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PREFACE

This report documents analytical services using the Orbit
Frequency Utilization Simulation performed by SED Systems Ltd.,
under- Supply and Services Contract 0ST5-0004 with the Departmen
of Communications. | - : : o
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1.0 INTRODUCTION

_ This report documents the results of a series of simulation
runs made using the Orbit Frequency Utilization Simulation,
(References 1 to 4), to gain confidence-in the predictive

 accuracy of the simulation before it is implemented for routine

use in analytical studies.

Ideally, it would be desirable to compare the simulation

" results with actual measurements. However, this was not possible

for two reasons:

. present systems margins are such that interference
is not a serious problem.

. measurement of interference on existing systems
is costly and difficult.

As a result, a carer]Ty designed set of prob]ehs were drawn up
to exercise the simulation models and algorithms. These problems
are typical of those the simulation was designed to analyse. - In
most cases the behavior of ‘these systems could be checked
independently using "hand calculations", measured data, system

~designs on which the source data for the problem was obtained,

or the results of independent studies.

This report describes each simulation task, the parameters
characterizing the systems involved, the results of the simulation

runs, and the suitability and limitations of the simulation for |
that task. ‘



2.0 SUMMARY .

The simulation has been used to ana]yée the following
problems: S

. Flux grids of ANIK and .CTS satellites.

. Homogenous system of:éateT1ites with over=
lapping coverage zones.

. Homogenous system of satellites W1th n0n~
overlapping coverage zones.

. 4-6 GHz communications 1ink for a satellite
system similar to the ANIK system.

. 12-15 GHz communications 1ink for a multi-
beam SHF satellite system. Various propagation -
phenomena were considered in this analysis.. '

. Precipitation Scatter interference calculations
from 4 to 18 GHz for several -interference
configurations.

. Interference. between two direct broadcasting- -
satellite systems using the 12/14 GHz bands.

. Interference betweén a direct broadcasting-
satellite system and a fixed-satellite systém
including both heavy—route and thin-route
carriers.

. The results of these simulation runs are presented herein and
indicate that the simulation is suitable for the ana]ys1s of
problems of this type.
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3.0 FLUX GRID CALCULATIONS. | | | ]

3.1 ~In§roduction

The Orbit Frequency Utilization Simulation has
been used to calculate the flux density, at the
~ earth's surface, due to a siﬁg]e geosynchronous
satellite. Two cases have been analysed as part
of this task. The first consisted of a satellite
located over central Canada with parameters simiTar ~
to an ANIK satellite. The second case consisted of
a satellite located over western Canada with para-
'.meters similar to the CTS satellite. In each case,
the only propagation loss considered was clear
weather tropospheric absorption. A detailed
. description of all of the parameters of each system
. together with the results of the simulation runs
are presented in the remainder of this chaptér.

3.2 4 GHz ANIK Flux Grid

3.2.1 Description of Satellite Model Parameters
The sateliite location and antenna

beam crientation used in the simulation
runs is-illustrated in Figure 1. The
transmitting antenna beam has been
approximated by a beam of é]]iptica] cross
section. The parameters used in the
simulation runs are described below:

1

. Satellite location : Tongitude
~latitude

105° W
0° N
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- Transmitting antenna parameters

. Boresight target: longitude = 97.0° W
latitude = 56.0° N
. Reference vector target |
Tocation on major axis
of beam : ‘;?1ongitude = 105.0° W
' latitude =

57.0° N
. Polarization : Vertical =
. On-axis gain = 28.40 dB
. Major-axis 3-dB beamwidth
.« Minor-axis 3-dB beamwidth
- Carrier Parameters
. Type : FM/TV .
.- Frequency = 4.0 GHz .
. Peak-to-peak frequency deviation = 16.0 MHz
. Output power = 5.64 watts (determined from
the condition that the E.I.R.P. = 36 dBW).
. RF bandwidth = 40 MHz ‘

80
. 40

I

In addition to these patameters, simulation-
provided default values were used where required.

3.2.2 Results of the Simulation Runs

The flux density at 80 sites on the earth's
surface -was calculated for this satellite, over
a 40 MHz band centered at 4 GHz. ‘The 'SITE'
~calculation was used to perform these calculations.
It was found that for this carrier, 50 step
spectraT'résolution.waé suffﬁcient to accurately
determine the “integrated flux density across the
40 MHz simulation bandwidth. For all of the
- simulation runs, the C.C.I.R. satellite antenna

model was used. The results of these calculations
are listed in Table 1.




TABLE 1 FLUX AT EARTH'S: SURFACE OVER 40 MHz
BANDWIDTH
LATITUDE LONGITUDE . ANTK
(N) (W of G) (12 GHzg (4 GHz)
(degrees) (degrees) (DBW/M DBW/M
90 . 90 NV * NV
85 90 N NV
80 90 ~115.41 -129.16
75 90 -110.86 | -128.12
70 90 -108.65 -127.71
65 90 -107.00 ~127.37
60 90 -105.92 -127.10
55 90 - -105.61 ~126.97
50 90 © -106.36 =127.09
45 90 -108.47 -127.58
40 90 -112.31 -128.59
35 90 -118.19 | -130.28
30 90 -124.71 -132.79
25 90 . -124.64 -136.26
20 90 -124.59 ~140.79
15 90 -124.54 ~146.37
10 90 -124.31 -146.33
5 90 -124.16 - -146.32.
0 90 -124.61 -146.31
-5 90 ~125.61 ~146.32 -
-10 90 -126.52 ~146.34
20 90 -128.11 | = -146.10 .
-30 90 -129.43 -146.05
ity 90 ~130.52 ~146.94
-50 90 ~131.43 -147.82
-60 90 -132.17 ~-148.53
=70 90 ~132.87 -149.12
- -80 90 -136.07 -150. 44
-90 90 SN NV

- ’ - ) PO . - .oy -~ - - '
! < : ‘ - .. - . e . e el N Ee
A G5 SN S8 A SN 88 < | : e | = , ' |

* NV = Not Visible
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TABLE 1 (Continued)

