter antenna with
a cooled parametric amplifier. This is a fairly elaborate
and expensive installation. To enable smaller and less
expensive ground stations to receive high resolution images,
the burst of data as received is "stretched" at the CDA
station from about -30m sec., to 540m sec. This results in

a much lower bit rate. The stretched data is then retrans-
mitted back to the satellite during the next 540m sec., for
relay to the ground where it can be received, typically, by
an 8 meter antenna and an ambient temperature parametric
amplifier, which is 2 considerably less expeqsive installation
than the equipmen required to receive tbe high data rate
imagery. In this manner the GOES satellite is used to relay
jts own data at a much lower data rate. This type of data
is intended for use by regional weather stations in this
country, or the principal weather facility in sma}ler
countries. The SFSS receives in the 1680 MHz region. A
brief outline of the "in place'", measured antenna character-
{stics for these systems is given in Figures 14 and 15.
(Note: We can supply detailed pattern measurements to anyone

interested.)

So much for the different types of small earth terminals

used by the Satellite Service; how do these effect our
frequency coordination problems? As metsats operate on
frequencies exclusively reserved for meteorological purposes,
we do not have the hassle of the 4/6 and 7/8 GHz bands.

Our biggest coordination type problem is a power-flux-density
problem with WEFAX and TARS in the 1690 Miz region. With
WEFAX, the higher our PFD, the cheaper the SET can be made.
With the GOES satellites in their present position, one
country has objected and this is being negotiated.

The TARS presents a slightly different problem since this
signal consists of single tones instead of a.contlnuous
spectrum so that the transmitted signal co§51sts of a series
of impulse functions in the frequency domain; this may be

more or less objectionable depending on tbe terrestrial system.
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Also, since the TARS, signals are of little direct benefit
to users, the political situation here is somewhat
different. We are, however, hopeful of being able to
clear these problems in the future.

From the above material, it can be seen that the National
Environmental Satellite Services uses a wide variety of
small earth terminals, including receive only terminals,
transmit only terminals, and terminals that both transmit
and receive. : -











































APPENDIX B

THE ALASKA COMMU! CATI ¥ PLAN; SMALL STATION
PERFORMANCE AND INTERFERENCE ANALYSIS





































a) Cross-polarized with respect to Telesat Cahada and ATT
channcls occupying the same frequency band. Ry & Ry = -17 4B for TV
b) Co-polarized with respect to another RCA satellite system. Ry & Rg = -24  aB for FDM/FM

Thercefore in the uplink the polarization discrimination factors y

where R dénotes spreading factor.
(P) are: b

Py = -7d Py==-7dB P3=0dB Py=~7dB 3) The satellites at 114°w, 123°W, 127°W, and 131°W are Anik I,A
where P) is the polarization discrimination at the RCA satellite RCA,and ATT respectively.
between transmiésions from Telesat ground stations and RCA ground

stations. P, is betwcen RCA & AT4T, Py is between RCA & RCA and . a) (/D)

P4 is between RCA and AT&T. Equations 2 and 3 are used to find (C/I);. Be-

cause up-path loss L,; and RCA satellite antenna gain
The reference channel on the downlink is:

_ ' (Ggay) assume the same values for wanted-signal and all
a) Cross-polarized with same channel of Telesat Canada. &

interfering signals, these two terms can be dropped from
b) Co-polarized with same channels in AT&T and RCA Systems. ‘

Equations 1 and 2 without affecting the final result.
Thercfore in the downlink:

Therefore:

Pg=-7dB Pg=0dB Py =0dB Pg=0dB C : (c/1)y; = (EIRP/carrier) - [(amp),_ =Gy +G(o;) + R +

where Pg is the polarization discrimination at the RCA ground E 5
: Using system parameter values in Equation 6 results in

(/1) =56.8 - [(83-63 +'32-25 log 5 -17 - 7)

(90.6 - 62.3 + 32 - 25 log 4 ~ 24 = 7))
_ : s (85 -~ 54 + 32 - 25109 8-17-0) [3]
2) The interfering channels carry the following types of ligna;ll .(90.6 - 62.2 + 32 = 25 log 12 -24 -78

TV, FDM/FM, TV, FDM/FM associated with satellites at 114°W, :

: (C/T)y = 56.8 - (10.53.[%] 14.25 [3] 23.42 [3] 2.32)
123°W, 127°W, 131°W,respectively,
(C/1); = 56.8 - 24,1 = 32.7 &8

station between transmissions from the RCA satellite and the

.

Telesat Canada satellite, Pg is between transmissions from RCA

and AT&T, P, is for RCA and RCA,and Pg is for RCA and AT&T.

thercfore:
R) & Rg = =17 aB for TV
nz & Rs’ = «24 dB for PW’"

F=-22




P 5 |

(C/I)p = 20.9 dB

b) (c/D)p

‘

Since down-path loss Lg; assumes the same values for wanted
signal and all interfering signals, this term can be dropped

from Equations 4 and 5 without affecting the final

result.
Therecfore:
8
(¢/1); = (EIRP/carricr)sat + Gg gt, = |3 | [(EIRPsat)i
+ Gp g¢. (85) + Ry + Py] i=5 (7

Using- system parameter in Equation 7 results in

25 log 5 = 17 =7)

(c/1)y = 10.9 + 39.6 = [ ( 33 + 32

(33 +32~-2510g 4 - 24)
, ( 32+ 32 - 25109 8 - 17 )
! (33 +#32~-2510g12-24)1 3

(c/1), = 50.5 - (23.53[3] 25.95[%] 24.42[%] 14.02)

(C/I)D 50.5 - 29.6

'

Therefore (C/T)g p. = (¢/T1y[F] (c/T)p
= 32.7[%] 20.9

(C/T)g g, = 20.6 aB
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Systems Noisc Temperature

Systems Noise Temperature from G/T:

Selected figure of merit (G/T) for the 10' Earth Station is
13.8 aB/°K.

G/T 13.8 aB/°K
G = Antenna gain @ 4 GHz
T System Noise temperature
G at 4 6le 39.6 aB (assume 55% efficiency)
39.6 - T 13.8
T 380°K




A.7 Power Spectrum of a FDM-FM Carrier

The spectrum of a carrier that is frequency modulated by
a multiplexed telephony bascband is, in general, a compli-
cated function which depends on many parameters. With
increasing modulation index, the spectrum approximates a

Gaussian sﬁape near the carrier frequency.(l) Thus the . Accordingly, the power in a 40 XHz band around the carrier

power spectral density S¢(f) can be expressed as follows: frequency relative to the total power can be found as follows:

- £2 5 ' 0.02
K PR : -£2
Sy (8). e 20 : s
. 20

o

where, K = constant depending on arrier level

] = pmultichannel rms deviation
-£2

in MHz : 4 y e 262 44

£ = frequency raelative to carrier frequency

Aerf (g‘;oz) where erf 4 error
function

18
erf (2'6')
0.004 for o= 4 MHz [2)
-24.0 aB




B. TV Transmission Performance Objective for Reception via a 15
Foot Diameter Earth station

; _ Bl. TV Services
[1] J.C. Fuenzalida, o. Shimbo, and W.L. Cook, "Time - Domain

: ) This analysis establishes the performance for TV to a 15 foot
Analysis of Intermodulation Effects Caused by Non - linear

5 ) diameter earth station from a 33 foot diameter earth station.
Amplifiers."™ COMSAT Technical Review, Vol 3, No. 1, 1973.
A . The baseline is established by combining the effects of inter-
A multichannel rms deviation (o) is obtained for 1280 voice modulation, thermal noise and satellite interference. Rain
channels as follows: : attenuation is considered as an independent variable since
TASO performance requiremehts-are subjective. The margin shown

Transponder bandwidth = 36 MHz

- for TASO 2 performance is considerable as shown in the calcu-
Peak factor = 3.16

lations.
, Maximum Basebard freq.= 4.2 X n in kHz
A . BW = 36 MHz N ¥ : Performance Objective: The performance objective to be
36 = 2(3.160 + 4.2 X 10”3 (1280) ) achieved with 15 foot earth stations is TASO Grade 2 tele-

o ' = 4MHz . L " wvision as calculated in B3.

B2. References

Ref 1. Measurements of the Subjective Effects of Interference
in Television Reception.
Charles E. Dean. Proceedings of the IRE

Modulation, Noise, and Spectral Analysis
Philip F Panter (p. 441)

C.C.I:R X1lth PLENARY Assembly, New Delhi, 1970
Volume V,Part 2,Rec. 421-2

Domestic Communication Satellite Spacecraft Specifi-
cation.
Revision B; Januaty 18, 1974

RFP for RCA Alaska Communications, Inc. for 10 foot
and 15 foot Diameter Earth Stations,




Evans, H.W. "Technical Background (page 1l1), AT&T Domestic
Satellitc Proposal". AIAA Paper No. 68-411 presented at
AIAA 2nd Communication Satellite Systems Conference,

San Francisco, Calif. (April 8-10, 1968).

Link Analvsis
Introduction: The received signal will not be a function of the
satellite saturated power and G/T, since the link is limited

by earth station performance.

Derivation of the Peak-to-Peak Picture Signal to RMS Noise Ratio,
(Spp/iinug) @ . R P IRE

Carrier-to-Noise Ratio, (C/N7): The C/Np derived in this expression

is the ratio of the received modulated signal relative to the thermal

noise in the system.

Carrier-to-Noise Ratio, (C/N7): The C/Np is obtained as follows:

Let: PR - Received Power
Pt ’ = Transmitted Power
Gr Transmit Antenna Gain
GR Receive Antenna Gain

L . Path Loss
Ts 1 Systcem Noise Temperature

PR PpGrGRL
PrGpr x GR/Ts x L
EIRP x G/T x L

From ITT Reference Data for Satellite Communication Earth Station:

(Page 24):
c/N - C/KTB
¢/T =, CKB/N

c/T = C/N + 10 log B - 228.6 dBW/Hz/°K (2)
However C/T = Pp/Tg. Therefore, equating (1) and (2)_and
expressing the terms in log form:
C/N + 10 log B - 228.6 = EIRP + G/T + L

C/N - = EIRP + G/T + L + 228.6 - 10 log B (3)

Output Signal-to-Noise Ratio, (S/Ng): The standard FM improvement

eéuation is obtained from Reference 2 as follows:

s/No = (3/2) /) 82 B : (1)

C/N = the predetection carrier to noise ratio

= peak FM deviation
8 = FM modulation index and is % Af/fm

fm = highest modulating f£requency
B = the predetection noise bandwidth

Equation (1) must be modified by a noise weighting and improvement

factor (W). Thus:
] 8/Ny = (3/2) /) 82 BV -(2)




Equation 2 represents the S/No for sine wave signals. How-
ever, this signal must be modified to represent a pcak-to-peak
(pp) signal in order to conform to standard TV performance ob=-

jectives which are presented as peak-to-peak signal torms noise
(SPP/N ms) .

Path Loss , (L):

This path loss is due to the R.F. signal being attenuated as a
result of the transmission path in between two antennas.
The expression for the path loss (L) is obtained from Reference

Data for Radio Ernginecers, Fifth Edition, Pg.26-20.

L = 36.6 + 20 log f£(MHz) - 20 logd ( miles)
For Alaska the sdant range is 25,500 miles and therefore
L = -196.8 dB @ 4 GHz

L = -200.3 dB @ 6 GHz

Flux To EIRP Conversion

The received power to satellites is expressed in dBw/H2 and the
radiated power from earth stations (EIRP) in dBw. Accordingly,
an equation must be found that relates the power expressed in

dbw to the power expressed in dBw/Hz.

Derivation A
Consider a point source radiating to the surface of a sphere of
radius R. The area of this sphere is 47'R2. The power at the
surface of a sphere is P/47R2. Now if R is in meters, then the
flux is in watts/M2. Converting watts/M2? to log form:

: P-34

dDw/M2 = 10 log watts = 10 log 4w R2
Flux = dbw - 10 log 47 R?

Now substitute EIRP for dBw and a R of 25,000 miles (after convert-

ing to meters) and 1 . *

(dBw/M2)= EIRP - 163.3

Sine Wave RMS to TV Peak-to-Peak Conversion

The CCIR Standard TV Signal (Reference 3) is shown below along with

a one volt peak-to;peak sine wave signal.

1.0V 0.714Vv 1.0V :
1 y Tt s ; o

The ratio between the video (pp) picture signal and the sine wave
RMS signal will now be calculated.

(Spp) = CCIR picture peak-to-peak voltage = 0.714
(Srms) = Equivalent sine wave rms voltage = 1/(2/2)

(Spp) o 0.714
(Srms) 17272
(spp) ‘= 0.714 (2/2) (Srms)

(spp) = 2.0 (Srms) (Voltage)

Now; power is proportional to the square of the boltage, there-
fore the power conversion is’

(spp) = (2.0)2 (Srms)

(spp) ° °* = 4(Srms) (Power)

As a result, Equation 2 is modified as followss
355; °.‘- ) (;) (c/v) g2 2 W

But B = 2 (Af + fm)
Substituting 4 into:

Spp_ = (4) (3) (c/N) 82 2(Af + fm) W
Spp . 3 _1__25_._1

=12 (C/N) 82 (B+1) W
In log form:

Spp_ = 10.8 + C/N + 10 log B2 (B+1) + W
Nggg © .
: 7-35




Calculation of (Spp/NrmS)O:

Calculation of Downlink Carrier-to-Noise Ratio (C/Ngp)

C/Npp = EIRP + G/T + L + 228.6 = 10 log B
where! EIRP = 32 dBw_(Reference 4)
G/T = 22 dB/°K (Reference 5)
Therefore: C/Ngp = 32 + 22 - 196.8 + 228.6 - 10 log B
C/NTp = 85.8 - 10 log B

B (MHz) 10 log B - C/Npp (dB)

25 74.0 1.8
22 73.4 12.4
18 72.6 13.2

Calculation of Uplink Carrier-to-Noise Ratio (C/Npy)

C/Npy = EIRP + G/T + L + 228.6 - 10 log B
EIRP = Flux + 163.3

G/T . = -5,5 dB/OK

Flux = = 81.5 dBW/M2 (conus)

Substituting 2, 3, 4 and the loss (L) into 1 results in:

gl

C/Npy = = 81.5 + 163.3 - 5.5 - 200.3 + 228.6 - 10 log B
= 104.6 - 10 log B

System Carrier-to-Noise Ratio, (C/Ng):

Bandwidth (MHz) C/Np, C/N, C/xg’ c/xg’

25858 11:8 30.6 25.5 23.8
© 22 12.4 25.5 23.8
18 13.2 25.5 23.8

(1) Obtained in Section B4

(2) oObtained in Section BS
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Calculation‘of (SPP/N o

.

rms

(Spp/Nrms) o = 10.8 + C/N + 10 log B (B+ 1) + W
where W = 14 dB (Reference 6)

Therefore,
(Spp/Nrms)o = 24.8 + C/Ng + 10 log B! (B + 1)

In order to obtain the SNR, the modulation index (B) is

calculated as follows:

+B =2 (+ Af + f) (Carson Bandwidth)
#Afp = B/2 - f,
B - iAf/fm

C/N(l)

B £ - .10 log 82 (s
(@} pma)  iz) Dmz) s (sey)  CPRARmele

1.3 25  5.225 : .39 6.7
11.9 22 5.225 § .10 4.1
12.6 18 5.225 ; 72 -0.5

(1) An improvement of up to 2.0 dB may be realized by
using an overdeviation technique.

B.4 Satellite Internal Interference Model

The interference model of Section F of this Attach-
ment was used to obtain the carrier-to-internal inter-

ference ratio, C/Igg.

The following table summarizes the parameters and
their associated values used in determining system de-

polarization isolation:

Spacecraft Cross-polarization Isolation 33 as

Earth Station Cross-polarization Isolation
(including pointing error) 2 33 as

Rain Depolarization (99.5% of the time)
Depolarization due to Faraday Rotation (if
feed is set to the middle of the daily varia- -
tion at sunspot maximum)

Voltage Summation

'Power.Summation

Average of Voltage and Power Summation (one
way link cross-polarization isolation)

The cross-polarization isolation of the uplink and down-
link are almost identical. Accordingly, they are assumed

equal for purposes of this analysis.

Using the Equations of Section F, the system carrier-to-

internal interference ratio equals 25.47 dB.




Satellite External Interference Model

Int?oduction: The TV signal is transmitted from
@ 33' RCA earth station and received via RCA
satellite by a 15' earth station in Alaska.
Referring to A.S, the same interference model

will be used.

Wanted Power Illuminating the Satellite,(c)ui

(©y = (EIRP) - L, +Gg,. (dBw) (1)
where . 3
(EIRP) = Total Power Transmitted by a 33' E.S.

- 85 dBW

L = uplink path loss
= 200.3 dB

Seat = RCA Satellite receiving antenna gain
in the direction of 15' E.S. in Alaska
= beam edge gain . :

= 27 as. ¥ (

P-40

(

Uplink Unwanted Power Illuminating the Satellite, (I),

(Ily =

where

=]

4
I| [(EIRP); =Gy + G (05) ~Lyg + (Gguy) 3 + Py)

[:] denotes power summation

(EIRP) -

G(o;) =
Lui -

P? -

G =
Cgat )y " ™

Upwanéed ith interfering earth station EIRP in

main axis direction.

Transmit antenna gain of unwanted 1ntertering

ith earth station at angle ©; off main axis.

ith up_path loss which will be taken as 200.3 4B
for all {.

ith polarization discrimination factor

th

i unwanted interfering earth station antenna

gain (on-axis).

RCA Satallité antenna gain in the direction of
earth station. Because the antenna pattern is broa
and not precisely specified,the gain in the
direction of ith station'will be taken to be the

beam’ edge gain for all i directions.

Since up -path loss,Lui,and RCA Satellite antenna gain,

(Gsat)ir have the same values for wanted signal and

all interfering signals, they can be dropped from

Equations 1 and 2 without affecting the final

result.

P-4l




Wanted Power in the Direction of Wanted Earth Station (C)p¢

v

.
200 8

Therefore: (Cip = (EIRP) ;0y = Lg + Gp.g¢, (dBw)

where o,

(c/1)yy = C -
/1)y i

[(gxnp)i - Gy + G (0)) + Pyg) : (Em.l')"t - Wanted (RCA) satellite radiated EIRP

32 dasw
The values for the parameters of the interfering

system in Equation (3) are summarized in section 2 Downlink path loss
A.5 The frequenc lan used is same as in A.S5
R L 196.8 aB
Using the values of the parameters and appropriate
polarization discrimination factor results in Wanted 15 foot earth station receive
antenna gain (on axis)

43.0 aB

e

(C/I)u‘ = 85 - [(83 - 63+ 32 - 25 log 5 - 7)[¥]
(90.6 - 62.3 + 32 - 25 log 4 - N[+
(85 - 54 + 32 - 25 log 8 )[¥]
(90.6 - 62.3 + 32 - 25 log 12 - 7)]

. Unwanted Power in the Direction of Wanted Earth Stétlon.(xn)g

o8 155 [(BIRP,¢)g = Lgy * Gp.se. (0g) + Py)(aew

(€/1), = 85 - (27.53[+]38.25[+]40.42[¥]26.32)

wheret

c/1 = 85 - 42.72 = 42.28 dB.
(C/T)y " (BIRP, .. )y i*M unwanted satellite EIRP in the direction

of wanted 15 foot earth station. (dBw).
Expression for (C/I)j: :

: Lay " 4™ gown-path loss and will be taken as 196.8
(c/I)p = (Wanted satellite radiated power in the L T
-for all 1.

dircction of wanted earth station) - (Unwanted ’

satcllites radiated power in the direction of : G se. (91) 15 foot earth station antenna gain at

wanted earth station). - : ; 03 angles with the main axis.

’

P‘,t = as previously defined

P=43"




Therefore the carrier to interference ratio due to external

Si d 28,7, b y
R geunaphth losqns'rdi'havq Sheinama . satellite interference, (C/I) , is
value for wanted signal and all interfering gr
i signals they can be dropped from Equations * s . s L
b ey Lo = e/ny[Fern,
4 and 5 without affecting the final
et | ) = 42.28[F] 23.85 3
therefore: = 23.79 daB.
/0, = EEIRP)SM; + cE_st] E [(EIRP_ . ), + ‘
Crrge. (010 deRe) (6
The values for the parameters of the interfering and ! -

referenced systems in Equation 6 are summarized.
in section A.S.. The frequency plans
used are the same as in Section A.S5.

Using the values for the parameters and appropzia;e
polarization discrimination factors results in
/Ty = (24 43 - [(33 + 32 - 25 1og 5-7)[7]
(33 + 32 - 25 log 4 - 0 )[F]
(32 + 32 - 25 log 8 - 0 ) [¥]

(33 + 32 - 25 log 12 - 0)]

{749t L (40.53[+] 49.95 [¥] 41.42 38.02)

c/n, " = 75.0 - 51.15
"cc/'no = 23.85 dB. N (

; .7 E=45
F-44 :




B-6. Systems Noise Temperature (T.):

Systems Noise Temperature From G/T.

G/Ts' = 22 dB/°K (Reference 5)

G
Tg

G at 4 GHz
22

Antenna Gain at 4 GHz
System : Noise Temperature

43.0 dB (assume 55% efficiency)

43.0 - T
125.9°K
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Interference to Other Systems from a 10 Foot Earth Station
Transmitting SCPC

Introduction

This analysis will consider the interference caused by

RCA SCPC system utilizing either Delta modulation (4M) or
frequency modulation (FM) into

(a) An ATT FDM/FM System

(b) A Telesat FDM/FM System

Thé interference to other systems is based upon 70 carriers

in one transponder channel. When the carriers utilize SCPC/
FM, the power radiated from an earth station may be less than
that required for SCPC/AM transmission due to the lower i.f.
noise bandwidth (N.B.W.). The NBW for AM system is 40 KHz and
the NBW for an FM systeh is 25.7 KHz. As a result, the inter-
ference from the RCA SCPC/FM system to the adjacent C/ATT or
Telesat Canada ‘may be less than the interference from-an RCA
SCPC/AM system. Accordingly, the following analysis will be

for a AM System since this is the worst case.

The interference.level from the RCA System was estimated to be
below the level of thermal noise introduced into the ATT or
Telesat detectors, ﬁhich are assumed to be linear. Therefore,
the detector operating éoint will not be determined by the
inéerferepce. Accordingly, the interference is treated as noise
added to the thermal poise and hence the noise outpui in pWp0

will be determined by using the follwoing equations.

P-47




IS/N] *=

Converting to dB

where

(s/N] =
+ P+ W

[s/N]

[C/N)

(C/N) B/b [£r/£,]? PeW
notation,

[C/N] + 10 log [B/b) + 20 log [fr/fm)

B = 2(3.16 gfy + fp]
= Carson Bandwidth = 36 Miz
weighted siénal-to-noise ratio at the
l-mW test-tone level

carricr-to-noise ratio over the Carson's
¥xule bandwidth, B

channel bandwidth = 3,1 kHz

rms test-tone deviation

maximum baseband‘frequency 4.2 x n, in kHz
number of ﬁelephone channels

psophometric weighting factor = 2.5 dB
pre-emphasis weighFing factor = 4 dB
antilog {L/20)

= 15 + 10 log n, n2 240 channels

-1+ 4 log n, n < 240 channels

Rev., Volume 2, Number 2, Pg. 460
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Values for Parameters

Values for the parameters listed for use in the S/N equation

are determined as follows:

o)« :

Based on the assumption in the introduction, the inital calcu-
lation of C/N is performed on the basis that the power in the 70
RCA interfering carriers is uniformly spread over 36 MHz and sub-
sequently will be appropriately adjusted to account for the
actual power distribution. The initial C/N is determined by the
power addition of the uplink interference (C/Iu) and the downlink

interference (C/Iln'

A) C/N for an RCA-70-Carriers Channel Interfering with an FDM/FM A

ATT Channel

(C/I)y = EIRPpqir g.5. - [EIRP/CXRpop g.g. + 10 log 70

= C10'ant. + Gsidelobe] + Polarization

Discrimination Factor

= 90.6 - [56.8+ 10 log 70 - 43.0 + 32 - 25 log 4] + 7
= 48,448

= [EIRPArsr sat. * Sater E.5.] - [EIRP/CXRpca sat.
+ 10 log 70 + Ggidelobe)

= (33 + 60.5) = (10.9 + 10 log 70 + 32 = 25 log 4)_
= 47.2 dB




.

C/N = power addition of (C/I)y and (C/I)p
C/N = 44.7 dB

b) C/N for an RCA 70 Carriers (SCPC) Channel Interfering
with an FDH/F!H Tclcsat Channc

(C/1)y = EIRPrelesat E.S. = [EIRP/CXRpcp g.s.+ 10 log 70

= G10'Ant. *+ Ggidelobel + Polarization

Discrimination Factor

(C/I)y = 83 - [56.8 + 10 log 70 - 43.0 + 32 = 25 log 5] + 7
‘m 43.2 dB

(¢/I)p = [EIRPpo)osat sat.t Crolesat E.s] = [EIRR/CXRpep gat,
+ 10 log 70 + Ggjgelobel + Polarization

Discrimination Factor
(33 + 63) - (10.9+ 10 log 70 + 32 = 25 log 5) +7
59.1 do

power addition of (C/I)y and (C/I)p
C/N 43.1 4B

Carson Bandwidth (B)

B = 36 MHz

Voice Chahnel Bandwidth (b)

b '= 3.1 kHz

Maximum Baseband Frequency (fp]

fn = 4.2 x 103 x 1200 = 5.04 MHz

Loading Facéor;jL[
L = = 15 + 10 log 1200 = 15.79 4B

RMS Test Tone Deviation [fy]

£y = 0.66 MHz

Substituting these values for the parameters in Equation 1

-felulés in the following: C

a) 8/N in the output of a C/ATT Channel

[S/N] = 44.7 + 10 log 36 x 106 + 20 log 0.66 x 106

+ 2.5+ 4

= 74.2 dB

i b) S/N in the output of a Telesat-Canada Channel
[S/N] = 72.6 aB

Calculation of Output Noise in pwWp0

a) Output Noise in a C/ATT Channel.
©, S/M  =174.2 aB
Thorefore the noise at the output of the ATT detector is::
(N) : = 8 - 74.2 dBm where § = O dBm reference level
=0 -74.2. ==74.2 dBn \

N = 38 pWpO




b) Output Noise in a Telcsét17Canada Channel

N = -72.6 dBm = 55 pWp0
It was initially assumed that the power from the 70 RCA Carriers
was spread over 36 Mhz. However, this carrier power is spread
in 40 kHz slots around 70 carriers. Accordingly, the noise
power (38 pWp0) must be increased to account for this

difference. A

The increase in power relative to the 36 MHz assumed spread is
found as foliows: ¢
Number of 40 kHz bands in 36 MHz = 900
Actual number of 40 kiiz bands = 70
Power increase = 10 log 900/70 = 11.1 dB
However this increased power is spread over a 40 kHz band and

not a 4 kHz band.

Accordingly, the increase of 11.1 @B must be reduced by 10
log 40/4 or 10 dB to arrive at the increased power in a
4 kHz band. This results in a net increase in interference

power in the voice band of 1.1 dB more.

That is, rather than 38 pwWp0, we will have 49 PWp0 noise
interference in a voice channel at the zero toll level posi-

tion in an ATeT channel and will have 70.8 pWp0 noise inter=-

ference in a voice cﬁrnnel of Telesat, Canada.

