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RECOMMENDATION  ITU-R S.1002*
Orbit management techniques for the fixed-satellite service

(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.

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 (P1 and P2 (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

C :
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.i.r.p. density averaged over the necessary bandwidth of the modulated carrier



A    p1  ·  g1()



B    eq \f(1;p1  ·  g1  ·  Dg2(y))


C    eq \f(\s\up5(p3  ·  g3);Dg3(y))


D    Error! Bookmark not defined.
where:


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


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


g1() :
earth station transmitting antenna radiation pattern (numerical power ratio)


g2 :
maximum gain of the space station receiving antenna


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


g2():
discrimination of the space station receiving antenna (numerical power ratio)  g2 / g2 ():


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


g3():
discrimination of the space station transmitting antenna (numerical power ratio)  g3 / g3():


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:



eq (C/I )den  =  \b\bc\[ (\f(p\s\do2(1)\d\ba2()\s\up1(¢) g\s\do2(1)\d\ba2()\s\up1(¢)(j) g2(y ¢);p1 g1 g2)  +  \f(p\s\do2(3)\d\ba2()\s\up1(¢) g\s\do2(3)\d\ba2()\s\up1(¢)(y) g4(j¢);p3 g3 g4))\s\up12( –1)
reducing simply to:



(C/I )den    eq \b\bc\[(A¢ * B  +  C ¢ * D)\s\up2(–1)
where (C/I )den 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 pW0p. Table 2 gives the required (C/I )den, 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/I )den 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 × 10–7. Thus, a (C/I )den of 30 dB would very likely be suitable for digital signals.

TABLE  1

C/I ratio for INTELSAT FDM-FM signals

	Interfer-
ence
wanted
	
12
	
24
	
60
	
60
	
132
	
132
	
132
	
252
	
252
	
432
	
432
	
432
	
792
	Modu​lation index
	Band​width (MHz)
	C/N (dB)

	  12
  24
  60
  60
132
132
132
252
252
432
432
432
792
	26.6
26.5
34.3
27.9
36.2
31.8
32.2
37.8
33.7
41.5
39.3
37.8
40.6
	25.2
25.7
33.9
26.6
33.7
28.9
29.2
34.6
30.7
38.5
36.3
34.7
37.5
	24.9
25.6
33.8
26.6
33.7
28.9
29.2
34.6
30.7
38.5
36.3
34.7
37.5
	22.7
23.9
32.5
25.7
33.4
28.0
28.1
32.4
27.9
34.6
33.0
31.7
34.5
	22.0
24.0
32.6
25.8
33.4
28.0
28.1
32.4
27.9
34.6
33.0
31.7
34.5
	20.7
22.1
30.9
24.5
32.5
27.4
27.5
32.2
27.3
33.7
31.6
30.0
32.8
	20.1
21.6
30.4
24.1
32.2
27.1
27.2
32.1
27.2
33.8
31.4
29.6
31.4
	20.2
21.6
30.5
24.1
32.2
27.1
27.3
32.1
27.2
33.7
31.4
29.6
31.4
	18.1
19.6
28.6
22.5
30.8
25.9
26.1
31.3
26.6
33.6
31.1
29.4
30.1
	18.5
20.0
29.0
22.8
31.1
26.2
26.4
31.5
26.7
33.7
31.2
29.5
30.1
	17.4
18.9
27.9
21.8
30.2
25.4
25.6
30.9
26.3
33.4
31.0
29.2
29.8
	16.7
18.2
27.2
21.1
29.5
24.8
25.1
30.5
25.9
33.2
30.7
29.0
29.8
	14.1
15.7
24.7
18.7
27.1
22.5
22.9
28.4
24.1
31.7
29.4
27.7
29.2
	2.65
2.55
1.17
2.17
0.96
1.61
1.85
0.96
1.55
0.82
1.07
1.27
1.24
	  1.1
  2.0
  2.2
  4.0
  4.4
  6.7
  7.5
  8.5
12.4
13.0
15.7
18.0
32.4
	13.4
12.7
21.1
12.7
20.7
14.4
12.7
19.4
13.6
21.2
18.2
16.1
16.5