LATITUDE

LONGITUDE - CTS ANIK
0 0 /2 R il
0 +180 -130.18 -147.70
0 +270 LW | NV
~40 180 - -132.54 ~148.31
-50 0 TN NV
50 10 NV NV
50 - 20 NV NV
50 30 NV -133.48
' 50 40 ' -128.86 -131.82
50 50 -125.95 -130.74
50 60 -125.44 -129.64
50 70 -118.11 -128.57
50 80 ~111.25 -127.67
50 90 -106.35 | . -127.09
50 100 -105.01 -126.91
50 110 -108.38 -127.21
50 120 -116.92 -127.96
50 +130 ~124.99 -129.10
50 +140 . -125.06 ~130. 49
50 +150 -125.16 -131.98
50 +160 -125.13 -133.42
50 +170 -125.22 |  -134.74
50 +180 -125.49 ~136.56
50 +190 -126.81 NV
60 60 -113.47 -128.42
60 70 -110.08 -127.84 -
60 80 -107.28 -127.38
60 90 -105.91 -127.10
60 100 1 -106.77 -127.05
60 110 -110.39 -127.27
.60 120 ~-116.96 -127.74
60 130 -125.25 | -128.43
70 60 -109.23 | -128.29
70 70 i ~108.19 -127.99
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TABLE 1 (Continued)

LATITUDE | LONGITUDE CTS ANIK
70 80 -107.96 -127.79
70 90 -108.65 -127.70
70 100 ~-110.48 -127.73
70 110 7<113.61 -127..87
70 120 - ~118.03 ~128.13
70 130 -123.65 | -128.48
70 140 -125.71 | -128.92
55 110 ~109.08 -127.13
55 70 -113.29 | -128.05
55 100 -105.49 | -126.87
55 80 -108.59 -127.39
45 100 -105.69 -127.32
45 80 -115.49 -128.35
45 120 -118.11 ~128.57
65 150 -125.58 -129.67
35 85 -123.47 -130.77
35 120 -124.64 ~131.50




3.3 12 GHz CTS Flux Grid’

3.3.1

3.3.2

Description of Satellite Model Parameters

The CTS satellite antenna beam has been
approximated by a beamﬁof circular cross section.
The parameters used in the simulation runs to
describe the satellite location, beam orientation
and RF carrier properties are listed below: o

116.0° W
0.0° N

- Satellite location : Longitude
Latitude
- Transmitting Antenna.Parameters
. Boresight target : Longitude
Latitude
. Polarization : Horizontal
. On-axis g&in = 36.3 dB
- Carrier Parameters ‘
. Type : FM/TV
. Frequency = 12.0 GHz
. Peak-to-peak frequency deviation = 16.0 MHz
. Output power = 147.0 watts
(chosen so that the E.I.R.P. = 58 dBW)
. RF bandwidth = 40.0 MHz

It

97.0° W
56.0° N

In addition to these parameters, the simulation
default values were used for other, non-critical
parameters.

Results of Simulation Runs’

The flux density at the earth's surface was
calculated by the simulation, at each of the 80
sites used in the previous flux grid. In this
case, however,‘the_ca1cu1ations were performed
over a 40 MHz band centered at 12 GHz. Again,
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50 step spectral. resolution was used for the 'SITE'
calculations. For these simulation runs, the C.C.I.R.
antenna model was used. The results of these
calculations are summarized in Table 1.

3.4 Evaluation of Simu]ationA?esu]ts ::

The fesu]ts of these simulation runs indicate that
. the geometric routines function correctly, even for sites
at the north and south poles and at other sites not visible A
to the satellite. The visibi]ity test for earth-space paths
correctly stops SITE calculations from proceeding with flux
calculations at points that are not visible to the satellite.

The antenna pointing algorithms for both circular and
elliptical beams also function correctly. It was found
thét for both cases run, the flux increased slightly when
moving south towards the equator (longitude = 90° W). This"
midleading behavior results from use of the C.C.I.R. space-
craft antenna model because a region of constant gain exists
for off-axis angles near the first sidelobe (see Figure 3.2/3
of Volume 1). Since the antenna gain is constant and the
distance to the satellite is decreasing the flux increases
slightly. The same effect would occur if thé RICE antenna
"model had bsen used since it also contains a region of
constant gain near the first sidelobe.

The propagation model for tropospheric attenuation,
the only propagation model uséd in these runs, waé only"
important for very low elevation angles. . These were only
encountered at a few northern sites. As expected, .the
predicted attenuation was‘higheh at TZ'GHZ than at 4 GHz

~although for most mid-Canada sites the attenuation never
exceeded a few tenths of a decibel. ’
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The other simulation models did not affect
the results of these -simulation runs. It should be
noted also that ahy of the spectrum models could
have been used for the flux grid calculation. The
FM/TV spectrum was chosen since it requires the
minimum computation time of all of the spectrum
models in the simulation.

The results of these simulation runs indicate
that when C.C.I.R. antenna patterns are used in flux
density calculations, the flux densities should be
inferpreted as an upper bound on the.recefved flux.




] " - . . 4 1 H H
- - - .- ; . . ' : : 1. K H J i
o H . .o . R A . . ‘ . . '
. . B

- 12 -

4.0 HOMOGENQUS SYSTEM OF SATELLITES WITH OVERLAPPING COVERAGE ZONESL

4.1 Introduction

The simulation has been used to calculate the
interference-to-carrier ratidiat a mid-Canada earth
station resulting from a set of uniformly spaced
geosynchronous satellites each of which has its
transmitting antenna directed at the earth station.
The situation is illustrated in Figure 2. The
calculations for this task have been performed at
4 GHz. As a result, the satellite beams were modelled

_such that the on-axis gain was comparable to an ANIK
satellite. For the simulation runs, fifteen identical
satellites were considered at inter-satellite spacings
of 1°, 3° and 5 degrees. Several earth station
antenna diameters were used in the calculations.

The results of these simulation runs, together
with those of a simple model described in Reference 5,

are presented in the remainder of this chapter.