Voice Transmission Performance Objectives Between 15-Foot
Earth Stations using Delta Modulation
Scope: This analysis establishes the performance ébjectivcs
for voice communications between 15-foot earth stations
using delta modulation Modems. The basecline is establisihed .-
by combining the degradations of intermodulation, thermal

noise, and satellite interference.

Performance Objectives: The performance objectives con-

tained below are based upon current Alaskan village ex~-
‘perience relative to telephone service. (See D1 througn D7
for details). Further,.the-number of carriers in a trans-
ponder channel required to support P 10 telephone service

is based upon a signal quality that is considered to be
'exqellcnt. That is, a BER of 1073 will provide service

to > 50db SNR while a BER of 10~2 will degrade this :
slightly., It should be noted that a tfansmittér of less than

15 watts per carrier is required for a BER of 1 X 10™3,

Telephone Service to be provided: One transponder channel

ll.capahle of supporting P 10 telephone service as described

in the following table:
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X ’ Received
Maximum Carriecrs Earth Station Power .

Telcphones in a Transponder per carrier required C(NS BER

70 ! 14.1 watts 9.2aB  1.0x10~3

Telephone Services

Telcphone Service Analysis: The maximum number of events

to provide P 10 secrvice to the bush communities via satellite
has been calculated. Only one phone per village is planned
initially, This will result in slightly less than P 10

service.

Assumntions:

A. Assumes that the addition of phones does not increase
the total amount of traffic. .
Use of Demand Assignment Multiple Access to route
traffic.
Nurber of Telephones 56 148
Erlangs* I 7.63 7.63
P 10 Channels (onc way)* 32 32

*If calls are Poisson distributed and call duration

times are exponentially distributed.

Voice Quality: This performance is intended for use

with Delta Modﬁlation voice modems, However, the criteria

[]
used £or_th1| digital technique is not the same as for an
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analog technique. For example, the analog systems criteria
for a voice channel is related to the interference noise

received in that voice channel, This noise is diiectly re-

-lated to the carrier-to-noise ratio (CNR) of the channels.

In the case of digital signals, the relationships arcd some=-
what different. With infinite CNR and associated zerobit

error rate  (BER), a digital system will have noise present
during speech utterances only. This noise is due to the

sampling or quantizing process which results in a signal

"to quantizing noise ratio (SQR). A voice signal SQR of

30 dB results in excellent speech quality and will not be
significantly degraded at A lower CNR and associated higher
BER., BER's of about 10~3 will not significantly affect an .
SQR of 30 dB. L ' z
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System C/N vs Bit Error Rates
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40 Kilz NBW (dB)

Link Analysis

Derivation of Equations

.

Carricr-to-Noise Ratio, (C/Np): The C/Np derived in this

expression is the ratio of the received modulated s{gnal
relative to the thermal noise in tae system. This ex~
pression can be used for the uplink and the downlink upon
aubstitution of the appropriate path loss and other para-

meters in the equation.

Carrier-to-Noise Ratio, (C/N7): The C/Np is obtained as

‘followsx

Lat: ‘Received Power
Transmitted Pover
Transmit Antenna Gain
Receive' Antenna Gain
Path Loss

System Noise Temperature

PR - PTGTGRL
PB/TS L] PTGT X GRfrs x L
Pp/Tg = EIRP X G/T x L (1

}rom ITT Reference Data for Satellite Communication Earth

stations (Page 24):
. C/N C/KTB
c/T . CKB/N
c/T _C/8 + 10 log B - 228.6 4 w/Hz/°K (:

P=-57




However c/T = Pp/Tg. Therefore, equating 1 and
2 and expressing the terms in log form:

C/N+10 log B - 228,6 = EIRP + G/T + L

C/N = ‘EIRP + G/T + L + 228.6 - 10 log B (3)

Path Loss, (L): This path loss is due to the R.F.
signal being attcnuated as a result of the transmission

path between two antennas.

The expression for the path loss (L) is obtained from

Reference Data for Radio Engincers, Fifth Edition, Pgs.26-20

L = 36.6 + 20 log f(Miz) + 20 log 4 (miles)
For Alaska the slant range is 25,500 miles and therefore
L = ~196.8 dB @ 4 Glz

L = -200.3 dB @ 6 GHz
7

Flux to EIPP Conversion: The received power to satellite

is expressed in aBw/M2 and tne radiated power from earth
stations (EIRP) in dBw. Accardingly, an equation must be
found that relates the power expressed in dBw to the power

expiessed in dBw/Mz.

Derivation: Consider a point sourco of P watts radiating

to the surface of a spnere of radius R. The area of this

sphere .is 4nR2, The flux density at the surface of a sphere

is P/4nR2, Now if R is in meters, then the flux is in watts/M2.

Converting watts/M2 to log form:

Abw/M2 = 10 log watts - 10 log 4wR2

Flux density = dBw - 10 log 4wR2

‘=58

.

Now, substitute EIRP for dbBw and a R of 25,500 miles
(after converting to meters) and \

Flux density = EIRP - 163.3 (dBw/M?)

Transponder Channcl Capacity: The number of equal

mmnwemumuinmoumwmhrwmmlmr&e
single channel per carrier (SCPC) mode is found as follows
If p is éhe power required for one channel, np is the
power required for n channels. Accordingly, the total
power required is exprassed as:

Py = NP
Converting to log form:
10 10§ pt = 10 léq n + 10 log p (dBW)
However, the total power available is the satellit§ EIRP
subtracted By the output back-off (OPBO) required to meet
intermodulation distortion (IM) requircments. Accordingly
10 log Pei® EIRP - OPBO = 10 log n + 10 log p
10 log p = EIRP = qpno - 10 log n
Where
10 log p = EIRP/carrier

Frequency Staggering Irprovement: The C/N foz the SCPC

mode will ‘be further degraded by distortion products due
ito intermodulation products (IM). Thesa products will add

to the thermal noise of the systom on a power basis for a

large number of carriers as the IM products can be conside:




random. However, for a "small" number of carriers the IM ) L ' = =196.8 dB

products are not quite so random. As a result, the carriers 10 log B = 10 log 40,000 (Reference 5)

can be spaced such that some IM products do not fall into : . .. 46 aB

their modulated bandwidth ., This will result in an improve-‘ : Substltﬁ;ing 2, 3, 4 into 1:

ment in the ratio of the modulated carrier to unwanted IM - C/Ngp = EIRP/CXR + 13.8 - 196.8 + 228.6 - 46°
proddct (c/1M) due to frequency staggering, The frequency ° C/Ngp = EIRP/CXR - 0.4

staggering improvement (FSI) has been determined by Telesat EIRP/CXR :© = EIRP - OPBO - 10 log n
to be as follows: i EIRP = 32 dBw (at the beam edge-Reference 4)
FSI = 10 log AFA/n 4 Assuﬁe OPBO = 2,6 dB
where,
AFA Available frequency assignments - Substituting 7, 8 into 6,
and, : EIRP/CXR = 32 - 2.6 - 10 log n
n number of carriers X Substituting 9. into 5,
AFA Transponder BW/carrier lepaxnkion : C/Npp m 32 -~ 2,6 ~-10 logn - 0.4
Transponder BW 34 MHz (Reference 4) : C/Nyp = 29,0 - 10 log n
Carrier Separation 60 KHz (Reference 5) For nl = 70
"~ AFA = 34 x 105/60 x 103 C/Ngp, 29.0 .- 10 log 70 -
- 566 : ‘ " 29.0 - 18.5
Thercfore FSI = 10 log 566/n c/NTD 10,5 4B

Sample Calculation for Uplink (C/N,) and Downlink (C/NDL Carrier to ‘Intermodulation Distortion Ratio, (C/IM)

For n .= 70
FSI = 10 log 566/70

Carrier to Noise Ratio

pownlink C/Npp: The C/Npp is due to thermal noise. FsI = 948
' . . ; . An OPBO of 2.6 dB results in an input back-off (IPBO)
C/Npp = EIRP/CXR + G/T + L + 228.6 - 10 log B (1) of 4 dB. From data in Reference 1, it is estimated that a
G/T ° = 13,8 dB/°K (Reference 2). (2) . C/IM of 7 a8 occurs for a 4 db IPBO., As a result, the

.-
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For 70 carriers,

c/IM = 7+ FSI EIRP/CXR = 75.3 - 10 log 70

C/IM = 7+9 = 75.3 - 18.5

C/IM = 16 dB ¥ : M 3 i = 56.8 dBw

_ Substituting 7 into 5,
Uplink C/Nqy: C/Np; is due to thermal noiso,
: C/ gy = 56,8 - 23,2 .

g = 33.6 dB
C/Npy EIRP/CXR + G/T + L + 228.6 = 10 log B ;

G/T -5.5 dB/*K Uplink Power Required at the Earth Station: Transmit gain of

L -200.3 dB ' a 15-foot antenna is 45.8 db., Accordingly, the power per carrie
10 log B 10 log 40,000 Hz including 0.5 dB line loss is:
SuSstituée 2% 3.=4 :gtgalz o Power/CXR = 56.8 = 45.8 + 0.5
C/Koy = EIRP/CXR - 5.5 = 200.3 + 228.6 - 46 = 11.5 dBw (14.1 watts)
C/Npy = EIRP/CXR - 23,2

Equation 5 will be substituted in the following developed

Summary of System Carrier To Noise Ratio (C/Ng):

eguations. for finding tie EIRP/CXR:

Flux Density = EIRP - 163.3 Contribution Due to - How Obtained Symbol  Value (db)

EIRP = 163.3 + Flux Density Downlink Thermal : D3 C/Npp 10.5
The EIRP of (6) is reduced by the amount the input must be . ‘Uplink Thermal ' ¥ D3 C/Npy 33.6
backed off from the saturated value of =84 dBw/M2. The Intermodulation ' D3 C/IM 16.0
IPBO as proviously determined is 4.0 dB. Substituting these : Satellite Internal

Interference . D4 c/ISI : 27.9
values in (6) results in

© Satellite External
EIRP = 163.3 - 84 -~ ¢4 : _ Interference D5 - . C/igp 23.6

= 75.3 dBw : i z .
However, to obtain the value on a per carrier basis, this ] - Power Combination C/Ns' 9.2
value must be reduced by 10 log n where n ;l the number of

carriers, ‘

EIRP/CX# - =™ 75,3 - 10 log n




D.4 Satellite Internal Interference Model

The interfcrence model of Section F of this Attach-

ment was used to obtain the carrier-to-internal interfer-

ence ratio, C/ISI'
The following table summarizes the parameters

and their associated values used in determining system

depolarization isolation:

Spacecraft Cross-polarization Isolation 33 dB

Earth Station Cross-polarization Isolation

(including pointing error) 33 as
Rain Depolarization (99.5% of the time) 34 @B
Depolarization due to Faraday Rotation (if

feed is set to the middle of the daily varia-

tion at sunspot maximum) . 35 dB
Voltage Summation 21.7 @B
Power Summation . 27.7 aB
Average of Voltage and Power Summation (one way

link cross-polarization isolation) 24.7 as

The cross-polarization isolation of the uplink and downlink
are almost identical. Accordingly, they are assumed equal

for purposcs of this analysis.

Using the Equations of Section F, the system carrier-to-

internal interference ratio equals 27.86 dB.
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= Satellite External Interférence Model

Introduction:

General: Interference analysis plays an important ;ole in
the formulation of a satellite communications system,
Various mutual interference possibilities cxist between the
ground and space,segments of the proposed Alaskan Bush
Satellite Communications System, and adjacent outer-system
satellite earth stations and terrestrial stations sharing

the same frequency bands.

Interference Model: A basic S-satellite interference

model is used in the analysis of interference into the Alaskan
Bush System from adjacent satellite systems. This inter-
ference model is centered about a reference RCA 24-channel

(Frequency Reuse) satellite nominally located at a geo-

* stationary orbital position of 119°W. The adjacent orbital

slots to the east of this refercnce position are presently
occupied by the l2-transponder Telesat ANIK-I (located at
114° longitude). Orbital positions west of the refercnce
satellite placement are considered occupied by a 24-trans-
ponder Comsat/ATT spacecraft nominally placed at 123%
longitude, and a 24-channel RCA Satcom satellite nominally
placed at 127°wAlongitude, and a 24 transponder Comsat/ATT
Spaceczaft nominally placed at 131% longitﬁde, as outlined

in Pigure; 1 and.2.
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The total interference affecting the desired signal is

found by considering:

a) the interference in the uplink (I ) contributed by all
intcttcrxng carth stations 111uminating the RCA
satgll;te and '
the interfercnce in the downlink (ID) contributed by a}l
interfering satellites whose radiation affects the RCA
15 foot carth station. ‘
The carrier-to-total external interference ratio

(C/1) g p» 15 cxpressed mathematically as

c/ng o f(C/xlu (cmD

where

(C/I)u = (Carrier/Interference) in the uplink

(C/I)D = (Carriér/lnterference) in the downlink
F = Denotes power addition

Uplink Interfercence: The RCA satellite, assumed at 119°W

longitucde is illuminated with power in the same frequency
band occupied by voice signals radiated from.inter-.
fering carth stations. The inteffering earth stations are
those whose antenna gain main-lobe axes are pointing to
satellites at 114%, 123%), 127°4 and 131°W respectively.
The RCA satellite at 119°W will be illuminated by power
from these stations due to off-axis main lobe radiation

at angles of 5°, 4°, 8°, and 12° respectively. The above

.

situation is shown pictorially in Figures 1 and 2. The
off axis gain G (8) for these angles is given by CCIR*
as { i \

G (o) 32 - 251Log ©

Downlink Interference: The satellites adjacent to the

RCA satellite are shown in Figure 1. Signals radiated from
these satellites are received by the RCA 15 foot earth
station with an off-axis gain G(8) that meets the CCIR*

requirement as follows:

G (0) - 32 - 25 Log @
*CCIR XII Plenary Assembly New Delhi, 1970;
Report 391-1

Expression for (C/I)u:

(C/I)u [Wanted power illuminating the
satellite in frequency-band of
1finterest (40 Kiz)) .
‘nlnus [Unwanted power illuminating
the satellite in 40 KHz
bandwidth]




Wanted Power Illuminating the Satellite, (C)y:

©y = (EIRP/carrier)~ Ly + Gga¢
where: K
(EIRP/carrier) = Transmitted Power/ Carrier from
15' earth station
Ly = uplink path loss = 200.3 dB
Gsat = RCA satellite receiving antenna gain

in the direction of 15' earth station

in Alaska = 27 db

From D3 for 70 carriers, the transmitted power/carrier is
11.5 dBw and the 15' earth station transmit antenna gain is

" 45.8 B and the waveguide loss is 0.5 dB. Therefore:

EIRP/Carrier = 11.5 + 45.8 - 0.5
= 56.8 dBw
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Uplink Unwanted Power Illuminating the Satellite (I)u

A .
(1 = 1);‘1 [(EIRP), ~ Gy + G (9;) = Lyj + (Ggae)y
+ R‘ + Pi]

where

[:]denotes power summation
’

(EIRP)L- L] Unwanted jth interfering earth

station EIRP in main axis direction

G (91) = Transmi;-antenna gain of unwanted
interfering ith earth station at
angle 0, off main axis

Lyy a ith uplink path loss which will be taken
as- 200.3 4B for all {i.

7 Ry = ° 4th power spréading factor
Pi = jth polarization discrimination factor
Gy Vi (o 4th unvanted intefering earth station

antenna gain (on-axis).
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(Gsat)1 = RCA Satcllite Antenna Gain in the direction of ith

earth station. BDecause the antecnna pattern is broad

and not precisely specified, the gain in the direc-

tion of it§ station will be taken to be the beam
edge gain for all i directions.

Power Spreading Factor (R)

The interfering channel power is distributed within the considered
channel bandwidth according to the type of modulation of the

interfering signal.

From the interference point of view, the 40 KHz slot in the inter-
fering signal bandwidth carrying the highest amount of power is
considcred because this is the band containing the largest amount
of power.

The power spreading within the channel bandwidth is considered as

follows: : :

a) For the FDM/FM channels: The power is assumed to have gaus=
sian distribution and results in a-level of =24 dB below
the unmodulated carrier in a 40 KHz band, therefore R =
~24 dB (Sce D7).

For the TV channcls: a 2 Miz bandwidth containing all the
. R.F. power will be considered, therefore:

R=10L .40 Rz
29 2 Miz 17 a8

Polarization Discrimination

Since the study model includes a combination of RCA/Teclesat/Comsat-
ATT satellites, the adjacknt satellite interference will be co-
polarized or cross-polarized, as appropriate. The approved ground

rules for polarization discrimination calling for 7 dB cross-pol=-
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arization discrimination factor for systems cross-polarized with

an RCA system will be adopted in the analysis.

Bxpressipn for (C/I);

(C/I)D = (Wanted satellite radiated power in the direction of
wanted earth station) - (Unwanted satellites' radiated
power in the direction of wanted earth station).

Wanted Power In The Direction of Wanted Earth Statlonb(C)Dt

(C)p = (EIRP/carrier)g,. = Lg + Gg gy, (dBw) 4)
wherox.
(EIRP/carrier) ' = Wanted (RCA) satellite radiated
EIRP/carrier :ti0.9 dBw

Ld =. Downlink path loss = 196.8 dB

GE.St. = Wanted 15 foot earth station receive antenna gain
(on-axis) = 42.9 dB.
Unwanted Power in the Direction of Wanted Earth Station (I)D H

I - X : .
Ny ((erut,u Ldi + Gz.st.' (0;) + R, + P,](aBw) (S)

where?’
(EIRP i ;th unwanted satellite. EIRP in the direction’
o _of wanted 15 foot earth station. (dBw)
Ld; - 1th down path loss and will be taken as 196.8
, - @B for all 1;
GB.S:. (OL) = 15 foot earth station antonna gain at 0‘
angle with the main axis.

ni?i. L ‘- previously doziéod.
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Systems Parareters : RCA Paramcters
Interfering Svstems Paramoters a) Earth Station EIRP = 85 dbw
; Telesat Canada (Anik I) Parameters : ool e 33' earth station receive :
“a) Heavy route earth station EIRP A = 83 dBw %y ‘ antenna gain (on axis) = 51 a8
Earth station 98' transmit antenna ' 33' earth station trans- .
gain (c.m axis) e = 63 aB mit antenna gain (on axis) ‘= 54 dB ]
b)  satellite Antenna Gain . = 29.5 4B b) Satellite antenna gain
(on axis) (on-axis) transmit or
Satellite EIRP in direction of : receive - hd G
Alaska _ = 33 dBw ) Satellite EIRP in the direction
_Satellite (G/T) ; = ~7.0 aB/°K " of Alaska - - =324

ATT Parameters
Summary of RCA 15 Foot Earth Station Paramcters (See D3)

" a) Earth Station EIRP - 90.6 dBw
M ¢ 8 For 70 Carriers
Earth Station 100 foot antenna(on-axis) = 62.3 a8 : 15' Earth Station EIRP/carriecr = 56,8 dB
i 15' Earth Station transmit antenna
b)  satellite Antenna Gain : : gain - 3, = 45.8 dB -
tom at) R = 26 aB : 15' Earth Station receive ;r'ltenna '
Satellite EIRP' in direction of Alaska = 33 dBw gain = 42.9 dB
Satellite saturation flux density . = =72.7 dBw/N? k satellite EIRP/carrier = 10.9 dBW
Values For (C/I)u' (C/I)p For The System Considcred '
1) The ref‘erence'channel at the refe:er.lce earth station is
considered to be cross polarized with the same channel in the
_ - ! : Telosat Canada System. Thercfore according to the frequency
g ’ plans used by Telesat Canada, ATT and RCA Systems, the '
. reference RCA channel in the uplink is: |
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a) Cross-polarized with respect to Telesat Canada and ATT
channcls occupying the same frequency band. e
b) Co-polarized with rcspect to another RCA satcllite system.
Thercfore in the uplink the polarization discriminatioa factors
(P) are:

Pp= -7d8 P;=-7dB P3y=0dB Py =~-7dB
where Py is the polaiization discrimination at the RCA satellite
between transmissions from Telesat ground stations and RCA ground
. Stations, P, is bctween RCA & AT&T, Py is between RCA & RCA and

P4 is between RCA and AT&T.

The reference channel on the downlink is:
a) Cross-polarized with same channel of Telesat Canada.

b) Co-polarized with same channels in AT&T and RCA Systems.

Therefore in the downlink:

Pg=-7dD Pg=0db P;=0dB Pg=0dB
where Pg is the polarization discrimination at the RCA ground
station between ‘transmissions from the RCA satcllite and the
Telesct Canada satellite, P¢ is between transmissions from RCA

and ATLT, Py is for RCA and RCA, and Pg is for RCA and AT&T.

.2) The interfering channels carry the following types of sign;ll:
TV, FDM/FM, TV, FDM/FM associated with satellites at 114°w,
123°W, 127°W, 131°W, respectively,

therefore: h 4

Ry & Rg = =17 dB for TV

Ry 6§ Rg = =24 dB for FDM/FM
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Ry & R, = -17 aB for TV

Ry & Ra = =24 dB for TDM/FM

where R denotcs spreading factor.

3) The satellites ( and corresponding earth stations) at 114°w,
123%, 127°%, and 131°W are Anik I, ATT, RCA and ATT respect-~
ively.

a) (¢/1),

Equations 2 and 3 are used to find (C/U)I. Be-

cause up path loss Lui and RCA satellite antenna gain (Gga

have the same values for wanted signal and all interfering

signals, these two terms can be dropped from Ejuations 1

and 2' therefore:

(¢/1)y = (BIRP/carrier) . - [ s¢

m)

Esmp)i = Gy + G(8;) + Ri + Pi]

Using system paramter values in Eguation 6 results in
(c/1), =56.8 - [(83-63 + 32-25 log 5 -17 - 7)
(90.6 - 62.3 +32 - 25109 4 -2¢ =-7) [3]
(85 = 54 + 32 - 25 log 8 = 17 - 0 )
(90.6- 62.3 + 32 - 25 log 12 =24 =7 J]

(c/:)u'- 56.8 = (10.53 14.25 [¥] 23.42 2.32)
(C/1)}, = 56.8. = 24.1 = 32.7 4B




S
b) (c/I)p Y] s
=
Since down-path losses Lgi have the same values for wanted :’_ (2] E.(
signal and all interfering signals, this term can be dropped = ;
from Equations 4 and 5 without affecting the final result. = ~
therefore: ) A/ _~ ‘
C/1) = = (EIRP/carricrlg,¢. + G = i EIRPsat)i = .
( / D + %.st. (01) +Rsié\t+ Pg E,St. 1-5 E (7) . S 3 / ] 6
, o N = —} (
i o o~
Using systcm parameters in Equation 7° results in ] = g \\
[+
(€/1) =10.9 + 42.9 - [(33+32-251095-17-7) \\\v\
- 4 - 24 + )
( 33 + 32 - 25 log ) , \\ ﬁv\
=]
(32+32-25198=-17) [4 \\ A
(33+32-2s;loqn-24.)] :

(€/1), = 53.8 - (23.53 25.95 [¥] 24.42 14,02)
(c/I)y = 53.8 - 29.6

123°w
C/ATT 24c¢ch
d
Ill3
/e

(C/I)D = 24.2 @B

Therefore (C/I) g g = (c/D)y [ (c/n),

" ' ) "
= 32.7 24.2 ! ‘\

(/1) g . = 23.6 dB

127° W
RCA 24 ch
/

131°wW
C/ATT 24¢h

. P=78
1 F-76
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D.7 Power Spectrum of a FDM-TM Carrier

The spectrum of a carrier that is frequency modulated by
a multiplexed telcphony baseband is, in general, a compli=

cated function which depends on many parameters. With

increasing modulation index, the spectrum approximates a
. Accordingly, the power in a 40 kHz band around the carrier
Gaussian shape ncar the carrier frequency. (1) Thus the
frequency relative to the total power can be found as follows:
power spectral density Sy (£f) can be expressed as follows: £
' , ‘ : 0.02
- £2 r -£2
X ’ .._2
S8 (f) - e 202 20
/21 o : . e as
where, K ' = constant depending on carrier level J Pt J'O' .....
P(40 xHz) ~ %
0 + = multichannel rms deviation © P(Tota .
£ = frequency relative to carrier frequency C g2
in Mz i i o 202 ar
¢ 0
. exe(0:02) where erf A error
A « ' s 20 function
i o
‘ : B (18
iTN\S ¢ (£ 4 ot 59
o .004 for o= 4 MHz (2)
'y . - -24.0 4B

. . o e LIRS - e . as PO A e, e~

S
—_———
-
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E. Interference to Other Systems from a 15 Foot Earth Station
* Transmitting SCPC

Introduction
This analysis will consider the interference caused by

RCA SCPC system utilizing either Delta modulation (aM) or

J.C. Fuenzalida, O. Shimbo, and W.L. Cook/ "Time - Domain
frequency modulation (FM) into

Analysis of Intermodulation Effects Caused by Non-Linear
(a) An ATT FDM/FM System

Amplifiers." COMSAT Technical Review, “Vol. 3, No. 1, 1973.
j (b) A Telesat FDM/FM Systcm

A multichannel rms deviation (g) is obtained for 1280 voice . The interference to other systems is based upon 70 carriers
channels as follows: in one transponder channel. When the carriers utilize SCPC/

FM, the power radiated from an earth station may be less than

Transponder bandwith = 36 MHz
that required for SCPC/AM transmission due to the lower i.f.

Peak factor = 3.16 -
noise bandwidth (N.B.W.). The NBW for AM system is 40 KHz and

Maximum Baseband Frequency= 4.2 x n  in kHz
the NBW for an FM system is 25.7 KHz. As a result, the inter-

Then, BW = 36 MHz .
ference from the RCA SCPC/FM system to the adjacent C/ATT or

36 = 2(3.160 + 4.2 x 10~3 (1280) )

Telesat Canada may be less than the interference from an RCA
o 4 MHz
' SCPC/AM system. Accordingly, the following analysis will be

for a AM System since this is the worst case.

The interference level from the. RCA System was cstimated to be
below the level of thermal nosie introduced into the ATT or
Telesat detectoré, which are assumed to be {inear. Therefore,
the detector opcratin; point will nct be determined by the
interfercnce. Accoréingly, the interference is treated aé noise
added to the thermal noise and hence the noise ouhput in pWp0

will be determined by using the follwoing equations.
! '
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Interference to Other Systems from a 15 Foot Earth Station
Transmitting SCPC

‘Introduction
This analysis will c¢onsider the interference caused by

RCA SCPC system utilizing either Delta modulation (aM) or

J.C. Fuenzalida, O. Shimbo, and W.L. Cook/ "Time - Domain

Analysis of Intermodulation Effects Caused by Non-Linear bkl st 2

Amplifiers."™ COMSAT Technical Review; Vol. 3, No. 1, 1973. AN By s keh

(b) A Telesat FDM/FM Systcm

A multichannel rms deviation (o) is obtained for 1280 voice The interference to other systems is based upon 70 carriers

channe;s as follows: in one transponder channel. When the carriers utilize SCPC/

Transponder bandwith = 36 Mz FM, the power radiated from an earth station may be less than

i E 5 missi 1. £
Peak factor = 3.16 that required for SCPC/AM transmission @ue to the lower i

; ise bandwidth (N.B.W.). tem is 40 Kilz and
Maximum Baseband Frequency= 4.2 x n  in e noise bandw. (N.B.W.) The NBW for AM system is

the NBW for an FM system is 25.7 KHz. As a result, the inter-
Then, BW = 36 MHz

ference from the RCA SCPC/FM system to the adjacent C/ATT or
36 2(3.160 + 4.2 x 10~3 (1280) )

& i Telesat Canada may be less than the interference from an RCA
z
- SCPC/AM system. Accordingly, the following analysis will be

for a AM System .since this is the vorst case.