TABLE  2

(C/I )den ratio for INTELSAT FDM-FM signals

	Interfer-
ence
wanted
	
12
	
24
	
60
	
60
	
132
	
132
	
132
	
252
	
252
	
432
	
432
	
432
	
792
	Modu​lation 
index
	Band​width
(MHz)

	  12
  24
  60
  60
132
132
132
252
252
432
432
432
792
	26.6
23.9
31.3
22.3
30.2
23.9
23.9
28.9
23.2
30.8
27.8
25.7
25.9
	27.8
25.7
33.5
23.6
30.3
23.6
23.5
28.3
22.8
30.4
27.4
25.2
25.4
	27.5
26.0
33.8
24.0
30.7
24.1
23.9
28.7
23.2
30.8
27.8
25.6
25.8
	28.3
26.9
35.1
25.7
33.0
25.8
25.3
29.1
23.0
29.5
27.1
25.2
25.4
	28.8
27.4
35.6
26.2
33.4
26.2
25.8
29.5
23.4
29.9
27.5
25.6
25.8
	28.5
27.4
35.7
26.7
34.3
27.4
27.0
31.2
24.6
30.8
27.9
25.7
26.0
	28.4
27.3
35.7
26.8
34.5
27.6
27.2
31.6
25.0
31.4
28.2
25.8
25.0
	29.1
27.9
36.4
27.4
35.0
28.1
27.8
32.1
25.7
31.9
28.7
26.3
25.6
	28.6
27.5
36.1
27.4
35.3
28.6
28.3
32.9
26.6
33.4
30.1
27.8
25.9
	29.2
28.1
36.7
27.9
35.8
29.1
28.8
33.3
26.9
33.7
30.4
28.1
26.1
	28.9
27.8
36.4
27.7
35.7
29.1
28.8
33.6
27.3
34.2
31.0
28.6
26.7
	28.8
27.7
36.3
27.6
35.6
29.1
28.9
33.8
27.5
34.6
29.6
29.0
27.2
	28.8
27.8
36.4
27.8
35.8
29.3
29.3
34.2
20.3
35.7
30.8
30.3
29.2
	2.65
2.55
1.17
2.17
0.96
1.61
1.85
0.96
1.55
0.82
1.07
1.27
1.24
	
1.1

2

2.2

4

4.4

6.7

7.5

8.5

12.4

13

15.7

18

32.4


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



C/I    eq C/Pk  =  (C/Pav) (Pav /Pk)


  eq (C/I)den (1/kp)
where kp is the peak-to-average ratio of the interferer within the occupied bandwidth, Bo. Pk and Pav are the peak and average power spectral densities respectively of the interferer, and are given by:


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


Pav :
total carrier power/the occupied bandwidth, Bo (W/Hz).

TABLE  3

Peak/average density ratios for INTELSAT FDM-FM carriers

	No. of
channels
	Occupied bandwidth
Bo 
(MHz)
	C/Pk
(dB/4 kHz)
	Pk / Pav
(dB)

	
12

24

60

60

132

132

132

252

252

432

432

432

792
	
1.1

2.0

2.2

4.0

4.4

6.75

7.5

8.5

12.4

13.0

15.7

18.0

32.4
	20.0
22.3
22.4
25.3
24.2
27.5
28.0
27.0
30.0
27.6
30.8
31.5
34.1
	4.95
4.69
5.10
4.70
6.21
4.77
4.73
6.26
4.91
7.52
5.15
5.03
4.98





eq \f(\s\up4(Pk);Pav)  =  \f(\s\up4(Pk);C)   \f(\s\up3(C);Pav)  =  \f(\s\up4(Pk);C)   \f(\s\up4(Bo);4 kHz) , or




eq \f(\s\up4(Pk);Pav)    10 log (Bo / 4 000)  –  10 log (C/Pk)
(dB)




NOTE 1 – Signals with Pk / Pav   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  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 C/I is indicated. In the FSS Plan the values of A, B, C, D relate to each individual system, whereas the value (C/I )n  26 dB adopted for planning purposes relates to aggregate interference. On this basis we obtain, using the equations given in § 2.1:



eq \i\su(;; e.i.r.p.ie (ji)  =  [B (C/I )p ( S­])\s\up2(–1)
where:


e.i.r.p.ie (i) :
effective isotropically radiated power of the interfering signal in the direction of the satellite of the wanted system; the summation is effected for all interfering systems, with the earth stations of the interfering systems located at the most unfavourable test points in their service areas (i.e. those from which they cause most interference)


