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APPENDIX 28

Method for the Determination of the Coondinatioa Area Around aa
Earth Station ia Frequeacy Bands Between | GHz and 40 GHz Shared
Between Space and Terrestrial Radiocommunication Services

1. Objectives

The coordination arca (scc No. 165) is determined by calculating, in all
dircctions of azimuth from the carth station, the coordination distances (see

No. 167) and drawing to scale on an appropriate map the coordination contour
{sce No. 166).

I must be emphasized that the presence or installation of a terresinal station within
the coordinaiion area of an earth station would not necessarily preclude the suc-
cessful pperation of cither the earth station or thal terresirial siation, since the
meihod is based on the most unfavourable case assumptions as regards inter-
Jerence.

For the determination of the coordination area wo cases may have to be
considersd:

1) for the eanh station when it is ransmitting (and hence capable of
interfering with terrestrial stations);

2) for the canh station when it is receiving (and hence capable of
being interfered with by terrestrial stations).

Where an carth station is intended 1o transmit a variety of classes of
cmissions, the carth station parameters 10 be used in the determination of the
coordination comour shall be those which lead 1o the greatest coordination dis-
tances, for cach carth station antenna beam and in each allocated frequency
band which the earth station propases to share with the temestrial services.

Where an earth station is intended (o feceive a vanety of classes of emis.
sions, the carth station parameters 10 be used in the delermination of the coordi-
nation contour shall be those which lead 1o the greatest coordination distances,
for each earth station antenna beam and in each allocated [requency band which
the eanh stalion proposes 10 share with the terrestrial services, except in the case
where the administration sesponsible for the carth station determines that a
smaller coordination contowr would adequately protect all the transmissions
intended 1o be received by the carth station. When the determination of such a
smaller coordination contour is based on a departure from the procedure of this
Appendix, the notilying administration shall indicate, in detail, the natuse of
such depariure.
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If subsequently an administration decides to protect its receiving earth
station through netification of a coordination contour which is greater than the
one it had notified under a departure from the method of this Appendix, it must
recoordinate the casth station. Any resulting greater protection shall be effective
from the date of publication of the notice in Part 1l of the IFRB weekly circular,

This Appendix provides methods which are suitable for ejther graphical
or computer determination of the coordination area.

It is suggested to draw, together with the coordination contour, auxiliary
contours based on less unfavourable assumptions thans those chosen for the
determination of the coordination contour. These auxiliary contours may be
used during subsequent negotiations between the administrations concerned
with & view to eliminating from the discussions (withowt the need for more pre-
cise calculations) the case of certain existing or planned stations located within
the coordination area. The determination and use of these auxiliary contours is
explained in Annex 1 to this Appendix.

2, General considerations

21 Concept of minimum permissible ransmission loss

The determination of coordination distance, as the distance from an

#>carth station beyond which interference from or 1o a terrestrial station may be

considered to be negligible, is based on the premise that the attenuation of an
unwanied signal is 2 monotonically increasing function of distance.

The amount of attenuation required between an interfering transmitter
and an interfered-with receiver is given by the minimum pemmissible trans-
mission loss (dB) for p% of the time, a value which must be exceeded by the pre-
dicted transmission loss for (100 — p)% of the time.

L(p)= B -P(p) )]
where:

F.*:  maximum available transmitting power level {dBW) in the refer-
ence bandwidth at the input to the antenna of an interfering sta-
tion;

* Primes refer to the parameters associated with the interfering station.
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£(p): permissible level of an interfering emission (dBW) in the refer-
ence bandwidih, 1o be exceeded for no more than p% of the time
¢ the output of the receiving antenna of an interfered-with sta-
tion, where the interfering emission originates from a single
source.

£ and B(p) are defined for the same radio frequency bandwidth (refer-
ence bandwidth) and L(p) and B(p) for the same percentage of the time, dic-
tated by the performance criteria of the interfered-with system,

For the smalt percentages of the time which are of interest here, it is
necessary lo distinguish between two significantly difTerent attenuation mechan-
isms:

~— attenuation of signals subjeet (o tropospheric propagation via near-
great circle paths; mode (1) sce §3;

— attenuation of signals subject to scatter due to hydrometeors:
mode (2) see § 4.

22 Concept of minimum permiszible basic transmission loss

In the case of propagation mode (F) the transmission loss is defined in
terms of separable parameters, viz.: 8 basic transmission loss (i.e. attenuation
between isotropic antennac) and the effective antenna gains at either end of an
interference path. The minimum permissible basic transmission loss may then be
expressed as:

L{p) = B+ G, +G,-P(p) LF)]
where:

Ly(p): minimum permissible basic transmission loss (dB) for p% of the
time; this value must be exceeded by the predicied basic trans-
mission loss for (100 — p)% of the time;

Gy:  gain {dB relative to isotropic) of the transmitting antenna of the
interfering station. If the interfering station is an earth station,
this is the anlenna gain towards the physical horizon on the azi-
muth considered; in the case of a terrestrial station, the maxi-
mum antenna gain is 1o be used;

G,:  gain (dB relative to isotropic) of the receiving antenna of the
interfered-with station. If the interfered-with station is an earth
station, this is the gain towards the physical horizon on the azi-
muth considered; in the case of a terrestrial station, the max-
imum antenna gain is to be used.
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Annex Il provides numerical and graphical methods to determine the Po! percentage of the time during which the interference from all
angle between the earth station antenna main beam and the physical horizon, sources may exceed the permissible value:
. h .  azi
and also the horizon antenna gain, as functions of azimuth angle. n number of ex entries of interference, assumed to be
When considering non-geostationary satellites, G, or G, (whichever per- uncorrelated;
tains 1o the carth station antenna) is variable with time. In such cases, an equiva- . { the time duri hich : e fi
lent time-invariant eanth station antenna gain is to be used®, This equivalent ’ percentage o mic during which the interference from one

source may exceed the permissible value; since the entries of
interference are not likely to occur simultaneously: p = po/n;

Mu(po): ratio (dB) between the permissible powers of the interfering
emission, during py% and 20% of the.time, tespectively, for all
entries of interference (sce Nove 3);

M(p): ratio (dB) between the permissible powers of the interfering
- emission during p% of the time for one entry of interference,
and during 20% of the time for all entries of interference;

gain is either 10 dB less than the maximum horizon antenna gain or is that value
of horizon antenna gain exceeded for no more than 10% of the time (il avail.
able), whichever is the greater.

23 Derivation and tabslation of interference parimetery
130 Permissibie level of the interfering emission

The permissible level of the interfering emission (dBW) in the reference
bandwidth, to be excecded for no more than p% of the time at the output of the
receiving antenna of a station subject 10 interference, from each source of inter-
ference, is given by the general formula below:

¥

equivalence factor (dB) relating interference from interfering
emissions 1o that caused by the introduction of additional
thermal noise of equal power in the reference bandwidth. It is
positive when the interfering emissions would cause more

