. UPLINK INTERFERENCE CONSIDERATIONS BETWEEN
INTELSAT TIII AND THE INDIA SATELLITE

This memo describes the interference potential of the uplinks associated

with the India satellite upon the uplinks directed to an adjacent Intelsat III.

The India uplinks considered are of three types with the following charac-

teristics.

1. Interferometer Beacon

(a) Signal type: wunmodulated carrier (CW)
(b) Power: 100W
(c) Earth antenna diameter: 15 feet

(d) Uplink eirp: 66.5 dBW @ 6 GHz

2. Telephony Carrier

(a) Modulation: FM

(b) Number of channels: 600

(c) RF bandwidth: 30 Mﬁz

(d) Baseband peak/rms ratio: 10 dB
(e) RMS Mod. Index: 1.565

(f) Power: 200W

(g) Earth antenna diameter: 35 feet

(h) Uplink eirp: 77 dBW @ 6 GHz

3. TV €arrier
(2) Modulation: FM

(b) RF bandwidth: 30 MHz
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(c) Mod. Index: 2




(d) Power: 200W
(e) Earth antenna diameter: 35 feet

(f) Uplink eirp: 77 dBW @ 6 GHz

The Intelsat III receives four types of carriers, as described below.*
1. Telephony I

(a) Modulation: FM/pre-emphasis

kb) Number of channels: 24

(c) RF bandwidtﬂ: 5 MHz

(d) Uplink eirp: 70.8 dBW @ 6 GHz

(e) BRMS Mod. Index: 5.95 assuming 12 dB pk/rms ratio*#

Telephony IT

(a) Number of channels: 60
(b) RF bandwidth: 10 MHz
. (c) Uplink eirp: 74.3 dBW

(d) RMS Mod. Index: -5.3 assuming 11 dB pk/rms ratio*#

3. Telephony III

(a) Number of channels: 132
(b) RF bandwidth: 20 MHz
(c) Uplink eirp: 77.1 dBW

(d) RMS Mod. Index: 4.8 assuming 11 dB pk/rms ratio¥®*

FM Television

(a) RF bandwidth: 40 MHz
(b) Uplink eirp: 82.2 dBW

(c) Mod. Index: 3*%* -

* Information obtained in telephone conversation with Peter Schultze,
Comsat Corp., 9/2/70
*%* Assumption and calculation made by this writer.
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A. Analysis
Before proceeding to specific calculations it is useful to review the analyti-
cal basis on which they depend. This varies according to whether the desired

signal is telephony or TV and therefore these are considered separately.

A.1 Telephony

'Telephone channel performance is described by the noise, N, in the channel
measured in units of pWOp. This is related to the test-tone-to-noise ratio, (S/N),
as follows:

N = 10° / (S/N)
Denoting SNR = 10 log (S/N), we further have:

NPR = SNR -18.8, dB (2)
where NPR is the noise-power ratio, a customary unit of measurement in telephone

work, Finally,
(3)

CXR = carrier-to-interference ratio

K = a factor analogous to the FM improvement factor, and which depends
on the specifics of wanted and unwanted signals. It may or may
not include pre-emphasis, as the case may be. :

Neglecting small differences in slant range, we can write:

CXR = CRR, + Ggy(0) ~Cgy(A8) + Ggy(0) ~Cgyy(4)

CXR¢ ratio of on-axis eirp of the two signals’
Ggu(O) = on-axis gain of unwanted ground station

Ggu(AG) off-axis gain of unwanted ground station in direction of
wanted satellite;A6= satellite spacing.

Ggwy(0) = on-axis gain of wanted satellite

Gsw () = off-axis gain of wanted satellite in direction of unwanted
ground terminal.




Since Intelsat III, the "wanted" satellite, has an earth-coverage éntenna, to a
good approximation Géw(o)ﬂiGsw(¢)- Hence,

CXR = CXR, + I (5)
where I = Ggu(O) —Ggu(AG) is the isolation provided by the beam pattern of the

interfering ground station.