B 
generalized parameter for the wanted system
  B (

(C/I )p (  :
carrier-to-aggregate interference ratio provided for in the Plan at the input to the space station



eq \i\su(;; e.i.r.p.is (ji)  =  [D (C/I )p ( S¯])\s\up2(–1)
where:


e.i.r.p.is (i) :
effective isotropically radiated power of the signal from the space station of the interfering system in the direction of the wanted system earth station located at the most unfavourable test point of the wanted system’s service area (the point for which (C/I )p (  is at its minimum); the summation is effected for all space stations causing interference to the wanted system concerned


(C/I )p (  :
carrier-to-aggregate interference ratio provided for in the Plan at the input to the earth station.

When evaluating possible modifications to the actual FSS system parameters used to determine the generalized parameters A, B, C, D, account has to be taken not only of the constraints imposed by the generalized parameters, but also the mutual relationship between them. For this reason, most modifications prove unacceptable. For instance, reducing the parameters A and C in the area of the main lobe of the radiation pattern (i.e. reducing e.i.r.p.) increases the values of B and D, thereby reducing the system’s noise immunity.

The condition A  Ap1 must be respected for all variations in the actual parameters. By definition, the condition C  Cp1 must also be respected; however, it may be assumed that there would be no objections to inclusion in the list of a system for which the condition C  Cp1 is fulfilled for all values of  corresponding to a beam direction outside the edges of the wanted system’s service area, but C  Cp1 within the service area. This may occur when a combination of narrow beams is used instead of the single space station antenna beam defined in the Plan. In particular cases, this may make it possible to provide the necessary coverage to only part of the territory of the service area notified for the purposes of establishing the Plan. The increase in C leads to a reduction in B. Both of these factors enable the system’s earth stations to be simplified.

When B  Bp1, D  Dp1, the system only enjoys protection up to the level foreseen in the Plan; hence, the signals used in the system must enable operation when (C/I )  (C/I )p1. An increase in the value of one of these parameters may be offset by a reduction in the value of the other, in accordance with the relationship:



eq (C/I)\s(–1;S)  =  (C/I)\s(–1;­)  +  (C/I)\s(–1;¯)
When the condition A  Ap1 is respected, the power radiated by the earth station, p1, can be reduced by way of a corresponding increase in the gain of the earth station antenna, g1, i.e., in the size of the antenna reflector. Here, g1() will increase in the area of the main beam of the earth station antenna pattern but, g1() will not change in the area of the sidelobes. The interference caused to the space stations of other systems will not be altered or reduced. The parameter B will not be affected, in other words there will be no deterioration in the system’s noise immunity on the uplink. If the same earth-station antenna is used for reception, then its gain on reception g4 will increase, and the parameter D will be reduced in the area of the sidelobes, but the system’s noise immunity with respect to interfering satellites located within the main beam of the antenna pattern will remain unchanged. If it is applied in a system with a relatively large service area, such a modification of the parameters p1 and g1, g4 makes the systems more uniform, and is usually advantageous from the economic viewpoint.

Increasing g1, g4 is effective in cases where the magnitude of B and D needs to be reduced outside the main beam.

The same effect may also be achieved by reducing g2() and g4() in the area of the sidelobes by way of more sophisticated antenna design. The need to improve the values of B and D may arise at the stage of converting an allotment into an assignment, due to the fact that the values of these parameters obtained (even if they correspond to the planned values Bp1, Dp1) are insufficient to achieve the (C/I ) required for the signal transmission methods used in the system.

Similar modification of the actual parameters p3 (reduction) and g3 (increase, i.e., an increase in the dimensions of the space station transmitting antenna) also results in a reduction in radiated power (C) outside the main beam; this reduction is brought about not only by the reduction in p3 but also in g3(). However, such a modification is constrained by a reduction in service area.

3
Method based on the use of isolation

Two isolation methods, conventional isolation and link isolation, are described in Annex 4 of Recommendation ITU-R S.740. The following process is described for the link isolation but is equally applicable for the conventional isolation method.