) i i 4
P(p) = 1010g (KT,8) +J + M(p) ~ W ® | degradation than thermal noise (see Nove 4),
where: i _ Tables I and 11 tist values for the sbove parameters.
M(p) = M(py/n) = My(py) “ ' . )
with: ! In certain cases, an administration may have reason to believe that, for
. : | its specific earth station, a departure from the values associated with the earth
k: Bolzmann's constant (1.38 x 10-2 J/K); i station, as listed in Table 11, may be justified. Attention is drawn to the fact that
. ., for specific systems the bandwidths & or, as for instance in the case of demand
% :::m:‘o? ::::e r::ﬂmm?‘:fe:;:':;?m:nf)’ ystem (K), at the assignment systems, the percentages of the time P and p, may have to be
' i changed from the values given in Table I1. For further information see §232
B: reference bandwidth (Hz) (bandwidth of the interfered-with i :
system over which the power of the interfering emission can be ! Noie |: The noisc lemperature, in kelvins, of the receiving system, referred 10 the
averaged): | oulput isrminals of the reciving antenna, may be determined from:
J: rutio {dB} of the permisiblec long term (20% of the time) inter- T - -
fering emission power 10 the thermal noise power of the ‘ (mLre=hB0+er e
recciving system, referred 1o the outpul terminals of the I where!
feceiving antenna (see Note 2); I,: noise temperature (K) contributed by the receiving antenna;
; €. numerical loss in the transmission fine (c.g. » waveguide) between
* This cquivalent antenna gain is not to be used when the earth station antenna ! Anienna and receiver front end;
points in the ssme direction for appreciable periods of time (eg when working 10 space T;: noise temperature (K) of the receiver front end, including all successive
probes or to saiellites which are almost g

costalionary). Il slages, referred to the front end input.
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For radio-relay receivers and where the waveguide loss of & receiving earth
station is not known, & value of ¢ = 1.0 is 1o be used.

Noie 2: The factor J (dB) is defined as the ratio of total permissible long term
{20% of the lime) power of interfering emissions in the syslem, 1o the long term
thermal radio frequency noise power in & single receiver. In the computation of
this factor, the interfering emission is considered to have 2 flat power speciral
density, its actual spectrum shape being taken inlo account by the actor W (see
below). For example, in a 50-hop tervestrial hypothetical reference circuit, the
total allowabie additive interference power is | 000 pWOp (CCIR Recommenda-
tion: 357-3) and the mean thermal noise power in a single hop may be assumed to
be 25 pWOp. Therelore, since in a frequency-division multiplex/frequency modu-
lation (FDM/FM) system the ratio of a Nat interfering noise power (o the thermal
noise power in the same reference band is the same before and after demoduls-
tion, J is given by the ratio | 000723 expressed in dB, i.e. J = 16 dB, In a fixed-
satellite service system, the total allowable interference power is also | 000 pWop
(CCIR Recommendation 356-4), but the thermal noise contribution of the down-
link is not likely 10 exceed 7 000 PWOp, hence / » — 8.5 dB.

In digital systerns interference is measured and prescribed in terms of the bit
error rate or its permissible increase. While the bit error rate increase is additive
in & reference circuit comprising tandem links, the radio frequency power of
interfering emissions giving rise (o such bit error rate increase is not additive,
because bit error rate is not a linear function of the level of the radio frequency
power of interfering emissions. Thus, it may be necessary to protect each receiver
individually. For digital radio-relay systems operating above 10 GHeg, and for all
digital satellite sysiems, the fong term interference power may be of the same
order of magnitude as the Jong term thermal noise, hence J = 0 dB. For digital
radio-relay systems operating below 10 GHz, long term interference power
should not decrease the receiver fade margin by more than 1 dB, Thus the long
term interference power should be sbout 6 dB below the thermal noise power
and hence J = ~6 dB.

Note 3: Myl po) {dB) is the “interference margin™ between the short term (py%)
and the {ong term (20%) allowable powers of an interfering emission.

For analogue radio-relay and fixed-saiellite systems in bands between
1 GHz and 15 GHz, this is equal to the ratio (dB) between 50000 and
1 000 pWOp (17 dB).

In the case of digital systems, system performance at frequencies abhove
10 GHz can, in most arcas of the world, usefully be defined as the percentage of
the ime py for which the wanted signal is allowed to drop below its operating
threshold, defined by a given bit error rate. During non-faded operation of the
sysiem, the desired signal will exceed its threshold level by some margin M,
which depends on the rain climate in which the station operates. The greater this
margin, the grealer the enhancement of the interfering emission which would

#—'-'—ﬁ
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d'euﬁelhuyuemlotllmholdperfonnmce.Anﬁmorderaﬁmneil may be
assumed thal, for small percentages of the time (of the order of 0.001% 1o
0.003%), the level of interfering emissions may be allowed to equal the thermal
noise which crists at the demodulator input during faded conditions. Thus, Myin
Tables | and I] may, for digital systems operating above 10 GHz, be assumed 1o
be equal to the fade margin M, of the system. For digital radio-relay systems
operating below 10 GHz it is assumed that the short term power of an interfering
¢mission can be allowed o exceed the long term power of the interfering emis-
sion by an amount equal to the fade margin of the sysiem minus J, ic. 4] dB,
where J « —§ dB.

Noie 4: The factor W (dB) is the ratio of radio frequency therma? noise power to
the power of an interfering emission in the reference bandwidth when both pro-
duce the same interference after demodulation (e.g in & FDM/FM system it
would be expressed for equal voice channel performance; in a digital system it
would be expressed for equal bit error probabilities). For FM signals, it is defined
as follows:

Thermal noise power al

the cutput of the receiving  Interference power in the
Antenna in the reference  receiving system afier de-
bandwidth x modulation

Power of the interfering  Thermal noise power in
cmission at the radio fre-  the receiving system after
Quency in the reference  demodulstion
bandwidth, st the output '

of the zeceiving antenna

W e itlog

(3b)

The factor W depends on the characteristics of the wanted and the inter-
fering signals. To avoid the need for considering & wide range of characteristics,
upper limit values were determined for the factor . When the wanted signal
uses frequency modulation with 1.m.s. modulation indices which are greater than
unity, # is not higher than 4 dB. In such cases, a conservative figure of 4 dB will
be used for the factor W in (3), regardless of the characteristics of the interfering
signal. For low-index FDM/FM systems a very small reference bandwidih
(4 kHz} implies valucs of W not greater than 0 dB. In such cases, & conservalive
figure of 0 dB will be used for W in (3), regardiess of the characteristics of the
interfering signal.

When the wanted signal is digital, W is usually equal 10 or Jess than 0 dB,
regardicss of the characteristics of the interfering signal.,

Y g
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232 Coordination parameters for very narrow-band transmissions (receiving
earth station)

2121 General

In the case of an earth station which receives both broad-band and very
narrow-band transmissions (eg. single channel per carrier (SCPC) irans-
missions) it may be desirable to draw two scparate coordination contours: one
for narrow-band transmissions and one for broad-band transmissions, giving the
specific sections of frequency bands used for very narrow-band transmissions,

2322 Pre-assigned narrow-band transmissions

For such transmissions, it is appropriate to change the value of the refer-
ence bandwidth 10 the value of the bandwidth occupicd by one such namrow-
band transmission,

2323 Demand-assigned narrow-band iransmissions

For such transmissions, in addition, it may be appropriate to take into
account the reduced probability that a particular frequency channel will be suf-
fering interference at the time when it is actually selected for use at an eanh sta-
tion.

Administrations shall furnish all relevant technical data used i the
determination of the coordination contour(s) for such transmissions.

3 Determination of coordination distance for propagation rode (1) ~ Great
circle propagation mechanisms

kW] Radio-climatic zones

In the calculation of coordination distance for propagation mode (I),
the world is divided into three basic radio-climatic zones termed Zones A, B and
C. These zones are defined as foliows:

Zone A: Entirely land.

Zone B:  Seas, oceans and substantial bodies of inland water (as a cni-
terion of a substantial body of water, one which can encom-
pass a circle of diameter 100 km) at latitudes greater than
473 N or S, but excepling the Black Sea and the Mediter-
rancan.