The interference level from the RCA System was cestimated to be
below the level of thermal nosie introduced into the ATT or
Telesat detectors, which are assumed to be linear. Therefore,
the detector operating po{nt will not be determined by the
interference. Accordingly, the interference is trecated as noise
added to the thermal poise and hen¢ce the noise output in pWp0

will be detexmined by using the follwoing equations.
| P
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[S/Nl*= [C/N] B/b [ft/fmlz PeW

Converting to dB notation,

[S/N] = [C/N] + 10 log [B/b] + 20 log [f_/f ]

+ P+ W

B = 2[3.16 gfr + fng
= Carson Bandwidth = 36 MHz
where [S/N] weighted signal-to-noise ratio at the
1-mW test-tone level

[C/N] carrier-to-noise ratio over the Carspn's
Rule bandwidth, B

channel bandwidth = 3.1 kHz

rms test-tone deviation

maximum baséband frequency ~ 4.2 X n, in kHz
‘number of telephone channels

psophometric weighting factor = 2.5 dB
pre-emphasis weighting factor = 4 dB

antilog [L/20]

-15 + 10 log n, n 2 240 channels

-1 + 4 log n, n € 240 channels

*Comsat Tech. Rev., Volume 2, Number 2, Pg. 460.

Values for Parameters

Values for the parameters listed for use in the S/N equation

are determined as follows:

.

e .
-Based on the assumption in the introduction, the initial calcu-
lation of C/N is performed on the basis that the power in the

70 RCA interfering carriers is uniformly spread over 36 MHz and
subsequently will be appropriately adjusted to account for the
actual power distribution. The initial C/N is determined by the
power addition of the uplink intérference (C/I)y and the downlink
interference (C/I)p. -

a) C/N for an RCA-70-Carriers Channel Interfering with an
FDM/FM_ATT Channel

(C/I)y = EIRPATsT E.5. - [EIRP/CXRpca g.s. + 10 log 70
= G151 ant. * Gsidelobel + Polarization (1)

Discrimination Factor

= 90.6 - [56.8 + 10 log 70 - 45.8 + 32 - 25 log 4] + 7
= 51.2 dB

= [EIRPATGT Sat. + GATsT E.S.] = EIRP/CXRpcp sat.
+ 10 log 70 + Ggigelobe

= (33 + 60.5)- (10.9 + 10 log 70 + 32 - 25 log 4)

= 47.2 aB ’

'




C/N = power addition of (C/I)y and (C/I)p
c/n = 45.7 aB

b) C/N for an RChA 70 Carriers (SCPC) Channel Interfering
with an FDM/FM Telesat Channel :

(C/I)y = EIRPre)esat E.S. = [EIRP/CXRpca g.s. + 10 log 70

- G15' Ant. *+ Gsidelobg] * Podarization
Discrimination Factor

(C/I)y = 83 - [56.8 + 10 log 70 - 45.8 + 32 - 25 log 5] + 7
= 46.0 dB

(C/T)p = [EIRPpejesat Sat. * OTelesat E.s.) = [EIRP/CXRpca sat.
+ 10 log 70 + GSidelobé] + Polarization
Discrimination Factor
(35 + 63) - (10.9 + 10 log 70 + 32 - 25 log 5) + 7
59.1 dB

Cc/N power addition of (C/I)y and (C/I)p
c/N 45.8 dB

Carson Bandwidth (B)

i

H) = 36 MHz

Voice Channel Bandwidth (b)

b = 3.1 kHz

Maximum Baseband Frequency (fm)

£, = 4.2 x 10° x 1200 = 5.04 MHz

Loading Factor
L = - 15 + 10 log 1200 = 15.79 dB

RMS Test Tone Deviation (fr}

£, = 0.66 -Miz

Substituting these values for the parameters in Equation 1

results in the following:

a) S/N in the output of a C/ATT Channel

S/N =45.7 + 10 log 36x 105 + 20 log 0.66 x 105
7 3.1 x 103 5.04 x 10

+ 2.5 + 4
= 75.2 dB

b) S/N in the output of a Telesat-Canada Channel
E;/xﬂ = 75.3 dB

Calculation of Output Noise in pWpO

A) Output Noise in a C/ATT Channel.
S/N = 75.2 dB
Therefore the noise at the output of the ATT d#tectot is:
(N) =58 o752 dBm where S = 0 dBm reference level
=0~ 75.2 =-75,2 dBm
N = 30.2 pWp0




b) Output MNoise in a Tclesat, Canada Channel

N = -75.3 dBm = 29.5 PWpO

bt )

It was initially assumed that the power from the 70 RCA Carriers
was spread over 36 MHz. However, this c!ier power is spread
in 40 KHz slots arourd 70 carriers. Accofdingly, the noise power

(30.2 plipo) nugt be increased to account for this difference.

. The increcase in power relative ‘to the 36 MHz assumed spread is

found as follows:
Number of 40 kHz bandsin 36 MHz = 900
Actual number of 40 kliz bands = 70
Power increase = 10 log 900/70 = 11.1 4B

However, this incrcased power is spréad over a 40 kHz band and not

a 4 kliz band.

Accordingly, the increase of 11.1 dB must be reduced by 10 log
40/4 or 10 dB td arrive at the increased power in a 4 kHz band.

This rcsult, in a net increase in interference power in the voice

band o£°1.1 @B more.

That is, rather'than 30.2 PWp0, we will have 38.9 pWp0 noise

interference in a voice channel at the zero toll level position
in an ATsT channel and will have 38, Opro noise interterenca in

a voice channel of Telesat, Canada.

F.

-

Voice Transmis sion Performance Objoctives Bctween 15
Foot Earth Statxons Using £M Modulation

Scope: This analysis establishcs the performance objec-

‘tives for voice communications betwecen 15- ~-foot earth

g stations using FM modulation Modems, The baseline is.

established by combining the degradations of intermodu-

lation, thermal noz;e, and satellite interference.

Performance Objectives: The performance objectives

contained below are based UPon current Alaskan village.
experience relative to telephone service. Further, .
the number of carriers in a transponder channel regquired
to support p 10 telephone service is based upon a signal
quAlity that is considered to be excallent. That is, a
carrier-to-noise ratio (CNR) of 11.0 dB will p£ovide
service equal to 51.2 dB SNR while the threshold CNR of the
 demodulator is of the order of 7.6 dB (Reference 1).

It should be noted that a transmitter of less than 1§

watts per carrier is required for a CNR of 11.0 dB.

Telcphonc Service to be Provided: One transponder chan-

nel 1! capable of supporting P 10 telephone service
as described in the following table:

Haximum Carriers Earth Station Power Received

Telephones in‘a Transponder per Carrier Required C/Ne SR

- 120

70 & 14.1 vatts 11.048 51.2dB
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relephone Services

Telephone Service Analysis: The maximum number of events

to provide P 10 service to the bush communities via
satcllite has been calculated. Only one phone per
village is planned initially. This will result in
slightly less than P 10 service.
Assumotions;
A. Assumes'that the addition of phones does not in-
crease the total amount of traffic.
Use of Derand Assiqnmgnt Multiple access to route
traffic.
Number of Telephoncs 56 148
Erlangs* 7.63 7.63
P 10 Channcls (One Way)*32 32
e1f calls are Poisson distributed and call duration

'
times are exponcntially distributed.

Voice Qualityv: This performance is intended for use
with FM Modulation voice modems. However, the criteria
used for this analog technique is not the same as for
digital technique as was discussed in Section D.7.

For cxamplg. the analog systems criteria for a voice
channel is related to the interfercnce noise received
in that voice channel. This noise is directly related
to the carri?F-to-noise ratio (CNR) of the channel.
Once the CNR is above tha threshold value, the signal-

e

{¢

. e omm s St w—

to-noise ratio (SNR) is almost directly proportional

to the CNR dB bx dB. A voice signal of >50 dB\SNR

results in excellent speech quality and will be slidhtly
-degraded at lower CNR's. -

iF.Z References

Ref. 1. Letter, entitled "Request for Information on-FM
SCPC", from James H. Smith, California Hléro-

wave, Inc. August 13, 1975,

F.3 FM System Performance (Reference 1)
. »

System C/N in a
25.

System C/N vs SNR

SNR (dB)

7 Kiiz NBW (dB) (Without Companding)

7.0 . 27.5
7.7 30.0
8.0 A ~30.8
9.0 h 32,3

10.0 ’ - 33.2

1.0 _ 34.2

12.0 P ot .+ 35,1,

13.0 ' Sl 36.3

20.0 ' - 42.9

With companding, the above SNR can be improved by 17

aB

Noise Bandwidth: 25.7 ¢ 1 KHz

Throshold CNR of Domodulator: 7,6 dan
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F.4 Link Analvsis and Satellite Intc:nai and External
Inter{oroances

The number of ;arricrs and the power radiated
from the earth staéion are assumed to be the same.

; as those discussed for the SCPC Delta mod transmis-
sion. Therefbre, exactly the same link analysis that
was describéd in Section D.3 can be carried out. The
only exception is that the noise bandwidth (NBW) of the
carrier has to be changed to 25,7 KHz due to the sﬁal-
ler NBW of the FM carrier (25.7 KHz). Therefore, the
carricr;to-chermal noise ratio, C/“T"C/NTU for the up-
link and C/NTD for the downlink) has to be increased
by 1.9 dB (the power ratio of 40 KHz NBW to 25.7 KHz
NBW), respectively. The carrier-to-intermod noise ratio
can also be increased by the same amount due to the re-

duction of'tﬁe noise bandwidth.

Adding 1.9 dB to the values of C/NTD, C/NTU, C/IM shown
in Sectlon D.3, respectively, C/NTD' C/NTU’ and C/IM

in the case of SCPC/FM transnission will be as follows:

powalink Thermal C/Npp = 12.4 dB e a(1)
Uplink Thermal C/Npy = 35.5 dB (2)
' Intermodulation C/IM = 17.9 a8 (3

F-92
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Due to the reduction of the noise b;ndwidth, the ‘internal

j;lexference from the adjacent co- and cross- polarized

ppannelsrwilllalso be reduced fromAehe case for the Delta
% To& i;ansmission for the same internal interference model

that was described in Section F. However, the value that

vas shown in Section'D.d will Be used for the carrier- »
to-satellite internal interference ratio in the calcula-
tion of the system CNR. This results 19 a conservative
model. Therefore,

?{ISI = 27.9 dB : 4)

}ﬁe satellite e&terﬁal interference is aiso reduced from the
éns; for the Delta mod transmission, Th; wanted power
:1lluminating the satellite or the gaggh sgation in a
{tgquency band of 25.7 KHz for the FM transmission is
the Qame as the wanted power illuminating a frequency
’band of 40 xkz for the Delta mod transmission since the
.E;RP'per carrier is the same for both cases. However,
the unwanted power coming from a 25.7 KHz interfering
band will be less than that coming from a 40 KHz 1n:e:-
fering band if this interferznq band is located at the
center of the power spectrum of the unwanted carrier
(the’band containing the largés: amount of pouér) as was

alsumadvin the external lnteffcrence madex of Section

D.5. Therefore, the caxricr—:o-exéernai interferente ra-

tio for the FM &ase will be _higher than that loz the Declta
mod casae. n\tho calculation of the systenm cnn, the value
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*

shown in Section D.5 will be used since this results

ip a conservative model for the FM case. Therefore,

.C/Tgp = 23.6 dB (s)

Surmarv of Svstem Carrier-to-Noise Ratio (C/N.):

Contribution Due to * Svmbol value (dB)

Downlink Thermal C/Nqp : 12.4
Uplink Thermal © C/Mqy 35.5
Intermodulation C/IM .. 17.9

Satellite Internal h O
Interference s C/ISI 27.9

Satecllite Sxéernal
Interference C/1gp 23.6

Total : c/g 11.0

A system carrier-tc-noise ratio c/Ns of 11.0 4B re~-
sults in SNR of 51.2 dB (Reference 1).

G

Transmission Engineering Report TER-003-75, RCA'Sntcon

‘Internal Interference Model, March 14, 1975
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INTRODUCTION contributes interference to two cross-polarized channels.

It will be shown that cross-polarized channels provide

most of the interference to the desired channecl and

1% Adjacent Channel Interference - Interference

analysis plays an important role in the formation of a therefore a certain amount of cross-polarization isolation

satellite communications system. For the system under has to be achieved for a desired system performance. The

consideration, there are 24 channels. If every channel amount of this type of interference can be computed by

carries traffic, for any one channel, the remaining 23 convolving the spectra of the wanted and unwanted slgnals;
channels act as interfering channels. From this large
nurber of interfering channels, however, only four occupy 1.2 Objective - The performance objoctivés for
the identical portion of the spectrum thus causing inter- voice and TV that were calculated in Attachment F (Small
fcrence as follows: Station Performance and Interference Analysis) of Alaska
(a) Interfercnce from adjacent co-polarized channcls = _ ‘ Communication Planl arc based in part on the information
Two channels whose center frequencies are 40 Miz ' in a report supplied to Astro Elcctronics Division by RCA
above and below the center frequency of the desired Ltd. entitled "Performance Analysis of RCA Satcom
channel, reduced in amplitude only by the suppres- Communication system"2, This report is deficient in many
sion of the input and output Mux filters. arcas. As a result, many parameters had to be approximated,
Interfercnce from adjacent cross-polarized channels = resulting in a conservative model. This conservative
Two channcls whose center frequencies are 20 MHz model in turn resulted in a performance which is not
above and below the center frequency of the desired o = optimistic. For example, the carrier to interference
channel (20 Miz offset from the desired channel), ratio of 17.5 dB was reported for the interference to a

reduced in amplitude mostly by the cross-polarization ) SCPC channel, and 17.58 dB for the interference to a TV

isolation and to some extent by the supprcssion and channel

shaping of the input and output Mux filters.

All these interferences arc assumed to be incoherent. ) The objective of this report is to obtain a more accurate

L]
Furthermore, cach cross-polarized intorfering channel




model and the associated magniﬁude of carrier to inter-
ference ratio for the same traffic modes analyzed in

Attachment F.

2.0 ANALYSIS

2.1 Power Spectra of Interfering Carriers

(a) Power Spectrum of a FDM/FM Carrier - The spectrum
of a carrier that is frequency modulated by a multi-
plexed telephony baseband is, in gereral, a compli-
cated function which depends on many parameters.
whc? the bascband signal consists of many single-
sideband, frequency-multiplexed telephone channels,
.it is often convenient to simulate the baseband

signal by an equivalent band of random noise. The

determination of the power spectrum when the modulating

signal consists of random noisc involves considerable
Aanalysis. A particular case of interest, often
assumed in the analysis of a radio system, is that
of frcéucncy modulation by a random noise signal

of uniform éowcr dcnsity’. The shaéo of the power
spectrun in this case largely decpends on the modula-
tion index (r.m.s. modulation index is useful .since

the modulating signal is a random-noise voltage).

when the r.m.s. modulation index is verf small and the
lowest modulation frequency is not zero as a}iseg in
practice,na bounded continuous spectrum results, together
with a residual carrier at the mean carrier trcqucﬁcy

as shown in Figure 1 (theAcase for m = 0.1, mz/xl -

0.1, x, being £,/£). The residual carrier corresponds
to the carrier component of the spectrum when a single
modulating tone is used and the ratio of f,/f, is that of
the lowest to the highest modulating frequency.

For intermediate values of r.m.s. modulation index, power
spectra based on measurement are belicved to be the most
reliable. Normalized spectrum curves optalncd form the
measurements? are also shown in Figure 1 for eight values

of m between 0.1 and 1.0.

When the r.m.s. modulation index is large (é:eater.than
about 1.5 ) the mean powaer spectrum normalized for unit

carrier power is of Gaussian form: 4+5

multichannel r.m.s. .

doviation in Mis




frequency' relative to

carrier frcqm\:ncy in Mmiz

f (in MHz)

multiplexed telephont base-

.fn

band signal, simulated by a
random-noise signal of unifor

power spectrum.

Figure 2 shows the power spectrum when r.m.s. deviation is
4 MHz, 1In order for r.m.s. modulation index, m to be great
than 1,5, highest modulation frequency has to be less than
2.96 MHz resulting in Carson's bandwidth of 34 MHz. 1In
this case 705 voice channels can be multiplexed. .

(b) Power Spectrum of a TV/FM Carrier - According to the

6

calculation made by Bell Labs”, the power in any

POWER SPECTRUM IN d8/MHz
m: MULTICHANNEL RMS DEVIATION

x: V'n

4 KHz band is at least 30 dB below (i.e., 66 dB/Hz

HIGHEST MODULATING FREQUENCY IN MHz

below) the powér of the unmodulated carrier when

|
S(f):

the peak frequency deviation ratio is 3, using

Bell system standard preemphasis., These calcula-

POWER SPECTRUM OF A FDM-FM CARRIER FOR RMS® MODULATION INDEX
m = 0.1~ 1.0, S(F)f, EXPRESSED IN d3 RELATIVE TO UNMODULATED

CARRIER POWER (NORMALIZED FOR UNIT CARRIER POWER),

tions assumed that the frequency-modulation spectrum

o = of a band of white noise is similar to the spectra
-— o ~
' of prcemphasized FM television signals near the

FIGURE 1.

carrier where the density is highest. Their

moasured spectra agreed quite well with those




7=

~10 d8/MHz <le -70 dB/Hz =emeccaecooo.

=18

i

i

. ]
"
§
o

%

f (in MHz)>

G el e
14 MHz z
0

FIQURE 2. POWER SPECTRUM OF A FDM-FM CARRIER WHEN RMS MODULATION INDEX IS LARGE.

calculated by this method even at the low

deviation ratios.

According to the power spectrum as shown in
Figure 37, the power spectra is almost flat
over the Qandwidth of 2 fp- (centered at

carrier frequency) and drops.fastet outside

of this range as the r.m.s. phase deviation

- decreases. This power spectral shape is

similar to the power spectrum reported by
COMSAT as shown in Figure 48, The power

spectzuﬁ in this case is flat over 25 MHz,

* 12,5 MHz from the carrier and

"Byp. = 2 (AL + £)

= 2 (12,5 + 5.5) = 36 MHz. If we assume
most of the power is contained in this 25 Miz

band at this frequency deviation. the

power in any 1 Miiz band is 14 dB below the
power of the unmodulated carrier [10 log (%3—)
= - 14 dB]). This can easily be secen from
Figure f. Beyond this 25 Mliz band, the power
in unit bandwidth drops by about 20 dB from the
power level in any 1 MHz band over 25 MHz band.
As the r.m.s. frequency deviation increascs,

v
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(c)

-11-

the, power level outside the 25 Milz band will be
expected to drop less from the constant level

over 25 Miz. In this case the assumption that
most of the power is contained in 25 MHz band

may not ;¥_valid depending on the r.m.s. frequency
deviation. Therefore, at low r.m.s. frequency
deviation the crude power spectrum as shown in

Figure 5 will be used.

Power Spectrum of a 4¢-PSK Carrier Which is Carrying
High Bit Rate Data - The primary cause of adjacent
chaﬁncl interference from PSK carriers is the

power spectrum spreading due to TWT non-linearities.
Power spectrum spreading was discus#ed extensively
by Shimbo et.al.? and Lyonslo, with good agreement

between their results.

.Shimbo simulated power spectrum spreading in the

following manncr. By computing the in-phase and
quadrature components of the pulse response of '
the cascaded filters betwcen the PSK modem and

the TWT, the input ei(t) to the TWT is dctermined
and the Fomplex qon-linoar transfer function takes

care of the TWT output, eole); To obtain the

,

-12-

~14 @B/Miz==--

-12.5

=20

APPROXIMATE POWER SPECTRUM OF A FM/TV CARRIER USED FOR

THE ANALYSIS,

-

FIGURE 5.




power spectrum of co(t), the product eo(t).

“eo(l + 1) is formed; the ensemble average
of this product is taken on the in-phase
and quadrature random variables of the PSK
signal, and the time average is taken over

© t; and finally the Fourier transform of the
averaged version is taken with respect to .
One of the rcsults is shown in Figure 6. Using
TWT output, filter and modem receive filter, the
adjacent channel interfercnce from both sides
(two adjacent PSK channels) was evaluatedll

as shown in Fiqure 8.

Lyons also showcd a similar analysis by employing
36 Mz square root raiscd cosine transmit filter
re‘:.ponscs to get the TWT output power spectra
and cvaluate several types of interference from

- PSK channel to wideband and narrow band FM, TV/FM,
and PSK channels. One of the power spectrum at
the THT output is shown in Figure 7 for 60 Mbits/s

+ data stream.

It was found in both studies that the power spectrum

spreading caused by TWT non-linearities is not

R NN

=== 0-dB BACKOFF
===~ 4-dB BACKOFF
—— 8-dB BACKOFF

POWER DENSITY (d8/MHz)

1 et | e (L2
-20 0 20
FREQUENCY (MHz)
SYMBOL RATE = 32 Mboud. (PEAKS OF 0-, 4-, AND 8-dB

INPUT BACKOFF CURVES CORRESPOND TO -15.5, =16,
AND -17.5 dB REPSECTIVELY),

FIGURE 6. POWER SPECTRUM OF A PSK CARRIER AT THE OUTPUT
OF TWT (from SHIMBO).

-~

POWER SPECTRAL DENSITY (d3/MHz)

dB =18 TO +18 |20 TO 20

~0.61 -18.6
-0.76 -20.4
=1.32 - | =22,5
-2,32 -24.6

BACKOFF IINTEGP.ATED POWER

4¢ PSK, 60 Mbps

Sl Dol o e S ] B M ML T S LS
10 20 30 40 50 60
MHz FROM CENTER FREQUENCY

FIGURE 7. POWER SPECTRUM OF A PSK CARRIER AT THE OUTPUT
OF TWT (from LYONS).
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[
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FIGURE B. [INTERFERENCE FROM ADJACENT CO-POLARIZED PSK CHANNELS

T0 A PSK CHANNEL.

(a)
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greatly affected by the data or bit'ratcs of
the PSK éignal, but that the power lcvc; of
thc.spread power in adjacent channcls is highly
dependent on TWT backoff. Lyons also found "
that power sprecading causes severe interference
to narrowband FM systems, but the interference

to wideband FM and PSK systems is less severe.
Also, SCPC systems are vulnerable to inter-
ference from strong line components in the

PSK spectrum,

For our purpose of analysis, the approximate

power spectrum shown in Figure 9 will be used

"in this report.

Power Spectrum of SCPC Carriers and thé Assocjated
Intermo¢ Power Spectrum - Because the bandwidth

of each Qinqle chénnel carrier is much less than
that of any of the other types of signals being
considered, no interference to the adjacent co-
polarized’channels will result directly from the
single channel carriers. However, a large number
of intermodulation products produccd by the single
channel carriers will fall in adjacent channels.

Therefore, the intermodulation power spectrum is




important in this case. The transmitted wave-
form associated with a SCPC carrier has a power

lpégtral density of the forml2,

sln___m.
G(W) 2
WT 14
-5 l+Ww

60 Mbits/SECOND
0 dB BACK-OFF

Where the first term is due to the modulated

carrier and the second is due to the 7-pole

Butterworth filter which follows tho modulator.

Figure 10 shows the power spectral shape assoc-

/S(f)

iated with scpc carrie}:s with the intermod power

spectrum. If number of SCPC carricrs is very

large and if these carriers are equally spaced,
‘the intermod power spectrum is almost uniform
over the channel bandwidth and decreasecs slowly
" outside of the band. A computer program was

written which plots the distribution of inter-

modulation products from a group of single channel

carriers versus frcquencyn. A sample output of

this program is shown in Nguté 11, for 51 cqually
spaced carriers and a C/IM in the worst channel

of 16 dB was assumed. The level of Aintermod

)7 dB/MHe == am
FIGURE 9. APPROXIMATE POWER SPECTRUM OF A 44 - PSK CARRIER USED FOR THE ANALYSIS.

power- at any frequency is also assumed to be

proportional to the number of intermod products
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VOICE SIGNAL (40 Kbits/SECOND)

INTERMODULATION POWER
SPECTRUM

FIGURE 10. POWER SPECTRUM OF SCPC CARRIERS AND THE ASSOCIATED INTERMOD POWER SPECTRUM.
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occurred at that frequency. A relative level
is also shown in this figure. This is only an

approxiration, but the real shape of the intermod

iy

power spccﬁra is not expected to differ much from

this approximation.

2,2 . Interfercence to a SCPC Channel - As shown in
Figure 12, SCPC channel, which is the desired channel,

will get interference from two co-polarized FDM/FM channels,
a cross-polarized HER Data channel, and a FM/TV channel.

Let I denote the interfering power without taking the cross-
polarization isolation into consideration, expressed in dB

below saturation. Then

I = 10 log S (£,) + 10 log B, dB below saturation

Where
S (f;) power spectral density at frequency
fl (in MHz)

frequency from the center of the power
spectrum of an interfering signal to the.

SCPC carrier of interest

RF noise bandwidth associated with a

%CPC carrier (in Miz)

HBR ! DATA

INTERFERENCE MODEL TO SCPC CHANNEL.

FIGURE 12,




(i)

-23=

For a SCPC carricr located at the left edge of the

dc;ired channel.

(a) PDM/FM carrier (right-hand side co-polarized

‘channel)

+ 10 log (40 x 10~3) daB

and is negligible.

RF noisc bandwidth of a SCPC is assumed to be

40 Kiz.

(b) FDM/FM carrier (left-hand side co-polarized

channel)

232 °

1 - 23

10 log ( I 2x42)
nNe

+ 10 log (40 x 1073)

-81.8 + (-13.98)

-24-

(e)_ 1v

-95,.8 dB below saturaticn
negligible

-

Interfering power from cross-polarized TV channel

is negligible as secen obviously from Figure 12.

A FM/TV carrier in this case is located far away

from the SCPC of our interest.