Orbital positions for entering satellites are identified using the following optimizing sequence:

Phase 1

The available link isolation matrices for all possible combinations of entering networks and for all possible combinations of the existing and entering networks are generated. Figure 1 schematically shows an example of the link isolation matrix corresponding to the interference from the network J to the network I. The lowest value among all elements of the link isolation matrix implies the minimum available link isolation ALImin (I, J) for the interference from the network J to the network I. In the same way, the minimum link isolation ALImin (J, I) from the network I to the network J can be derived.

Phase 2

The calculation of the minimum available isolation among the existing and entering networks is made following the above-mentioned procedure, using the preferred orbital locations submitted by the administrations for the new networks.

Phase 3

An ordering of the entering networks is determined using the evolutional model. In this model, the best ordering for all entering networks in the given arrangement of the existing networks is determined under an assumed launching sequence for the entering networks and a given link isolation criterion which is in excess of the required link isolation of a high proportion of carrier combinations.

Phase 4

For the satellite ordering as determined above, further adjustment of the positions of new entrants is undertaken such that the minimum available isolation in the most affected network is maximized on the basis of the following objective function:



h()    eq \a\al\co1(max;j)  \b\bc\{(  \a\al\co2\hs5(min;[ALImin (I, J)];I, J;))
(1)

where:


I, J “belong to” all existing and entering networks.
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4
Method based on the use of normalized T/T
In this method, the available normalized T/T for each carrier type classified in accordance with Annex 1 of Recommendation ITU-R S.739 is used. The optimization process is carried out in the following way:

Phase 1

Identification of possible cases of interference.

Phase 2

In the case of network pairs deployed in a potential interference configuration, comparison of satellite antenna radiation patterns and service areas for determination of cross-gains (gain of one satellite antenna in the direction of an earth station in the other network) for the worst-case earth station sites.

Phase 3

Determination of relative noise temperature increases for each network pair in a potential interference situation.

Phase 4

Determination of required spacings between satellites by comparing relative temperature increases computed in phase 3 with maximum acceptable increases defined in Table 3 (Annex 3 of Report 454 (Annex to Volume IV of the ex-CCIR (Düsseldorf, 1990)), taking into account a 25 log  decrease in earth station antenna sidelobes:
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where:


ij required :
required spacing between the two satellites under consideration


eq \o(\s\up5(–);j)ij :
spacing used in phase 3 computations (new satellites located at the mid-point of their service arc)


(T/T )c :
relative temperature increase computed in phase 3


(T/T )n :
maximum acceptable relative temperature increase for the carriers involved.

The required spacing for a satellite pair is the maximum value obtained from applying equation (2) to all carrier pairs which might be in an interference configuration.

Phase 5

Determination of orbital locations of new satellites in order to maximize the ratios of the available orbital spacing to the required spacing among the satellite population. This optimization process is equivalent to minimizing the relative excess of interference in the most affected network, expressed by the ratio between the available normalized (T/T )c to the required value (T/T )n.

Therefore the objective function is:



eq min \b\bc\[(\f( ; )max \b\bc\{(\f( ; )(DT/T )c / (DT/T )n\f( ; )))
(3)

5
Method based on the use of Characteristic Orbital Spacing (COS)

The process of choosing tentative orbit positions for new satellite networks and then making minor modifications to these tentative positions can be carried out to reduce the problems caused by the timing of the individual stages. When the complete coordination of the network takes place within a five year time-frame and the construction of the space station is similarly time-consuming, the overall process can be done in three phases, as follows:

Phase 1

Initial tentative choice of orbital position

Sub-phase 1.1

Choose an arc within which the new or replacement satellite might be coordinated and operated. This arc should be wide enough so that it is highly likely that a solution can be found, but not larger than necessary because the complexity of the problem increases as the number of satellites in the arc considered increases.

Sub-phase 1.2

Calculate the generalized parameters ii for each of the existing networks in the arc being considered, and the new network. Also calculate the parameters ij relating to the interaction between network i and network j (ij is defined as the spacing between networks i and j necessary to protect network i a specified amount from network j).

Sub-phase 1.3

Use the [ij] matrix of sub-phase 1.2 to find an orbital arrangement among the networks involved to allow the new networks to be included in the arc under consideration. If no position can be found the arc under consideration must be widened and/or the parameters used to determine the [ij] matrix must be tightened. Sub-phase 1.3 is then repeated.