Zone C: Scas, oceans and substantial bodics of inland waler (as a
criterion of a substantial body of water, one which can en-
compass a circle of diameter 100 ken) at latitudes less than
23°30' N or S, and the Black Ses and the Mediterranean.
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32 Cakeulation of coordination distance for paths within a single radio-dlimatic
zone
321 General

Equation (2) provides the value of minimum permissible basic trans-
mission loss Ly(p) for p% of the time. From this minimum permissible basic
transmission loss, the coerdination distance in each radio-climatic zone is
derived using cither of two alternative methods. The first method, described in
#3.2.2, is a numerical method comprising several mathematical equations, and is
intended principally for use with the aid of a computer. The second method is &
graphical method and is described in § 3.2.3.

Where the distance derived in §3.2.2 or §3.2. lies entirely within the
boundary of the radio-climatic zone appropriate 1o the earth station, that dis-
tance is taken as the actual coordination distance for propagation mode (0. Ir
the distance extends beyond the boundary of one radio-climalic zone, the overall
coordination distance is obtained using the method given in § 3.3.

322 Numerical method

The minimum permissible basic transmission loss is related to coordina-
tion distance by the following expression:

Lip) = Ay +Bd, + 4, ®
in which:

Ao = 120 + 20 log f(dB)

B:  rate of attenuation (dB/km);

d): coordination distance for propagation mode (1} (km);
Ay:  horizon angle correction (dB);

J:  frequency (GHz).

A, is given by:
A, = 20 log (| +4.5 M) + e fore >0 (Ta)*
A, = 8e for —05°<eg<0® (7b)
Ay —4 for e € -0.5* (7¢)

* Equation (7s) and thus Fig. | should be used with caution at frequencies higher
than about 20 GHz or for horizon angles above $* until further studies have been com-
pieted by the CCIR in accordance with Resolution 69,

—
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in which:
€. horizon angle® (degrees).

From equation (6) the coordination distance d, may be found as fol-
lows:

d) = (Ly(p) —Ag— A}/P 8
The value of B depends on the radio-climatic zone and the percentage of
time p, and is the sum of three components:
Pu=B.+B. +P, ]
in which:

B.:  rate of attentuation (dB/km) due to all effects except atmospheric
gasces;

B.: rate of attenuation (dB/km) due to atmospheric water Yapour;
B,: rate of attenuation (dB/km) due 1o oxygen.

B. depends on the radio-climatic 2one, frequency and the percentage of
time as follows:

for Zone A,
P-4 = 0.154(1 + 3.05 log £ "4 (0.9028 + 0.0486 log p)’ (t0)
for Zones B and C,
Bs = Bic = (0272 + 0.047 log p) )

£, depends on the frequency and the density of water vapour in the air
as follows (B, may be neglected when f < 15 GHz);

,e (12
- i |
B, =35x10-4p (]-3'2._3)24_ 3 +(|+-2—2-:§ T | +3x10-¢p p
71 R f)

where p is the water vapour density {&/m), and depends on the radio-climatic
zone. The following values are 10 be used:

Zone A, p = | g/m’
Zone B, p = 2 g/m?
Zone C, p = § g/m?

B, depends on the frequency as follows:

B, = 68 x [0~ L

I i
st iy vz
* Horizon angle is defined here as the angle viewed from the centre of the earth

stalion &nienna, between the horizontal plane and a 1a that grazes the visib) ical
horizon in the direction concerned. d  phys
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Thus the coordination distance in Zone A is derived for the appropriale
frequency, percentage of time and horizon angle using equations (7), (8), (9),
(10}, (12) and (13). Similarly, the coordination distance in Zone B or C is derived
using equations (7), (8), (9), (11), {(12) and {13).

123 Graphical method

The equations given in § 3.2.2 have been converted into graphical form,
to providc & sccond method of obtaining coordination distance for propagation
mode (1) It is emphasized that the procedure described in this Section is an
alternative to that described in §3.2.2 and each administration should use the
method which is considered most convenient.

The minimum permissible basic transmission loss L,(p) is obtained
from equation (2). The “coordination loss™ L, is obtained from the minimum
permissible basic transmission loss by subtraction of the horizon angle correc-
tion A,,:

Ly = Lo(p) — Ay (14)

Values for the horizon angle correction are obtained from Fig. 1 for the
appropriate frequency and horizon angle®.

The coordination distance in each radio-climatic zone is to be obtained
as foltows. Taking Zone A first, the coordination distance for 0.01 % of the time
d,(0.01) is obtained with the appropriate value of coordination loss L, and [re-
quency from Fig. 2. The Zone A coordination distance for p% of the time is then
obtained by multiplying the distance for 0.01% of the time by the factor Ap,
given in Fig. 3.

dy = d,(0.01) x Ap, (15)

In a similar manner, the coordination distance in Zone B is obtained
using values for d(0.01) and Apye oblained from Figs. 4 and 3 respectively. The
coordination distance in Zone C is obtained using values for d¢-(0.01) and Apyc
obtained from Figs. 5 and 3 respectively.

* Horizon angle is defined here as the angle viewed from the centre of the earth
station antenna, between the horizontal plane and & ray that grazes the visible physical
horizon in the direction concerned,

—

B
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33 Mixed paiths

If the distance being calculated extends through more than one radio-cli-
matic zone {mixed path), the prediction is made as follows:

Designating the successive path sections in different zones by usc of the
sulfixesi, j, k..., it follows that:

Lip)—Ag—A, =, g, (16)
where B; is the rate of attenuation in the first zone (i)
Now, in the dircction considered, if the value d, is greater than the dis-
tance D, in the first zone (i), it follows that:

L(p)—Ap— Ay —B; D, = §; d; )]
and so d; is found. If the value d, is greater than the distance Dj of the path in the
sccond zone (j), it can then be stated that:

-7 Lkp) Ao~ Ay~ P D;~P, D, = B, d, (18)
from which d, may be found. This method may be cxtended as necessary, and in
the case given the total distance d) may now be expressed as:

dy=D,+Dj+d, (km) 9

Annex 11l provides examples for the graphical application of this proce-
dure.

e X ) Maximum coordination distance for propagation mode (1)

In the process of determining the coordination distance for propagation
mode (1), if values result which exceed the appropriate value given in Fig. 6 or in
Table 111, the coordination distance for propagation mode (1) shall be the value
given in Fig. 6 or in Table 111. In the case of mixed paths, the values to be con-
sidered are those given for Zones B or C, as appropriate, In the case of mixed
paths with more than one scgment in Zone A, the 10tal distance in Zone A shall
not cxceed the value given in Fig 6 or in Table 111 for Zone A.

4, Determination of the coordinaiion contour Jor propagation mode (2) —
Scattering from hydrometeors

The determination of the coordination contour for scattering from
I!ydrorr_lcteon (rain-scatter) is predicated on a path gecometry which is substan-
Ually different from that of the great circle propagation mechanisms, As a first

——— —— ——aa
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approximation, energy is scattered isotropically by rain.'w that interference may
result for large scattering angles, and for beam intersections away from the greal
circle path.

4] Normalized mransmission loss L; (0.01)

To determine the coordination contour associntcd.wil.h rain-scatter it is
necessary Lo calculate 8 “normalized transmission loss™, given by:

L;(001) = F. + AG = F(p}-F(p.[) 20)
where:

AG: difference (dB) between the maximum gain of terrestrial sta-
tion anlennac in the frequency band under invesiigation and
the value of 42 dB. When the earth station is a transmitting
station, the values shown in Table I should be used; when it is
a receiving station, the values shown in Table I1 should be
used;

F{p. f): correction (dB) to relate the effective percentage of the time p
to 0.01% in the frequency band under consideration (see
Fig. 7).