4.2 Satellite and Earth Station Parameters

The satellites have been numbered~sequent1a11y
from 1 to 15 for identification purposes. The Tocations
of all of the satellites for inter~sate11ite'spac1ngs
of T, 3 and 5 degrees are given in Table 2. In all
cases, satellite #8 was located at the same longitude.
The parameters used in the simulation to describe each

.of the satellites follow: '
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TABLE 2. Satellite Locations for various inter-satellite
spacings '
Satellite Longitude W of G (degrees)
Number 1 degree spacing } 3 degree spacing | 5 degree spacing
1 98 84 70
2 99 87 75
3 100 - 90 80
4 101 93 85 .
5 102 96 90
6 103 99 95
7 104 102 100
8 105 105 105
9 106 108 110
10 107 111 115
1 108 114 " 120
12 109 117 125
13 110 120 130
14 111 123 135
15. 112 126 149
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- Transmitting Antenna Parameters
. Boresight target : Longitude
Latitude
. 3-dB beamwidth = 6.0 degrees
. Polarization : Vertical

100° W
52° N

- Gérrier_Parameters. :
. Type : FW/TV
. Frequency = 4.0 GHz » _
. Peak-to-peak frequency deviation = 16.0 MHz
. Outpdt power = 1.0 watt

The receiving site was located at the . _ \
satellite's boresight target position. . |

The receiving antenna diameters used in the
calculations were:

. 98 ft. (29.87 m) - comparable to a
TELESAT heavy route antenna.

. 32.8 ft. (10.0 m) - comparable to the
TV earth station antennae used by TELESAT.

. 12 ft. (3.66 m) - comparable to the thin
route transportable antennae used by
TELESAT. '

The receiving antennae were vertically
- polarized and aligned with the transmitting beam

on satellite #8.

4.3 Results of Simulation Runs

" The simulation was used to calculate the power
received from each of the fifteen satellites over a 40 MHz
band centered at 4 GHz for the three receiving antenna
diameters and satellite spacings. Only tropospheric
losses were included. o
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The C.C.I.R. antenna models were used for
both the satellites and earth station antennae. For
the 98 ft. receiVing antenna, the C.C.I.R. antenna
model for D/x > 175 was used. For the 32 ft. receiving
antenna, the C.C.I.R. antenna model for 100< D/x < 175
was used, while the C.C.I.R;-éntenna model for D/A < 100
Was used for the 12 ft. diameter antenna. The resu]ts
of these simulation runs are summarized in Table 3.

If the RF carrier on satellite #8 is designated
the "wanted" carrier, and the remaining fourteen satellites
are considered as interferors, then it is. possible to

-calculate the carrier-to-interference ratio (C/I) for each

spacing/diameter combination. These ratios, given in
Table 3, are also plotted in Figure 3.

Evaluation of Simu]ation Resu1ts

The results of the simulation can be compared with
those of a simple model for the homogenous system .
developed in Reference 5. The basic assumptions of the
model are:

. the C.C.I.R. sidelobe equation, 32- 35 109 6, applies

for the earth station beam
the satellites are equally spaced at separations
of As. ' .

. the distance from the earth station to any of the
interfering satellites is the same as to the wanted
sate111te , )

. an-infinite number of 1nterfer1ng sate111tes are
present and can be "seen" by the earth station.
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. One  Degree Spacing 3 Degree Sbacing ' 5 Degree  Spacing
Satellitej _ - RX Diameter RX  Diameter RX Diameter
Number | = 12' 32! 98’ 12! 32! 98! 12" 32! 98’
1 155.3 | 158.4 158.4 | 167.3 170.4 170.4 172.9 176.0 176.0
2 - |153.6 156.7 156.7 165.6 | 168.7 168.7 171.2 174.3 174.3
3 {151.6 154.8 154.8 163.6 166.7 . 166.7 169.2 '172.3 172.3
4 149.2 152.4 152.4 161.2 164.3 164.3 166.7 169.8 - 169.8
5 146.1 149.2 149.2 158.0 161.1 161.2 153.6° 166.7 166.7
6 142.2 ©144.8 144.8 153.6 156.7 156.7 159.2 162.3 162.3
7 :136.4 137.3 137.3 146.1 149.2 149.2 151.7 154.7 154.7
8 127.3 118.6 109.1 127.3 118.6 109.1 127.3 118.6 109.1
9 136.4 137.3 137.3 146.1 149.3 149.2 151.7 154.7 154.7
10 142.2 144.8 144.8 -153.6 156.7 156.7 159.2 162.3 162.3 !
11 |146.1 149.2 149.2 158.0 161.2 161.2 163.6 | 166.7 166.7 N
212 149.2 152.3 152.3 161.1 164.3 164.3 166.8 169.9 169.9 '
13 . {151.6 - 154.8 154.8 163.6 166.7 166.7 169.2 ..} 172.3 172.3
14 153.6° 156.7 156.7 165.6 168.7 168.7 1712 174.3 174.3
15 155.3 158.4 - 158.4 167.3 170.4 170.4 172.9 176.0 176.0
Sum of '
Interferenge . : : .
Power 131.7 133.1 133.1 1471.9 145.0 145.0 147.5 147.9 147.9
(-dBW) . : ' .
C : ‘
(E) 4.4 14.5 24.1 14.6 26.5 36.0 20.2 29.3 . 38.8
(dB) '
TABLE 3 SUMMARY OF RECEIVED POWER FOR FACH SATELLITE . (NOTE: Table entries for each satellite

are -dBW)
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From these assumptions it can be shown that

the wanted carrier power is proportiona]lto n/(wD/A)2 GSAT

where D is the receiving antenna diameter, n is the
aperture efficiency, (0.5), and GSAT is the on-axis gain
of the satellite antennae. The interference power is
proportional to L

Z =< 2 G 1585
Z T (106)*"
{=7 ‘

- Gy, 3170 | ' na

The summation term.is equé] to 1.34, resulting in

() = Lol (.
z .

60

This equation has been plotted in FigUré,B for

“comparison with the simulation results. It can be seen

that the trends predicted by the simuTation and the
simple model are similar. The differences can be

~explained as follows:

. The simulation results include the effects of |
~only fifteen satellites, not an infinite number.
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. thé antenna pattern used in Reference 1 does
not contain the-breakpoint, beyond which the
gain is at most - 10 dB, and hence unlike the'
simulation, for large satellite spacings it
predicts C/I ratios that are too high.

. For small receiving antennae, the simulation
uses a different sidelobe equation than that
used in Reference 1. (i.e., the C.C.I.R. pattern -
for D/A < 100). o

. For small satellite spacings the simple model
predicts C/I ratios that are much too low.
This. occurs since a sidelobe equation is used

‘to describe the main beam gain. This problem
does not occur in the simulation results.

It should be noted that use of the C.C.I.R.
antenna model in the simulation calculations results in A
the same. interference power for the 98 and 32 ft. diameter
antennae for each satellite spacing, since the receiving
aritenna uses the same sidelobe equation. The change in
the C/I ratio for these two antennae diameters, results -
from a change in the on-axis gain of the receiving antenna.