Phase 2

Detailed coordination of networks at the orbit positions chosen in phase 1 under Article 11 of the Radio Regulations is carried out in this phase. This includes traffic coordination and timing of traffic introduction as required, imposing constraints on earth station antenna characteristics and location as necessary, etc.

Phase 3

This phase is unnecessary if phase 2 can be completed successfully. If, however, it is not possible, phase 1 is carried out again with the ij elements reduced to find an orbital arrangement within which phase 2 can be completed successfully.

6
Method based on the principle of network homogeneity

Two mutually affected FSS networks are inhomogeneous when the first network requires more protection against interference from the second than the second requires against interference from the first. Accordingly, when coordinating such networks, the largest value of angular separation between satellites has to be adopted in order to protect the first network, thereby making less efficient use of the geostationary orbit. Homogeneous networks, eq on the other hand, require the same amount of protection from mutual interference, with the result that they eq require the same values of angular separation between their satellites, even though the necessary permissible values of carrier‑to‑interference ratio (C/I ) may often be different.

Clearly, homogeneous networks according to the above definition use the geostationary orbit more efficiently.

Making FSS networks homogeneous by modifying the technical parameters of one of them (new network) or, in exceptional cases, both of them, provides an effective means of optimizing satellite orbital positions.

It is first necessary to identify the particular carriers in two networks which are limiting the satellite separation angles in the two directions. These carriers are used in the following computations. After adjustments have been made to equalize the angle, it is then necessary to determine that the interference to other carriers in both networks is acceptable.

Consider the case of mutual interference between two FSS networks, an existing network (network 1) and a new network (network 2).

Then, interference/carrier ratio in network 1:
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Interference/carrier ratio in network 2:
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where:


p1, eq p\o(\s\up2(¢);1) :
transmitter powers at the inputs to the earth station antennas


g1, eq g\o(\s\up2(¢);1) :
earth station transmitting antenna gains


g2, eq g\o(\s\up2(¢);2) :
gains of the space station receiving antennas at the edges of their service areas


g3, eq g\o(\s\up2(¢);3) :
gains of the space station transmitting antennas at the edges of their service areas


p3, eq p\o(\s\up2(¢);3) :
space station transmitter powers at the inputs to the transmitting antennas


g4, eq g\o(\s\up2(¢);4) :
earth station receiving antenna gains


(1, eq (\o(\s\up2(¢);1) :
carrier losses on the Earth-to-space link


(2, eq (\o(\s\up2(¢);2) :
carrier losses on the space-to-Earth link


,  :
angles between the directions from the space stations to the earth stations of their own network and to the nearest earth stations of the other (interfering) network


1–2, 2–1 :
angular separations between satellites required to obtain specified values of I/C and (I/C), respectively.

The parameters of network 1 are assumed to be known and do not change during the optimization process.

To optimize the position of network 2s satellite in the orbit, network 2 needs to be made homogeneous with network 1. This is achieved by establishing the condition of homogeneity in equations (4) and (5), i.e.


1–2    2–1    
(6)

and selecting values for the parameters of network 2 which will satisfy equations (4), (5) and (6) for specified values of I/C, (I/C), N/C.

When it is necessary to consider mutual interference between a new network and several existing networks, several attempts can be made to modify the technical parameters of a new network to make it homogeneous with each of the existing networks and then to select compromise values of these parameters.

7
Computer tools

The two approaches described in § 3 and 4 may be used in cases where large numbers of networks are implicated and require iterative optimization algorithms to be implemented. These tasks need to be performed using computer tools.

Two computer programs have been developed which are capable of fully executing the optimization processes described in § 3 and 4. One makes use of the link isolation method and the other follows the normalized T/T method.

ANNEX  2

Orbit management algorithms

1
Orbit management algorithms

Development of computer tools which may assist system design, coordination and interference evaluation has been under way and some of the results are already available. This Annex provides information on three such programs; two for orbit spacing management (Program A, B) and the third for frequency assignment optimization (Program C). 

2
Program A (ORBIT-II)

The program for orbit spacing minimization called ORBIT-II is capable in its current version of dealing with up to 200 satellites to determine an efficient orbital arrangement as well as optimizing satellite antenna beam shapes (circular or elliptical). The effect of frequency assignment is taken into consideration in the course of optimization.