Where applicable, we shall use the CCIR sidelobe model which states that:

Cgu(80) = 32-25 log (86). - (6)

In order to determine how much isolation is needed it is mecessary to specify
the tolerable level of interference. The total allowable N is 10,000 pWOp, from
all éoqrces. We shall.assumerin this memo that the allowable amount of noise due
to interference will not exceed 250 pWOp. (If another number is assumed, the
results will be affected in a corresponding way.) With this assumption We.have:

SNE = 90 - 10 log 250 = 66 dB,

and from (2), (3), and (5), we get

CXRg + I+ K = 47.2 ‘ (7)

Equation (7) is the basic equation which governs interference calculations when

the wanted signal is telephony.

A.2 Télevision

Interference performance for.TV signals is commonly specified by a protection
ratio, R, which is the required wanted-to-unwanted signal ratio for a given,quality.
The quality assumed here is that the interference is such as to produce "just
pe?ceptible" response or better. It is evident,Aalso, that R will depend upon the
specific characteristics of wanted and unwanted signal. The calculations following

seek simply the conditions for which R = CXT, + 1




B. Calculatiomns

B.1 Unwanted Signal is Interferometer Beacon

B.1.1 Wanted Signals are Telephoﬁy Carriers
When the wanted signals are the Intelsat telephony carriers and the unwanted

signal is the interferometer beacon, and assuming the beacon frequency coincident

with the telephony carrier frequencies*, we obtain the following K factors**. Also

listed are values of bXRt oBtainable from the given eirp values:
Signal K (dB) . CXR.(dB)
Telephony I 31.2 . L3
Telephony II 9.6 7.8

- Telephony III 28.72 10.6

With these nqmbers and equation (7) we find ﬁhat the required isolation is as
listed ‘in the following table. '
v Signal e  08(deg.)¥**

Telephony I ‘ 1] : 0.77

Telcohony 11 9.8 - 565

Telephony III ‘ 8.4 V 0.57
The A8 column indicates the-required spacing between the two satellites, to meet
the corresponding'isolatio; requirement;‘this number is based on the CCIR pattern.
That is, we set

Ggu(O) -32 +25 log 46 = I.

The validity of the CCIR.pattern, however, is questionable for this size (15 fe;t)

antenna and it would be advisable to check the results against the actual pattern,

* We shall always assume that the interference is co-channel with the wanted
signal, which is the worst case. Improvements are possible by carrier offsetting.

%% The K factors are given in CCIR Doc. USSG IV W/70, August 1, 1970.
%x%% Numbers smaller than half-power beamwidth should be viewed with caution.




taking into account the pointing accuracy as well as the satelliterposition drift.
It does seem, however, that on the order of 1° separation should fully protect

Intelsat III.

15z appears unnecessary to use spectrum-spreading on the beacon. An example
célculéti;n, however, may be of interest to see what kind of Spreadiﬁg would be
required in a hypothetical situation. Suppose that the 11.7 dB isolation required
for fhe Telephony I carrier were not available and would have to be provi&ed by

spreading. Since the wanted signal bandwidth is 5 MHz, this implies that the

beacon would have to be spread over 5 x 14.8 = 74 MHz. Actually, the amount of

spreading required would be less since the effect of the spread beacon may be more
akin to that of thermal noise. 1In fact, if it did behave like thermal noise, it

can be shown that only 21.3 MHz spreading is required. Thus, something like 25-30
MHz spreading might be needed in practice, if necessary. Similar calculations could

be performed for the other Telephony carriers.

B.1.2 Wanted Signal is TV Carrier

If the wanted signal is the TV carrier, experiments*® have shown thét, fbr M= 3,
a protection ratio on the order of 20 dB is necessary, regardless of the modulation
index of another interfering TV carrier. Since the CW beacon can be considered such
a carrier with M -» 0, the result should be applicable. Also, since CXR, = 82.2
-66.5 = 15.7 dB, we have
I = 20-15.7 = 4.3 dB
This amount of isolation is easy to get and is satisfied, of course, if the Telephony

carriers are protected.