As a result of these simulation runs, the models
used in the simulation can be evaluated for their
suitability for this and other analyses of this type:

. Geometric routines - adequate. -

. Antenna Model - subject to the limitations of
the C.C.I.R. models as being representative.of
real antennae, upper bounds on the interference
power can be determined. The model should not
be used in a sensitivity analysis as misleading
trends may be obtained (i.e. as noted above For
changing antenna diameters).: |
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. Spéctrum models - any of the RF spectrum.

models are adequate for this type of analysis
since the shape of the spectrum does not

‘affect the results. . The FM/TV spectrum was

used since-it requires the least computer
time at the resolution used.

. High Power amplifier - adequate for this type

of analysis.

. Other simulation models - although they‘aré

used in the calculations, the propagation and
antenna depolarization models do not affect
the results of this éna]ysis by more than a -
fraction of a decibel. At higher frequencies
the tropospheric attenuation model will become
a more important parameter in an analysis of
this type. ‘ |

. Program outputs - sufficient output generated.

No need for spectrum plots.
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5.0 HOMOGENOUS SYSTEM OF SATELLITES WITH NON-OVERLAPPING COVERAGE ZONES

5.1

5.2

Introduction

The simulation has been used to calculate the carrier-
to-interference ratio at a mid-Canada earth station |
resulting from a set of five identical, uniformly spaced
geosynchronous satellites, each of which has its beam
directed to an adjacent coverage zone. The situation is
illustrated in Figure 4. The earth station has its
antenna directed at the center satellite. The calculations
were performed at 12 GHz for several satellite spacing

~and for several satellite antenna polarization plans. A
simple model, developed for comparison against the

simulation results, 1s also presented in this chapter.

Satellite and Earth Station Parameters.

. The satellites have been numbered seqhentia]]y.from
1-to 5, with satellite #3 being the source of the wanted
signal. Five satellites were chosen for this analysis -
task since five antenna beams of 1.5 degree beamwidth can
fit across Canada in a manner similar to the multi-beam
satellite system proposed in Reference 6. The satellite
locations and boresight target locations used in the
simulation runs are listed in Table 4. It should be noted
that the satellite containing the wanted~carrjer.(Sate]Tjte
#3) is located due south of the receiving earth station for
the three inter-satellite spacings. The zero degree spacing
results in a configuration equivalent to a single multi-
beam satellite. - | ’ | -



_23..

CSSATELLITE
AUNTEER

o/

-t S ao

\‘—. D dE FLULY CONTOQUARS ON
EARTHIS SURAPCE

u i

_‘4'16
Eo

SATELLYTE SFPACING
G- 08 LEAIMK/OTH O/‘ 6‘/?729‘.1/7‘[ .5.'.:,*9/\//

CEYE & //O/V/OG‘E/VOZ/S \9)@ TENT OF \SATELLITES wiTsy
NON ~OVERL HEPING COVERIGE ZONES.

\SX/VC‘/Q/,?O

A0

TR 9
: : A5,

|
|




Boresight Target

Satellite Longitude (W of G)

Satellite Latitude Longitude, (W of G) ~ Satellite Spacing {Degrees)
# (Degrees) " (Degrees) 0 5 10
1 55.0 125.0 93.0 103.0 113.0
2 55.0 108.0 93.0 98.0 103.0
3 55.0 ' 93.0° 93.0 | 93.0 93.0
55.0 78.0 | 93.0 88.0 83.0
5 55.0 61.0 © 93.0 - 83.0 73.0

...-bz..

- TABLE 4 : Boresight Pointing and Satellite Locations
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The following parameters were used in the :
simulation runs to describe each satellite:

- Transmitting Antenna Parameters
3-dB beamwidth = 1.5 degrees. (Results
in an-on-axis gain of 40 dB)
. Linear polarization »
. Main-beam depolarization ratio = -30 dB
. Near-sidelobe depolarization ratio = -15 dB
. Backlobe depolarization ratio = 0 dB.
(Note: these are the simulation default values)
- Carrier Parameters: . ‘
. Type : FM/TV
. Frequency 12 GHz
. Peak-to-peak frequency deviation = ]6 0 MHz
. OQutput power =1.0 watt

The receiving site was located at the boresight
target of satellite #3 (longitude = 93° W, latitude =
55° N). The receiving antenna was 2 meters in d1ameter,
(at 12 GHz, on-axis gain = 45.3 dB) and pointed to
satellite #3. Its polarizer was aligned with the satellite
antenna polarizer for maximum received power. The
depo]arization ratios of the receiving antenna were assumed
to be the same as those of the satellite antennae.

Results of the Simulation Runs

The simulation was used to calculate the power received
from each of the five satellites over a 40 MHz band centered
at 12 GHz for thrée'inter?sate1J1te.Shacings and two
polarization plans. For the first polarization plan all of
the safe]]ite antennae had the same polarization while for
the second p]an; the satellites adjacent to satellite #3
had the opposite polarization. The received power from
each satellite for the various spacing/polarization '
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combinations is listed in Table 5. The sum of the
interference power received from satellites 1, 2, 4 and
5, together with the carrier-to-interference ratios are
listed in Table 5. The C/1 ratios are also plotted in
Figure 5, as a function of inter-satellite spacing.

Evaluation of Simulation Results

The results of these simulation results can be
compared against a very simple model presented in
Reference 7. The model is based on fo]]owing_assumptions:

. interference from all but the two c1oseét
satellites is negligible. (This is only
valid for the co-polarized satellite antenna
plan).