Application of the program includes:

–
assessment of alternative orbit locations during bilateral or multilateral coordination;

–
assessment of critical frequency slots during bilateral or multilateral coordination;

–
identification of those systems influencing the accommodation of new systems.

The ORBIT-II program was used in the development of the 13/11 GHz and the 6/4 GHz allotment plans for the FSS at WARC ORB-88 after having been adapted by the ex-IFRB during the 1986‑1988 study period for use in a conference environment on the ITU computer. The basis for the allotment plan adopted by WARC ORB-88 was synthesized on the ITU computer using the 

ORBIT‑II program. This synthesis process did not require human intervention beyond selection of the order in which the plan entries were considered. However, because of:

–
the fact that the Plan was generated only for the 6/4 GHz band and the evaluation for 13/11 GHz band was made afterwards; 

–
the nature and magnitude of the requirements to be accommodated in the Plan; and 

–
the characteristics of the algorithm used in the ORBIT-II program, 

it was necessary in developing an acceptable plan at the Conference to make extensive manual modifications to the basic plan synthesized initially by ORBIT-II. The preprocessor and plan-analysis portions of the ORBIT-II program were used extensively in these “Manual” improvements to the plan.

Because of the “predetermined arc” characteristics of the allotment plan adopted by WARC ORB‑88 it may be necessary in the future to adjust the Plan to accommodate an assignment in accordance with the Plan at some orbital position other than its nominal orbital position. Since manual adjustment of the basic Plan with the aid of the ORBIT-II program was necessary in the synthesis of the Plan agreed to by the Conference, it is reasonable to assume that a similar activity may be necessary to adjust the Plan to accommodate an assignment at a new position within its predetermined arc or to satisfy modifications to system technical parameters which differ from those in the Plan. For that reason, it would seem appropriate to:

–
understand how the ORBIT-II program is used in a manual synthesis mode of operation to modify an existing plan;

–
consider ways of making that manual planning process more efficient through computer automation if necessary or in a partial automation of the above process;

–
consider the longer-term possibility of developing an improved fully automatic synthesis algorithm.

Basically, the synthesis process of the ORBIT-II program consisted of the following three steps:

–
generating an orbit separation matrix [ij] that specifies, for each pair of satellites and the technical parameters of the tentative Plan, the separation between satellite i and satellite j in order to result in the necessary single-entry interference from satellite j into satellite i;

–
placing each of the N satellites of the Plan in the GSO, one at a time in a one-pass routine, such that all of the single-entry interference levels in the Plan are met, i.e. such that each of the actual spacings ij are at least as large as the values; (the result of this one-pass process is the ordering of the N satellites on the GSO; the contribution of the planner in this process is to specify the order in which the N satellites are considered);

–
adjusting the position of the satellites in the GSO, without changing the ordering of the N satellites, so that the aggregate carrier-to-interference ratio of the satellites is maximized.

The manual-planning process used at WARC ORB-88 was to study the matrix [ij] to determine new orderings of the satellites, i.e. find new locally optimum solutions. By moving some satellites to completely new positions it was possible to select the new ordering of satellites in the GSO to produce a greater minimum aggregate C/I.

Initial improvement to the ORBIT-II package could provide computer-aids to the planner to reduce or eliminate the manual look-up tasks associated with the manual planning process, and to speed up the plan analysis routine that the planner used as a synthesis tool. Such a hypothetical “improved ORBIT-II” package could have:

–
the N × N orbit separation matrix [ij] accessible to the planner in an interactive mode of operation. The planner would be able to ask through an intelligent terminal the value of ij for a particular ij pair, or small [ij] sub-matrices of perhaps ten networks that were candidates for a small arc of interest;

–
an ability to analyse a small arc of interest, perhaps 20° to 40° wide, rather than the complete 360° arc. This would speed up the program immensely when using it as a synthesis tool, because the processing time is approximately proportional to the square of the number of plan entries being considered, and

–
a routine to do an exhaustive search of the n! possible plans for a small number n of perhaps 6 to 8 that the planner is considering for a particular position of the arc;

–
a routine to display graphically, the minimum ellipse service areas of administrations.

Such routines used in conjunction with the currently available ORBIT-II analysis routine could improve the planners ability to adjust the Plan.

