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RECOMMENDATION ITU-R S.1002

ORBIT MANAGEMENT TECHNIQUES FOR THE FIXED-SATELLITE SERVICE
(Question ITU-R 49/4 (1990))*

(1993)

The ITU Radiocommunication Assembly,

considering
a) that there is a need to manage portions of the geostationary-satellite orbit (GSO) in order to achieve an
efficient utilization of both the GSO and the radio spectrum;
b) that it is advantageous to develop one or more sets of generalized parameters which could be used to
adequately describe fixed-satellite networks in order to facilitate the orbit management process;
c) that the generalized parameters can be modelled accurately by one or more computer programs to aid in the
management of the orbit;
d) that there are currently computer programs which can assist in the management and use of the orbit,

recommends
1. that to assist in orbit management of a portion of the GSO, generalized parameters may be used as described
in Annex 1;
2. that efficient computer algorithms which optimize the use of the orbit, as given in Annex 2 may be used.

ANNEX 1

Generalized satellite network parameters
for orbit management

1. Introduction

Studies have been made to quantify the benefits of introducing an optimization process for identifying orbital
positions for new networks through example exercises.

The results of exercises indicate that, if the positions for new networks had been selected at random and
non-optimized positions had been selected, a significant advantage would have been forgone by comparison with a
selection made using the optimization process. Moreover, particularly with a large number of existing networks, the
optimization process can result in savings of time and effort in inter-system coordination activity.

The orbit management process therefore consists of identifying a set of generalized parameters and
developing efficient computer algorithms and implementation methodologies.

2. Method based on A, B, C and D parameters

2.1 Network parameters A, B, C and D

The A, B, C, D generalized parameters specify the interference-producing capability (variables A and C) and
the interference sensitivity (variables B and D) of a satellite network.

*  Former CCIR Question 49/4. Documents
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: Since many different combinations of implementation parameters (such as antenna characteristics and
transmitter powers) can result in a similar set of parametric values, it can be applied irrespective of the modulation
characteristics and specific frequency used.

The generalized parameters selected by the World Administrative Radio Conference on the use of the
Geostationary-Satellite Orbit and on the Planning of Space Services Utilizing It (Geneva, 1988) (WARC ORB-88) for
the allotment plan are the A, B, C, D parameters based on power density averaged over the signal bandwidth. The
purpose of this set is to generalize not only the standard parameters used, but also the type of traffic assumed in the
allotment plan. Under this concept, the required input powers into the standard earth station and the particular space
station antennas are first determined during the planning process. These are then converted into power density (P; and
P3 (dB(W/Hz))) by dividing by the bandwidth of the signal type, which is in turn used to compute and record the
plan’s generalized, A, B, C and D parameters.

The equations shown below describe the A, B, C, D generalized parameters where:
A : uplink off-axis e.i.r.p. density averaged over the necessary bandwidth of the modulated carrier

B: uplink off-axis receiver sensitivity” to interfering e.i.r.p. density averaged over the necessary bandwidth
of the modulated carrier

o}

downlink off-axis e.i.r.p. density averaged over the necessary bandwidth of the modulated carrier

D: downlink off-axis receiver sensitivity* to interfering e.ir.p. density averaged over the necessary
bandwidth of the modulated carrier
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where:

p1: power density, averaged over the necessary bandwidth of the modulated carrier, fed into the
transmitting earth station antenna (W/Hz)

g1 maximumn gain of the earth station transmitting antenna (numerical power ratio)

gi(p) : earth station transmitting antenna radiation pattern (numerical power ratio)

g2 maximum gain of the space station receiving antenna

g2(y): gain in the space station receiving antenna in the direction of the earth station (numerical power
ratio)

Ag2(y) = g2/ g2(y):  discrimination of the space station receiving antenna (numerical power ratio)

p3: power density, averaged over the necessary bandwidth of the modulated carrier, fed into the space

station transmitting antenna (W/Hz)
g3 maximum space station transmitting antenna gain (numerical power ratio)

g3(y) : space station transmitting antenna gain in the direction of the earth station

Note that here the meaning is susceptibility to interference rather than the precise technical definition of B@ﬁuments
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Ags(y) = g3/ g3(y) : discrimination of the space station ransmitting antenna (numerical power ratio)
g4 maximum gain of the earth station receiving antenna (numerical power ratio)

g4(¢) : earth station receiving antenna radiation pattern (numerical power ratio)

“(prime) : denotes parameters for the interfering network.