. the C.C.I.R. antenna pattern, 32-25 log 9,
applies to both the satellite and earth station
sidelobes. '

From these assumptions it can be shown that the
carrier-to-interference ratio is given by

it

c) .
(:'i: apelar /585 /53‘5
(Aef




1 E . .

Satellite W _Zero Degree-  Spacing 5 Degree Spacing 10 Degree  Spacing
. Number Pol | Power Pol | Power Poi Power | Pol Power Pol Power }Poi | Power
1 H |-140.9] H -140.9 v -179.1 v -179.1 v |-186.6 | V |-186.6
2 H -130.9 V -150.1 ‘V -161.8 H -167.8 v -169.3 | H 1-173.4 §
3 H -120.71 H -120.6 ) ~120.6 ¥ . -120.6 v -120.6 | V [-120.6
4 H -130.9¢f V -150.1 -161.8 H . ~167.8 v -169.3 { H -173;4
5 - H | ~-140,91 H -140.9 v ~179.1 v -179.1 v -186.6 | V {-186.6
“Total , . : '
Interference {| -127.8 -137.4 ~158.7 -168.5 - -166.3 -170.1
(dBW) - _
C/1 7.2 16.8 38.1 43.8 15.6 49.5
(dB) . . . 3 . . .
TABLE 5

Received Power for Various Spacing/Polarization Combinations (NOTE: ATl péwers in dBW)

_AZ_
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-

where GOE'is the on-axis gain‘of the receiving antenna
6o 1S the on-axis gain of the satellite antennae
A0 . is the inter-satellite spacing (degrees)
6, 1s the 3-dB beamwidth ofbthe satellite antennae.
Substituting the appropriate values for the gains and
beamwidth gives: ’ A

(%)cafaé.» = [ 6[’6‘9)2.5 | | g

This equation has been plotted in Figure 5 for
comparison with the copolar curve derived from the'
simulation runs.

It can be seen that for separation angles Qreater A
than 5°, the simple model predicts C/I ratios several
decibels too high since it neglects the other inter-
ferors. For small separation angles the simple model
breaks down since the sidelobe equation'used in its
derivation does not apply. This prob]em'fs not
encountered in the simulation results however.

The improvement in the C/I ratio predicted by the
simulation for cross-polarized adjacent satellites
cannot be directly compared to published results since

comparable calculations and_mode]s»could not be found

in the literature. However, in comparison with the ]
results for copolarized satellites, the trends predicted
by the_sihu]atibn are realistic. -For example, at all
satellite spacings, the C/I ratios are higher for the
cross-polarized arrangement. Due to the decrease in

polarization discrimination achievable in the antenna
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sidelobes, the advantage decreases with increasing
satellite separation angle. For the zero degree

spacing arrangement, the increase in C/I ratio that
results from alternating the polarization of adjacent
beams is approximately 9.6 dB, even though the -
mainbeam depolarization ratio. of both the receiving

and transmitting antennae is -30 dB.

The polarization mismatch angle between the
incident electric field and thé receiver polarizer:
is significant in determining the polarization mis-
match factors for the outermost beams.

As a result of these simulation runs, the models
used in the simulation can be evaluated for their

suitability for this and other aha]yses of this type:

. Geometric routines - adequate

. Antenna Model - the C.C.I.R. principle
polarization gain model did not produce any
misleading results over the angular range used
in this particular simulation run. As usual,
caution should be used in 1nterpret1ng the
results.

. Antenna depolarization model - the model produces
correct trends. Although the program defaults
_were employed, similar trends would be expected

for other antenna depolarization ratios. The .
polarization mismatch factor algorithm is adequate
'for this type of analysis. ‘
. Spectrum models - any of‘the RF spectrum models
could have been used for this type of analysis.
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. High power amplifier model - adequate.
. Propagation models - only the tropospheric

absorption model was. used by the simulation.
Over the range of elevation angles and the
frequency at which the calculations were
performed, the model is. adequate. |

. Program outputs - the detailed interference -

report package should be used to obtain

detailed geometric parameters. No plots are
required.
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6.0 4-6 GHZ LINK CALCULATIONS

6.1

6.2

Introduction

In this chapter, the performance of communications Tinks
utilizing a geosynchronous satellite with parameters similar
to the ANIK satellites are st&died. Two Tinks are considered
in this analysis. The first is a west to east heavy-route
FDM/FM telephony Tlink and the second is a northern television
Tink. 1In each case, the simulation has been used to determine
the signal-to-noise ratios at the output of the 1ink receiver
for comparison against hand calculations. |

- The interference environment for these runs consisted

of two ANIK-type satellites, one on each side of the satellite

used for the 1ink analysis. The situation is illustrated in -
Figure 6. Tpe interference was assumed to be co-channel
heavy route and television carriers.

Description of Parameters used in Simulation Runs

6.2.1 Heavy-Route Link

P T PR

For this case a multi-channel telephone communications

11nk between Lake Cowichan, B.C. and Allan Park, Ontario
is anaiysed. The following parameters have been used
“in the simulation runs and hand calculations:

Lake Cowichan

- location: Tlatitude = 49.76° N
1ongftude.= 124.06° N
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- TX Antenna Parameters

. points at ANIK 2 with polarizer aligned with
RX beam on ANIK 2 :

. Diameter = 98 ft. (on axis gain = 63 dB at 6 GHz)

. Vertical Polarization
- Carrier Parameters

. Type: FDM/FM telephony
. Carrier frequency = 6.0 GHz _

. 960 voice channels .

. Tower- baseband frequency = 0.06 MHz

. upper baseband frequency = 4.028 MHz
. RMS modulation index = 1.09

. C.C.I.R. pre-emphasis used

. RF bandwidth = 40.0 MHz

. output power = 107 watts
(Note: gives up-link E.I.R.P. of 83 dBW)

. nominal D/C ratio = -50 dB (default)

Allan Park

- location: Tlatitude = 44.11° N
Tongitude = 80.0° W

- TX Antenna Parameters

. Boresight target: longitude = 97.0° W
“latitude = 56.0° N
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. Reference target on major axis of beam
Tongitude = 105.0° W '
latitude = 56.0° N

. Vertical polarization
. On-axis gain = 28.49 dB

8.0°

i

. Major-axis 3dB_beamwidth

. Minor-axis 3dB beamwidth = 4.0°

- TX Carrier Parameters

. carrier frequency = 4.0 GHz

. output power = 3.56 watts
(Note: gives E.I.R.P. = 34 dBW)

. nominal (D/C) ratio = -28.0 dB
- RX Antenna Parameters

. same beam pointing parameters as TX beam
. Vertical polariation

. On-axis = 28.49 dB

. Major-axis beamwidth = 8.0°

. Minor-axis beamwidth = 4.0°

(Note: these last three values are based on
the assumption that the RX beam is the_same
shape as the TX beam, even though the uplink

and downlink frequencies are different).

- LNA Noise temperature = 3249.0° K ;

(Derived from G/T = -7.0 dB.and assuming an antenna
noise temperature = 290° K)
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The FM television link was set up between Allan
Park and Inuvik, N.W.T., via ANIK 2. The following
parameters have been used in the simulation runs:

ANIK 2

- a11Aparameters same as those used in the heavy-route
“analysis, with the exception of the D/C ratio. For
the N-S TV 1link, a value of -31 dB was used.