All other parameters have been defined in § 2. For terrestrial stations,

values of P, are listed in Table 1L

4.2 Rain-climatic zones

The world has been divided into five basic rain-climatic zones numbered
1 10 5 as shown in Fig. 8. The climatic characteristics of these zones for 0.01% of
the time are given in Table 1V. ’
43 Calculation of the rain-scaiter distance d,
4.3.1  Numernical method ’

The normalized transmission loss is composed of six terms:

Ly(001) = A, —Ay+ Ay~ Ay = Ay + A, 2n
in which: _
Ay = 157 + 20 log d, — 20 log f(dB) . @2
where d, is the rain-scatter distance (km).
Ay =26+ l4logR ~ 5.88 x 10-3(d, — 40 (dB) 23

where R is the surface rainfall rate in mm/h (Table 1¥). The horizon distance of
the terrestrial station is taken to be 40 km. ‘
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Ay v 0.005( f - 10)"? RO+ (dB) for 10 < f < 40GHz (24a)

= 0{dB) for f< 10GHz (24b)
Ay =10 Iog[ ;2'_—%0 - lo-"""”)] {(dB) for /> SGHz (25a)
= 0(dB) for f< SGHz (25b)
where D is the diameter of the rain cell in km (Table 1v)
and
Y = 0008 R(f-5) for > SGHa (26a)
-0 for f < 5GHz (26b)
A5 = 101og D (dB) @n
Ao =d.f,+d,B, (28)
where:
d, = 07d +32%km for d, < 340 km (29a)
= 270 km for 4, » 340 km (29b)
d, =07d,+32km for d, < 240 km (30a)
= 200 km for d, » 240km {(30b)

B, is given in (12), where P is to be replaced by p.. (Table 1V),
B, is givenin (13),

Thus, for & given rain-climatic zone the parameters in Table IV are used

* ‘to calculate the rain-scatter distance d, by an iterative process.

412 Graphical method

The cquations of § 4.3.1 have been converted into sraphical form to give
an alternative method of determining rain-scatter distance d,.

To obtain the rain-scatter distance for rain-climatic Zone 1, the normal-
ized transmission loss, obtained by solving equation (20), is used together with
the appropriate frequency in Fig. 9 to yield the rain-scatter distance d,.

Figs. 1010 13 show corresponding curves for rain-climatic Zones 2105,
In alt cases, the rain climate to be chosen is that which cortesponds to the joca.
tion of the earth station,
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44 Maximum rain-scarter distances

In the process of determining the rain-scatter distance for propagation
mode (2), if values result which exceed the appropriate value given in Table v,

the rain-scatier distance d, for propagation mode (2) shalt be the value given in
that table.

45 Construction of the rain-scatier coordination contour

Due 1o the pecyliar seometry associated with rain-scarter propagation,
the location of the centre of the rain-scatter coordination contour does not coin-
cide with the location of the carth station, The distance by which these locations
are scpatated is designated Ad.

The rain-scatter distance d,, logether with the clevation angle €, of the
main beam of the earth station antenna, are used 1o determine Ad using the
cquation:

Ad ~ 588 x 10-%(d, - 40y cote,  (km) an

Alternatively, Ad may be determined from Fig. 14.

the rain-scatter coordination contour,

The rain-scatter coordination distance, to be tabelled d,, is the distance
from the earth station site to the rain-scatter <oordinalion conlour on the azj-
muth under consideration,

46 Absence of mixed paih effects

As the only significant rain-scatter is that occurring in the general area of
the earth station, the question of 2 mixed path docg not arise. The rain-climatic

zone relevant to the carth station is applied, together with the appropriate max-
imum rain-scatter distance from Tabie V.

5 Minimum valye of coordination distance

If the method for determining d,, the coordination distance for propaga-
tion mode (1), leads to A result less than 100 km, d, shall be 1aken as tquai to
100 km, Similarly, if the method for determining the rain-scatter distance d,
leads to a result jess thun 100 km, 4, shall be taken as equat to 100 km,
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6. Coordination distance

On any azimuth, the greater of the coordination distances d, or dy is the
coordination distance to be used for the coordination procedure.

An example of a coordination contour is shown in Fig. 15

7. Mobile (except aeronautical mobile) earth siations

For the purpose of establishing whether prior agreement with another
administration under the provisions of Nos. 1108 1o 1111 is required, it is neces-
sary to determine the coordination arca which would encompass ali coordina-
tion sreas determined for each location within the service area within which
operation of the mobile earth stations is proposed.

The preceding method may be used for this purpose by determining the
appropriate individual coordination contours for a sufficiently large number of
locations within and on the periphery of the proposed service area and by deter-
mining from those a composile coordination area which contains all possible
individuat coordination areas,

8. Revision of propagation data
The material cantained in sections 3, 4 and 6 and in Annex IlI of this

Appendix is based, directly or indirectly, on Propagation data compiled, inter-
preted and documented in CCIR Reports and Recommendations, Knowledge

»wTegarding propagation is subject 10 change as new dala become available, and

such change may require or strongly suggest corresponding amendments 10 the
Propagation-related material in thig Appendix.

Resolution 60 provides for the mechanism by which an updating of the
propagation-related elements of this Appendix is to be implemented.
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"ABLE 11
Maximum Cocrdimation Lratunce [or Propagation Mods (1)
PMetcentage of Time
F=0001 p=001 =01 p=1
Zove A 375 350 300 200
Zom B 1050 1000 900 700
Zome © 1400 1350 1200 950
TABLE IV
Charactovistic Values of Purameters for the Five Rain-Clinsatic Zomes
0.01% of the tiame)
Raia-Climatic Zone
Parameter Unh
1 2 3 & 3
Surfece Rainfall Rute (R) 71 53 ” 26 14 mmfh
Raln Coll Diameter (D) 25 28 3 3 45 km
Water Vapour Deasity {p,)} | 10 L] 2 2 3 o/m?
TABLE V
Maximaus Rain-Seatter Distances (km)
Perceatage of Time
Rain-Climatic Zons
: 0001 <p<001]| 00l1<p<Ol puol
1 40 470 %0
2 410 1% 30
3, 4mds 3% 330 by
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FIGURE 15
Example of & coordination contour

ES: Earth station
e Coordinstion contous
esve=ioe. = Contour for propagation mode 1)
L TN ‘Coatowrorpmpmﬁoamod.u)
— = = = Auxillary eonl.nuuforpmplpﬁonmodn(l}

Note: If vy wiing the auxiliary contours it ia soen that a torrestrial station can be elimi-
asted with respoct 1o propegation mode (1) then:

= \f that terrestria] station s outside the contour for Propagation mode (2}, it may
be eliminated fyom any further consideration;

~ if that tecrestrial station is within the contous for propagation mode (2), it must
still bo considered, but fos this mode only,
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ANNEX 1
Determination and Use of AuxUiary Costours

1. Introduction

For great circle propagation mecha.mi_sms mode (1) aumha:gﬂo:::l?;lrr‘:
lue in eliminating certain existing of planncfl lerr::is A stanont
iAok ey v:h coordination area without recourse to precise and an s cal
fﬂlllnla e rk of both the earth station admimslral!oq anc! the aile ted
::mz::&zz:s‘:: therefore eased during subsequent negotiations if these au
iary contours are supplied.