(d) HBR Data

-17 dB/MHz + 10 log (40 x 10~

= =17 + (-13.98)

~30.98 dB below saturaticn

Therefore it was shown that the interfecrence from cross-

polarized HBR Data channcl is only important. For this

offsct cross-polarized HBR Data channel, I is -30.98 43

below saturation. This means that the interfering power

into the SCPC channel on the uplink is

-81.5 dBW/m2 + (=37 dB-m?) + Ggae = 30.98 - (XPI),




~81.5 ABW/m2 saturation flux density

=37 dB'm2 the effcctive area of an

isotropic antenna at 6 Giz
RCA satellite receiving
antcnna gain in the direc-
tion of small earth station

in Alaska

(XPI)U cross-polarizdation isolation

on the uplink
The power of a SCPC on the upli?k will be
(*81.5 aBi/n? ~ 4.0) + (=37 aB'm?) = 10 log 70 + Ggae
Where
=4,0 dB input back-off

70 number of SCPC carriers

Thercfore, carricr-to-interference ratio on the uplink

is: . 3
8.53 + (xPI)u
For the downlink, the interfering power is

Sat. EIRP - Path loss + GB.S. - 30.98 - (XPI)D

' Sat. EIRP satellite EIRP for single

carrier saturation

Gg.s. gain of the small earth

station antenna

kXPI)D cross-polarization isolation

on the down link

The power of a ECPC carrier on the downlink will be

(sat. EIRP - 2.6) - 10 log 70 - Path loss + Gx s




TABLE 1 =~ CARRIER TO INTERFERENCE RATIO FOR A SCPC CARRILCR
LOCATED AT TIE LEFT EDGE OF THE DESIRE(\J CHANNEL
(in dD) -

-2.6 dB output back-off ] ~ c
(XPI) - (xPI) (XPI) ( (T)
v p SYSTEM . TOTAL

Therefore, carrier to interference ratio on the downlink 3
16 16 13 22.16

is
19 19. 16 25.16

22 22 19 28.16

9.93 + (XPI)
0, BL o 25 25 22 31.16

28 28 25 34.16

The total carrier to interference ratio is expressed as 3
31 31 28 37.16

follows:

c c .. TABLE 2 == CARRIECR TO INTERFERENCE RATIO FOR A SCPC CARRIER
(52 1 (f)u (f)D LOCATED AT THE RIGHT EDGE OF THE DESIRED CHAMMEL
Tota (in dB)

Where |¥| denotes the power summation. The results are Y & (XPI)D (XPI)
1

tabulatcd in Table 1 for various values of cross-polarization

SYSTEM

22.93
25.93
28.93
31.93
34.93
37.93

icolation

(1i) For‘n SCI'C carrier located at the right edge of the
desired channel - Interfering power.from a FM/TV
channel is only important in this case. The inter-

fering powver is

= =14 dB/Milz + 10 log (40 x 10-3)




.

Therefore, carricr-to-interference ratio on the uplink

is: ! \

~81.5 ABW/m2 saturation flux density ;
=0 . c
Py 8.53 + (XPI),

=37 dB‘m2 the effcctive area of an

isotropic antenna at 6 Gilz For the downlink, the interfering power is

RCA satellite receiving : o e S EARLOS R EGy Vet =230, 9055 (XPT)

antcnna gain in the direc-
tion of small earth station

in Alaska

' Sat. EIRP satellite EIRP for single

3 ross-pol dtion isolation
(LPI)U cross-polariz carrier saturation

on the uplink

Gp. 5. gain of the small earth

The power of a SCPC on the upli?k will be B o antanna

- 2. - m2) = :
(=81.5 dBW/m 4.0) + (=37 dB'mé) = 10 log 70 + Gga¢ _ (XPI)p cross-polarization isolation

on the down link
Where

The power of a BCPC carrier on the downlink will be
input back-off Y ,

(sat. EIRP - 2.6) - 10 log 70 = Path loss + Gx s

number of SCPC carriers




TABLE 1 == CARRIER TO INTERFERENCE RATIO FOR A SCPC CARRILR
LOCATED AT TIE LEFT EDGE OF THE DESIRE? CHANLNEL
(in d@B) -

;2.6 dB output back-off c

(XPI) (XPI) (xPI1) ()
v S SYSTEM Iy

Therefore, carrier to interference ratio on the downlink o \ 18
19 . 16
22 19

25 22

is

SN 9.93 + (XPI)p

28 25

The total carrier to interference ratio is expressed as 21 28

follcws:

c c - TABLE 2 == CARRIER TO INTERFERENCE RATIO FOR A SCPC CARRItR
52 () (63 LOCATED AT THE RIGHT EDGE OF THE DESIRED CHAMNEL
Total u D (in dB)

Where |¥] denotes the power summation. The results are ; (XI”I)u (!!PI)D (XPI)
’
tabulatcd in Table 1 for various values of cross-polarization

SYSTEM
icolation . 16
19
(1i) For a 'SCIC carricr located at the right edge of the 22°
desired channel - Interfering power.from a FM/TV 25
channel is only important in this case. The inter- | 28

fering pover is 31

= =14 dB/MHz + 10 log (40 x 10-3)




.

~27.98 dB below saturation

Procceding as in thc previous section,

5.53 + (XPI),

6.93 + (XPI)D

The results are shown in Table 2.

\
2.3 Interference to a FM/TV channel - As shown

in Figure 13, FI4/7V channel, which is the desired channel,
will get the interference from a co-polarized IIBR Data

‘ chanrel, /a co-polarized FDM/FM channel, a cross-polarized
SCPC channcl, and a cross-polarized FDM/FM channel. The

interfering power, I will be as follows:
a. interfering power from cross-polarized FDM/FM channel

10 log

-3 %2

e 7 af )
[ VTI_ ] > 20

h)
N
pe 4
=
=~

|
1}

17 MHz

L

INTERFERENCE MODEL TO A TV CHANNEL

FIGURE 13.




b.

=3l

g = 4 Mhz

- 10 log (0.2266)

= =6.45 dB below saturation

Interfering power from cross-polarized SCPC channel -

By assunming that SCPC carriers in 14 Miz band (as
shown in Figure 13) are directly interfering with

FM/TV channel, interfering power will be

I - 10 log (14 MHz
34 mz)
= =3.9 dB below saturation

Egually spaced SCPC carriers are assumed and the
effect of intermod is neglected, since the level
of the intermod power spectrum is so many dB below

the power spectrum associated with SCPC carriers.

Interfering power from co-polarized FDM/FM channel

is necglectcd as shown previously.

Interfering power from co-polarized HBR Data channel

-

(1)

is also assumed to be neglected as shown in .
Figure 8 for the bit stream the rate of which "
1s.§q}ow 60 mbits/s.

(g) due to cross-polarized FDM/FM Channel - For
I

this offset cross-polarized FDM/FM channel, the
interfering power, I is -6.45 dB below saturgtion.
This means that the interfering power into the “M/:Vv

channel on the uplank is

-81.5-dBW/m2 + (=37 dBen?) + Ggop - 6.45 - (XPI)
The power of a FM/iV carrier on the up-iink is °
-81.5 dpW/m? + (37 dB'm?) + Ggpe

Therefore, carrier to interference ratio on the

( ’ - -+

For the downlink, the interfering power is

32 aswW - Path loss +Gg g, = 6.45 - (XPI)D

.
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The poyer of a F'M/TV carricr on the downlink is

32 cqw - Path loss + GE.S

Therefore,

-0

(1) - 6.45 + (XPI),

Then, total carrier to interference raglo will be

c c c
(3) - (I)U 1%l (3 D

(6.45 + (XPI)

The results are tabulated in Table 3.

; c 5

(ii) T) due to cross-polarized SCPC channel - For this
offsct: cross-polarized SCPC channel, the interfering
power, I is -3.9 dB below saturation. The means that

the interfering power into the FM/TV channel on the

uplink is

- 16.45 + (xpI)y) |%|

-3f-

TABLE 3 == CARRIER TO INTERFERENCE RATIO DUE TO CaOSS-

(XPI)

16
19
22
25

31

POLARIZED FDM/FM CHANNEL (in dB)

(XPI) (XPI) ) €

D SYSTEM Iy 1
16 13 22.45  22.45
19 16 25.45  25.45
22 19 28.45  28.45
25 22 31.45  31.45
28 25 34.45  34.45
31 28 37.45  37.45

‘TABLE 4 == CARRIER TO INTERFERENCE RATIO DUE TO CROSS~

(xpi)
U

16
19
22

2500

28
3§

POLARIZED SCPC CHANNEL (in dB)

(XPI) (XP1) 1 (49) ()

D ‘' SYSTEM Iy Ip
16 13 23.9 22.5
19 16 26.9 25.5
22 e 19 29.9 28.5
25 22 32.9 31.5
28 25 35.9 34.5
31 28 38.9 37.5

19.45
22.45
25.45
28.45
31.45
34.45

20.13
23.13
26.13
29.13
32.13
35.13




pe 1D 2. P - ]
(-81.5 dBi/m 4.0) + (= 37 dB*m4) + Gsat

-3.9 - (XPI)U

TABLE 5 -- TOTAL CARRIER TO INTERFERENCE R:';'IO
v TV CHANNE
- 4,0 dB8 input back-off (INTERFERENCE INTO FM/

The power of a FM/TV carrier on the uplink is ' ’ . SYSTEM CROSS-POLARIZATION TOTAL CARRIER TO INTERFERENCE

ISOLATION, (XPI) RATIO, (‘I.’)

SYSTEM TOTAL

-81.5 ddw/m2 + (=37 dB*m2) + B

Therefore),

(g) 7.9 + (XPI)y,

On the downlink, the interfering power is

(32 dBW - 2.6) - Path loss + GBZS. - 3.9 - (XPI)n

The power of a FM/TV carrier on the downlink is

then,

32 dBW - Path loss + Ggp g,

-~

Therefore; carrier to intcrforence ratio on the downlink

is




6.5 + (XPI)D

Then, total carrier to interference ratio will be

[7.9 + (XPI)u] + [6.5 + (XPI)DJ
The results are also tabulated in Table 4.

(iii) Total Carricr to Interfercnce Ratio - By adding
up the carrier to interference ratios ‘obtained
(i) and (ii) powerwise, the total carrier to
interferonce ratio is calculated and the results

are tabulated in Table 5.

2.4 Cross-Polarization Isolation - Since the

fola:ization isolation between the orthogonally polarized
beams is not perfect in practice, the desired channel will
get interfcrences from adjacent cross-polarized channels

as cxplaincd in the previous sections. This interfercnce
cnuscsil degradation of performance to the desired channel.
Therefore, a‘ccrtain Amount of bcam isolation (polarization)

must be rcalized betwecen two orthogonally polarized beams.

The planncd approach to determining the amount of this
isolation for various SATCOM services is described in
Communic;tion Systems Engincering Memorandum, CSEY-003-74,
entitled :Thc Approach to Determining the SPcclficngion
for System Crocs-Polarization Isolation". The polarization
isolation is degraded due to various depolarization
mechanisms such as

.Depolarization due to angular misalignment

(pointing error)

.Depolarization due to the miiallqnment of

the antenna polarization vectors
.Depolarization due to rain
«Depolarization due to Faraday rotation

The discussion of th;se depolarization mechanism is quite
iyvolved and is beyond the scope of this recport. Houcver,
detailed analysis on some of these depolarization mechanisxm
was made available,l4.15 According to the preliminary
analysis made, the cross-polarization isolation, which can
be achieved without employing various compensation techniqu

for the depolarization mechanisms montioncd above, is of




-gy=-

the order of 22 dB or more. This will be summarized as

follows:
S§/C ¥-polarization Isolation s 33 adab
L/S Y-polarization Isolation t 36.5 dB

(including pointing error of

+ 0.15°)

Rain Ccpolarization (99% of the Tt 34 aB
tirc)

Depolarization duc to Faraday | SIS dB

rotation (if fecd is set to the
middle of the daily variation .

at sunspot maximum, and adding

.3 dB for the average condition)

Voltage summation 22,7 @B s
Power Sum%atlon _ 28.5 dB
Average ®f voltage and power ' ¢t 25.6 dB

surmation (onc way link x =

polarization isolation)

-qu=

S.8ystem cross-polarization t 22.6 aB

Isolation

. -

For this magnitude of cross-polarization isolation, the
interference to a SCPC is such that (C/I) is about 28_63.
This is 10 dB better than the value tepqrtcd in Attach-
ment F of Alaska Communication Plan. For the carrier-

to-interference ratio for a FM/TV channel, (C/I) is about

26 dB which is about 7.2 dB better than that reportéd in

Attachment F.

If various compensation techniques for the depolarization
mechanisms are utilized, then the cross-polarization
isolation can be further improved, resulting in higher

carrier-to-interference ratio.




3.0 CONCLUSION - The main objective of this

report is to obtain a more accurate intecrference model
and the associated magnitude of carrier to interference
ratio for the same traffic modes analyzed in Attachment F

in Alaska.Communication Plan. The results are summarized

in Fiq. 14. INTERFERENCE TO SCPC
CHANNEL (for voice

B transmission)

(a) The interfercace from adjacent co-polarized channels

is negligible and the cross-polarized channels provide

Jtotal in dB

most of the interference to the desired channel, for

c
|
N
[+

the traffic modes assumed in this report. This is why
carricr-to-interference ratio increcases linearly with

the system cross-polarization isolation as shown in
INTERFERENCE TO TV
CHANNEL (for TV
transmission)

»n
o

Fig. 14.

Carrier-to-interference ratio for SCPC channel is

approximately 2.4 dB higher than that for TV channel

-
w

for the traffic modes assumed in this report.

CARRIER-TO-INTERFERENCE RATIO, (

For the cross-polarization achievable without

utilizing any compensation techniques for the various N
. J SRR T | S [ R A R ) T AR R

depolarization mechanisms (about 22 dB), carrier-to- : 13 16 19 22 28 3

interference ratio, C/I for SCPC channel is about SYSTEM CROSS-POLARIZATION ISOLATION (XPI) in d8

28 dB. This is 10 dB better than the value reported )
° ; FIGURE 14, CARRIER-TO-INTERFERENCE RATIO FOR THE ASSUMED INTERFERENC

MODEL,




in Attachment F. Carrier-to—iﬁterfé;g;%e ratio for
TV channel is about 26 dB which is 7.2 dB better
than that reported in Attachment F. Even if 19 dB
is agsumed for the cross-polarization isolation

instecad of 22 dB, the carrier-to-interference ratios

for both SCPC channel and TV channel are still

greater than those reported in Attachment F by 7 dB
and 4.2 dB respectively. In this case the computed
carrier-to-interference ratio for SCPC channel is

25 dﬁ, and about 23 dB for TV channel.

As discussed above, the analysis of small earth station
perforinance in Attachment F of Alaska Communication Plan

resulted, in a conservative modcl in terms of carrier-to-

interferernce ratio for the RCA SATCOM internal interference

model. The higher carrier-to-interference ratio is expected
than the value recported in Attachment F. The results will
be modified when more accurate spectrum analysis associated

with various types of interfacing signal is made.

" jF -t pus ‘ . e e it
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APPENDIX C

CTS TERMINAL CHARACTERISTICS
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* Ground Mobile Forces Earth Satellite Communications System

1 Vugraph 1- ON

US Army Satellite Communications Agency
The Ground Mobile Forces Satellite Communications
System provides an answer to the problem of maintaining

reliable communications when conventional means are

limited by range, terrain, and frequency considerations.

A region as demanding as high mountains and large
distances; surface features as varied as tropical rain
forest ", most often have an almost insiginficant effect
on the systems performance. The flexibility of system

configuration, by comparison to the line-of-sight radio

relay or tropospheric scatter radio offers an advantage

which in the Army environment becomes highly

significant and very desirable.

The Ground Mobile Forces Satellite Communications

System, commonly referred to as GMF satellite communi-

* cations system, developed by the United States Army




Vugraph 1 - OFF

Vugraph 2 - ON

Vugraph 2 - OFF

Vugraph 3 - ON

Satellite Communications Agency (USASATCOMA) can
be grouped into two broad categories. The first is
characterized by a low data rate, usually half duplex

netting communications operating in the UHF region

bf the frequency spectrum (225 to 400 MHz), and the

second, a high data rate, full duplex multichannel :
trunking communications, operating in the SHF region

of the frequency spectrum (7250 to 8400 MHz).

The first of the UHF family, a Manpack Terminal, is
currently in development by Cincinnati Electronics
Corporation. 1t is a highly advanced. concept, expanding
the state-of-the-art in satellite radio design. lts small
size, 3.5x10x10 inches and light weight, 23 pounds with

batteries, make it ideally suited for one-man operation.

The Manpack is capable of spanning the full UHF band

- in 5 KHz increments. |t features a quick erect 6 dB -

antenna for its communication modes of push-to-talk

2

' Vugraph 3 - OFF
|

Vugraph 4 --ON

Vugraph 4 - OFF

Vugraph 5 - ON

voice---clear or secure---and pre-structured burst
transmissions. Paging can be received by whip antenna.
The power output in the line-of-sight mode is limited to
two watts; however, in the satellite mode it is raised to
35 watts. Conventional radio systems can be connected
to the manpack by means of a wire interface, thereby
increasing their range and scope of operations. A single

satellite with earth coverage antenna can extend the

effective communications range out to 9, 000 miles.

. The planned UHF Vehicular Radio will be available in
t;:vo configurations-jeep mounted and installed in a S-250
s.helter. The UHF Vehicular Radio will provide communi-
cations both in motion and at rest. Its major characteristics

are as follows:

The set will communicate directly with the UHF Manpack
in all the manpack modes. It can serve as a base station
for netting many manpacks, or act as a net member in

3




conjunction with other UHF Vehicular transceivers. |t

can also be used in the non-satellite line-of-sight mode.

In addition to the push-to-talk voice and pre-structured
Vugraph 5 - OFF
burst transmission communication modes, two other important
modes of operation will be available, One; a spread-band
anti-jam mode, and the other; a Time Division Multiple
Access (T DMA) mode. These two modes will provide the

UHF Vehicular Radio wit h the future satellite operationai

capabilities.

The data rates available in the UHF Vehicular Radio will
be from 75 bits per second for teletype, through the inter~ ~
" mediate rates of TOS, TACFIRE, and ARTADS up to 16K

bits per second for secure voice, using PSK modulation, '

During operation in-motion, an omnidirectional
circularly polarized antenna will be used, while at rest
" a specially designed compact 9 dB gain atenna is planned.
The set will incorporate the standard radio wire inte'rface

4

and will be able to operate from either 28 volt DC vehicular
battery or 115 volt, 60 cycle AC. Power output to the antenna
in the satellite mode will be 160 watts and in the line-of-

sight mode~--20 watts.

-

The UHF Manpack and the UHF Vehicular Radio Set are

‘designed to operate with the interim GAPSAT Satellite

System and Vlat.er with future satellites such as FLEETSAT
and AFSAT.

The second category of the GMF Satellite Communications

Systems are the tactical multichannel satellite terminals,

the AN/MSC-59 and AN/TSC-85. Both type terminals are

full duplex, multichannel, secure, high data rate systems,
produced. by RCA. A high degree of subsystem commonality
has been achieved in the terminal designs which should
result in lowered logistic support costs ;Jnd simplified
training. All terminals operate with existing Army type

mu ltiplex equipment operating at 48 kilobits per second

per voice channel,




Jugraph 6 - ON

Vugraph 6 - OFF

Vugraph 7 - ON

.

The AN/MSC-59 is a 100 watt, trailer-mounted SHF
Multichannel terminal. It incorporates a complete non-
redundant comm'u nications facility with both baseband and
radio equipment. While it has the capability of operating
over awide range of data rates, it is intended for trans-
mission of 6 or 12 full fuplex voice channels with a TD-660
multiplexer, Power is furnished by redundant 3 kw
generators. An 8 foot diameter parabolic antenna is mounted
on top of the terminal trailer, and atrained crew of three

men can install the terminal in about 20 minutes under

good conditions. ’

The ANITSC-85 SHF Multichannel Terminal is mounted
on a 1-1/4 ton truck. 1t can handle medium and high
capacity voice, data and teletype traffic. Theterminalis-
fully redundant, except for the 8 foot diameter parabolic
antenna. Power is furnished by a 10 kw turbo-alternator +
mounted on a trailer.

6
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Vugraph 7 - OFF

The ANITSC-85 SHF Terminal comes in two versions,
called (V)1 and (V)2. The (V)1 version is a point-to-point,
also called non-nodal terminal. The (V)2 version is a multi-

point or nodal terminal, capable of simultaneously communi=

cating with up to four other (V)1 terminals. Both versions

have a capacity for accommodating up to 96 voice channels
when operated at higher data rates in conjunction with the

Tactical Signal Speech Processor (TSSP).

A separate secure single voice channel a 16 kilobits

“ per second is available for use with Saville applique. The

~ ANITSC-85 is a 500 watt satellite terminal which can be

deployed by a trained four-man crew in about 20 minutes
under good conditions.

-

Both the AN/MSC-59 and the AN/TSC-85 terminals are

currently undergoing operational testing in accordance with

the Army's coordinated Test Program. : 1

It is planned to operate both versions of the AN/TSC-85

and the ANIMSC-59 SHF Terminals with the narrowbeam
, : |




Vugraph 8 - ON

Vugraph 8 - OFF

antennas on the Defense Satellite Communication System

- spacecraft and other SHF satellites. The present Phase 11

satellites are located in Geostationary orbits above the

Atlantic and Pacific Oceans, respectively. The steerable

narrowbeam antennas illuminate an area of approximately

1, 000 miles diameter on the earth's surface, within the

9,000 mile diameter viewing area of each satellite.

In addition to the communication terminals, a SHF
control terminal is planned. This control facility will .
monitor the technical performance of the GMF Satellite
Communications network on a real time basis using
manual and processor controlled automatic spectrum

analyzers. It provides initiél planning and allocation

for the GMF network, insures proper set-up and calibration -

of each remote terminal and provides a constant monitoring

~ function during system operation.

The GMF satellite communication terminals briefly

8

# Vugraph 9 - ON

Vugraph 9 - OFF

described here will be dispersed throughout a tactical
area in an integrated communications network. The
SHF group will sh.are a common satellite transponder.

It is estimated that a traffic load of as many as 100 to

150 terminals may access the satellite at any given time.

For efficient operation, this will require use of a well
regulated mu ltiple access method. The ushal approaches

are: frequency division, time division, and code division. -

Looking at Frequency Division Multiple Acc.ess (FDMA),
the satellite repeater bandwidth is divided into a number
of frequency bands and these frequencies are then assigned
to the operating terminals. 1n this way each terminal
is assigned a unique frequency for transmission to and
from the satellite. The system drawbacks are the need =

for careful power control and the relatively inefficient

'_ use of satellite radiated power. Because of system simplicity,’.

however, this is the method of multiple access to be used

initially with the SHF, GMF system.
9
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Vugraph 11 - ON

Vugraph 11 - OFF

Vugraph 12 - ON

The second method is Time Division Multiple Access
(TDMA). This method aIIow§ one terminal at a time to
access the satellite. The result is a system efficiency
improvement over the FDMA method, but where the
problem of uplink power control is traded in favor of

a time coordinated system.

The third multiple access method is Code Division
using pseuﬁonoise or other spread band tethniques. It
does not lend itself well to high data rate systems; its

most cominon application is in anti-jamming.

.The US Army SATCOM Agency was assigned the task

of developing a more efficient method of multiple access

for the GMF Satellite Communication System operating

in the SHF band. The method being considered is a

Demand Assigned Multiple Access system.

The system is intended to provide a satellite accessto = +
a terminal on demand rather than on a fixed assigned basis.

10

It can be used in conjunction with the three previously
mentioned methods, however, the most efficient combination
is when used with the Time Division Multiple Access method,

as illustrated heré.

The Demand Assigned Multiple Access scheme takes
advantage of the light loading requirements for some users

serviced by the system.

In a preassigned system, a wser is given a full tirﬁe
transmission channel regardless of his duty factor. In
demand assigned systems, the channel is provided only
when_requested, therefore, that one channel can be

shared in time by many users.

The specifics of the system being evolved include single
channel per burst operation at both 16 and 32 kilobits/sec

channel rates, upto 40 megabits/sec burst rate, bulk encryption

Vugraph 12 - OFF  and decentralized system control. .

Vugraph 1 - ON

The design of the Demand Assigned/TDMA system is
11




based on compatibility of operation within both the TRI-TAC

10 comm CEnTERRgd

land based and naval switch systems in terms of expected

traffic models and communication parameters.

These then are the essential elements of the Ground
Mobile Forces Earth Satellite Communications Systems.
They are expected to provide reliable worldwide or local

communications capability in the diverse environmental

MANPACK

Vugraph 1 - OFF  conditions encountered by the tactical communicator.
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N TACSATCOM _
<52 UHF MANPACK TRANSCEIVER ;
MODES  TACSAT AND LOS v

FREQUENCY RANGE 225'TO 400MHz (5 KHx INCREMENTS)

WEIGHT ~ | 25 POUNDS MAX WITH BATTERY

SIZE 300 CUBIC INCHES MAX
COMMUNICATIONS FUNCTIONS HALF DUPLEX VOICE, BURST, PAGING

ANTENNAS 12" ROD AND DEPLOYABLE YAGI

POWER OUTPUT ] 35 WATTS
SECURITY SAVILLE

INTERFACE , RADIO WIRE
RANGE CONTINUOUS UP TO 9000 MILES

i
R\“""\ UHF TACSAT VEHICULAR RADIO SET
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UHF VEHICULAR RADIO SET

S TACSATCOM
8

“ A\
danyy 30 Wt
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@ MODES — TACSAT AND LOS ;

@ FREQUENCY RANGE — 225 TO 400 MHZ (5 KHZ INCREMENTS)

@ WEIGHT — 115 POUNDS MAX

@ SIZE — 6600 CUBIC INCHES MAX

@ COMMUNICATIONS FUNCTIONS ~ — HALF DUPLEX VOICE BURST, DATA, TTY, PAGING
@ DATA RATES — 75 BPS TO 16.0 KBPS

@ ANTENNAS — OMNIDIRECTIONAL AND DEPLOYABLE YAGI

@ POWER OUTPUT — 100 WATTS SAT/20 WATTS LOS

@ SECURITY : — SAVILLE

@ [NTERFACE — RADIO WIRE

@ PRIME POWER — VEHICULAR AND AC LINE
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MULTIPLE ACCESS METHODS
FREQUENCY DIVISION MULTIPLE ACCESS (FDMA)

| SATELLITE CHANNEL A
POWER
i ACCESS ,
M #2 #3 #
\ L | el el | Jise] fiiiiig
FREQUENCY
ADVANTAGES : DISADVANTAGES
o SIMPLE TUNING OF RECEIVERS o INTERMODULATION PRODUCTS CAUSE
DISTORTION AND POWER LOSS
; ,
NETWORK TIMING NOT REQUIRED BRI bt g s
o COMPATIBLE WITH EXISTING
HARDWARE e VULNERABLE TO RFI
\m MULTIPLE ACCESS METHODS
. (]
: TIME DIVISION MULTIPLE ACCESS (TDMA) B
A
POWER
A
© ACCESS
sLOT FRAME
[—" ey, 7 A : >
= --|#3|-|#4I |#1| |#2l |#3| |#4| I#II |#2 T
TIME
ADVANTAGES . DISADVANTAGES
© NO MUTUAL INTERFERENCE ° o REQUIRES NETWORK TIMING
BETWEEN ACCESSES ,
e NO POWER CONTROL REQUIRED o REQUIRES SYSTEM DISCIPLINE:
o POTENTIALLY MOST EFFICIENT o VULNERABLE TO SELECTIVE RFI
SYSTEM (UNLESS TIME SLOTS ARE SCRAMBLED)




S MULTIPLE ACCESS METHODS -
*\TK\ CODE DIVISION MULTIPLE ACCESS (CDMA)

ot
e, "
wicanows +°

SATELLITE CHANNEL
POWER

A

#4
#3
#2

k ACCESS #1

FREQUENCY

ADVANTAGES DISADVANTAGES

@ RFI CAPABILITY 1 e WIDE BANDWIDTH OCCUPANCY
PER USER

© REQUIRES LINK ACQUISITION AND
SYNCHRONIZATION

, © POWER CONTROL NECESSARY FOR
® TRAFFIC ANALYSIS NOT POSSIBLE EFFICIENT MULTIPLE ACCESS

o NETWORK TIMING NOT REQUIRED

ey DEMAND ASSIGNED MULTIPLE ACCESS (DAMA)
: TIME DIVISION MULTIPLE ACCESS (TDMA)
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APPENDIX E

ANTENNA PATTERN MEASUREMENTS
OF ARMY SMALL TERMINALS
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An\snnu Galn vs, CCIR Envelope
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U. S. ARMY CORPS OF ENGINEERS 1
SATELLITE DATA COLLECTION

As most of you may know, the Corps Civil Works Directorate is primarily
involved in water resources development and management, Typical
projects include reservoir operations for flood control, hydropower
generation, navigation, water supply, water quality, recreation, etec.