ALLAN PARK

- same location, antenna parameters as for heavy-route
analysis. ' ' '

- Carrier parameters
. Type: FM/TV, Canada/US System M, 525-11ine
. carrier frequency = 6.0 GHz

. peak-to—peak frequency deviation = 27.6 MHz
(chosen such that Carson Rule bandwidth =

36 MHz)
. output power = 107 watts
INUVIK
- location: Tlatitude = 68° 21' 44" N

longitude = 133° 41' 45" Y
- RX Antenna Parameters

. Vertical polarization. Points to ANIK 2 and
is aligned with TX beam on ANIK 2.

. Diameter = 27 ft.
(gives on-axis gain = 48.5 dB at 4 Hz)
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- LNA Noise Temperature = 100° K
(ie. G/T = 28 dB)

- RF Noise Bandwidth = 36 MHz

e el

- - . - . S e e A S et SO et et en n R - .

For both the heavy route FDM/FM link, and the
FM/TV 1ink, the interference arises only from the
two satellites denoted ANIK 1 and ANIK 3. No uplink
interference is present in either analysis. The

parameters of the interfering satellites used in.the
analysis follow: ' '

ANIK 1

- location: 1longitude = 114° W

- TX Antenna Parameters

. éame as those of ANIK 2

- Carrier Parameters

ANIK 3

. carrier frequency = 4.0 GHz
. Type: FM/TV
. peak-to-peak frequency deviation = 27.6 MHz

. output power = 3.56 watts

- Tocation: longitude = 104° W
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- TX Antenna Parameters
. same as those of ANIK 2
- Carrier Parameters.

. carrier frequency = 4.0 GHz
. Type: FDM/FM_ - ‘
. 960 voice channels

. Tower baseband frequency

0.06 MHz

. upper baseband frequency = 4.028 MHz~ _ *
. rms modulation index = 1.09

. output power = 3.56 watts

6.3 Results of Simulation Runs
: <]

- n et e vt oy v = . S e

The performanée-of the FDM/FM Tink connecting
Lake Cowichan, B.C. to Allan Park, Ontario has been
evaluated using the simulation. For the calculation,
C.C.I.R. antenna models were used. (Note: the choice
of the sidelobe model is only of interest on the
downlink interference calculation). The only propagation
phenomenon included in the calculation was tropospheric
absorption. To evaluate the RF spectra across the 36 MHz -
bandwidth, 500 step spectra1 resolution was used. For
the FDM carriers, the rms modulation index was sufficiently
Tow that the Fast Fourier Transform analysis was used
by the simulation in evaluating the RF spectra (Note: :
the simulation used a 1024 point FFT). Some of the
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reports generated by the simulation are shown in

Figure 7. From these reports it can be seen that thermal
noise and distortion are‘the most important effects in
determining the performance of this communications link,
as the downlink interference contributes oniy 2% of the
total unwanted signal. It should be noted that the
highest baseband chanhe] is not affected as seriously by
the interference as is the channel Tocated at 3.168 MHz
in the FDM baseband. In this case, there is approximately
40% more interference-induced noise in the worst channel
than in the highest channel.

Northern TV Link

The quality of.the received TV signal tfansmitted
from Allan Park to Inuvik has been evaluated using the
simulation. For this simulation run, the C.C.I.R. |
antenna patterns were used. Only clear weather tropospheric
attenuation was included in the calculations. ' The results
of this simulation run are shown in Fiéufe 8. As with
the FDM/FM Tink, thermal noise is the 1imit1ng factor in
determining the performance of the system. From the ’
LINK SUMMARY table in Figure 8, it can be seen that
interference makes up only 7% of the total noise budget
for the link.

It should be noted that the demodulated interference
noise spectrum is approximately proportional to the square
of the baseband frequency since the noise weighting/
de-emphasis improvement factor differs by only .2 dB |
from that for thermal noise.
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(Unlink)

NUMBER 1L SUMMARY

——— Tt —— A T . i - ek St Gt Bt B
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T
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LNTZNYA DAOAMETEERS TX REAM RX REAM
/ POLARTZATICN TYPE = VERT ICAL VERTICAL
s _A2ZITYIT SEFICIENCY = 0.540 C.540
’ “AJI3-AXIS BEZVYWIDTH (DEG). = 0. 1087 8. 0000
_]I MINTXZ—AXIS BEAMWIDTH (DEG) = C.1087 . 4,0000
IN=2XIS GAIN (DB) = 62,798 - 28,490
L 32%2S1647 ELEVATION (DEG) = 31,188
_1I 33XSSIGHT AZIMUTH (CEG) = 1¢0.5652 _
, JFF-.X IS ANGLE (DEG) = 0.0 : 2.719
c STNCIPAL POL GAIN (DB) = €2 .7¢%2 26.922
;1I ATMOSPHERFIC/GEOMETR IC FACTORS
:]I - STTE SCPARATION DI STANCE B 522.Jb KM
Y . FRZE SOACE LNSS = -199 725 DB
o TROPGSPHERIC ABSCRPTICK LOSS =  -0.073 DB
- » TOTAL ATVY3SPHERIC LASS = =0.072 DB
CARPIFR PNWEP SUMMARY
STaZr INTOC TX ANTEMNA = 20,24 DBRY
Z.I.3.P, = R3,0%2 LCRY -
. F1J4 DS ITY AT RX SITE = —=79.683 DBW/ M)
ﬁ" PIWZR LT 22X ENTERNMA TERMINALS =. —85.72& DRW
D3 STR. AT LNA = =—-£29,784 DAY
N RF MOISE SUMMARY - T
“i'k ANT Z5NL yTIS: TEMPERATURE (DEGREES K)o = 290,000
LN& “13TST TEIMDSDATUSE (DEGRECSS K) ’ = 3242,000
: TOT&L THIIMAL-TOC-CARRIER RATIC AT LNA QUTPUT = =27.765 OB
_' TOTAL DISTSRTIGH TC‘ CARRIER GATIO AT LNA QUTPUT = -£0,000 DB
TITAL JNwAMTED POWER-TO~CARRIER POWEP RATIC = =27.729 OB