It should be noted that some of those routines are already available in the currently available ORBIT-II. Thus, they should be effectively utilized in augmenting the capability of ORBIT-II.

In the longer term it may be possible and desirable to improve the ordering algorithm of ORBIT-II. Such a second generation synthesis program should be based on a thorough understanding of the algorithms practiced by orbit planners.

3
Program B (VAS-H)

The Program VAS-H is designed to optimize satellite orbital positioning subject to specific constraints on:

–
the service arc of the satellites;

–
the conditions governing possible joint operation of satellite systems, determined by the minimum angular separation of satellites in the orbit.

The optimization process consists of the following stages:

–
determination of the permissible combinations of satellite positions in the orbit given the condition:



 min i     max i    1

where:


 max i  1 :
upper limit of variation in the position of the (i  1)-th satellite


 min i :
lower limit of variation in the position of the i-th satellite


i :
order number of the satellite position in a given combination

–
determination of the matrix of the necessary angular separations between satellites producing a given level of interference (according to the criterion selected) between networks;

–
search for the optimum location of satellites in the minimum possible arc for a given combination of positions. Selection of the minimum arc for all variant orbital positions.

Program VAS-H, produced on an IBM PC/AT, solves the problem of optimization in the modes concerned:

–
a variant involving constraints on the repositioning limits of the individual satellites;

–
a variant in which all the satellites are free to move around within their service arcs;

–
automatic rearrangement of all possible combinations of constraints on satellite repositioning.

This program allows operational analysis of small orbital arcs of interest (tens of degrees) as well as the optimized positioning of up to eight satellites with given constraints on their positioning limits and on inter-network interference levels. In the program, the optimum positioning of the satellites is not restricted by their order of entry.

Program VAS-H can be used to evaluate the characteristics of planned satellite systems, establish a priori plans for the use of the orbit/spectrum resource, at multilateral meetings on satellite system coordination and in the bilateral coordination process.

The optimization method described above makes it possible to minimize the GSO arc accommodating N satellites, with given constraints on:

–
the limits of the satellite repositioning within the service arc;

–
the conditions governing the joint operation of the satellite systems concerned.

This method may be used in evaluating the characteristics of planned satellite systems, in the compilation of a priori plans for the use of the “orbit/spectrum” resource, at multilateral meetings on the coordination of satellite networks and in the bilateral coordination process.

In considering matters connected with the effective use of the GSO, the proposed method can be used to assess the potential capacity of the orbit, to select optimum system parameters, etc.

4
Program C (CAP-N)

A program called CAP-N has been developed to optimize the frequency assignment process for inter-system coordination. The program is capable of dealing with up to eight satellite networks so as to minimize the worst-case single entry interference between them.

Application of the program includes:

–
facilitation at an early stage of carrier frequency assignment coordination for an entering system;

–
coordination and optimization of assignments between multiple networks against other existing networks;

–
optimization of the carrier assignment during multilateral coordination.

Although CAP-N is intended to optimize frequency assignments among satellites, it can also be used to optimize the intra-system frequency assignments for networks using frequency reuse.

The combined use of two programs ORBIT-II and CAP-N, can facilitate both bilateral and multilateral coordination and enhances the use of the geostationary orbit. Given the rapid expansion of domestic satellite systems in segments of the GSO, it is necessary to re-examine the technical basis for satellite positioning. Minimum orbit spacing should be determined by inter-system interference, which is principally influenced by the choice of certain system parameters such as transmit power, receiver sensitivity and antenna directivity. Other factors such as the type of modulation, channelization, filtering and acceptable performance and interference levels are also important. Taking these factors into account, a method has been developed which evaluates the feasibility of reducing satellite spacing for co‑coverage networks. The result of this evaluation for both single entry and aggregate interference indicates that it is possible to meet ITU-R interference objectives for co-coverage networks with satellite spacings of less than 4° if any one of the following were employed:

–
polarization interleaved satellite deployment;

–
improved earth station side-lobe standard;

–
more detailed frequency coordination between nearby satellites.

*	Radiocommunication Study Group 4 made editorial amendments to this Recommendation in 2001 in accordance with Resolution ITU-R 44 (RA-2000).


*	Note that here the meaning is susceptibility to interference rather than the precise technical definition of sensitivity.
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