To effectively manage these projects we need reliable and timely
information on hydrologic data within the watersheds in which our
projects are located, Many hydrologic data that we are most concermed
with are precipitation, reservoir level, river stage, snow cover and
water quality, A good number of these data are collected at remote
sites where access is generally difficult, 4

Conventionally, these hydrologic data are collected and transmitted by
either telephone lines and/or ground-based radio relay from gaging
stations to a regional control center. Data received almost instantane-
ously provides the basis for implementing management decisions during
periods of critical flooding.

Unfortunately such communication is either subject to interruption by
natural disasters or disadvantages related to distance and type of
terrain, Installation and maintenance of equipment servicing remote
reaches of rivers in hilly terrain are costly because of the large

number of relays and repeaters necessary to transmit the radio signals
‘to central control facility,

During the past 2 years the Corps has been experimenting in the use of
satellite data communication systems, The New England Division of the
Corps has been evaluating the utility of the ERTS (LANDSATS) data
communication system, Twenty-seven platforms have been operating in
parallel with the 41 station ground-based Automatic Hydrologic Radio
Reporting Network which is the present backbone for flood control

" reservoir regulation activities in the Division,

The ERTS data originates from gages at key river locations. Each gage
senses the stage of the river it is measuring and relays the readings
to a NASA-operated ground receiving station at Greenbelt, Maryland which
teletypes the data into the New England Division.

An ERTS data collection platform transmits a signal every 3 minutes.

At mid-latitude locations the orbital path provides 4 to 6 daily
opportunities for data transmission.

-~

1 Material presented to the Joint Session IRAC/CCIR, 31 Oct 75, Wash DC
by M. Tseng

To transmit the data from Greenbelt, Maryland to Waltham, Massachusetts
it generally takes about 45 minutes, Considering 4 daily passages of
the satellite over the gaging stations, we will have the situation of
getting data once in about every 6-7 hours. For flood fighting such

a data frequency is often inadequate. We generally need to have real
time data at more frequent intervals.

Recently our NED has constructed a ground receiving station at Waltham,
Massachusetts for direct data acquisition from the satellite. This is
an experiment and is in cooperation with NASA. This will remove all
ground transmission problems that can occur with teletype relay between
NASA and Waltham., This is a 15-foot dish antenna equipped with mini
computer for tracking satellites and data processing, The system is in

" pseudo-operation condition,

Elsewhere our Lower Mississippi Valley Division in cooperation with .
NASA's National Space Technology Lab, at Bay St, Louis, Mississippi is
involved in a program for development of satellite ground receiving
stations at Vicksburg, Mississippi. A 30-foot dish antenna will be
installed to receive data from 55 DCP's within the Mississippi River
Basin, Both LANDSATS and GOES systems will be used in the experimental
program, Data frequency of once in every & hours is anticipated,

Ovér the next 5 years we anticipate nearly 4,500 data collection
locations will be needed Corps-wide for relay of hydrologic information
for water management activities, !
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(" x3-9 | 20 ”“ﬁ
AN/WSC-2 TERMINAL CHARACTERISTICS

- ® FREQUENEY SELECTIVITY SYNTHESIZER — 10 Hz STEPS OVER 500 MKz
| © FREQUENCY STABILITY. * 1x10 1 CESIUIVI STD

e MIODULATION SPREAD SPECTRUM PSK
MULTIPLE ACCESS TDMA & CDMA .

® DATA RATES '+~ 75 bps G :
- 12, 24,40, 48, 96160&320kbps'
ANALOG VOICE ‘

e

® MTBF
AN/WSC-2 (FOR 1 OF 2 | , K
CHANNELS) 1000 HRS
D-904/USC (FOR MAIN FRAME WITH 6
CHANNEL UNITS) 1000 HRS

- ©® MTTR
AN/WSC-2 - 1 HR
MD-904/uUSC 0.5 HR

N

X32-94 20 FEB /5

AN/WSC- 2 TERMINAL CHARACTERISTICS

- ANTENNAS - ~ DUAL 2-AXIS 8 FT CASSEGRAIN OR
: - DUAL 2-AXIS 4 FT CASSEGRAIN

© OPERATION WITH SHIP MOTION ] ,
FULL HEMISPHERIC COVERAGE SEA STATE 5
DEGRADED COVEHAGE : SEA STATE 7

° TRACKING . BEACON TRACK WITH PHASE LOCK 4

. LOOP RECEIVERS

| - DOPPLER DERIVATION INCLUDED

® RECEIVER BANDWITH | e, . _ ey
(PARAMETRIC AMPLIFIER) ~ 500 MHz ‘ i '

© IF INTERFACE E T : 70 MHz — 700 MHz
BAIDWIDTH - : 2 MHz — 60 MHz

® TRANSMITTERS DUAL :
POWER OUTPUT -~ 3 KW EACH - - s B
BANDWIDTH | 50 MHz TUNABLE OVER 500 MHz. ®
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APPENDIX H

ORBIT UTILIZATION OF SATELLITE COMMUNICATIONS SYSTEMS
EMPLOYING BOTH LARGE AND SMALL EARTH STATION ANTENNAS




ORBIT AHD SPECTR‘UM UTILIZATION:
OF SATELLITE COMMUNICATIONS SYSTEMS
EMPLOYING BOTH LARGE AND SMALL
EARTH STATION ANTENNAS

WILLIAM G, LONG, JR.
DEFENSE COMMUNICATIONS AGENCY
WASHINGTON, D.C., U.S.A.

ORBIT AND SPECTRUM UTILIZATION ,
OF SATTLLITE COMMUNICATIONS SYSTEMS *
EMPLOYING BOTH TARGE AND SMALL
EARTH STATION ANTENNAS

Introduction

The use of small earth stations (small antennas) have been envisioned

since the advent!of satellite communications for a variety of reasons and

applications. These include: low cost stations for communications service
expansion in developing nations; economic communications services to remote
areas; educational and other public service functions to large user communities;
on-site communlcallohs for disaster relief; communications to small

platforms such as ships, aircraft, and ocean oil rigs, and last but not lease,

hfghly maobile and flexible communications for military applications.

Developments in satellite technology have resulted in Effective

Isotropically Radiated Powers (EIRPs) which are now adequate to suppsrt.
communications among small earth stations and thus their use is expected
to increase dramatically 1n‘the future.

' However, the characteristics of small earth stations (particularly
antgnna discrimination) tend to result in less utilization of the or.blt and
spectrum than achieved with only large earth stations. This paper addresses
some aspects of orbit and spectrum utilization when large disparities exist in
the antenna chéracterlstlcs of earth stations associated with satellite

communications systems,




The basic intersatcllite system interference modes are shown in Figure 1.

FIGURE 1

By combining the basic system design functions with the interference functions,
the AT/T ratio as employed in Appendix 29, of the ITU Radio Regulations, may

be expressed as follows:

SYSTEM 2
Small Antennas
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Where: AT Interference expressed as Noise Temperature

+!
t

D) Noise Temperature

, (c/N) Carrier/Noise in B, including uplink and downlink noise

B RF Signal Bandwidth

Interference Pa

S Energy Dispersal Factor

M Downlink/Uplink Noise Ratio

\

sdl \/

INTERSATELLITE SYSTEM INTERFERENCE

G Antenna Gain

£ ¥§ ?

Uplink/Downlink Frequency Ratio

As in Figure 1

SYSTEM 1

Large Antennas
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and subscripts: - 3 ;
) Side Lobe Envelope Gains ‘ \
e - Earth Station )
Again in practice, Gg2(8) will probably be greater than Gel(G). The
BH - Satellite . 3 ) :
: CCIR Recommendation of (38-25 log @) is usually used for large antenna
u - Uplink D
b . (-X?-IOD). Values, four times higher, have been assumed for small
.d - Downlink ;
antennas. The value of Gg2(8) effects the first term in the brackets of
1 - System 1 .
. - 5 AL ¥ equation (1).
2 - System 2

As indicated by Figure 1, the intersatellite interference is an additive, two

path, phenomenon and the terms in the bracket of equation (1) represent the

uplink and downlink interference paths, For purposes herein, System 1
|

has large carth station antennas and System 2 has small earth station antennas

thus equation (1) represents the interference to System 1 from System 2,

The effect of variations in each parameter of equation (1) can be assessed.

!
° Noise Temperatures

In practice Ty, may be greater than Tg . i.e.; the small earth stations
" will generally have high=r.noise temperatures than large earth stations, thus

the second term in the brackets is increased. However, the effect on AT/TI-

may be small if the first term dominates. The value of Tez/Tel waquld
probably not exceed about 5. It would be reasonable to assume that Tgj is

equal to Tsl'

Spacecraft Antenna Discrimination

The terms Ggy1(§)) and Gggz (€ 2) ere related to the commonality of
the satellite antenna coverage areas of the two systems. If the coverage
aréaé of the satelllt.e antennas are sufficiently separated so -that only the
sidg lobe areas are common, then the value 6£ the brackets in equation (1)
could be 20 db or more below the value obtained when thé coverage areas
are common. Under this condition the value of Gy 4z could bé proportionally
smaller for the same value of AT/T). However, if spacecralt antenna
discrimination is achle\;ed only in one of the terms of the brackets, the
value of AT/‘I‘I may not be significantly reduced. This condition may occur

when widebeam spacecraft antennas are Cross connected to narrowbeam

spacecraft antennas. .




Uplink/Downlink Noise Allocations

Another parameter which may be varied in equation (2) is the value of

Mae Equating the derivative of }{, with Irespect toAT/Tl to zero results

in an optimum value of Y 7.

4
Hz ={M1 g
orT

Te1 Ts2 Gsul(sl)GeZ @)

With this value of ,L(z, the optimum value of}(l is:

4
 Tez Ty Gaaz (€3) Ga1 @ &

e e

Te1 Ts2 Gsul(sl) Gez(‘”

If all parameters of the two Systems were equal, then, Hl = /-12 = rq.

If = 1.5, then A{, = HZ 72 5, a typical value for the downlink to uplink
noise allocation. V

The v;lues of /{ 1 & ){ o mMay be adjusted to compensate for differences in
satellite antenna discrimination or satellite antenna gain so as to minimize

the value of £LT/T;. The sensitivity of AT/T; as a function of M & Ha is

of interest. Equation (1) may be expressed as:

olhA
t 1
T 1+Hl 1+ /,l{

AT 1+ M, l+1//L(2
+ B

The first term in cquation (5) represents uplink interference and\the
second term downlink interference. If downlink interference dominates,
then & T/T) is relatively insensitive to val ues of M and Az when A, are
considerably greater than one. Conversely, AT/’I‘1 is proportional to
Ha/ /{1 when uplink interference dominates.

- IfA =B andj-{l and /{2 are considerably greater than one, then:

Mz

_—C 1
1] M

in this case, AT/T; is not highly sensitive to the values of /‘ll and M 2
when }1 1 and }-{ o are comparable in magnltude. Thus, the degree of reduction
of AT/T) by adjusting the values of/{ls limited when considering practical

values of/.{ which are usually in the range of 5 to 10.

w__rﬂl_

The term (B/S) in equation (1) relates to the amount of encrgy dispersel
employed, The term can have high values if energy dispersal is not employed,
resulting in high values for AT/T. With maximal energy dispersal techniques,
(B/S) will have \;alues in the range of 2 to 4. For a multichannel FDM/FM
slg;\al the value of B/S is approximately:

1+ M

B/S= 3.2 (5)
M
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for a full traffic load. If the modulation index, M > >1, then B/S == 3.2.
Carrier-to-Noise Ratio

The term (C/N) in equation (1) relates to the nominal operating
carrier-to-noise ratio at the receiver. In power limited satellite systems, )
which would generally be the case with small earth station antennas,
the design value of C/N tends to be minimized thus hlnlmizlng A‘I‘/Tl.
For bandwidth-limited sy stem';, the nominal value of C/N may be case

in systems with large earth station anténnas.

Earth Station Antenna Gain

The remaining dominant term in equation (1) is the earth station antenna
gain. AT/T) is inversely proportional to G4z
3. Orbit Utiljzation

Anqular Spacing Requircments .

The angular separations required for a given interference level (AT/‘II)

"may be developed from the preceding equations. For purposes of further

development & nu: bei of assumptions are made.
a. The earth stations associated with the two systems are in the
common coverage area of the satellite antennas. o

b. The satellite noise temperatures of the two systems are the same.

c. The downlink/uplink noise allocations are equal in the two systems.

d. Maximum energy dispersal is utilized so that the values of (B/S) are
equal. A

e. The CCIR sidelobe envelope slope is used, but the small antenna
sidelobe cnvelope gain is related to the large antenna sidelobe envelope
gain by a factor (K).

The satellite ang"lzi separation (8) between' two identical System 1
‘conﬂguratlons is‘used as a reference. The angular separation required
between the System 1 and System 2 satellite for the same value of (AT/T))

as the reference is defined as (8)). With these assumptions:

0.4
91 » (C/N)TZ Gedl l‘z KGsyu1 " TeZ 1 )
'Q (C/N)Tl Gedz 1+ rz) l’stuz T

where as defined above, ((-?1) is the 'angular separation required by System 1
due to interference fr;)m System and () is the angular separation required by
System 1 due to interference from an identical System 1. This ratio represents
$ measure of orbit utilization, °

The range of values in equation (6) may be asscssed. The value of
(Te2/Te1) is in the range of 1to 5. K may range from about 1to 4. Ggy2
wquld generally be equal to or greater than Gsui' although there may be

exceptions where broad beam satellite antennas are used with small earth




stations and narrow becam antennas are used with large earth stations.,
The valuc of (C/i\').‘.2 would generally be equal to (C/N)Tl for power
limited system and could be less the (C/N)Tl if System 1 were bandwidth
limited. The ratio of Gedl/Gedz could have very large values (up to 1000)
so that this can be the dominant factor in equation (6).

" The satellite angular spacing required by System 2 due to interference

from System 1 may be defined as (83). For this case:
0.4

2
92, r Gsuz K Tel
+

—

0 (1 +¢2)

E )
r C"sul Tez

If Gg,2 = Ggy) and KTg) = Tgp then 85/0 = 1. 85/0 will increase as
Gsu2/Ggy increases. If Gg,25>Ggy1. then from equations (6) and (7)
8; = 83 when:

Ged1 Csul Tey (C/N) 1y

(8)
. Geg2 Ggu2

r Tap (C/N)py
This indicates that when the product of the earth station and satellite

antenna gains of System (1) with large earth station antennas is greater

than that of System (2) with small earth station antennas, interference to

System (1) will determine the required satellite spacing. Even (f the optimum

indicated by equation (8) were achieved, assuming that Gg, 3 >>Gg,; and

Ged1>>Geg2!

91 )

8

2
r Te2

(C/N)gy Gggz 1 +12) Ty

(C/N)TZ chl

2
8

i

Thus, under this condition the anqular separation is determinad by downlink
interference to the system with ‘the large earth station antennas, and this
separation is not significantly less than the case where Gg ;) = Ggy3z-+

In the preceding analysis System 2 utilizes only earth stations with
small antennas. A System 2 can also be defined consisting of earth stations
w:ith both large and small antennas in which links are established only
between earth stations with small antenna and earth stations with large

antennas as shown in Figure 2. For the case of transmission from a large

earth station to a small earth station:

2

0, (C/N)yg Ggq1 r Ged2Gsul  Te2

—— 3 P (10)

e (C/N)g) Geqz (1 +712) *Ged1Gsuz Te

and for transmission from a small earth station to a large earth station:
0.4
2
0 (/N Geqr r . | KGsul Ged2
AL = 3 X+ (11)
J (©/N)11 Gegz (1 +17) |r"Gsu2  Ged)

For the first case, equation (10), downlink interference would normally
dominate, while in the second case, equation (11), uplink interfcrence
would normally dominate. However, the values of (91/9) from equations (10)

and (11) may not be significantly less than value of (0,/0) from equation (6).

11




Thus, the presence of an earth station with a small antenna\n a

system basically determines the angular spacing requirement and is

primarily a function of the antenna gain; i.e.: !

FIGURE 2

0.4

8, Gedl
— O

8 | Geaz

SYSTEM 2

Small€—)» Large Antennas

For a numerical example, assume System 1 characteristics of:

6
Gedl 10 = 60db

B/s 4
c/N ~ 10

T 1.5

AT/T 0.02

The angular separation required from another system is then about 1.85

3]
4
4
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degrees., If System 2 has identical characteristics except an earth statl.on
antenna gain of 50 db, the' spacing requirement is about 4.6 degrees using

equation (12). For System 2 earth station antenna gains of 40 db and 30 db

SYSTEM 1
Large Antennas

the spacing requirements are about 11.6 and 29 degrees respectively. Thus
the orbit utilization can be significantly less with systems employing small
earth station antennas as cbmpared to system employin'g large earth station

antennas.




" A third configuration for System 2 may be postulated in which earth
stations with large antcnnas are linked together, earth stations with small
antennas are linked together and all earth stations access the same transponder
as shown in I'igure 3. Under this cénditlon the downlink/uplink noise
allocation associated with the small earth stations will be greater than that
associated with the large earth stations by a factor approximately equal to
the-ratio of the (G/I)'s. Thus the angle ratio is:

; = 1)
9 |/ 2 5God 1\, (M )(G/T)'ﬂ KGgyy (G/1; Tez| b

. 4 ;
9 (C/N)qy (1472 Gegz  [M+ M, +M1 (G/T)AHLZG.suz G/T)) Toy!

|
Uplink interference to System 1 will normally dominate. And again, the

dominate factors are the antenna gains such that to a first order approximation:

Gedl
(14)

Geg2

Comparing this result with equation (14) shows that this configuration
leads to an angle ratio which is the square of the previous two configurations.

Using the values of the .numerlcal examples given in the preceding
paragraphs , ‘System 2 earth station antenna.gains of 50 db, 40 db.and 30 db
results in spacing requirements of 11.6 degrees for the 50 db case, while a

AT/T = 0,02 cannot be achieved with the 40 db and 30 db antenna gains.

Small<—§>Small Antcnnas

Large <> Large Antennas

SYSTEM 1
Large Antennas
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FIGURE 3
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/ ' earth station antenna gains of 40 db or 30 db would reduire 4.6 or\11.6

!
i

Thus, large differences in (G/T)'s should be avoided in accessing

a single transponder. E degree spacings which can be compared to the 11.6‘and 29 degree spacings

Grouping Stratcgies ‘ based on a 2% external interference allowance. s

The above values of spacing would apply for the case of alternating It should be emphasized that increasing the external noise allocation
satellite systems with large earth station antennas and small earth station must be coupled with some grouping strategy in order to minimize losses
~antennas. If, however, the satellites were grpuped so that all satellites in orbit utilization when small earth station antennas are employed.
associated with large earth station antennas were in one orbit segment and The orbital space grouping arrangement suggested above may not be
all satellites associated with small earth station antennas were in another compatible with system coverage requirements. Scgregation by normal

‘

orbit segment, then the approximate relative angular separat‘lo'ns, would be up/down band pair use and reversed band pair use is another alternative but
0.4 . direct intersatellite and/or» inter-carth station interference may limit use of

95 —G?J L_

ﬁG (15) this strategy. Segregation by polarization is another possibility. Perhaps‘
L Z “edS i

- the most practical and feasible method would be by frequency band, noting
where the subscripts (S) and (L) refer to large and small earth station antennas. § that EIRP limitations may limit the bandwidth requirements for systems with
The ter‘ns is included in this expression based on the postulate that systems small earth station antennas to a relatively small value.

employing small earth station antennas should be designed for larger external 4. Conclusions

interference allowances. Increasing the external interference allowance tends Based on the precedlng'analyses and comments, the following general

to improve the orbit utilization, i,e., decreases the satellite spacing conclusions may 'be postulated.

requirement between similar satellite systems. - . . .a. Earth station antehna gains are the dominant factor in determining

1f 8 = 10, which would correspond to aAT/T of 26% as compared to the orbit spacing requirements.
2% used in the preceding examples, then the corresponding values of angular i

separation would be reduced by a factor of 2.5, Thus a system with

16




b. Orbit utilization with systems employing small earth station antennas
can be quite low as compared to systems'ustng large earth station antennas.

c. Satellite spacing requirements are generally determined by interference
from the system employing small earth. station antennas to the system employing

large earth station antennas. Interference in the opposite direction is generally

much smaller.

q. Adjustment of the uplink to downlink noise allocation ratio in
adjacent satellite systems may allow closer satellite spacing.
e. Placing satellite systems, which do not have overlapping satellite
antenpa coverage areas adjacent to each other, may improve orbit utilization.
¢. large differences in (G/T)'s should be avoided in accessing a single
transponder.
g. Isolating satellite systems employing small earth station antennas
from }hosc employing large earth station antennas coupled with a higher
: external noise allocation for the small earth station antenna systems can
improve the overall orbit utilization. A number of isolation techniques
may be considered, including frequency division.
h. Generally, maximum eﬁergy dispersal should be employed. '
i. Satellite antenna patterns should conform to the coverage area as

closely as possible.

j. Side lobe envelopes should be as low as practical on both,the
satellite and earth station antennas.

Conslde}lng the potential demand for systems employing small earth
station antennas, it appears that appropriate strategles, techniques, and
criteria are necessary to insure reasonable utilization of the orbit and spectrum

resource.
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APPENDIX I

FUTURE DEVELOPMENT OF SMALL EARTH STATIONS
IN THE INTELSAT SYSTEM




 FUTURE DEVELOPYENT OF SMALL EARTH

. STATIQNS IN THE INTELSAT SYSTEM

J. DIGS
COMBAT
OCTOBER 31, 1975.

1. BACKGROND

W

®

©

SMALL OR “NON-STANDARD’ EAPTH STATIONS 1.E. THOSE WITH
G/T < 40,7 HAVE BEEN USED IN THE INTELSAT SYSTEM FROM
THE DAYS OF ‘EARLY BIRD’ OR ‘INTELSAT 1°,

THEY HAVE CORTINUED TO BE USED THROUGH INTELSAT 11 AD
111 FOR VARIOUS SERVICES, USUALLY FOR TEFPORARY PUPPOSES.
THE ONLY EXCEPTION GEMNERALLY IS THE NASA SERVICE WHICH
HAS USED THEF CONTIHLOUSLY.

THE POSSIBLE USES OF SMALL EARTH STATIONS HAS GREATLY
EXPADED WITH THE INTRODUCTIOH OF THE *INTELSAT IV'
SATELLITE BECAUSE CF: ;

(1) THE LARGE INCREASE IN POWER AVAILABLE

(1) THE PRINCIPLE OF INDIVIDUAL TRAHSPORDER
OPERATION, :

THE CONCEPT OF LEASING TRANSPOHDEPS YHICH COULD BE USED
TO PROVIDE A WIDE RANGE OF DOMESTIC SERVICES EPLOYING
A LARGE MIBER OF SMALL OR ‘NON-STANDARD" ANTENWAS
FOCUSED OUR ATTENTION ON THE IMPACT THEY COULD) HAVE

ON THE REGULAR INTERFATICHAL SERVICE.

2, IEEK&INAUQLQE_IH_[EEERE[MIERIA

@

®

INTERFERENCE CRITERIA WERE REQUIRED TO B= SPECIFIED
FOR INTRA-SYSTFI1 CONRDIMATION, SINCE IT WAS FORESEEN
THAT INTELSAT SATELLITES }OULD BE RERUIRED TO BE

OPERATED WITH AS LITTLE AS 30 OF ORBITAL SEPARATION.

THESE CRITERIA YERE TO BE CONSIDERED AS MADATORY

FOR EARTH STATIONS OPERATING WITH LEASED TRASPODERS.
AND COULD BE EXPECTED TO PROVIDE A USEFUL GUIDELINE
FOR SYALL EARTH STATIONS INTER-CONNECTED INTO THE
GLOBAL NETWORK.




THEY ARE AS FOLLOWS:
(n Mﬁﬁg INTERFERENCE LEVEL IMTO ADJACENT

THE LEVEL OF INTERFEPENCE CONSIDERFD ACCEPTABLE TO
THE BASERAND OF A REGULAR INTELSAT CARRIER IN AN
ADJACENT SATELLITE WAS SPFCIFIED AS 400 PP, THIS
LEVEL ¥AS SELECTED SINICE IT CONFOR'S WITH CCIR REC.
b466 (REV 74) A'D IS CONSISTENT WITH NOMINAL INTELSAT
OPERATING PARA'ETERS,

THE LEVEL OF INTEH:EREI"CE WOULD BE EXPRESSFD IN
pBW/4kHz SINCE IT IS CONSISTENT WITH PRESENT INTELSAT
EMISSION STANDARDS AND COMFORMS WITH CCIR POWER
DENSITY UNITS,  THE MAX OFF-BEAM EMISSION POVER
DENSITY SELECTED VAS 20 pBi/ukiz,

THE OFF-BEAM ANGLE WAS NOT SPECIFIED SINCE THIS UNIT
WAS SELECTED WITH A 3° SEPARATION IN MIND.

(8) SATELLITE TRANSPCROERS HAVE A WIDE RAMGE OF OPERATING

PARMETERS. :
INTELSAT IV GLOBAL BEAM EIRP = 22 oW AT BEAY EDGE
SPOT BEAM EIRP = 34 oW AT BEAV EDGE
INTELSAT IV-A GLOPAL BEAM EIRP= 22 t2W AT BEA EDGE
FRRh i PR o oo AT B EDGE
SPOT BEAM EIRP = 29 ol AT BEAY EIGE
TRASPODERS QPERATE. IH BOTH SINGLE CAPRIER PER TRA'SPOHDER

(1.£, AT SATURATIGH) OR IN A MULTI-CARRIER MOE (1.E.

BACK-OFF FROM SATURATION) ,

TABLE 1 SHOWS TYPICAL LINK PARAVETERS FOR INTELSAT IV-A
TRANSPORDERS.

NOTE: AVERAGE (/N VARIES EETHEEN 13 oB A'D 23 IB.

TABLE 2 SHOWS TYPICAL VALUES CF INTERFEREMCE IF THE
INTERFERRING CARRIER IS CO-FREQUENCY WITH THE DESIRED

CARRIER.  THIS DEMONSTRATES THAT SOME DEGREE OF CONTROL
OF FREQUENCY PLAMNING IS REQUIRED IN ORDER TO MINIMIZE
CO-FREQUENCY OPERATION SO THAT A 400 PWP AVERAGE IHTER-
FERENCE LEVEL IS MAINTAINED WITH AN OFF BEAM EMISSION

(¢) IT IS EXPECTED THAT WITH AN EMISSION LIMIT OF 20 oBW/4idz, AN
AVERAGE INTERFERENCE LEVEL OF 400 PWP CAN BE MAINTAINED,

3., 1eeACT ON SYSTEM OPERATION
' (A) THE INTELSAT SYSTEM PROVIDES FOR A HIDE RANGE OF TRANSMISSION LEVEL OF 20 pBW/4KHz,

PARN'ETERS.  THER ARE LARGE SIZE (36 Miz/972 CHANS) CARRIERS
AD SYALL SIZE (2.5 Miz/2¢ CHAVELS) FDWRM CARRIERS AS WELL
AS 64 KBps PQVPSK SINGLE CHANMEL PER CARRIER CARRIERS, AND

17,3 Wiz TELEVISICHRRIERS, TABLE 4 SHOWS THE INTERFERENCE EXPECTED FROM SMALL EARTH
EXAYPLES OF OTHER CARRIER SIZES: STATIONS. INTO MULTI-CARRIER I'ITELSAT IV & IV-A TRANSPONDERS

2% M/72 CHS ' ' : FOR SATELLITE SEPARATIONS OF 3°,
20 Miz/612 05 .