-

Fig. 7 Heavy Route FDM/FM Link Analysis

Ik
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. (Downlink)
I ' HOP NUMBER 2 SUMMARY
.- ANTENNE PARAMETERS TX BEAM RX BEAM
1[ STLISIZATICN TYPE : = VERTICAL VERTICAL
e 423 TYRS EFFICIENCY = 0.540 0.540
: GAJIP~AXIS BEAMSIDTH (DEG) = 8. 0000 -~ 0.1630
_1' MTUIR-AXIS BEAMKINTH (BFEG) = 4, 0000 © 0,16320
: 24-2XIS GAIN (D8) = 28.490 S5Q.274
P 335SSIGHT ELEVATION (DEG) = 31,507
1I“_ ] 3JRESIGHT AZIMUTH (DEG) = - 218.533
~ o IFE-AX IS ANGLE {DEG) - = 24493 0.0
g 2 I4CIPAL FOL GAIN (DB) = 26 640 56.27€
'1' ATHOSPHERIC/GECMETRIC FACTORS
- SITE SEPARATICN DISTANCE = 38404 %0 KM
: FPEZE SPACE LOSS = —-156.197 DB
' TROPOSPHERIC ARSOBPTION LOSS = -0.,065 DB
_1,' TOTAL ATMOSPHERIC LOSS = =0.065 DB
al ' CARRIER PCWER SUMMARY
_ll FRwE2 I TR TX ANTENNA = 5.514 DBY
E.I.?.pl = ) 34-C04‘ DBI‘i
FLYX OFNSITY AT RX SITE = —130.605 DRW/M=sD
“‘[ 5 wZ5 AT 9K ANTENMA TERMINALS = —104.830 DOW -
DIWER AT LNA = ~104.830 DBW
B RF NOISE SUMMARY
"1'  AMTEG4 NOISE TEMPERATURE (DEGREES K) = 12,539
LS M3IST TEMPIRATUFS (DEGREES K) - = 100,000
. TITLL THASFMAL-TDR=CARRIGER RATIGC AT . LNA DUTPUT = —24.72C DB
_1' TOTAL JDISTIRTICM-TO~CAROIER SATIOD AT LNA QUTPUT = =-27.372 DB .
- n‘-:L_'J.'r‘:S_EQ 3= COMTRILRUTING INTERFERCRS = -2
o TOT AL JNTERFERENMCE-TO-CARRIER RATIC AT LNA OUTPU = =4£1,337 DB
'1' TOTA. JNAANTED POWER-TO-CARRIER POWER RATIO = -22,G74 DB
‘ . DEMOCULATION CALCULATION SUMMARY
‘1', THRESH. 3 .ZVZL = —4.343 DB : CARRIER ABOVE DEMCDULATOR THRESHPLD
TOTAL ONDJISE ACH f‘QS BASEBAND = —23.,461 DBMW
_' _-.(‘U.’SG eC ol TSSuE ﬁ'—l RN &vSua.a MJ .QL'UER«F’} VﬁLu;‘)'_)_‘

— Fig. 7 - (continued)

|

'
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L INK_SUMMARY 3 OS¢ of oﬁa.! ISSue 2
- : : : . Loiet RESOCT 140 v TERED
o TELLPHONY DBASCEBAND STONAL QUALITY SUMMARY |
—————————————————————————————————————————— ._Kﬁ}w_‘gs.e__m-_w,‘..- e

SIGNAL PROCESSING APPLIEL AFTFR DEMODULATOR @

CCIR DEEMPITASTS T ) i T
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(uplink)
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6.4 Evaluation of Simulation Results

The results of these simulation runs can be compared
against hand calculations. It has been shown in Reference 6,
that for the highest channel in a telephone multiplex, the

test-tone signal-to-noise ratio at the output of an FM demodulator

is given by:

(), - ((E)(5)ex

c
“where (37) - = carrier-to-thermal noise ratio
| into the demodulator

B = receiver noise bandwidth A
+ = voice channel bandwidth (3.1 kHz)
2 = number of voice channels

ﬁ = rms modulation index

£, = noise-weighting/pre-emphasis

improvement factor (6.5 dB for the
highest channel, for psophometric
weighting and C.C.I.R. pre-emphasis)

_For television basebands, the peak—signa1—to—rms.therma1 noise
ratio (fe. sync tip included) is given by Reference 6,

@) - 2()(F) ()
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where éi = highest baseband frequeﬁcy
‘55? = peak-to-peak frequency deviation
ﬁv = pre-emphasis/noise weighting

improvements factor (12.8 dB for
Canada/US System M)

The carrier-to-thermal noise ratio at the inbut to the
derodulator consists of contributions from the uplink and the
downlink, ie: o

(5) = 1 :
A/Gvr -_;%__ - z
(N)“f . / ;VQ Z/own
The carrier-to-noise ratio on_a-hop can be determined
from:
C; .
(7) = £ cat s
| (#7e)” 4T B
where A = carrier power into TX.aﬁtenna
&. = gain of transmitting antenna
Ge = gain of receiving antenna
A  A = wavelength - |
V4 =Aatmospheric attenuétibn factor

(assumed zero)

¥ = separation distance of receiver -
and transmitter '

k = Bo]tzmanﬁs:constahﬁu _
(1.38 x 107" watts/MHz - °K)

et
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7 = sum of LNA and antenna noise
temperatures
B = receiver noise bandwidth.

These expressions have been evaluated using the values
listed in the previous sections. The results of these "hand"
calculations have been compahéd with the simulation results
in Table 6. It can be seen that the simulation results are
in -excellent agreement with the values calculated from the
preceeding expressions. |

The interference-to-carrier ratio calculated by the
simulation can be compared with that predicted by a very simple

~hand calculation. Assuming an earth station receiving antenna

sidelobe pattern given by 32-25 log 9, and two equal power
interferors at 5 degrees from the boresight, the C/I ratios
for the two receiving sites can be estimated, ie.:

-(‘%213 = g, ’__[31"25@5(5"))“5

“.75 o/8, heavy-route

{1

30-55 45 , Northern TV

These values are within one decibel of those predicted bytthe
simulation (ie. 41.3 dB for the heavy route telephony link,
and 29.6 dB for the TV link). It is of interest to note that
in going from a 98 ft. diameter to a 32 ft. diameter receiving
antenna, the change in the C/I'ratio results from the'change
in carrier power, not interference power, as pointed out in

Chapter 4.
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Comparison of Hand Calculations and Simulation Results

Thermal Noise Analysis Only

.E-W Heavy Route Link

Hand Calcu]ation Simulation

up-link C/N 27.84 27.765
down-1ink C/N 27.69 ' 27.696
Total C/N | 24.75  24.720
Test-Tone S/N in highest '

channel . 64.12 . 64.56

N-S FM/TV Link

Hand Calculation -Simulation

up-link C/N ' : 27.72 27.491

down-link C/N ' 15.92 15.803
Total C/N 15.64 15.518

S/N 58.89 58.76

(NOTE: Al11 values in decibels)
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As a result of these simulation runs, the models hsed in .
the simulation can be evaluated for their suitability for this
type of analysis:

. geometric models - suitable.