2, Determination of the auxiliary contours

Two types of contours may be determined, depending on whether the
earth station is used for transmission or reception,

2.1 Transmitting earth station
From equation (2) one may isolsta the terms G, - Rip) m‘.dl dl:fl':r;:‘ :n
intetference se:(slilivity factor § (dBW) of the interfered-with terrestnial s :
in
§ = G,~B(p) 32)

Table | shows values of this factor for various types of terrestrial sta-
tions. - ‘ o
The coordination contour is associated with a (maximum) sensitivity
factor § and labelled with its value. -
The auxiliary contours are determin_ed in the sameb \:ays;‘s ltI:r:;r':;
sponding coordination contour for propi;gauzlj'lar‘l;;))d:h(ii)'; a:: s|.l ]0815 Ny
ion interference sensitivity factor § values L » 10, 143, . o
::f:“?:v::rulh::lhc value (given in Table 1) corresponding to the coordinatio

contour,

22 Receiving earth station

i ikewise, isolate the terms P+ G, and
uation (2) one may, _hkew:se. iso : ;
define tlll:eroct:uie\?alent isotropically radiated power E (dBW) of the interfering
ial stations:
terrestri £ PG, o)

values for which are listed in Table 11,
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The coordination contour is

associated with a maximum value for E and
labelled with this value.

1 Use of auxiliary contours

The auxiliary contours, the coerdination contour for great circle propa-
gation mode (1) and the coordination contour for min-scatter mode (2} are all

plotted on the same diagram for a given shared band. An illustrative example is
given in Fig, 15,

oh situated within the coordination area, & two
Stage procedure may be applied, one for the great circle Propagation mechanism
and the other for scattering from hydrometeors,

3 Great circie propagation mechanisms mode (1}

If a transmitting terrestrial station is outside the coordination area corre-

sponding to mode (1), it need not be considered further with respect to
mode (1).

For each transmitting tervestrial station situated within the coordination
area corresponding to mode (1), the e.irp. value in the direction of the earth sta.
tion is determined, If this value is less than the value i
contour defining an area outside of which the station is sityated
be considered not 1o cause more than a permissible level of i
therefore may be climinated from further consideration with respect 1o mode (1),

For each receiving terrestria) Station, the analogous procedure may be
applied using the interference sensitivity factor instead of the eirp. value,

32 Elimination of a terrestrial Station and rain-scatter Ppropagation mechanism

mode (2)
Terrestrial stations eliminated by the above procedure from further con-

sideration with regard 1o propagation mode (1) need, nevertheless, be further

wnsidcrgd with regard to Propagation mode (2) when they lie within the rain-
scatter coordination area,

N Ty

'
¥
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ANNEX It

Asnteans Gala in the Direction of the Earth Station
Horlzom for Geostationary Satellites

L. General

The gain component of the earth station antenna in the direction of the
physical horizon around an earth station is a function of the angular separstion
¥ between the antenna main beam axis and the horizon direction under conaig-
eration. Therefore, knowledge of the angle ¢ is required lor each azimuth.

The elevation &, and azimuth a, of geostationary satellites as seen from
an carth station at a latitude § are uniquely related. Fig. 13-1 shows the possible
location arcs of geostationary satelliles in o rectangular clevation/azimuth plot,
each arc corresponding to an earth station latilude.

Specific relative satellite longitudes may not be known beforchand, but
even when they are, the possibility of the addition of a new satellite or the repo-
sitioning of an existing one suggests that all or a portion of the applicable arc be
considered to hold satellites.

2 Graphical method for the determination of ¢(a)

With the correct arc or segment of arc chosen and suitably marked in
Fig. 1I-1, the horizon profile e(a) is added to the plot of Fig. 11-1, as shown in
Fig. 11-2, where an example is given for an carth station located at 45° N latitude
for a satellite expected to be focated somewhere between relative longitudes of
10° E and 45° W,

For cach point on the local hatizon &(a) the smallest distance 1o the arc
is determined and measured on the elevation scale. The example of Fig. 11-2
shows the determination of the off-beam angle @ al an azimuth a (= 210°) with
a horizontal elevation € (= 4°). The measurement of ¢ yiclds a value of 26°.

When this is done for all azimuths (in suitable increments, e.g. $°), a rela-
tionship @ (o) results.
3 Numerical method for the determination of p{a)

For this purpose the following equations may be used:
¥ = arccos(cos{ - cos §) (k1)]

!
i
, where:
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a; = arccos {tan §- cot y) (3%

@, =+ 180° for earth stations located in the northern hemisphere
and satellites Jocated west of the earth station (36a)

@, = 180°—a; for earth stations located in the northern hemisphere
and satellites located cast of the canth station (36b)

@, =360°-—aqa; forecarth stations located in the southern hemisphere
and satcllites located west of the earth station (36c)

a, =wada for earth stations located in the southern hemisphere
and satellites located cast of the eanth station {36d)

- K~ cos ¥y _
€ arc lan iy W an
q:(u)-ncoos[cosc-n:ose,-oos{a—a,)+linl:-sint:,] (38)

g {atitude of earth station:

difference in longitude between the satellite and the earth station;
great circle arc between Uw earth station and the sub-satellite
point;

@,:  satellite azimuth as seen from the earth station:

€ satellite elevation angle as scen from the earth station;

a: azimuth of the pertinent direction:

€ elevation angle of the horizon in the pertinent azimuth a;

p(a): angle between the main beam axis and the horizon direction
corresponding to the pertinent azimuth a:

K:  orbil radius/earth radius, assumed 1o be 6.62,

4

All arcs mentioned above are in degrees.

4. Desermination of antenna gain

The relationship @(a) may be used 1o detive a function for the horizon
antenna gain G (dB) as a function of the azimuth q, by using the actual carth
station antenna pattern or a formula giving a good approximation. For
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example, in cases where the ralio between the antenna diameter and the wave-
length is not less than 00, the following equation should be used:

3
G(@) = Gpua ~ 25 x lO"(%p) for0<p<o, (393)
Glg) = G, for g . <9 <o, (39b)
G(p) = 32-251ogo for p, <@ <4p® 3%¢)
Gig)= -10 for 48° < p < 180" (39d)
where:
D: antenna diamet
A wavelen gﬂ.l “r expressed in the same unit

G\: gain of the first sidelobe = 2 + 15 Iog-;%

200
P = T)_Ja"‘" — G, (degrees)

o = 1585 ()™ egreesy

-‘lzof less than 100, to use the
above reference antenna patiern and when neither measured data nor a relevant
CCiR Recommendation accepted by the administrations concerned can be used
instead, administrations may use the reference diagram as described below:

When it is not possible, for antennae with

D\
G(9) = Gy — 2.5 x 10 -rtp) for 0< @ <o, (40a)
Gip) = G, for <9< IOO% {40b)
Gi9) = 52~ 1010g 2 — 2510, for 100> o
2 i\ g P or D < <48 {40c)

G(g) = 10— 10log 2 o

() og 3 for 48° < ¢ < 180° (40d)

where:
D:  antenna diameter .
A: wavelength I expressed in the same unit
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G,: gain of the first sidelobe = 2 + 15 Iog%

Pm - %li G — Gy {degrees)

The above pattems may be modified as appropriate 1o achieve a better

representation of the actual antenna pattern.