Thus, the equation for the ratio of the wanted power density to unwanted power density (as defined above), is
given by:

1 210 8,(¢) ) D3 25 g4(<p')]—1

P
C/ =
(C/Dden [ P1818 P3 83 84

reducing simply to:
(CDgen = [A’+B + C’» D]}

where (C/Dgen is the protection ratio normalized by the ratio of the wanted and unwanted bandwidths. With this
method, this ratio would be used to determine the orbit separation matrix of the networks for synthesizing the plan.

When a network is proposed, its A, B, C, D parameters would be calculated using the actual system
parameters and power densities averaged over the signal bandwidth. These power densities would be the power into
the antenna divided by the bandwidth of the actual signal proposed. According to Appendix 30B of the Radio
Regulations, no coordination would be required if:

~  the calculated values of A and C are less than or equal to the relevant reference set, and

- the proposed frequency assignments are ordered in such a way that the upper 60% of each allotment
band is used for high density carriers (i.e. those for which the ratio of power spectral density peak in the
worst 4 kHz band to the average power spectral density over the necessary bandwidth of the modulated
carrier is greater than 5 dB), and the lower 40% for low density carriers.

An example based on a review of some current systems and traffic types indicates that a large number of
present carriers would be able to be implemented without coordination. Table 1 gives the required C/I ratios calculated
for the INTELSAT “regular FDM-FM” carriers, based upon a transponder loading of carrier separation of 1.33 times
the occupied bandwidth, and an acceptable interference of 800 pWOp. Table 2 gives the required (C/Dgen, calculated
from Table 1 by multiplying the entries by a factor of b’/b, where b and b’ are the bandwidths of the wanted and
unwanted signals respectively.

It can be seen from Table 2 that a (C/Dgen criterion of 30 dB for establishing orbital positions for various
service areas, would permit a large number of combinations of FDM-FM signals to coexist in different networks.
Those that are not covered are lower modulation index signals, with peak-to-average power ratios greater than 5 dB.
This is demonstrated in Table 3.

For interference into digital signals with bandwidths wider than those of the interferer, multiple interfering
carriers within the passband of the wanted digital signal should be assumed. A C/I of 30 dB and an I/N of 6% would
yield a C/N of 18 dB, which would provide a BER better than 1 x 10-7. Thus, a (C/Dgen of 30 dB would very likely be
suitable for digital signals.
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TABLE 1

- ClT ratio for INTELSAT FDM-FM signals

Interfer- Modu- Band-

CIN

ence 12 24 60 60 132 132 132 252 252 432 432 432 792 lation  width @B)
wanted index (MHz)

12 266 252 249 227 220 207 201 20.2 18.1 18.5 17.4 16.7 14.1 2.65 1.1 13.4

24 265 257 256 239 240 221 216 216 196 200 189 182 157 2.55 2.0 12.7

60 343 339 338 325 326 309 304 305 286 290 279 272 247 1.17 2.2 21.1

60 279 266 266 257 258 245 241 241 225 228 218 211 187 2.17 4.0 12.7
132 362 337 337 334 334 325 322 322 308 31.1 302 295 271 0.96 44 20.7
132 318 289 289 280 280 274 271 271 259 262 254 248 225 1.61 6.7 14.4
132 322 292 292 281 281 275 272 273 261 264 256 251 229 1.85 75 12.7
252 378 346 346 324 324 322 321 321 313 315 309 305 284 0.96 85 19.4
252 33.7 307 307 279 279 273 272 272 266 267 263 259 24.1 1.55 12.4 13.6
432 415 385 385 346 346 337 338 337 336 337 334 332 317 0.82 13.0 21.2
432 393 363 363 330 330 316 314 314 311 312 310 307 294 1.07 15.7 18.2
432 37.8 347 347 317 317 300 296 296 294 295 292 290 277 1.27 18.0 16.1
792 406 375 375 345 345 328 314 314 301 301 298 298 292 1.24 324 16.5