15 Miz/312 CHS OR 432 CHS

10 Miz/252 CiS R 132 CHS
7.5 Miz/192 CHS (R 132 CHS

5 Mz/% G5, 72 S, 60 O,

FGIMTIQ‘{ IIDICES RANGE FROM ABOUT 0.7 1o 2.4

TABLE 3, SHOVS A DETAILED LIST OF EARTH STATION E.I.R.P
VALLES FOR THE VARIOUS CARRIERS IN USE IN THE INTELSAT
SYSTEM,  THE NOMINAL MAXIMUM POWER DENSITY PER 4 KHZ,

FOR TRANSMIT PURPOSES AN OFF BEAM POVER LIMIT OF 20 oBi/4ikHz
IS EXPECTED TO EMABLE ADJACENT SATELLITE INTERFEREINCE TO

BE MAINTAINED AT OR BELOW 400 pwe,  THIS EMISSION LEVEL IS
APPLIED IRRESPECTIVE OF THE ACTUAL ANTEM'A DIAVETER.




IABEL

TYPICAL INTELSAT IV-A TRANSMISSION LINK PARAMETERS

N TPOT_BEAM = AFATSPLERIC BEAM GLOBAL _BEAM
ITER Single 3454 Multi- Single 384 Hulti- Multi-
it carrier Carriers Carrier garrier Carriers carrier Carrier
e.{.r.p. (beam edge) 29.0 29.0 29.0 26.0 26.0 26.0 22.0
(BW) b
f 3
Back Off; (dB) - -9.0 -12.5 -- -8.0 -11.5 -10.0
Back OFf (dB) . -3.5 -6.0 =) -3.1 -5.2 =42
”“"‘m;';"““m 36 Miz 2.4 2.4 36.0 2.4 2.4 32.4
(36 MHz - 10% guard- ! i :
bsnd for multiple (75.6 dBHz) (75.1d8Hz) (75.1dBHz) |(75.6 dBHzZ) (75.1dBHz) (75.1dBHz) (75.1¢8Hz)
carriers) A y *
saturation Flu : - i
Density (dBH/m®) -75.0 -67.5 -67.5 -75.0 -67.5 -67.5 67.5
sat21lite G/T 3 s ~ - - -17.
(d8/°K) -11.6 1.6 1.6 1.6 1.6 11.6 17.6
C/Myo-path 29.0 8.4 24.9 29.0 29.4 25.9. 21.4
L e Ki ! .9
C/N{nter-mod 23.4 21.7 22.0 20.3 18
CM g sath ; ,
-path U : 15.9
(in: 0,608 geo adv) 2.7 23.6 21.1 23.7 21.0 _18.9 _18.9
g . 13.4
C/Mroral 247 19.8 17.5 22.6 "IB 1 16.1
Pue to Co- 3 z
Chawnel Interference e].5 =1.2 =0.6 =1.5 - =1.2 =0.8 -
o J g 15.3 13.4
e S e R T W L e
Typlcal Nutber of
Channels per «1,300 = %0 =700 «1,100 = %0 +600 piad
Transpond:r s .
T R e sy G b e e e e i, ]
S \
s f :
]
U - - ! e e i e kb e et
44 4 : . - e — el 1 :
4 5 < “ TR AR T A e
L P - '
- off-Angle Emission Limit Calculations
S N
- ‘.". Frequency
o y » Parameter Global Re-Use
v = Hemi Soot.
v 2N Up-Path C/N (dB) 1.4 25.9 24.9
s Up-Path Noise (pWOp) 1190 650 * 1149
g Total Space Segment C/N (dB) 13.4 | 15.3 16.7
-t Total Space Segment Noise (pWop) 7500 7500 7500
N .
. f satellite G/T (dB/K) -17.6 -11.6 -11.6
oy BO§ | -10.0 -11.5 -12.5 3
I Off-Beam Power Density Emission : .20.5 17.5 15.1
: e Limit for 400 pWOp of Interference |
S e e (dBW/4_ Kiiz) i
. R x|
— — a 4 16
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"INTERFERENCE FROM SMALL EARTH STATION INTO
MULTI-CARRIER INTELSAT TRANSPONDERS FOR
SATELLITE SEPARATIONS OF 3C .

INTELSAT IV _and I.V-A

97° (30 Mater) 12' (10 Meter) 73" (8 Meter) 16 (3 veter) ) peter)

Hoda " Cren atdon | Telephory ™ Telephony ™ Telephany v Telephony v ™
(pxop) (pkop) {pwop) (pwop) (pwop) (pw0p) * (pwop) (pwop) (350

Tyrical ; Typleal Max, Tyrical Pan, Typical Max. T Typleal Fax.

tirra-Capban - N

oFRvIC

« clodol 150 650! 850
ng 1050
. fjot b Y : 188 _13.0(1 i

o Peeq Caelae

LAASER | NI

* Clal +i
. Sot
. Freq. caciee

¢Interference too high to be considered (i.e.,
above 1500 pWOp) .
NOTES:
The fo :~« ng small earth station e.i.r.p. levels apply to above table.
A. For inter-connected service:
1. global, spot; and frequency re-use == " (range of 24-60 channels per carrier) & 52 dBW/4 kHz
2, typical TV =-- ~ 80 doW/MHz (full- trunsponder) = 56 dDW/4 kiz
3. maximun TV == ~ 85 dDW/Mliz (4-transponder) = 61 dBW/4 kHz
Iased service:

1. global, spot, frequency re-use == = 48 dBW/4 klz
2. 1V == ~ 80.9 dBW/MIIz = 56.9 dBW/4 kHz

\*.  In the .case of telecphony, 2 db has boen added to the duw/4 KNz conversion to represont the equivalent ratio
sf unmodulated carricr power to maximum carricr power denalty under full load conditions.




(8) WITHIN THE INTELSAT SYSTEM, CONSIDERING THE TYPE OF
' TRANSMISSION PARA'ETERS, IT IS CONSIDERED A ROUGH RULE
OF THUMB THAT IF THE REFERENCE SIDELOBE PATTERM
PERTAINS (1. G =32-25 Loc e) THAT THIS MAY LIMIT TV
TRANSMISSION TO ANTERHAS OF NO SMALLER THAN 10w,
TELEPHONY SERVICE ON THE OTHER HAND CAN BE TRAMSMITTED
FROM [UCH STALLER STATIOS .6, 3t oR St ANTEHIAS,

(c) IT MAY BE POSSIBLE IN CERTAIN PARTICULAR CASES TO
INTERPRET THE SPECTRAL E.I.R.P DENSITIES AS AVERAGE
LEVELS OVER BANDWIDTHS WIDER THAN 4 KHz WHERE THE INTELSAT
SERVICES LIABLE TO SUFFER IMTERFERETCE THEMSELVES FAVE
RELATIVELY WIDE BANDWIDTHS,  THIS FACTOR PRIMARILY ENTERS
INTO ACCOUNT WHEN SCPC CARRIERS ARE INVOLVED.

(0) ON THE DGWNLINK SIDE IT IS NOT EXPECTED THAT THE SYALLER
EARTH STATIGHS WILL SUFFER ANY SIGNIFICANT INTERFERENCE
SINCE THEY WILL NORMALLY HAVE A HIGHER SYSTEM NOISE
TEMPERATURE TO BEGIN WITH,  FOR CALCULATION PURPOSES THE

, REFERENCE SIDELOBE PATTERN 32-25 oG e IS USED.

5.  FUTURE DEVELORIENT :

() EARTH STATIONS WITH G/T VALUES OF 31.7 oB/°K ARE COMING
INTO SERVICE FOR DOMESTIC SERVICES THROUGH LEASED TRANS-
PONDERS,  THEY ARE GEMNEPALLY EQUIPPED TO PROVIDE BOTH
TELEPHONY (USUALLY SCPC OR FDWAYD AMD TV,

(8) IN THE AREA OF SCPC, COFPA'DED A AND DELTA MODULATION

- ARE CA'DIDATES FOR APPLICATION TO THE SPACE SEG'ENTS. USE
OF SUCH CARRIERS SUBSTANTIALLY INCREASES THE SPACE -
SEGVENT CAPACITY PER UNIT BANDWIDTH, COMPARED TO THE USE
OF THE PRESENT STA'DARD FDM/PM OR 64 KBes POWPSK CAPRIERS,
THEIR LOW POWER REQUIRGVENTS, HOWEVER, INCREASE THEIR

©

SUSCEPTIBILITY TO INCREASE, PARTICULARLY FRCM A TV
CARRIER WITH SPREADIG CHLY FROM AN ADJACENT SATELLITE,
AND THIS WILL REQUIRE CAREFUL FREQUENCY PLAH
COORDINATION,

TABLE 5 SHOWS TYPICAL CAPACITIES THAT ARE ATTAINABLE
WHEN USING THESE HIGHER EFFICIENCY SYSTEMS.

INVESTIGATIONS ARE BEING CARRIED OUT TO DETERMINE THE
TYPES OF SERVICES THAT CAN BE PROVIDED THPOUGH SMALLER
ANTENAS, E.G. 3 OR 5.  THESE CAN PROVIDE STALL SCALE
TELEPHONY AND DATA SERVICES TO WIDELY DISPERSED AREAS.
IN GENERAL IT WILL BE EXPECTED THAT THE OFF-BEAM POHER
DENSITY LIMIT SHOULD BE ADHERED TO, A'D THAT THIS CAY
BE ACCOMPLISHED BY SPECTRUM SPREADING TECHNIQUES.
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INTELSAT 1V or

IV-A global beam Earth Station Earth Statiog
transponder G/T = 40.7 aB/°k G/t = 31.7 aB/°k

Single Channel per Ca:zierg Single Channel per Carriex‘m

64 KBps 4~ Companded FM 64 Kbps 4~ Companded FM
Phase or Phase or
PCM/PSK Delta Mod. PCM/PSK . Delta Mod.

5 MHz BANDWIDTH UNIT
No. of channels:
(1) without voice
activation
(1) activity factor
(111) with voice activa-
X tion

10 MHz BANDWITH UNIT
No. of channels:
(1) without voice 28
activation N
(11) activity factor 1.6 1.5

tion

(111) with voice activa- : 220 J 42

. \
m FDM/FM/FDMA capacity is based on a nominal 450 channels per transponder.

E SCPC carriers are assumed to be voice activated. The activity factor is a function of the

number of carriers. The capacity shown is based on all carriers being received at a small
earth station.

ms'u Comparison of Channel Capacities for Bandwidths *°
of 5 and 10 MHz ¥




Characteristics on Netwcrk Isolation

CHs:

. It can be shown that the "basic isolation” of a satel-
lite networkx N from another satellite network N' is approxi-
mated by the expression: 2

'

:c L T;(co/no)&’g%(n')-gi(e) Té(co/no)é 95(6) g, (0) *
o’ "o Ts(colno)u 92(0) gl(O)

SL 80 = O

where parameters with primeé refer to the network N'; all
other parameters to the network N, and

Tge. Tg '™ satellite (s) and earth station (e)
- receiving system noise temperatures (K);

mean carrier/thermal noise density

ratios in the up-(u) and down-(d) paths
- at the nominal mean earth station and

satellite transmitter operating levels;

(co/noly,d

ga (x) net satellite transmitting antenna gain
in the direction x;

nominal operating direction;

direction to an earth station of network
N';

transmitting antenna gain of an earth
station in the direction y;

geocentric angular separation between
satellites of the networks N and N';

transmitting antenna net gain of the
satellite of the network N' in the
direction z;

direction to an earth station in the
network N;

g4(u) receiving antenna gain of an earth sta-
tion in the direction u. g

The net "basic isolation®” of network N from network N'
is that for which’'the term in square brackets of equation
(1) is a minimum when considering all possible consistent
combinations of values for the parameters. :

For identical networks with essentially -overlapping
coverages and identical mean transmission‘char9cteristics,
equation (1) is reduced to the mean earth station antenna

discrimination:

! (0) g,(8)
{c /i) o pid) 4
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S AUSTR DAY B RO T e Acigen.

UPLINK. AND DOWNLINK  ANTENNA
DISCRIMINATION FOR VARIOUS

: By ' COMBINATIONS OF ANTENNA SI2ES \
Call in dB)
RECEIVING-
amzvy () | 2.4 2.9 43
DIAMETER. |
L\ (7). L )7 9.5 ™
ANTENN B
DIAMETER
ce R
B e IR | HORN|CLIR [HORN | ectR | yoan
7.8 [12.8 1.8 | 178 | ng | 178 | UP
caR (1.5 (139 115 | 200203 | Mo | Dy
R9.3 [367 [32.9:]319 |%B). ] M8 § T
2.4 7
.0 | 240 | 2y.0 | 240 | 240 | aye | UP
HoRal 1.5 | 123 (150 | 200 | 203 1 342 | DN
35.5 | 429 |39\ 440 [HY3 | Y80} T
209 | 209 } 209 | 209 | 0.9 |'209 | VP
car| LS | 189 | 1S | 200 | 203 | 240 | DU
224. 1398 1%6.Q ) Y03 |41.2.: 449 | T
29 9.5
26 226 | 23.6] 236 {234 | 230 | VP
porn| 1.5 | 189 | 151 (200 | 20.3 | 24e | DN
35.0 | 42.5 (387|436 [ 439 (416 | T
25.6 | 26% | 256 | 256 | 256 |25 | VP
car |15 | 183 | Usi0 (209 203 | a4 | pa
: 37 | WS | 407 | Y56 | 4sT | 4ee | T
32 43 Iy
. ; 29.5 | 29.5 | 29.5 | 285 |29.5 | 295 | VP §
: ; : . HorN| MI:5: | 18%:| 15.) | 2008 | 20.7| 4.0 | DN
SRS ber ot L AL 1] o +H 0.0 | 48 | Hit|Has (438|525 | T

+ t f%[ 8 MR RRAEREE 16 HHS T ,gn:m 1 UP = DIFFERENCE BETWEEN MAIN BTAM GAIN AT & GHz AND
EEHH RS Bl lr::‘ b e e THE GAM AT 3° OFF MAIN BEAM.
HHH— =3 8 RS GRS LIS DNE DIFFERENCE BETWEEN MAIN BEAM GAIN AT Y &HI AND

2 s kfr ST T8N 40 i THE GAIN AT 23° OFF MAIN BEAM.
DISCRIMINATION ANOLE 6 (DEGRYES T = SUM OF UP AND DN.




Relative gain, dB
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CASSEGRAN  ANTENNA  PATTERN CHARACTERISTICS

FRom
RADIO SPECTRUM
UT\LIZATION N SPACE
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o = = = 100 A
eescesssee D= 60O A
MEASURED No. 1, No. 2
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APPENDIX J

SMALL EARTH TERMINALS
IN THE INTELSAT SYSTEM
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SMALL EARTH TERMINALS IN THE INTELSAT SYSTEM

N.K.M. CHITRE
INTELSAT

OCTOBER 1975

POTENTIAL DEMAND

e NUMBER OF SMALL TERMINALS
® SERVICES THROUGH SMALL TERMINALS
e CONVENTIONAL
TELEPHONY
v
RECORD/DATA
® EMERGING
CORPORATE DATA NETWORKS
DATA COLLECTION

MOBILE AND OTHERS
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PERCENTAGE OF COUNTRIES HAVING STANDARD INTELSAT
- EARTH STATIONS VS. SIZE OF THE
NATIONAL TELEPHONE NETWORK

PERCENTAGE

100 —

60 —

40

20

0
1

PRCZI

| ! | |

& ISt ] L At o 10¢ 107 10°

SIZE OF NATIONAL TELEPHONE NETWORK
T f T Gpinss adl U Gy,

varara ALL COUNTRIES

- emmmy EXCLUDING MEMBERS
: OF INTERSPUTNIK AND
CO-OWNERS OF
INTELSAT EARTH
STATIONS




e NEED FOR A SECONDARY STANDARD EARTH TERMINAL

IS LIKELY TO EXIST FOR NATIONS WITH LESS THAN

100,000 TELEPHONES
COUNTRIES WITH LESS THAN 100,000 TELEPHONES (1974)

e SMALL TRAFFIC STREAMS .
TOTAL : 136

e SMALL TOTAL PROJECTED TRAFFIC

INTELSAT USERS
POSSIBLE NEED FOR LOCATIONS WHERE PHYSICAL

CONDITIONS: PROHIBIT LARGE STATIONS P
OWNERS OF STANDARD EARTH STATIONS

COULD STIMULATE DEMAND FOR UNUSED CAPACITY

PLANNING STANDARD EARTH STATIONS

COMMITMENT TO EXTEND SERVICE TO ALL POSSIBLE USERS




INITIAL TRAFFIC FOR ECONOMIC OPERATION
\
(This figure trades off the reduced cost of a secondary

standard earth station against the increased relative
charge of the space segment.)

1 . i i 4 i 'I>:
POTENTIAL USERS AND TRAFFIC DEMAND

1
i
ok
=
i

Ocean Number of Telephone Population Distribution
Region, Potential

Areas <2,000 2,000-10,000 11,000-100,000
, (AT T Y e TR OV

Atlantic (500)

Indian (250)

T
o S

(75) )
fi L]
Pacific ; .St%ndar(

Initial Traffic

/
Note: Figures in parentheses are approximate potential

Secondaity v
traffic demand in next 5 years

_ Standard.
heed
; e

1 3 4

RELATIVE SPACE SEGMENT CHARGE FOR THE SECONDARY STANDARD

Cost Difference Between Standard and Non-Standard Earth
Stations = §1.5M

Traffic Growth Rate = 20%/Year

Reference Date: Year-End 1979

Space Segment Charge for Standard Earth Stations

$6,330 Per Annum/Half Circuit in 1980, Reducing to $4,100
Per Annum/Half Circuit in 1986 :

Discount Rate: 10% !




POSSIBLE CONTROLS

UPPER LIMIT ON NUMBER OF CIRCUITS

LIMIT ON PERIOD OF OPERATION

SPECIFIC AVAILABLE BANDWIDTH AND SATELLITE

LIMIT ON NUMBER OF DESTINATIONS
(FDM/FM/FDMA)

RELATIVE CHARGE

MORE EFFICIENT MODULATION/ACCESS TECHNIQUES

PROBABLE SECONDARY STANDARD EARTH

STATION: G/T = 31.7 dB/k

EXISTING

TOTAL
DOMESTIC SERVICE
INTERNATIONAL SERVICE

TTC&M

ANNOUNCED PLANS

TOTAL

42
28

24
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BANDWIDTH RESOURCE

HODUQATION/ACCBSS TECHNIQUES

STANDARD C.C.I.T.T. CHANNEL QUALITY
e FDM/FM/FDMA
e SCPC/FDMA
e PCM/Q°PSK
64 Kb/s

& UNCOMPANDED FM

NON-STANDARD CHANNEL QUALITY
e SCPC/FDMA
e COMPANDED FM
e VARIABLE SLOPE DELTA MOD
32 Kb/s

ORBIT/SPECTRUM UTILIZATION

e SMALL TERMINALS OPERATING WITH THE INTELSAT SYSTEM

e IMPACT ON OTHER INTELSAT SERVICES:

LIKELY TO PRODUCE MORE UPLINK INTERFERENCE
e CONTROLS:

' APPROVAL OF TRANSMISSION PLANS

OFF-AXIS E.I.R.P. DENSITY LIMIT

(FOR OPERATION WITH LEASED TRANSPONDERS:

20 dBW/AKHz IN THE DIRECTION OF NEIGHBORING

SATELLITE AT 3° OR 5°)

e SMALL TERMINALS OPERATING WITH OTHER SYSTEMS

e IMPACT ON INTELSAT SERVICES:
LIKELY TO PRODUCE LARGE INTERFERENCE

e CONTROLS:, .
.

e LIMITS:
C.C.I.R. RECOMMENDATIONS AND FINAL ACTS OF
THE W.A.R.C.
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ORBITAL SEPARATION (degrees)

UPLINK INTERFERENCE INTO MULTICARRIER
. FDM/FM

Power density limitation on small terminals in leased

transponder services.

DOWNLINK INTERFERENCE INTO MULTICARRIER FDM/FM

*




INTELSAT
SYSTEM CHARACTERISTICS ORBIT/SPECTRUM IMPLICATIONS

SATELLITE
LOW E.I.R.P. DENSITY LOW DOWNLINK INTERFERENCE

FOLOTHERRGIS LS LIKELY DIRECTIONS FOR DECISIONS AT THE

LOW RECEIVE GAIN HIGH IMMUNITY TO UPLINK 1979 W.A.R.C.

INTERFERENCE

EARTHTSTATION LIMITATIONS ON OFF-AXIS E.I.R.P. DENSITY

HIGH TRANSMIT GAIN LOW UPLINK INTERFERENCE
FOOTHER S8 8 GEGREGATION OF HIGH DENSITY (LOW DENSITY) CARRIERS

LOW NOISE TEMPERATURE SENSITIVE TO DOWNLINK IN PREFERRED REGIONS (OTHER REGIONS) OF THE

INTERFERENCE FROM OTHER SYSTEM . FREQUENCY BANDS

TRANSMISSION PLANS

VARIETY OF CARRIER SIZES MAXIMUM INTERFERENCE TO OTHER DEVELOPMENT OF REFERENCE ANTENNA PATTERNS FOR

SYSTEM BY HIGH DENSITY CARRIERS D/A SMALLER THAN 100

MAXIMUM SENSITIVI*Y TO

INTERFERENCE FOR SCPC AND PROTECTION RATIOS OR CRITERIA FOR INTERFERENCE

SMALUACARRIERS INTO MODULATION TECHNIQUES OTHER THAN FDM/FM

FLEXIBILITY IN FREQUENCY % IMPRACTICAL TO COORDINATE ON

PLANNING A CARRIER-BY-CARRIER BASIS

CONCLUSION

THE INTELSAT SYSTEM IS LIKELY TO CREATE LESS INTERFERENCE TO
SYSTEMS UTILIZING HIGHER SATELLITB E.I.R.P. AND SMALL TERMINALS
THAN VICE-VERSA.




APPENDIX K

TECHNO-ECONOMICS OF U.S. DOMESTIC SATELLITE
ORBIT-SPECTRUM UTILIZATION
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TECHNO-ECONOMICS OF U.S. DOMESTIC SATELLITE

ORBIT-SPECTRUM UTILIZATION

by

Steven P. Russell

DRAFT
) of %
_ Technical Report No. 3
COMMUNICATION SATELLITE PLANNING CENTER

Radioscience iaboratory
Stanford University
Stanford, California 94305

October 1975

e

INTRODUCTION . 4

The rapid growth of the U.S. domestic satellite inddstry has led to
s;me concern about the adequacy of the available orbit-spectrum to meet
thé demands that may be placed on it. In particular, considerable concern
has been expressed about the wisdom of permitting the use of 4.57-meter

ground stations given the fact that these are less directional than ground

stations of greater aperture and thus might require greater satellite

spacings than ground stations of greater aperture. Herein, we present a
summary of an analysis done at Stanford University of the problems posed
by the fact that the available orbit-spectrum is lﬂmited.l Particular

‘
attention is paid to the problem of regulating antenna upertute.2

1'l‘he study is being submitted as a doctoral dissertation in Electri-
cal Engineering at Stanford University.

zlt must be pointed out that many issues beside orbit-spectrum
conservation are involved in the question of allowing small ground
stations. Such issues include:

a) Whether or not "private" satellites and user-owned ground sta-

tions ought to be allowed.

b) Whether or not competition in the provision of various 'kinds of
satellite service ought to be allowed.

c) Whether or not the present rate base of established carriers
ought to be supported in the face of such radical technological
changes as end-to-end satellite service.

We believe that it is absolutely essential that these related issues
be addressed on their merits alone in proceedings separate from proceed-
ings on orbit-spectrum per se. Discussion of orbit-spectrum regulation
ought to stick to traditional spectrum management issues. Of course,
final policy on small ground stations, or any other specific problem,
must take account of all the relevant issues, but mixing issues while
analyzing them can only lead to confusion. Only questions of orbit-
spectrum utilization were examined in this study.
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The basic objective of. the analysis was to obtain a sound and
logical method for regulating the U.S. domestic satellite orbit-spectrum.
We believe that such regulation should be based on the following facts:

[ ] Even though the amount of spectrum available to the communica-
tion satellite services is limited, the amount of communication that can
be provided within the allocated spectrum given foreseeable technology
is much greater than conceivable needs.

. Consequently, the only unavoidable impact of the spectrum
limitation is that costs are imposed on society that would not be imposed
if spectrum were unlimited. ‘

We believe that the objective of regulation ought to be to minimize
;those extra costs. This objective is best attained by taking the spec-
trum saving measures that minimize doliars spent per unit spectrum saved,
and by delaying investment in spectrum saving measures until they are
needed. The analysis sunmai:ig.ed here conforms to these principles. Key

! results include:

o Major investment in spectrum saving measures are not needed
now and should not be made.

[ When spectrum saving measures are needed, it is the communica-
tion satellite systems with few ground stations carrying a lot of traffic
that ought to take these measures. It.is these systems that need spend
the fewest additional dollars per unit spectrum gaved.

° Conversely, prohibiting small aperture ground stations is an
inefficient way of conserving spectrum because it is enormously more

expensive per unit spectrum saved than other methods.

’

[ The latter two statements are reflections of the fact thatv
the ratio between investment in communication satellite sy;tem hard-
ware and spectrum used is far higher for small aperture systems than
it is for systéms with large ground stations carrying heavy traffic.

The development of these results is fully discussed in the complete
analysis. This summary presents the viewpoint adopted to attack the
pkoblems posed by the orbit-spectrum limitation, the major conclusions
reached as outlined in the above statement, and quantitative illustration
of the major conclusions. The reader who desires a full discussion of

the techriiques employed in the analysis for the purposes of a detailed
!

critical assessment of the analysis'may consult the full text of the

analysis itself.




ORBIT-SPECTRUM REGULATION: A VIEWPOINT
'

Through use of advanced spectrum conservation an§ re-use technologies,
a very large amount of communication (as measured in erlangs of traffic or
number of channels) may be provided in the bands allocated to communication
satellite service. This quantity of satellite communication, which is
. possible by virtue of the use of all available technological advances, is
far in excess of projected needs.3 Further, many other alternatives to
_microwave satellite communications exist.4 Consequently, the limited
availability of orbit-spectrum does not require that all available spec-
t;um conéervation and re-use techniques be used. Only a subset that meets
the forecast requirements need be used. We believe that the subset chosen
should be the least expensive combination of techniques, and that the
objective of orbit-spectrum regulation ought to be to minimize the addi-
‘ tional costs for communication imposed on society that would not be im-
posed if the orbit-spectrum were not 1imited:
As this point is important and is somewhat novel, it bears amplifi-
cation. Reinhart [1] stated the goals of orbit-spectrum regulation thus:

Most fundamentally, the objectives are to permit the systems
of all nations and services that are authorized to share a given

3Satellites could be spaced 1° apart in the 20 and 30 GHz band, and
frequencies could be re-used tens of times through employment of spot
beams. Through these mecans, a few tens of millions of simultaneous
telephone conversations could be carried. This would be expensive, and
it would require solution of significant technical problems. Neverthe-
less, such large orbit capacities are no doubt technically feasible.