20log

Elevation at eanth station

In cases where % is not given, it may be estimated from the expression

b ™ Gpus — 1.7, where G, is the main fobe antenna gain in dB.
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FIGURE [1-}
Position arcs of geostationery setellites

e Arc of geostationary-sstellite orbit visible from earth station at terres-
trial latitude {

Difference in longitude between earth station and the sub-satellite point:
==ne-=-s Satellite longitude E of earth station longitude
........ - Satellite Jongitude W of earth station longitude
-------- Sateilite Jongitude equal to the earth station longitude
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Azimuth at earth station (Southern Hemisphere)
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FIGURE 112
Example of derivation of ¢
T Arc of grostationary-satellits orbit visible from earth station st teres-
trial latitude {
=" Horizon proflie £ (a)
e Differcnce in longitude between sarth Mation and the sub-satellits point :

woem==- Satellite longitude E of earth station longitude
T Satellite lorgitude W of earth station longitude
"7 Satellite longitude squal 10 the carth station longitude

ANNEX 111

Graphical Method for the Determination
of Coordination Distance for Mixed Path

LR Two tones

_ The procedure to be followed in the case of a mixed path involving two
zones is |Ilt_|stmed by the example shown in Fig. I1I-1(a). The earth station
18 situated in Zone A at a distance of 75 km from Zone B. The graphical

e e i —— e e e .
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Ppresentation described below is particutarly useful where more than one boun-
dary between zones may be involved, as in this example.

In the example given below, the coordination loss is assumed to be
180 dB, the frequency 20 GHz, and the percentage of time 0.01%. The proce-
dure is as follows:

1.1 determinc the distance entirely in Zone A that would give the coordina-
tion loss. Mark this distance (in this case it is 160 km) from the origin along the
abscissa axis of linear graph paper as indicated by the point A (Fig. LLI-1(b)):

12 determine the distance entirely in Zone B that would give the same coor-
dination loss. Mark this distance (in this case it is 530 km) from the origin along
the ordinate axis of the chart as indicated by the point B;

1.3 draw a straight line between points A and B representing these distances
from the origin;

14 stanting from the origin, the distance of 75 km from the carth station to
Zone B is set off along the abscissa axis of the chan as indicated by the
point A, ;

1.5 starting from point A, the Zone B path length of 150 km is then set off
parallel to the ordinate axis of the chart as indicated by the point B, ;

1.6 the further distance in the next Zone A region is then measured parallel
1o the abscissa axis from the point B, to the point of intersection of the mixed
path curve as indicated by X. In Fig, I11-1(b), this distance is 40 km;

1.7 the coordination distance is the sum of distances 0A,, A, B, and B, X
and is cqual to:

15 4 150 + 40 = 265 km

2. Three zones

In some special cases, the mixed path involves all three radio-climatic
Zones A, B and C. A solution 10 this problem can be found in adding a third
dimension 1o the procedure 1o be followed for mixed paths involving only 1wo
zones. Theoretically, it means that the third coordinate has to be determined for
a point having coordinaies corresponding to the known distances in the first two
zones and lying in a plane defined by three points on the axes X, Y and Z, corre-
sponding to distances in Zones A, B and C, respectively, that would give the
required basic transmission loss.
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In practice, the procedure can be reduced to a simple graphical method
shown in Fig. 111.2(a) assuming for example a coordination loss (L) of 180 dB
at a frequency of 20 GHz. It is required to find the coordination distance from
the earth station in the direction given in Fig. JH-2(a). Here an carth station is

In this case, the procedure to be applied should be as follows
(Fig. [11-2(b)):

2! repeat the same procedure as for mixed paths involving only two zones,
giveninsieps 1.1 to 1.5 above, and continue as follows:

22 from the point B, draw a line parallel to the line AB to intersect the
abscissa axis as indicated by the point D

24 at the point D draw a line Paralle! 1o the ordinate axis 1o intersect the
line CA as indicated by X;

25 the distance between the points D and X, which is the unknown distance
in Zone C, is found 1o be 85 km;

2.6 the coordination distance is then the sum of the distances 0A,, A,B,,
and DX and in this example is equal to:

15+ 150 + 85 = 310 km
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APPENDIX 29

Method of Calculation for Determining I Coordination is
Required Between Geostationary-Satellite Networks

Sharing the Same Frequeacy Bands

1. Introduction

The method of calculation for determining il coordination is re-
quired under provision No. 1060 is based on the concept that the noise
temperature of a system subject 10 interfesence increases as the level of the
interfering emission ingreases. It can, therefore, be applied irrespective of
the modulation characteristics of these saicllite networks, and of the precise

frequencies used.

In this method, the apparent increase in the equivalent satellite link
noise temperature resulting from an interfering emission of a given sysiem
is calculated (see § 2 below) and the ratio of this increase to the equivalent
satellite link noise temperature, cxpressed as a percentage, is compared 0 &
theeshold value (see § 3 below).

2, Calculation of the apparent increase in equivalent noise tempera-
ture of the satellite link subject to an interfering emission

Two possible cases are considered:

Case I:

Cuse il:

wanted and interfering networks share one or more
frequency bands, each in the same direction of transmis-
sion;

wanted and interfering networks share one or more
frequency bands, each in opposite directions of transmis-
sion (bidirectional use).

These two cases cover all relative satellite positions from closely-
spaced to near-antipodal positions.
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2.1 Parameters

Let A be a satellite link of network R associated with satellite S
and A’ be a satellite link of network R’ associated with satellite S, The

symbols relating to satellite link A’ bear primes, those relating 10 satellite
link A do not bear primes.

The parameters are defined as foflows (for satellite link A):

T:

X

& :

the equivalent sateilite link noise temperature, refetred 1o

the output Of the receiving antenna of the earth sta-
tion {K);

the receiving System noise tempetature of the space sia-

tion, referred to the output of the receiving antenna of the
space station (K);

the recciving system noise temperature of the carth station,

relerred 10 the output of the receiving antenna of the earth
station (K);

apparent increase in the receiving system noise tempera-
ture of the sateflite S, caused by an interfering emission,

referred to the output of the receiving antenna of this
satellite (K):

apparent increase in the receiving system nojse tempera.
ture of the carth station ey, caused by an interfering

cmission, referred 10 the output of the receiving antenna
of this station (K):

maximum power density per Hz delivered 1o the antenna
of satellite S (averaged over the worst 4 kHz band for a
carrier frequency below 15 GHz or over the worst 1 MHz
band above 15 GHz) (W/Hz):

transmitting antenna gain of satellite § in the direction n
(numerical power ratio);

o ——

Tia*

Nyt

n,:

Pe:

£(0):

AP2%.3

direction, from satellite $, of the receiving earth station e,
of satellite link A;

direction, from satellite S, of the receiving earth station ¢’y
of satellite link A’;

Note: The product p, gyn ,.) is the maximum e.irp. per Hz of
satellite 5 in the direction of the receiving carth station ¢’y of
satellite link A’

direction, from satellite S, of satellite §';

maximum power density per Hz delivered to the antenna
of the transmitling carth station e; (averaged over the
worst 4 kHz band for a carrier frequency below 15 GHz
or over the worst | MHz band above 15 GHz) (W/H2);

receiving antenna gain of satellitt S in the direction &
(numerical power ratio);

direcﬁon. from satellite S, of the transmitting earth sta-
tion cp of satellite link A;

dircction, from sateliite S, of the transmitting carth sta-
tion ¢'; of satellite link A’;

direction, from satellite S, of satellite §';
topocentric angular separation in degrees between the two
satellites !, taking the longitudinal siation-keeping toleran-

ces into account;

Note: Only the opocentric angle B, should be used in dealing
with Case 1,

! A method for calculation of the topoceniric angular separation is given in

Annex [
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B,: geoognlric angular scparation in degrees between the two
satellites, taking the longitudinal station-keeping tolerances
inte account;

Note: Only the geocentric angle 8y should be used in dealing
with Case 1].