TABLE 2
(C/D)gep ratio for INTELSAT FDM-FM signals

Interfer- Modu-  Band-
ence 12 24 60 60 132 132 132 252 252 432 432 432 792 lation width
wanted index (MHz)
12 266 278 275 28.3 288 285 284  29.1 28.6 29.2 289 2838 28.8 2.65 1.1
24 23.9 25.7 26.0 26.9 274 274 273 279 27.5 28.1 27.8 27.7 27.8 2.55 2
60 31.3 335 33.8 35.1 35.6 35.7 35.7 36.4 36.1 36.7 364 363 36.4 1.17 22
60 22.3 236 240 257 262 267 268 274 274 279 277 276 278 2.17 4
132 30.2 303 30.7 33.0 334 343 34.5 35.0 353 35.8 357 35.6 358 0.96 44
132 23.9 23.6 24.1 25.8 262 274 276 28.1 286  29.1 29.1 29.1 29.3 1.61 6.7
132 23.9 23.5 239 253 25.8 27.0 272 278 283 28.8 288 289 293 1.85 7.5
252 289 28.3 28.7 29.1 29.5 31.2 31.6 32.1 329 333 33.6 33.8 34.2 0.96 8.5
252 23.2 22.8 23.2 23.0 234 24.6 25.0 25.7 26.6 26.9 273 275 20.3 1.55 124
432 30.8 30.4 30.8 29.5 29.9 30.8 314 31.9 334 33.7 34.2 34.6 35.7 0.82 13
432 27.8 27.4 27.8 27.1 215 27.9 282 287 30.1 30.4 31.0 296 30.8 1.07 15.7
432 25.7 252 25.6 252 256 257 258 263 27.8  28.1 286 290 30.3 1.27 18
792 259 25.4 25.8 25.4 258 260 250 256 25.9 26.1 267 272 29.2 1.24 324

For interference of FDM-FM into digital signals with bandwidths much narrower than the interferer, then:

Cl1

(C/Dden (”kp)

where kp, is the peak-to-average ratio of the interferer within the occupied bandwidth, B,. Py and Pg, are the peak and
average power spectral densities respectively of the interferer, and are given by:

Py: power in the worst 4 kHz band/4 kHz (W/Hz)

Puy: total carrier power/the occupied bandwidth, B, (W/Hz), DOCU ments
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TABLE 3
Peak/average density ratios for INTELSAT FDM-FM carriers

No. of Occupichbandwidtb CIPy Pi/Pgy
o

channels (MHz) (dB/4 kHz) (dB)
12 1.1 20.0 4.95
24 2.0 223 4.69
60 22 224 5.10
60 4.0 253 4.70
132 4.4 242 6.21
132 6.75 27.5 4.77
132 7.5 28.0 4.73
252 8.5 27.0 6.26
252 124 30.0 491
432 13.0 27.6 7.52
432 15.7 30.8 5.15
432 18.0 31.5 5.03
792 324 34.1 498

P _B € P B

Py~ C Py = C 4xHz' ™
Py

.= 10 log (B, /4 000) — 10 log (C/Py) (dB)
av

Note I — Signals with P/ P4, < 5.0 are signals usable without coordination.

In the case of interference from TV-FM, however, even with energy dispersal, it is unlikely that narrow-band
carriers can be co-channel with the carrier of the TV-FM signal because during energy dispersal of, say +1 MHz, the
spectral power within the dispersion band is very high.

The requirement to coordinate with TV signals can be avoided if the TV carrier frequencies were
pre-specified. With an energy dispersal bandwidth of say 2 MHz, SCPC and other narrow-band carriers can avoid the
TV energy dispersion band. This concept of “micro-segmentation” is discussed in Recommendation ITU-R S.742*,

2.2 Possible modifications to the parameters of FSS systems in the Plan adopted by WARC ORB-88

Further information needs to be given in addition to the above in connection with the use of the generalized
parameters A, B, C, D in the fixed-satellite service (FSS) Plan adopted by WARC ORB-88.

All the generalized parameters are functions of an off-axis angle, ¢ for earth stations and  for space
stations. The angles ¢ and y may take on values starting from zero. The generalized parameters B and D relate to the

system’s sensitivity to interference (the higher the values of the parameters, the greater the sensitivity), but do not
directly determine the permissible radiated power of the interfering signal until the permissible signal-to-interference
ratio (/I is indicated. In the FSS Plan the values of A, B, C, D relate to each individual system, whereas the value

*  Former CCIR Recommendation 742. DOC uments
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