4The terrestrial technologies of millimeter waveguide and optical
waveguide have been advancing rapidly. The dcbate over the relative
economics -of catellites and coaxial cable continues. Finally, optical
or millimetcr wave ground-satellite links are a possibility.

allocation to satisfy the total communication nced for which
the allocation was established without causing excessive
intersystem intcrference. \
Ideally, the objectives of an intcrsystem orbit-spectrum
sharing strategy would also include the following points:

1. Ensurc reasonably efficient utilization of the
orbit-spectrum resource by the systems of each
service.

Ensure that systems of each service and nation
will have access to a share of this resource
proportional to its foreseeable needs.

Permit each service to grow at its own pace and
with as much design independence as is consistent
with objectives 1 and 2.

4. Equalize and, to the extent possible, minimize the
economic impact of sharing on each service.

Except for a change in emphasis, we substantially agree with this

il

excellent statement of the objectivés of orbit-spectrum management. We

would emphasize, however, economic measures of the effectiveness of

policy rather than technical measures of effectiveness. We believe that,
for a given mix of communication services, "reasonably efficient utiliza-
tion of the orbit-spectrum resource” o;ght to mean utilization that
minimizes the cost of providing that mix of services. We believe that
wexcessive intersystem interference" ought to mean interference thaé im=-
poses more costs on all systems in the aggregate than is necessary. Since
the coordination that would be required by some policies can in itself

impose significant costs, we agree with Reinhart's statement that policy

. should "permit each seryice to grow at its own pace and with as much

design independence as is consistent® with the fundamental goal of

economic efficiency in a dynamic, growing industry.5

Swe also_agree with the sentiment behind Reinhart's point 4; we
agree that it is important to be fair and to avoid arbitrary decisions.
We would, however, rephrase the point to read, *Minimize and, to the
extent possible, equalize the ecconomic impact of sharing on each service."

5




Debates over spectrum policy occasionally include discussion of
the social worth of the various contending services. It may be arqued
that one service may be more valuable than another in a social sense,
and hence that it should be given preferential access to spectrum so
that some essential form of communication will not be denied the public.
Such discussions need not enter the deliberation over orbit-spectrum
policy since all demands can be met within the available orbit-spectrum.6
Reinhart [1] points out many ways in which the capacity of the
orbit, as calculated by him, can be doubled and redoubled; by considering
. technologies that he did not include in his study, we have found addi-
tional ones. It seems to us that the major factor limiting the capacity
of the available orbit-spectrum is the cost of increasingly sophisticated
technologies for dealing with orbit-spectrum shortage and .the attendant
inter-system interference. The orbit-spectrum shortage does not make
‘itself felt by challenging vur technical ability to meet growing commun-
ication needs; it makes itself felt by forcing the expenditure or funds

both to limit interference and spectrum use and to deal with interference.

6Since there is no neced to divide a limited amount of communications
capacity among competing claimants, there is no need to consider the
social worth of what each of the claimants has to communicate. Worth of
service should not be part of the scales that are used to weigh the
claims of the various parties because the technical ability to provide
service is not in question. The essential question should b&, “How do
various forms of orbit-spectrum management increase the costs of the
parties involved?" If the answer to this question is ever completely
understood, then study of the technical problems of the orbit-spectrum
limitation has nothing more to offer.

The objection might be raised that these expenditures coula raise
the cost of some socially desirable services to "unreasonable" levels,
even though the aggregate level of these expenditures is minimized. In
essenc;, this is arguing that some service should be subsidized for
social reasons. We believe that such subsidy should be considered out-
side the realm of orbit-spectrum regulation. Subsidy and orbit-spectrum
management are separate issues. The former seeks development of a
socially beneficial mix of services; the latter seeks minimization of
the total cost of dealing with the orbit-spectrum limitation.

Consequently, an economic measure of policy effectiveness can avoid
th; "social benefits" quagmire. Policies and strategies for orbit-
‘spectrum management in meeting lncreaginq communication demands can be
judged on an objective basis: their effect on communications costs. To
reiterate, we believe that the goal of orbit-spectrum policy should be
to minimize these costs for society as a whole. Equivalently, the goal

of policy ought to be to minimize the total cost of dealing with the

orbit-spectrum limitation while meeting the communication demands of the
society.

Since the available quantity of orbit-spectrum is limited, policy
clearly must limit the amount that each user occupies. The main techni-

_cal question is deciding the form that these limits should take.

In answering this question, we believe that it is vital to avoid
confusing the need for conserving depletable resources, such as oil,
with the need far managing non-depletable resources, ;uch as spectrum.
Inhibiting the use of spectrum today in no sense increases the amount

available for use tomorrow. Indeed, a realistic view is that since

.




time is one dimension of spectrum, spectrum is instantaneously lost Qnd
recreated at a constant rate. Spectrum is a flow resource; spectrum not
used today is forever wasted. _Resource not used at any instant is gone
and cannot be reclaimed.
Reinhart [1] has suggested a strategy to take advantage of the non-
depletable property of orbit: -wctrum:
...it should be nc¢: i that a sharing strategy might
include a sequence of d: :ign constraints to be applied
progressively as the total number and diversity of active
systems grows in time. The guideline here would be to
constrain each new system only to the extent required for
tve maximum degree of sharing anticipated during its life-
time.
Such a strategy of imposing successively tighter limits on spectrum
use would have several advantages over a “static" strategy:
° Sharing tactics can more readily take advantage of technical
advances, thus lowering the cost of achieving a given level
of sharing.
Use can be made of spectrum that would lie vacant under a
“static" strategy.
The investment required to achieve a given level of sharing
could be delayed, thus lowering the costs of such investment
as discounted to present value.
The sharing tactics adopted could be adapted to the actual
mix of services rather than being ased on a forecast of
this mix.
However, as Reinhart states, "An obvious problem in the practical

application qf such a phased strategy is its tequireﬁent for accurate

long-range predictions of future systems growth" (to determine the

maximum degree of sharing required during the lifetime of eaéh systcm).7
In short, a strategy of progressive sharing has many advantages, but
some means must be used to deal with risks and future uncertainty. The
alt;rnative to a strategy of progressive sharing is to reserve, at the
outset, orbit-spectrum for future grouth.e In a sense, this alternative
begs the question as one must still predict long-range growth to deter-
mine how much orbit-spectrum to reserve.

In any case, we believe that the nature of the sharing tactics that
should be adopted are independent of which of the above alternatives is

chosen. We have argued that the goal ‘of orbit-spectrum policy ought to

b; minimization of the total cost of dealing with the orbit-spectrum

limitation, while meeting the communication demands of society. It

follows that when orbit-spectrum is either vacated or reserved, this

7Anothcr objection may be as follows: since in fact it is very
difficult to reduce a user's spectrum assignment once spectrum has been
assigned to that user, we must reserve spectrum for future needs so as
to avoid so-called "grandfathering."™ The channel splitting that has
been used to multiply the number of aeronautical and land mobile radio
channels shows that re-assignment of spectrum is possible, but the dif-
ficulties must not be underestimated. We will not address the adminis-
trative problems posed by grandfathering; here we wish merely to provide
an unbiased assessment of the technical and economic factors. The actual
formulation of policy must necessarily be a compromisc between the ideal
and the possible given administrative and political constraints.

BAs Reinhart has shown [1], the satellites that will occupy the
reserved arc should be as homogeneous as possible. Thus, if arc is
reserved for future use, the reservations should be made on the basis
of the technical characteristics of the satellites for which the arc is
being reserved. The reservation should not be made on the basis of the
type of service to be provided or the type of user obtaining the service.




"conservation" ought to be done in the cheapest way possible. Orbit-
spectrum use ought to be restricted in a way that minimizes the dollars
sﬁent per unit of orbit-spectrum vacated or reserved. If the various
sharing tactics involve different expenditures at different times, then
the costs of these tactics can be compared by discounting them to present
value.9

In sum, the point of view is as follows: ORBIT-SPECTRUM POLICY
OUGHT TO FOCUS ON MINIMIZING THE ECONOMIC IMPACT OF THE ORBIT-SPECTRUM
LIMITATION THROUGH EMPLOYMENT OF EFFECTIVE TECHNICAL MEANS. THE BESl'l'
MEASURE OF EFFECTIVENESS IS THE COST OF SPECTRUM SAVINGS DISCOUNTED TO
PRESENT VALUE DIVIDED BY THE ORBIT-SPECTRUM SAVED. We have called this

ratio the "normalized cost of spectrum savings."

9'rhe difference between depreciation accounting and capital budget-
ing must be kept clearly in mind. The latter is used in planning expen-
diturcs; the former is used in allocating sunk costs. The intcrest rate
for the latter reflects risk, availability of alternat#ve investments,
and the cost of capital; the deprcciation rate for the former reflects
assct lifetimes, taxes, and tariff setting. It could make perfect sense
to analyze a proposed investment using 50¢ discount rate, but depreciate
* the investment after it is made at a 4% annual rate.
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IMMEDIATE CONSEQUENCES

The above viewpoint leads to two immediate consequences. These are
given below. The first has to do with the timing of measures to conserve
spectrum.

INVESTMENT IN SPECTRUM SAVING TECHNOLOGY SHOULD BE DELAYED

UNTIL IT COSTS MORE TO DELAY THAN IT DOES TO INSTALL, WHERE

ALL COSTS ARE DISCOUNTED TO PRESENT VALUE.

Because of the discount rate that should be used in the capital
budgeting decisions, it is generally economic to conserve capital by

installing spectrum conserving hardware only when it is necessary, even

if a substantial penalty must be paid in the retrofit: it is better

policy to invest in a cheap system when orbit-spectrum is plentiful and
to retrofit later when orbit-spectrum is in greater demand than it is

to invest in an expensive system initially.lo Investment should not be

1oFor example, large users should be allowed to install multi-channel
per carrier FM/FDM equipment now, even though other modulations would use
spectrum more efficiently. (Both Single Channel per Carrier FM and Digi-
tal Speech Interpolation are more efficient; they are discussed later.)
When spectrum becomes more valuable in the future, the large users may
retrofit. Such a strategy is considerably cheaper than having large
users install these newer technologies now.

The retrofit:itself would leave most of the installed equipment
intact. Further, it may be possible to install the more efficient modu-
lations as 'the older equipment nears the end of its life. Thus, a retro-
fit could involve merely replacing equipment that would have to be re-
placed in any case. ;

Finally, this example illustrates the essential role of technical
change in orbit-spectrum management. With the passage of time, more
effective satellite technologies should become available at less cost.

It may pay to maintain flexibility in order to ecxploit these developments.
Thus, although we used an interest rate of 10% in our calculations of
present worth, a higher interest ratc may well be appropriate. An in-
tercst rate of 10% is appropriate for stabilized tcchnologics; a higher
rate would reflect the uncertainties of technological change.




made now in anticipation of later scarcity. Rather, the scarcity should

be dealt with as it atises.11

The second immediate conclusion specifies a method for selecting
the systém to take spectrum conservation measures when such measures are
.required.

THE SYSTEM THAT OUGHT TO BE REQUIRED TO TAKE ORBIT-SPECTRUM

CONSERVATION MEASURES IS THE SYSTEM THAT CAN SAVE THE MOST

SPECTRUM PER DOLLAR SPENT. THE MEASURE THAT OUGHT TO BE TAKBM

BY THAT SYSTEM IS THE ONE THAT SAVES THE MOST SPECTRUM PER

DOLLAR.l2

This consequence follows immediately because the normalized cost of

orbit-spectrum savings is least for this system and this measure.

11Users should be warned that spectral rights are not granted in
perpetuity. New restrictions and orders will be issued as conditions
warrant. However, the general nature of probable new restrictions and
orders should be specified well in advance so that realistic planning
can be done by the users, and so that the necessary investment capital
may be attracted.

12For example, suppose that a candidate satellite system must reduce
its consumption of orbit spectrum. Imagine that the system now uses one
satellite, requires 4° spacing, and does not employ cross-polarized fre-
quency re-use. 500 MHz of bandwidth are occupied. A new modulation
technology would require an incremental investment of 10 million dollars
and would reduce bandwidth occupancy to 450 MHz: 200 MHz-degree of
orbit-spectrum are saved at a cost of five million dollars per GHz-degree.
A sidelobe suppression technology would cost two million dollars and
would cut required satellite spacing to 2°. One GHz-degree is saved at
a cost of two million dollars per GHz-degree. Therefore, the latter
alternative should be chosen, even though the increment of expenditure
is larger. The spectral saving that a dollar can buy is greater in the
latter case than in the former: the normalized incremental cost is less
in the latter case than in the former. -

13It'niqh; seem that it is not "fair" to thus single out one system
and requirc it to bear the brunt of spectrum conservation. Fairness in
the strict lecgal sensc of due process ought to be accorded all parties

12

immediately affected by requlation, but fairness in the sense of watch-
ing out for everybody's best interest can only apply to U.S. society as

-a whole. If investment capital is to be attracted, a reasonably stable

and predictable requlatory climate must be assured. But stability has
nothing to do with equalizing the economic impact of the orbit=-spectrum
limitation on all services solely for the sake of equalization. We

* believe that it is the economic impact on the public that ought to be

of concern. The particular parties being regulated must be regarded as
concessionaires, and all decisions must be made with only the public's
best interests at heart.

The approach that we adopted, if followed in detail, would yield
the same technical outcome as the ideal theoretical shadow pricing
scheme. The same conservation measures and timing would be adopted in
each case, and the total cost of dealing with the spectrum limitation
would be the same in each case. Thus, from the standpoint of aggregate
costs, our approach is optimum. However, an advantage of the ideal
theoretical shadow pricing scheme is that the costs of dealing with the
spectrum limitation arc equitably distributed amongst the various ser-
vices. Each pays for the spectrum he uses. Our approach does not yield
this result. However, most of the services that will use satellites
will serve the public at large. Thus, no single group will be signifi-
cantly hurt by the uneven distribution of the costs of dealing with the
orbit-spectrum limitation. The aggregate cost to the public is minimized,
and those providing each service will compete under equal terms.




RANKING THE ALTERNATIVES

The foregoing discussions laid out the principles upon which orbit-
spectrum policy ought to be based. Using these principles, we evaluated
various strategies for dealing with the orbit-spectrum limitation. This
section briefly describes the process of evaluation; much detail is
relegated to tables. Following this section, we discuss the conclusions
;e reached, referring to examples drawn from this section. Finally, a
recapitulation of the essential aspects of the study is given.

Strategies for dealing with the orbit-spectrum limitation were
.evaluated by examining the spectrum saving technical alternatives open
to the different kinds of satellite services, and ranking these alterna-
tives according to the principles that have been given above.

We hypothesized a variety of satellite system configurations; each
configuration represented a satellite service carrying a certain amount
of erlangs or channels of tr;ffic and having a certain number of ground
stations. For each configuration, we estimated the cost and spectrum
ﬁsed as a function of the various technical alternative; that might be
employed to reduce cost or to reduce spectrum use. (Thus, we were able
to calculate the normalized cost of orbit-spectrum saving for each con-
4f1guraticn assumed.) Next, we found the important parameters that con-
trol the major aspects of the relationships among cost, spectrum use,
system configuration, and technical alternative adopted. This data was

~ distilled to find general characteristics of those configurations and
alternatives that can (cost-) effectively reduce sséctrum use and those
éhat cannot. .This list of general characteristics was one of the major

objectives of the study.

The full analysis used many configurations and variations in as-
sumptions. Here, the process used in the analysis is -illuminated with

but four examples. This preserves the essential character of the analysis

without drowning it in detail. Two examples are from the television

distribution satellite service; two are from the telephone satellite

service. Their characteristics are listed in the chart below.

CHARACTERISTICS OF
FIXED SATELLITE AND BROADCAST SATELLITE SERVICES

Fixed Satellite Broadcast Satellite

™V

+S i i i
No.Stations | Erlangs/Station| Receive Only| Transmit Channels

1000

1

For each of the configurations, we evaluated numerous technical
alternatives for reducing spectral use, including various combinations
of modulations, cross-polarized frequency re-use, reduction in satellite

spacings, use of 4 and 6 GHz, use of 12 and ‘14 GHz, use of 20 and 30 GHz

with spot beams, and use of terrestrial communication links. A listing

and discussion of these various means is given in Tables 1 through S.

Two points from these tables must be given prominent mention since they
are at variance with commonly held opinions. FPirst, as in Table 1, small
aperturc antennas can easily mcct the FCC sidelobe pattern specification

(Sidelobes < 32 - 25 log 6 dBi). Second, as in Table 3, single-channel-

15




TABLE 1
SATELLITE SPACING AND SIDELOBE LEVEL REDUCTION

TABLE 2
SPECTRAL RE-USE; 12 and 14 GHz; 20 and 30 GHz

Main Ideas: The FCC standards on sidelobe levels are achievable with
small aperture ground stations; two degree satellite spacings are
possible with small ground stations. There is no fixed relation-
ship between a satellite spacing and the antenna diameter optimum

for that spacing.

Pointf}: The following sidelobe performances can be achieved. The
igures are taken fro i
2 ar m a report done by Stanford University for

FCC Standard: Sidelobe level relative to isotropic
Level < 32 - 25 logy 0, 8 in degrees from center (dBi)

Achievable: with prime focus feed dish, 9 dB illumination
taper center to edge

Level £ 29 - 25 logy 6 (dBi)

Point 2: Carrier to Interference levels are shown below for the above
patterns as a function of satellite spacing. 3.2-meter and
4.§-r;§ter antennas are examined. Equally spaced homogeneous
satellites are assumed. These levels are calcul
the transmit frequency. I A e

FCC
3.2-meter)

Achievable

FCC
4.6-meter}

Achievable

C/I levels  (dB)

Notg: Recent data we are now incor i
e porating in this study show
even better C/I ratios are achicvable. ¥ o

Main Tdcas: There arc many ways in which spectrum may be re-uscd, or
in which higher frequency bands may be used, but the impact on
total system costs can be significant.

Point 1: Our data on cross-polarized frequency re-use indicates
that the following isolations can be achieved between beams:
METHOD COST/STATION C/] at 6 GHz
Tracking feed ~ $100,000 30 as
Fixed feed ~ $3,000 20 dB

Point 2: A system designed for use at frequencies higher than 4 to
6 GHz will be more expensive than the same system designed for 4 and
6 GHz. Reasons are: Increased rain margins are needed, finer
machining tolerances are required because of the shorter wavelengths,
and preamplifier noise tempcratures are higher. In the continental
U.5., additional margins of up to 10 dB and perhaps more might be

required.

Point 3: Space diversity can be employed to reduce the size of the
extra margin required at the high frequencies. Space diversity can
be expensive because the carth station expense is nearly doubled,
and terrestrial communication links must be provided. Our data
indicates that the margins listed above can be reduced by the fol-

lowing amounts when space diversity of greater than 20 miles is
employed (3].

Frequency Fade Depth with no Diversity Diversity Gain
4 dB 3ds
8 dB 6 dB
12 a8 9 as
16 48 12 dB
20 dB 15 dB

Point 4: Frequency re-use through employment of spot beams is more
difficult for domestic systems than for international systcms be-
cause of the smaller arcas involved. MNevertheless, at the higher
frequencics spot beams may be attractive. Frequency may be re-used
two to three times at 12 and 14 Gliz, and up to 10 times at 20 and
30 Gliz with reasonably sized launch vechicles. The primary penalty
paid for spot beams is increased satcllite cost. it is important
to note that spot beams may be very attractive to tclephony systems
carrying a great deal of traffic. Through usc of spot becams, the
utilization at the satcllite and ground stations may be greatly in-
creascd, resulting in significant cconomies. For vxample, onc 20
and 30 Gllz satcllite operaing with 6 spot beams could provide rouqhly
2.5 Gliz of handwidth to cach of six ground stations; presently six
gropnd stations must §l_|___ one Gliz of bandwidth. (500 Milz with
polarization re-use yiclds about one Gliz of uscful bandwidth.)

17




TABLE 3 : TABLE 4
TELEPHONY MODULATIONS AND CODING TELEVISION MODULATIONS AND CODING

Main Idea: Practical modulations that use bandwidth -
—_— * muchimare effi Main Points: Major savings in the bandwidths required for television

ciently than conventional Multi-Channel Per C i . : t
4 arrier FM are available transmission are possible but are not certain. Costs especially

are uncertain. This is typical of technological advance; both

Discussion: Until recently, Multi-Channel Per Carrier FM/FDM modulation uncertainties and possible benefits are high.

was used on almost all satellite communication systems, the SPADE

4system of COMSAT being a notable exception. However, other modula-

tions are making rapid progress.
Discussion: Encouraging work is proceedin t NASA Ames and
Single-Channel-Per-Carrier compandered FM with voice 2ascussion 989 E i esindiother
la n television data compression through transform codi
activated carriers was recently specified for the Alaskan bush placenio P 9 ok nd
techniques. * NASA Ames has built a real time Hadamard dat. -
system. This modulation uses both power and bandwidth much more g o e
X or, and reports that data rates as low as 10 Mb n be
efficiently than does MCPC FM/FDM when only a few voice channels it L3 g ERAy
) achieved for black and white television with no perceptible
are to be transmitted. For very large numbers of voice channels, . L
2 3 ‘degradation. This is a compression of over five to one. Color
the performance gap narrows. A detailed comparison of the two was
television should require data rates that are somewhat higher.
conducted by Carl Mitchell [4]; data from that comparison are
y The estimated cost of the present coder is roughly
included in the table below.

g y $30,000; in the future, this could drop considerably.
COMSAT Laboratories has developed a digital coding technique

for large numbers of voice channels that looks very attractive.

Called Digital Speech Interpolation (DSI), it is a technique similar

+ to the TASI system used in undersea cable but is based on DPCM rather
than AM. Essentially, DSI achieves a doubling in channel uti;ization
by transmitting data for a voice channel only when a speaker is active.
DSI can work with any digital modulation; in the table below it is
shown with bandlimited QPSK.

RF Bandwidth and C/kT (dB) Required Per Channel
12 channels 1000 channels

FM/FDM 100 kHz, 70.0 dB 36 kHz, 63.0 dB

SCPC FM 32 kHz, 54.5 dB 32 kHz, 54.5 dB

DSI-QPSK L 24 xHz, 55.0 dB




TABLE 5
TERRESTRIAL ALTERNATIVES

Main Ideas:

1.

Terrestrial coumunication pathways exhibit
very great economies of scale: As the
initial costs of a terrestrial pathway are
high, but the incremental cost of additional
circuits is very low, the cost per circuit
drops almost inversely with the number of

circuits.

For a given number of circuits, there is some
distance below which the terrestrial paths
are cheaper and above which the satellite
paths tend to be cheaper. This threshold
distance increases as the number of circuits

increases.

Finally, technical advance has in the past
dramatically lowered the cost of terrestrial
long-haul facilities, and we can expect this
trend to continue.

per-carrier FM for telephony uses less bandwidth per channel than does
multi-channel-per-carrier FM/FDM, and also usually uses i:onsiderahly less
ntelutg power per channel. (Large stations use MCPC FM/FDM now because
the equipment is cheaper and the SCPC gear has become available only
vecently.)

A computer program was used to aid in the evaluation of each of the
many technical alternatives. For the interested reader, the program and
its assumptions are outlined in Table 6. (A full discussion of .the com-
puter models is contained in the complete analysis.) Basically, however,
the computer program does the following: A set of technicul. alternatives,

including satellite spacing, is assumed. Adjacent éystm interference is

.ca'lculated by assuming that all the adjacent satellites are associated

14

with systems having characteristics identical to the system being modeled.

The lowest cost combination of hardware to satisfy the performance objec-
tives is then found by exhaustive search. The spectrum used is calculated
from the bandwidth occupied and the satellite spacing assumed. The
functional relationships among cost, spectrum used, and the technical
alternative assumed are thus built up and are printed for study.

When the various technical alternatives are evaluated as above, it

becomes obvious that®'some of the alternatives are inferior to others

‘from the twin standpoints of cost and spectral utilization. In most

“’rhis is Reinhart's "homogeneous" case. In the complete analysis,
the problems of nonhomogeneities are analyzed and are found not to affect
the conclusions presented in this paper. In fact, the conclusions pre-
sented here were found to be very robust and to depend only on the most
gross features of the input data. Even fairly major variations in the
input data and assumptions had no impact on the conclusions.
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TABLE 6
COMPUTER PROGRAM TO AID IN RANKING TECHNICAL ALTERNATIVES

TUCICIICAL ALTERUATIVE

Configuration 1 Alternative A
Alternative B

These relationships were ured to find the cost of spectral saving and how this cost depends on
both the technical means uscd to save spectrun and the conflquration of the satellite system
that {s doing the zaving. The injut to the Progran were the satellite systom configuration and
& 1ist of alternatives; output wore the corresponding costs and quantities of spectrum used.

Discussion: The satellite system configuration was defined by the number of ground station sites required,
the type and Intensity of system traffic, and the required link roliability. The technical alternatives

were defincd by cpacilying a cosbination of coding, modulation, multiple-access, satellite spacing, frequency

band, and froquency re-use plans frequency re-use options include no re-vse, reuse Lhrough orthojonally
polarized carricrs, and re-use throush spot bears. A configuration and technical alternatives wore input to
the program: froa thom, the spectrum requirement and the minimum €ost system are found by the program as
deccribed below.

The spectrum requircment is found directly from the technical alternative assumed. The combi-
nation of coding, medulation, and ewltipl & i the total b requirement; the frequency
how this b h will be
®ots and the satellite spacing dotermines the orbital arc required.

band selccted and the frequency re-use options sel d o

The minimum cost system is found by first calculating the link requircmonts as dictated by the
technical alternative assuned. . The lowost cost means of mecting this link requirement is then found by a
process of exhaustive search over the available hardwarc altermatives. The scarch demands calculation of
both & nolse budjet and a total cost figure for each collection of hardware considered. (The nolise budget
4% used to deternine if the link requirements are ret.) MNardwaro elcmonts considered are: coding, modula-
tlon, and sultiple-access duvices at both the transnitting and recciving ends, transmitting and receiving
antennas of varfous diamaters, crose-polarized capability, and sidelobe pecformances (Lhere are bricfly
discussed in Table 1), high-jowercd amplifiers at the transmitting end of various saturated outputs, low-
nolse amplificrs at the recciving end of various system nolse temperatures, and satellites posscssing
varfous levels of ElkP, polarized capability and other rc-use options., A 924
learning curve ‘§s arplied to the capital cost of the various itoms, and OsM costs #re discounted to prescnt
value,
% : Wolses taken Into account in finding the nolse budgets arer intermodulation noise in the
wplink anplificr, adjacont system noise in the vplink, satellite receiver thermal noise (assumcd to be a
1200 degree syctem tesperature), satollite intermodulation noise, adjacent @tcllltn noise in the downlink,

and thormal nojue in the downlink recelving amplifior, and noisc (rom cross-polarized carriers in both the
vplinke and downlinks. Satcllile back-off and transponder bandwidh are both variable, Adjacent system
Interference §s calculated by arsuming that the orbital arc is filled with uniformly spaced satcllites that
are arsociated with systema having characteristics ideatical to the system being modeled, A link margin in
applied to the nolscs of thermal origin, «nd a scparate margin is applied to the interference molsen, The
latter margin rerves two purposes: it functions both as a real margin and as a Mictor to allow for the non-
tharmal characteristic of the Intorference.