£(8,): tansmitting antenna gain of the carth station er in the
direction of satellite §' (numerical power ratio);

20,): r.eeeiving antenna gain of the earth station ¢, in the direc-
tion of saiellite §* (numerical power ratio);

k: Boltzmann's constant (1.38 x 10-2 J/K);

i free-space iransmission loss ! on the down-link (numerical
power ratio), evaluated from satellite S to the receiving
carth station ¢, for satellite link A:

Note: The free-space transmission loss on any down-link evalu-
Med from the saicllites S or § to the receiving carth stations ey OF
€'y is considered to be equal to Iy

i: free-space transmission loss! on the up-link (numerical
power ratio), evaluated from the carth station er, lo
satellite S for satellite link A;

No:e:'l‘h_e frec-space loss on any up-link evaluated from the
earth stations ¢y or ¢’y 1o the satcllite S or S’ is considered to be

equal to /,.

[ free-spa.a: transmission loss' on the inter-satellite link
(numericat power ratio), evaluated from satellite §' 10
satcllite §;

—_————
' ' A method for calculstion .
Annex I3

the free-spuce transmission loss is given in

AP29-5

y: transmission gain of a specific satellite link subject to
interference evaluated from the output of the receiving
anteniia of satellite S to the output of the receiving
antenna of the carth station ¢, (numerical power ratio,
usually less than 1).

22 General method

In the following cqualions, the frequency (0 be used for the
caiculation of I, 1, and I is the average frequency of the band common 1o
both networks in the direction considered. If, in a given direction, there is
no overlap of the assigned frequency bands of the two nctworks, the
corresponding value (AT, or AT,) is taken to be equal 10 zero. For cases
where the Appendix 3 data have not been published, the assigned fre-
quency band for that network shall be considered as being the frequency
range as provided for in Appendix 4.

221 Case I - Wanted and interfering networks sharing the same fre-
quency band in the same dircction of transmission

The gains g(0,) and g(0,) are those of the earth stations con-
cerned. When neither measured data nor a relevant CCIR Recommenda-
tion accepted by the adminisirations concerned are available the radiation
patterns set out in Annex 111 should be used.

2.2.1.1 Simple frequency-changing transponder on board the satellite

The parameters AT, and AT, are given by the following equations:

P; gi (91) |.¢] (80) 1
AT, ._._.........._...._“. 1))
AT, = P8 (0} 84 (9:_) )
d
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The symbol AT will be used to denote the apparent increase in the
equivalent noise temperature for the entire satellite link referred to the
output of the receiving antenna of the receiving earth station eg duc to the
interfeting emission from link A’

This increase is the result of the interfering emissions entering at

both the satellite and the earth station receiver of link A and can accord-
ingly be expressed as:

AT = yAT, + AT, 3}

Hence,

AT = y 281050} plgi(n) 84(0)
ki, ki,

@

An example calculation for the application of the method of this
Appendix in Case 1 is given in Annex IV,

In the same way, the increase AT in the cquivalent noise tempera-
ture for the entire satellite link, referred 10 the oulput of the receiving
antenna of the receiving earth station ¢y, under the effect of the interfer-
ence causcd by satellite link A, is given by the following equations:

AT;' - Pe 81 (BJ) 8’2{5r)

i, (%)
AT, 2258 (!’1‘.") 84(8) )
d
AT = Y.Pf ‘1(0!}3'2(81, + P 83('1.')8': (Bf, 7

&, ki,
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22.1.2 Cases requiring independent treatment of the uvp-link and the
 down-link

If there is a change of modulation in the satellite or if the
transmission originates on board the satcllite, then the apparent increase in
the noise temperature must be rtelated to the total receiving system noise
temperature of the specific link being examined (the space station or the
carth station, whichever is applicable). In this case, the equivalent noise
temperature of the entirc satellite link and the transmission gain are not
used and equations (1) and (2) above are used separately as required (see
§23).

222 Case II - Wanted and interfering networks sharing the same
frequency band in opposite directions of transmission (bidirectional
use)

The calculation method beiow only applies to interfering emissions
between satellites.

Interference between earth stations using the same frequency band
in opposite directions of transmission (bidirectional use) is to be dealt with
by coordination procedures analogous to those used for coordination
between carth and terrestrial stations,

All the equations relating to Case Il shall use the geocentric
angle 8.

2.2.2.1 Simple frequency-changing transponder on board the satellite

The noise temperature increase AT, referved to the output of the
recciving antenna of the satellite of link A is given by:

AT, - Ps By (Tl.) K2 (51')

8
i ®)

Tark
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The apparent increase in equivalent link noi :
given by: €quivalent link noise temperature is then

AT = yar, ®

The increase AT in the equivalent nojse temperature of the link A’

caused by interfering emissions from the satelfite associated with the Jink A
is given by:

AT = yAT; & Y2 0100) 53 (5))

]

(10

2222 IC.;“ requiring independent treatment of the up-link and down-
.. R

In this case squation (8) is used direct) i i
i . y with T, to obtain the
percentage increase. The increase AT, in the noise tempcr‘amre of link A’

caused by interfering emissions from the satetlite associated with li §
. . . * i
obtained in a similar manner. wih fink A b

223  Consideration of polarization isolation

The polarization isolation factor described in this

1 ' ion paragraph shal)
be considered only if the administration responsible for each nsctwl::rk has
consenled_ to 'such a course and has notified its polarization or published it
for coordination under No. 1060. In this casc, the apparent increase in the

equivalent satellite link noise temperature shall be i
following expressions: Fe * fetermined by  the

Case | AT—!AT‘..Q.Q_T‘.'
Yu Yd‘
Case II AT = 145
Y,

&%
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where the values of AT, and AT, are those given in § 2.2.1 and § 2.2.2 and
the values of the factors of polarization isolation Y,, ¥, and Y,, are those
given in the table below.

Polarization Pactor of polarization
isclation (pumerical tatio)

aetwork R notwork R Y

LHC © RHC 4

LHC L 14

RHC L 14

LHC LK i

RHC RHC 1

L L !

whare: LHC = loft-hand ciroular (anti-clockwise)
RHC = sight-hand circular (clockwise)
L  =linear

13 Determination of the satellite links to be considered in calculating
the increase in equivalent satellite link noise temperature (Case |
only)

The greatesi increase in equivalent satellite link noise temperature
caused to any link of another satellite network, existing or planned, by
interfering emissions of the proposed satellite network must be determined.

The most unfavourably sited transmisting earth siation of the
interfering sagellite network should be determined for each satellite receiv-
ing antenna of the network subject to interference by superimposing the
“Earth-to-space™ service arcas of the interfering network on the space
station receiving antenns gain contours plotted on a map of the Eanth's
surface, The most unfavourably sited transmitting carth station is the one
in the direction of which the satellite receiving antenna gain of the network
subject (o interference is the greatest,
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) The most unfavourably sited receivin earth statio
subject to interference should be delerminedsin an am:lo:oz: 'r:‘::::r?';t
e?ch "spa_ce‘-to-Earth" service area of that network. The most unfavourably
sited receiving carth station is the one in the direction of which the sateliite
transmitting antenna gain of (he interfering network is the greatest.