* These are reported in CCIR Doc. IV/299-E, 10 June 1969.
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B.2 Unwanted Signal is Telephony Carrier

B.2.1 Wanted Signals are Telephony Carriers

In this situation, the India Telephony carrier is the "unwanted" signal and

the Intelsat Telephony carriers are the "wanted" signals.

To compute K we need the parameters

M = Minsi fmi/fmw

7 92019
M M rmsy T Méms )

M = rms modulation index of interfering carrier

f top baseband frequency of interfering carrier

mi
Mymsw = rms modulation index of wanted carrier
E top baseband frequency of wanted carrier

These parameters, the K factors, and values of CXR; are given below:

]

Sighél M M K(dB) CXRy (dB)
Telephony I 39.1 ‘39.5
el T 15.7 35.5
Telephony III 7.1 8.6 32.5
Using the values above, and equation (7) we find the following required values of

isolation and the corresponding required satellite spacing:

Signal I1(dB) . A8 (degrees)
Ielephony 1 13.9 - 0.475
Telephony II 14 .4 0.497

‘Telephony III 14.6 0.506

' The separations were computed from

Ggu(O) -32 + 25 log A®




with Ggu(0) = 54 dB.

B.2.2 Wanted Signal is'TV Carrier

The effect of a telephony carrier on a TV carrier is knéwn for only very
few combinations of parameters, which do not include the present ones. It appears¥*,
however, from the available data,'that the effect of a telephony carrier on a TV
carrier is less severe than that of another TV cérrier. We shall assume here, there-
fore, that the required protection ratio is still 26 dB. Since CXRy = 82.2';77 =
5.2 dB, we find that the required isolation is 14.8 dB; which requires a satellite -

separation A6 =2 0.52 degrees.

B.3 Unwanted Signal is TV Carrier

B.3.1 Wanted Signals are Telephony Carriers

Little information is known about the effects of TV carrier interfering with

télephony carriers. Certain data** shows that, for a telephony carrier with
Mrmg = 2.0 and a TV interfering carrier with bandwidth roughly 30 MHz, the factor
K = 17 dB, without pre—emphasis. 'Assuming an Mgms law***, we will extrapolate to
find the k factors applicable to the Intelsat telephony carriers (plus ﬁre—
emﬁhasis& These are shpwn below.

| Signal ‘K(dB)

Telephony i ; : 35.2

Telephony II 33.7

Telephony III . 32.4 t0.1
The corresponding iSOlétion and satellite spacings are shown below.

Signal I(dB) A6 (degrees)
Telephony I 8.2 - 0.71

Telephony II . 16.2 e 0.59

Telephony III : 14.7 051

Qps CiE: .
Comsat Tech. Memo DS-1-68, Oct. 25, 1968, by J. P. Beyer, et al.
This assumption arises from the known fact that such a law exists between

identical, high-index telephony carriers.




In view of the uncertainty surrounding the factor K, the above numbers should

‘be treated very-cautiously.

B.3.2 Wanted Signal is TV Carrier

It was mentioned above that the protection ratio, when one FM TV signal inter-
feres with another, is largely independent of the modulation index of the interfering
carrier. Therefore, we still have R = 20 dB, and since CXR, = 82.2 =77 = 5.2 dB,

the required isolation is 14.8 dB, which corresponds to a satellite spacing A8=05 2

degrees.

(3 Coﬁclusions

It is well to reiterate that some of the information concerning the effect
of interference of one type of signal upon another is sketchy at best. Keeping
this precaution in mind, the previous ;alculations show that the interferometer
beacon imposes the most stringent spacing requirement between Intelsat III and
the India satellite. However, it seems that a spacing of about one degree will
insure a minimal amount of uplink interference for any combination of wantéd and
interfering signals. This requirement could further be reduced by careful fre-

quency planning.
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