TABLE 7

TRUNK TELEPIIONY ALTERNATIVES

Telephony

4 Ground Stations

1,000 Erlangs generated at each station

ALTERNATIVE

SPECTRUM USED

SPECTRUM/ERLANG

4 degree satellite
spacing; XPOL re-
use; MCPC FM/FDM
at threshold

5 degree spacing;
XPOL re-use;
DSI QPSK

+4 degree spacing;

XPOL re-use;
DSI QPSK

3 degree spacing;
XPOL re-use;
DSI QPSK

2 degree spacing;
XPOL re-use;
DSI QPSK

1 GHz-degree

400 MHz-degree

320 MHz-degree

240 MHz-degree .

160 MHz-degree

240 kHz-degree

100 kHz-degree

80 kHz-degree

60 kHz-degree

40 kHz-degree

$53.4 million

$21.0 million

$21.48 million

$21.5 million

$23.6 million

NOTE: These costs are preliminary, but serve to illustrate the

principles of our approach.
being incorporated in the analysis.

More accurate cost data is now
Weé do not expect that

the basic conclusions of this study will be changed by the

new data.




TABLE 8

THIN ROUTE TELEPHONY ALTERNATIVES

Telephony
1,000 Ground Stations
One Erlang/Ground Station

ALTERNATIVE

SPECTRUM USED

SPECTRUM/ERLANG

COST

5° satellite spacing;
SCPC FM g

4° satellite spacing;
SCPC FM

4° satellite spacing:
SCPC FM

2° satellite spacing;
SCPC FM

300 MHz/degree
240 MHz-degree

180 MHz-degree

120 MHz-degree

300 kHz-degree

240 kHz-degree

180 kHz-degree

120 kHz-degree

$48.4 million

$51.7 million

$54.0 million

$59.1 million

NOTE: These costs are preliminary, but serve to illustrate the principles
More accurate cost data is now being incorporated

We do not expect that the basic conclusions of

of our approach.

in the analysis.

the study will be changed by the new data.

TELEVISION DISTRIBUTION WITH 100 GROUND STATIONS;

TABLE 9

ALTERNATIVES

2 Transmit Stations
100 Receive Only Stations

4 Channels Transmitted by the Satellite

ALTERNATIVE

SPECTRUM USED

SPECTRUM/CHANNEL COST

40 MHz FM
5° satellite spacing

40 MHz FM
4° satellite spacing

40 MHz FM
3° satellite spacing

40 MHz FM
2° satellite spacing

Hadamard data compression
Rate: 3/4 coded QPSK
3° satellite spacing

Hadamard data compression
Rate: 3/4 coded QPSK
2° satellite spacing

NOTE:

B00 MHz-degree

640 MHz-degree

480 MHz-degree

320 MHz-degree

192 MHz-degree

128 MHz-degree

200 MHz-degree

160 MHz-degree

120 MHz-degree

80 MHz-degree

48 MHz-degree

32 MHz-degree

$25.8 million

$26.0 million

.

$26.6 million

$28.0 million

$29.8 million

$30.0 million

These costg are preliminary but serve- to illustrate the
principles of our approach.
now being incorporated in the analysis.

More accurate cost data is
We do not expect

that the basic conlcusions of the study will be changed

by the ncw data.




TABLE 10
’
TELEVISION DISTRIBUTION WITH 1,000 GROUND STATIONS: ALTERNATIVES

2 Transmit Stations
1,000 Receive Only Stations
4 Channels Transmitted by the Satellite

ALTERNATIVE SPECTRUM USED- SPECTRUM/CHANNEL COST

. 40 MHz FM
5° satellite spacing

MHz FM
satellite spacing

MHz FM
satdllite spacing

MHz 'FM
satellite spacing

!
Hadamard data compression

Rate: 3/4 coded QPSK 128 MHz-degree 48 MHz-degree $79.8 million

3° satellite spacing

NOTE: These costs are preliminary, but serve to illustrate the
'brinciples of our approach. More accurate cost data is
now being incorporated in the analysis. We do not expect
that the basic conclusions of this study will be cpanged
by the new data.

800 MHz-degree 200 MHz-degree $49.4 million

640 MHz-degree 160 MHz-degree $49.6 million

480 MHz-degree 120 MHz-degree $54.6 million

320 MHz-degree 80 MHz-degree $63.8 million

.

cases, these alternatives would never be adopted, and can be ignored

# \
in further analysis. Tables 7 through 10 list the alternatives that

. remain for each of the examples, showing also the cost and the spectrum

used. Link calculations and the cost breakdowns for each of the more
important alternatives are given in the appendix.

The data on cost and spectrum utilization can be graphed as in
Figures 1 through 4. From these graphs, finally, the costs of spectrum
saving can be calculated. These normalized costs, upon which spectrum
saving decisions ought to be based, are given in Figures 5 through 8.
For purposes of comparison and for later reference, the ratio between
invesyngnt and spectrum used is also plotted in Pigures 5 through 8.
The tables and figures are the sort of data from which the conclusions

of thig study were drawn.
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CONCLUSIONS FROM THE RANKING
'

The first actions that should be taken are those that have the

lowest normalized cost: those that cost the fewest dollars per GHz-

$90 million/GHz-degree
$3.1 million/Clz~dagree

$21.5 millien

240 Miz~degree

degree saved. The normalized cpsts of various technical alternatives

were ranked in Figs. 5 through 8; in Fig. 9 the most attractive alter-

THIRD ASTICN
Digital Speech Interpolatien;
QPSK; Frequency re-use through
orthogonal polarization;

3* satellite spacing

natives are displayed in the order in which they should be taken. The

These costs are pre=
liminary, but scrve to

{llustrate the principles

of our approach.

conclusions from the study are illuminated with the aid of these figures.

NotE:

First Conclusion: WHEN SPECTRUM SAVING MEASURES ARE NEEDED, IT IS THE

$26 million

640 Gliz~degree
$49.6 million
640 MHz-dogree

COMMUNICATION SATELLITE SYSTEMS WITH FEW GROUND STATIONS, EACH CARRYING

6 channals

$40.6 million/Cliz-degres

$77.3 milllon/CHa~degrea

§1.2 milllon/Qlz-degree

40 iz MM television
4% satellite spacing
40 Mz rM television

4* satcllite spacing

A LOT OF TRAFFIC, THAT OUGHT TO TAKE THESE MEASURES.

This is most easily seen by comparing the two telephony examples in

Figs.5&6. The system with four ground stations ought to take spectrum

The cost

" saving measures before the system with 1000 ground stations.

SPECTRUM CONSERVATION ACTIONS

of saving spectrum is3.1* million dollars per GHz-degree for the former

5* satellite

- and 47*million dollars per GHz-degree for the latter. Briefly, the

3,300 erlangs
$48.4 million
300 Miz-degree
S channels
$25.8 million
800 Miz-degree
$ channels
$49.4 milllon
000 Mita~degres
Fig. 9.

don;

reason is that it is better to spend a moderate amount of money at a

DMCROWDED SITUATION
Digital Speech Interpolation;
$52.5 million/Cliz~dogree

$21 million

$161 million/Clz~degree

$32.3 million/GHe~degree
961.8 nillion/CHz~degres

$* satellite spacing

Single-Channel=Fer-Carrier FM

QPSX; Frequency re-use through
orthogonal polarization;

$* satellite spacing

with corpandering and voice
$* satellite spacing

40 Mtz M telovision

actiya

spacing

few places to save a lot of spectrum than it is to spend a little money

at each of very many places to save a little spectrum. A dollar spent

at a ground station of the "trunk" system affects 1000 erlangs of traffic;

a dollar spent at the thin route system affects only one erléng. This

Television Distridution |40 ¥z PN television

100 Ground Stations

Television Distribution

Investrent/Ciz-degree
used

Investment /Cilz-degree
used

1,000 Ground Scations

Iavestnent/CHs~degres
uied

Channels/Cliz=-degree

Exlangs/GHz-degree
Systea Cosc
Channels/CHiz-degree
System Cost

Systea Cost
Spectrun Used |
COST OF SAVING

Spectrun Used

Spectrum Uses

Investment/Cliz-degree
used
Thin Route Telephony

Trunk Telephony

feature of the analysis came out very strongly and was not affected by
any variation in the technical assumptions made in the study.

A second intcresting feature of the table is that the trunk system

adopts many spectrum saving measures in the lowest ocost system. The




reason is that the cost of thcse measures is offset by cost savings
obtained through improved satellite utilization. These measures thus
ought to be taken for reasons quite apart from any spectral shortage.
By improving equipment utilization, the measures lower the per circuit
cost and would make sense even if spectrum were completely unlimited.
The thin route system does not ever take these measures because the
economies of utilization that would be gained would be completely out-
weighed by the cost of the measures.

A third interesting feature of the comparison is that the per_erlang
costs of spectrum saving are enormously greater for the thin route system
than for the trunk route system. The per erlang cost of spectrum saving
is $330Q* for the thin route system; the cost is only $125* for the trunk
system. The disparity in the normalized cost of spectrum saving is not
as great because the trunk route system uses much less spectrum per
erlang than does the thin route system.

Fihally, we note that in a purely technical sense, the trurk route
system uses spectrum more “"efficiently." Nevertheless, it should be the
first to conserve spectrum. This might surprise the reader.

The conventional view is that satellite systems using a lot of
orbit-spectrum per voice circuit — satellite systems making inefficient
use of the orbit—gpectrum — ought to be the first ones to conserve spec-
trum. “Inefficicnt use of the orbit-spectrum": this phrise is at thev
root of the secming contradiction. The apparent contradiction is cleared
by defining what is meant by the words “efficient® or “ineff{Ficnt“ when
applied to spectral use. Efficient usc of the orbit-spectrum is use that

minimizes the impact of spectral limitation on costs. Efficicnt use of

n

the orbit-spectrum is not use that maximizes the capacity of the avail-
able resource. Since, with foresecable technology, the capacity of the

available resource is practically unlimited, maximization of capacity

has no purpose and is efficent only a purely technical sense. Striving

after spectral efficiency in the technical sense as a goal in itself
misses the entire rationale f-r orbit-spectrum regulation.

Striving after spectral efficiency in the economic sense of mini-
mizing the cost imposed by spectral limitation should be the goal. The
means for attaining the goal when spectrum becomes scarce is to find the
s?tellite system that can save the most spectrum at the least added cost
and require that system to take spectral saving measures. As a general
rule, ‘the systems that can most efficiently save spectrum are the ones
with a lot of traffic and few ground stations. Consequently, these
ought' to be the first ones required to take spectral saving measures

when spectrum is scarce.

* The cost data used was preliminary. More accurate cost data is
now being incorporated, but is not expected to change the conclusions
in any respect.




Second Conclusion: CANDIDATES FOR SPECTRUM CONSERVATION MEASURES CAN
———

BE SELECTED BY IDENTIFYING THOSE SYSTEMS WITH A LOW INTENSITY OF INVEST-
MENT IN SPECTRUM USE. THIS INTENSITY IS GIVEN BY THE RATIO:

Present Value of Satellite System Cost Stream
Total Orbit-Spectrum Used

In the debate on orbit-spectrum poliey, there has been a tendency
to focus discussion on parameters that are easily and unambiguously
measured; spectrum used per voice channel, antenna diameter and satellite
spacing to meet a given noise requirement with an assumed sidelobe pattern
have all been used. For the purpose of making policy, they may often lead
to incorrect actions. We have proposed a more complicated measure of the
dq?irability of spectrum saving that we believe is the proper approach to
policy: incremental cost normalized by incremental spectrum saved.
Unfortunately, in the real world of regulation, this measure is difficult
to calculate objectively.
T Fortunately, we have found an indicator variable that is both

calculable and reasonably well correlated with the more complicated

and correct measure. This indicator variable is:

Present Value of Satellite System Cost Stream
Total Spectrum Used

Intensity of Investment =

If the indicator variable is relatively small for a given satellite
system, then it is likely that the satcllite system can save a relatively
large amount of otbit—specérum for a relatively low cost. Conversely,

if the indicator variable is relatively large, it is likely that spectrum

40

saving with the system under consideration is not cost-effective.
Decisions made on the basis of the indicator variable are usuklly

identical to decisions made on the basis of the more correct normalized

. incremental cost. The indicator variable is graphed in Figs. 5 through

8.
Third Conclusion: PROHIBITING SMALL APERTURE GROUND STATIONS IS AN
EXTRAORDINARILY EXPENSIVE WAY OF CONSERVING ORBIT-SPECTRUM.

We have shown that initially thin-route systems should not be

required to conserve spectrum. Here we show that when thin-route

. aystems must conserve spectrum, increased antenna apertures should not

play a role.

. In Table 8, the costs of various levels of spectrum use for the
thin-route telephony example are shown, and the resulting costs of
spectrum saving are shown in Fig. 6. The minimum cost system for spac-
ings of 5, 4, and 3 degrees used 4.57 meter antennas; a larger aperture
of 6.1 meters was not chosen until the satellite spacing was reduced to
2 degrees, Figure 6 sho;s that the first spectrum conservation step
for the thin-route system is to reduce satellite spacing to 3 degrees

while retaining 4.57 meter antennas. At 47 million dollars per GHz

degree saved, this step is expensive (compare Fig. 9), but it is much

cheaper than going to 6.1 meter.antennas and 2 degree spacings ($86
million/GHz degree saved). Further, mandating 6.1 meter antennas, or

larger, for spacings greater than 2 degrees would be even more expensive

per GHz degree saved. Mandating 6.1 meter antennas as a minimum aperture
does not open new spectrum saving llt;:natives; it merely inflates the costs.
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The foregoing was for the case of thin-route systems interfering
with other thin-route systems. The same conclusion — regulating antenna
diameter is a bad idea — also holds for interference between thin-route

systems and trunk systems.

Finally, it could be argued that thin-route service should not be
alloued with stations of any size. It could be argued that since small
ground stations use a lot of spectrum per channel, spectrum could be
saved if the small station traffic were transmitted through the big
stations. For éxample. private users might be required to lease circuits
from an established large carrier rather than be allowed to erect a small
private ground station. The nation would reap the additional economies
of sca;e from larger trunks and more intensive use of available facilities,
and spectrum would be saved.

However, the objective of domestic satellite orbit-spectrum policy
ought to be to minimize the costs imposed on society by the orbit-spectrum
llinlt;tion. In many cases, it is clear that a thin roufe satellite sys-
tem is by far the cheapest means of providing communication. For example,
lé is enormously cheaper to provide telephone service to the Alaskan bush
via thin route satellite than it is to provide the'servic; by stringing
wire from many villages to a distant large ground station. The cost
saved per GHz-degree used is very large. In other cases, the benefits
are Aot so clear-cut. For example, the end-to-end business service that
has been suggested would compete diteqtly with established terrestrial
and satellite trunk route carriers. One might assert that any cost

advantade of end-to-end service over leased service from a conventional

carrier is only apparent, that the difference is merely one 5: price,

that the actual costs to U.S. society favor the leased system eve; though
the prices do not reflect this, and that consequently, end-to-end service
ought to be discouraged as false economy. Such an assertion is really a
statement that the rate base of the present carriers ought to be protected.

This may be so, the the issue ought to be examined on its merits outside

of any orbit-spectrum proceeding.

Fourth Conclusion: THE CAPACITY AVAILABLE AT 4 and 6 GHz WITHOUT
i

INCURRING SIGNIFICANT SPECTRUM CONSERVATION COSTS IS VERY LARGE.

CONSEQUENTLY, EXPENDITURES FOR CONSERVATION MEASURES OUGHT TO BE

DELAYED.

Roughly 70° of arc are available to veiw the entire continental
U.S. Purely for illustrative purposes, this can be allocated as shown
below, and will result in the capacites shown without necessitating any

spectrum conservation measures.

Service Capacity, with no Conservation Measures

200,000 erlangs

Trunk tele.
Thin tele. 6,000 ground stations
Trunk TV 30 channels

Thin TV 45 channels

These are much larger than present requirements.




Fifth Conclusion: IF IT IS DESIRED TO RELIEVE SPECTRUM CONGESTION BY

"OFFLOADING" SERVICES TO TERRESTRIAL FACILITIES, IT IS BEST TO OFFLOAD

THE TRUNK SERVICES.

When satellites are used in preference to terrestrial facilities,
the reason is that the satellite communications cost less than the
equivalent communications on terrestrial facilities. Under some future
circumstances, the situation might be reversed, and it may be economi-
cally attractive to offload service from the satellite back to terres-
trial communication means. Such circumstances would arise either if
the per-circuit cost of the terrestrial means falls significantly or if
orbit-spectrum becomes sufficiently scarce and valuable that offloading
is 'attractive because of the spectrum freed. 1In the former case, off-
loading would directly dacrease the costs of the offloaded service; in
the latter, the cost of offloading would be more than offset by the
savings that some other service could realize with the freed spectrum.

'

If either of these circumstances comes to pass, we believe that it

3

will be the trunk services that will offload. The r are di
below. These reasons are qualitative; detailed quantitative work is
proceeding at Stanford.

It is well known that satellite communication becomes 1ncregsin91y
attractive relative to terrestrial communication as the distance over
which the communication is to be accomplished increases. Generally

ication are equally

speaking, at some distance the two

attractive. For links shorter than this critical distance, the terres-

trial means are cheaper; for longer links, the satellite means are cheaper.

The value of this critical distance depends on the cost; of both
satellite communications and terrestrial communications. Swe;son (21
has analyzed the annualized per-circuit costs of terrestrial trunk
facilities, and finds that

<. the full capacity cost per voice circuit decreases as the

system's cross section; i.e., capacity in terms of voice cir-

. cuits, increases. Indeed, this must be true or there is no

real economic incentive to develop newer systems with larger

cross sections.
The per-circuit costs of satellite communications also falls as the
link cross section increases, but the fall is not nearly as steep.
Thus, the distance within which the terrestrial means are superior will
increase as the number of circuits increases. Further, for a given
distance, the attractiveness of the terrestrial alternative is substan-
,tially greater for the trunk system than it is for the thin-route system.
We conclude that offloading will be attractive to the trunk systems
earlier than it will for the thin-route systems.ls'16

Satellites have a natural role to play in the development of
terrestrial trunk facilities quite aside from any considerations of
orbit-spectrum limitation. Long-haul terrestrial communication path-

ways are characterized by a very large first cost and a very small

incremental cost. For example, the cost of the "first circuit”™ on an

15Sone of the problems of offloading thin-route services to terres-
trial means were discussed in €onclusion 3, on page 42.

16c0nt1nuing rapid developments in optical fiber technology add
emphasis to the above discussion. It is too early to tell, but optical
fibers may lead, within a few years, to very high capacity communication
trunks with a ver low per-circuit cost.




L4 cable system is nearly 80% of the cost of the entire complement of
32,000 duplex ch’cuits.17 If only a fraction of the capacity of a
terrestrial path can be used, the per-circuit cost of the path may thus
be veiy high. Conversely, if the path can be fully utilized, the per-
circuit cost may be fairly low.

Because of these economies of scale, the major problem in building
low-cost terrestrial paths is getting a large enough initial traffic
load factor to make the facilities economic. (Swenson has shown that
the initial traffic load is the most important factor in average circuit
costs over the lifetime of the facilities.) Here the satellite plays
an ideal complementary role. The satellite can absorb traffic growth
until a large enough volume has built up on a link that the terrestrial
means are economic. This link is then off-loaded, enabling the terres-
trial system to start at nearl_y full capacity, and freeing the satellite
to resume its role of accumulating traffic growth. For very long dis-
tdnces, this Process is not applicable because the satellite is then
the cheapest trunk facility. For short to medium distances, such as
New York-Chicago, the process makes sense. The distance over which it
makes sense will increase as traffic volumes grow, terrestrial technology

advances, and spectrum becomes crowded.

) ”This property of terrestrial trunk facilities is the major reason
for the very rapid fall-off of per-circuit cost as the system cross-
section increases,

Sixth Conclusion: USE OF THE 12 and 14 OR 20 and 30 GHz BANDS SHOULD

\
BE REGARDED AS JUST ANOTHER TECHNIQUE FOR RELIEVING SPECTRUM CONGESTION.
IN THIS ROLE, THESE BANDS WILL PROBABLY BE MOST USEFUL FOR TRUNK

TELEPHONY APPLICATIONS.

It is widely believed that the 12 and 14 GHz bands are naturally
better suited to applications such as thin-route telephony and television
dLs;:ribution than the 4 and 6 GHz bands. It appears that this may not
in fact be the case. The drawbacks of the 12 and 14 GHz band are as
follows:

© Much greater rain margins must be provided at 12 and 14 GHz

than at 4 and 6 GHz. Thus, either satellite EIRP or ground
station A./T must be significantly increased. This is expen-
sive.
The cost of low noise amplifiers is higher than the cost of
the equivalent amplifiers at 4 and 6 GHz, and this cost dis-
advantage holds true for other RF components. Machining 4
tolerances must. be increased, thus increasing costs.
When higher frequencies are used, antenna beamwidths are
considerably reduced; stations with antennas larger than
4.5 meters in diameter would tequire'some form of tr:'acking
capabilit);, significantly increasing costs.

The only significant advantage of 12 and 14 GHz for applications not

involving spot b is the reduced complexity of the required




coo:dination.l8 When small spot beams are desired, the increased
directivity of the higher frequency may be an advantage, but the sig-
nificance of this advantage is problematical. 1In any case, the applica-
tions of satellites to thin-route services do not require small spot
beams. Thus, for applications involving thin-route and television
distribution use of the 12 and 14 GHz bands probably results in higher
costs than use of the 4 and 6 GHz bands.l9

Hence, use of the higher frequency bands is just another technique
available for reducing the spectral crowding at 4 and 6 GHz. We believe
that it should be evaluated in the manner that we have described, and

that the higher frequencies should be used in a manner that minimizes

the cost of dealing with the limited availability of orbit-spectrum.

18'rhe relaxed flux density limitation at 12 and 14 GHz is not an
advantage in the U.S. since thé flux limitation at 4 and 6 GHz is not
exceeded by minimum cost systems. Direct broadcast services are not
included in this assessment because it is highly unlikely that they
Hould be deployed. A community receiver with a re-transmission or
other local distribution system is always much cheaper.
lgwith the advantage of hindsight, we see that it might have been
better to have allocated the 12 and 14 GHz band to the terrestrial
microwave services and to have allocated 4 and 6 GHz to satellite use
exclusively. The rain margin is not as large a problem for terrestrial
microwave at these frequencies as it is for the satellite services
since much of the margin that must be provided as either 6 GHz or 14 GHz
is for multi-path fading. Further, the increased antenna gain would be
a definite advantage for both the transmit and receive antennas of the
terrestrial microwave. This is not the case with the satellite services
because the need for larger collecting areas at thg receiver results in
a tracking requirement at 12 and 14 GHz.

Switching the allocations in this manner may be a realistic alterna-
tive in countries that do not llready have an installed base of the older

technology.

Critical data on the required rain margins and on’costs are not
readily available to us at this time. However, to us it ae:ms likely
that the trunk services could make most effective use of the higher
frequencies wheﬁ such use is desirable. The main reason is that the
trunk services can reap the economies of utilization that the higher
frequencies potentially offer, and the thin-route services cannot eco-
nomically do so. These economies of utilization have three sources.
First, one satellite can carry transponders for more than one frequency

band, reducing costs per unit of bandwidth. Only the trunk route ser-

vices can take advantage of the large amounts of bandwidth at the

relatively low flux densities that would thus be created. Second, the

higher frequencigs are more amenable to spot beams than the 4 and 6 GHz
frequencies, and spot beams may greatly increase both ground station‘
and satellite utilization. Finally, the advantages of the very wide
bandwidth (2.5 GHz) available at 20 and 30 GHz have been widely dis-
cussed, and clearly would result in greater satellite and ground station

utilization.

4




RECAPITULATION

'

In this paper we have argued;

Discussion of orbit-spectrum regulation should be confined to

traditional spectrum management issues, such as minimization

|
of extra costs due to spectral shortage and making allowances

for technical change and traffic growth.
Such issues as desirability of competition in provision of
satellite service, the need to support the rate base of present

carriers, and whether "private" satellite systems ought to be

: allowed should be discussed separately, on their merits.

In a purely technical sense, given that all spectrum conserva-
tion technologies are used, there is no shortage of orbit-

spectrum for any realistically conceivable level of demand.

Thus, the only necessary consequence of the orbit-spectrum
limitation is that communication costs may be higher than if

there were no limitation.

The goal of orbit-spectrum regulation ought to be to minimize
the magnitude of these extra costs, with future costs discounted

to present value at an appropriate discount rate.

' Spectrum is a resource, but it cannot be "saved" or.conserved

in the same sense that oil can be conserved. At any time, it
can only be either used, or not used. Except for short term
needs, it is uneconomic to reserve orbit-spectrum to allow for
future demand growth. Rather, it ought to bé used as freely

as present need allows, with the understanding that conservation
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measures will be required later. It is more ecétnomic to build

cheaply initially and retrofit later, than it is to Build an

expensive system initially.

When spectrum saving measures must finally be taken, the best
measure to take is the one that minimizes the "normalized
incremental cost," i.e.,

incremental cost of the measure
incremental spectrum saved

Any other measure fails to achieve the goal of orbit-spectrum
regulation: minimization of the additional costs imposed on

society by the orbit-spectrum limitation.

Satellite systems that carry heavy traffic with few ground
stations can save spectrum with far less normalized incremental
cost than satellite systems with less traffic and more ground
stations. Consequently, "trunk-route" satellite systems ought
to bear the brunt of spectrum conservation when consetvatiog

is necessary, simply because this minimizes the consumer cost.

Indeed, even if spectrum were unlimited, trunk route systems

would find it economic to take certain kinds of spectrum

[ vation Sures just because they improve satellite

utilization and thus reduce costs. (An example is the frequency
re-use capability of the AT&T and RCA satellites.) These

measures should be encouraged for their own sake.




The ideal parameter for assessing who ought to take what

spectrum conservation action is the above mentioned "normalized
incremental cost." A parameter that is easier to measure, and
that is reasonably accurate in ferreting out who ought to take
spectrum conservation action, is the "intensity of investment"

parameter:

investment in satellite system hardware
spectrum used

The investments to be included in the numerator are all invest-
ments in hardware that are actually concerned with the space
relay function. Modulators and antennas are included; access

roads, terrestrial tails, and administration buildings are not.

Thin route satellite systems generally have very high normalized

incremental costs of spectrum saving. In this sense, they reap
more economic benefit from spectrum use than trunk route stations.
Thin route stations also have a much higher intensity of invest-
ment in spectrum use, as defined above. It is not economic to
save spectrum through restrictions on thin route stations

because the cost per unit of orbit-spectrum saved is so high.

Finally, assignment of orbit-spectrum is not a moral issue, and

does not involve questions of “fairness." FPairness to particular

satellite system operators in any pt_due pr is a

specious concept. A spectrum assignment to a satellite system

is like assig t of a ion to a concessionaire. The

interest being cared for is the public necessity and conveni-
ence. This necessity and convenience is maximized by nlnin\i.zing
the economic impact of the orbit-spectrum limitation through

the techniques .outl ined above.
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