24 Use of information furnished under Appendix 4

When an administration elects to use informaii i
\ a ) on futnished
Appendin 4 with the calculation procedures of § 2.2.1.1 and §2.2.;?dier:
order to fon_nulate comments {0 the advance publication of & new network
;ﬁ:ﬂ;;ﬁia;:ns need to be made for both sets of values of y sd F
1shed. The greater of the two values of A Iti
calculations is the one to be used, /T resulting fram these

3. Comparison between caleuinted . . ’
percentage increase in poj .
perature and the threshold value 8 0ise tem

31 Simpile frequcncy-changing transponder on board the sateliite’

ages, shall be compared w_ith the threshold valye of 4%,

- AT .4 ar
e calculated values of the 37 gpng T—r . expressed as percent-

= If the calculated value of ‘%‘.7_.'. expressed as & percentage, due

1o any interfering emission from satellite link A’ to satellite
link A, is no greater than the threshald value, coordination is

not i i . !
ok :qulred with respect to interference from link A’ 1o

= If the calculated value of &I. cxpressed as a percentage, is

greater than the threshold valye, coordination is required.
1

. AT
The comparison of T with the threshold value, expressed as a
percentage, shall be carried out in a similar manner,
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3.2 Cases requiring independent treatment of the up-link and the
down-link

#) In the casc of interference into only one link, the up-link or
the down-link, the value AT,/T, or AT,/T,, expressed as a
percentage, shall be compared with the threshold value of 4%.

b) In the case of interference into both the up-link and the
down-link, between which there is a change of modulation on
board the satcllite, the values of AT,/ T, and AT,/ T,, expressed
as a2 percentage, shall cach be compared with the threshold

value of 4%.

When none of the calculated values due to any interfering emission
from satellite link A’ to satellite link A is greater than the threshold value,
coordination is not required with respect to interference from link A’ to

link A.

When at least one of the calculated values exceeds the threshold
value, coordination is required.

AT, ’
The comparison of TT‘ or %-,Ii. expressed as a percentage,
e’ 13

with the threshold value shall be carried out in a similar manner.

4, Consideration of narrow-band carriers

The method of calculation described in this Appendix may underes-
timate the interference from slow swept TV carriers into certain narrow-

band (single channel per carrier, SCPC) carriers.

In order 1o facilitate coordination between the satellite systems and
to reducc the number of administrations involved in this procedure, the
administrations whose SCPC assignments are either recorded in the Master
Register or are under coordination may inform an administration notifying
its new assignment of the radio frequency channels used in their systems
for SCPC transmission, so that the notifying administration may be able to
avoid using these channels for FM-TV transmissions.
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Conversely, administrations introducing newllysums using SCPC

trnnsm_issions may scek appropriate information from other administrations
on their FM-TV transmissions.

ANNEX 1

Calcalation of the Topocentric Angular
Separation Between Two Geostationary Satellites

The topocentric angular scparation 6, between two geosiationary

utelli.les. from a given canth station can be determined by using the
cquationi: i

dl 4 dl = (84 332 sin 921)’)

0, = arcco:(
2d| . dz

where d, and 4 are the distances, in km, from the carth station to the two

satellites respectively, and evaluated as d b the method descri H
Annex 11, .and 8, is as defined in § 2.1. y escribed in

ANNEX 11

Calculation of the Free-Space Traasminslos Loas

The frce-space transmission loss L i i
following cqueren oss L can be determined by using the

L =20¢ogf+logd) + 3245  (d)

AP29-13

where:
Sf: frequency (MHz);
d: distance (km).

a) The distance 4 between an carth stalion and a geostationary
satellite is given by the equation:

d = 42644 /T = 0.2954 cos y {km)
where: .
cos ¥ = cos § x cos i
where:
§: latitude of the earth station;

B: difference in jongitude between the satellite and the carth
station,

Note: If con y < 0.151, the satellite is below the horizonual plane.

b} The distance d, between two geostalionary satellites is deter-
mined as follows:

d, = 84 332 sin 92‘ (km)

where:

6, : geocentric angular s¢paration as defined in § 2.1.

ANNEX Il

Radiation Patterns for Esrth Siation Astenaae
to Be Used When They Are Nol Published

When neither measured data nor relevant CCIR Recommendations
accepted by the administrations concerned are available then administra-
tions should use the reference patterns as described below (dB):
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D . .
a) for values of 3> 100* {maximum gain > 48 dB approx.):

H
G(@) = Gy = 2.5 x w-!(%p) for 0 < <gp,

Glyp) = G,

Gp) = 32-125 log ¢
Gle)= -10

where:

D = antenna diameter

A = wavelength
¢ = off-axis ang
applicable

for o, <p<gq,
for ¢, < p < 48°
for 48° < ¢ < 150°

l expressed in the same unit

le of the antenna, in degrees, equal to 8, or 8, as

Gy = gain of the first sidelobe = 2 4 15 Iog-g-

- .
b

Pu
9, =1

b) for values of % < 100°

max ~ ) (degrees)

Dy-0s
5.85% ( -):) (degrees)

(maximum gain < 48 dB approx.):

2
G(®) = Gy — 2.5 x |o-i(%p) for 0<yp<g,

Gp) = G,

A

A

f 2
or ¢m<w<I00D

G(¢)-52-—I0|og£—-25|ogvp for IOO%<¢<4B°

G(e) = 10— 10 log-i—)

for 48° < ¢ < 180°

The above patterns may be modified a , .
: S appropriate to
better representation of the actual antenna pattern, pprop achieve a

b . .
*In cases where 3 8 not piven, it may be estimated from the expression

D
201log e Gaan — 1.7, where G

max i3 the main lobe antenna gain in dB,

AP2Y-15

ANNEX 1V

Exsmple of an Application of Appendix 29

1. General

In this example of Case | (see § 2.2.1}, two identical satellite
networks cach with a simpie frequency-changing transponder and a global
coverage anlenna are assumed,

All topocentric angles 8, are assumed to be equal 1o 5°.

For this angular separation and for an carth station amenna with
5 Breater than 100, the reference radiation pattern (32 ~ 25 log 8,) gives a

gain of 14.5 dB in the direction of the satellite of the other network.

The input data are furnished in § 2 below and are expressed in dB
values except for the parameters T and 8,. In § 3 the calculations are
performed in d8.

It may be noted that since both satellites use global beams there is

practically no antenna discrimination between wanted and unwanted sig-
nals at the satellite, and that this constitutes a worst case.

2, Input data

The values of the network parameters given in the table below are
derived from those published in accordance with Appendix 3 or 4.
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Symbol ¢ Value Unit
Up-link P, -1 dB (W/Hz)
a6 175 MHz Gi18,) 14.5 de

Gy(6,) 15.5 da

L, 200 dB
Dowa-link A - 57 dB (W/Hz)
3950 MHz Gy (n,} 15.5 dB

Gi(8,) 143 dB

Ly 196 dB

I0log y - 13 dB

T 103 K

9, ] degrees

Caiculation of ﬁrf

From equation (1)

Wlog AT, = P, + G, (B,) + G,(8,)+2286-L,
- 374145+ 155+ 2286 — 200 = 2).6 dBK
Therefore,

AT, = 145K

From equation {2)
10log AT, = P, + G5 (n,) +G,(0,) + 2286 - L,
= 574+ 155+ 145+ 228.6 -~ 196 = 5.6 dBK
Therefore,
AT, = 36K

* All capital symbols, except T, refer Lo parameters given in logarithmic units.
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From equation (3)
AT = vy AT, + AT,
- 0032 x 145+ 36 = 82K

Thus

9_1:‘ lm_B.ZxIOO

7 05 - 1.8%

Conclusion

In the example shown, the percentage increase in equivalent

satellite link noise 1emperature is 7.8%. Since it exceeds the threshold value
of 4%, coordination between the two networks is required.