. antenna models - suitable. Caution required in

interpreting the results.

. FDM/FM spectrum mbdel. For Tow modulation indices,.

the FFT analysis is used, while for rms modulation
indices greater than 1.5, a different spectrum ‘ _
model is used. At the breakpoint, the two spectra are
not identical and hence inaccurate trends may result -
for sensitivity analyses in which the modulation
index crosses the breakpoint value.

. FM/TV spectrum model: this model is only approximate.

and thus the results must be used with caution.

. the antenna noise temperature model is suitable.

. the FM‘demodu1ath model is suitable for thermé1

noise and interference. The assumption is made
however that RF intermodulation distortion can be
treated in the same way as thermal noise by the
FM demodulator. This'assumption may not always
be valid.

. .the noise weighting/de-emphasis imprbvement factors
are suitable. .For FM/TV analyses, the simulation
- results are superior to those of many simpler

arnalyses in that arbitrary noise spectral distribu-
tions across the baseband can be considered.
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7.0 12-15 GHZ LINK CALCULATIONS

7.1

7.2

Introduction

In this chaptér, the performance of a hypothetical
12-15 GHz satellite communications system is evaluated

-using the simulation. The system to be_aha]ysed is the multi-

beam, dual polarization satellite system proposed in Reference

6. The subsequent analysis has been Timited to two communications
Tinks. - One is a heavy route digital transmission from Toronto |
to Vancouver, and the second is an educational television
broadcast from Toronto to Churchill, Manitoba. (These 1inks

use beam Plan C, Frequency Plan N3 of Reference 6). The effects

of rain and cloud are considered in these simulation runs.

The interference environment for each communications 1ink
consists of a number of co-channel carriers on the other
satellite beams, and may be either co or cross-polarized, as
illustrated in Figures 9 and 10. No uplink interference is ‘
considered in these analyses, | '

Description of Parameters Used in the Simulation Runs

7.2.1 E-W Digital Link

- b e S iy . —

In this case the performance of a high bit-rate
digital signal from Toronto to Vancouver is analysed '
using the simulation. The interference arises from
carriers on satellite Beams #1 and #3. For this
analysis, the satellite antenna beams have been
approximated as either circd]ar or elliptical patterns.
A 1list of’ parameters used in the»simu]atjonfruns fo1]ow:
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Toronto

~ Location: Tlatitude = 43.70°N
longitude = 79.24° W
Rain Zone #2

- TX Antenna Parameters

. vertical polarization (antenna is pointed
at the satellite and polarizer aligned
with RX Beam #3).

. diameter = 59 ft.
(gives on-axis gain = 66 dB at 15 GHz)

. depolarization ratios: mainbeam: -27 dB
near sidelobes: -10 dB
backlobes: -3 dB '

®

- Transmitted Carrier Parameters

. carrier frequency = 15 GHz
. RF bandwidth = 62.5 MHz

. Tyhe: 4-phase CPSK

. Bit Rate = 104.17 Mbits/sec
. no IF Filtering |

. carrier output power = 292 watts

Vancouver

- Location: latitude = 49.27° N
longitude = 123.06° W
Rain Zone #3
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- RX Antenna Parameters

. vertical polarization (points at satellite
and has polarizer aligned with TX beam #1)

. diameter = 59 ft.
(gives on-axis gain = 64.4 dB at 12 GHz)

. depolarization ratios same as Toronto TX. beam.

-~ LNA Noise temperature = 200°K
- Receiver noise bandwidth = 62.5 MHz

Satellite Parameters

/

- Location: 1longitude = 105° W

- TX Antenna #1 Parameters (BC/ALBERTA beam)

- Ty V- e S aa B b ey B B e o v

. Boresight target:A latitude = 52° N
longitude = 118° W

. Refefence target: . latitude = 54° N
' longitude = 112.0° W

. on-axis gain = 39.2 dB

1.7 degrees

i

. major-axis beamwidth

. minor-axis beamwidth = 0.7 degrees

. depolarization ratios: same as Toronto
TX beam ‘

. Polarization #1: vertical

= TX Carrier Parameters:

. carrier frequency = 12 GHz

. 4-phase CPSK
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. bit-

rate = 104.17 Mbits/sec.

. RF bandwidth = 62.5 MHz

.-ho IF FiTtering

. output power = 1.1 watt
(saturated TWT)

. Polarization #2:

horizontal

.- same carrier parameters as polarization

#1.

et Pt B o G P Pt s o M e A B A Bt B

- TX Antenna #3 Parameters (Ontario beam)

. Boresight Target:

. Reference target:

latitude = 45° N

Tongitude = 77° W
latitude = 44° N
longitude = 83° W

. Same antenna parameters as TX Beam #]

. Same frequency pian and carrier parameters

as Beam #1.

- RX Antenna #3 Parameters

e vt vy A @8 o e ma A B e s B B s v . S - —

. Same boresight pointing as TX Beam #3.

. Vertical polarization

. Same antenna parameters as TX Beam #3.

- LNA Noise Temperature =

-832.0° K.
- Receiver No1se Bandwidth =

62.5 MHz
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7.2.2 Northern ETV Link

e e e -

In this case, the performance of an educational
TV broadcast 1ink from Toronto to Churchill is to be
evaluated using the simulation. Interference arises
from the co-channel operation of transponders on Beams #5
and #9. (Note, these beams are horizontally polarized,
while the 1ink antenna is vertically polarized). These
channels carry many demand access single-channel-per-
carrier (SCPC/FM) carriers on pre-assigned frequencies.
Each carrier is frequency modulated. Since the simulation
does not have a suitable spectrum model for a channel
consisting of many very narrow SCPC/FM carriers, one
of the existing spectrum models was used to approximate-
the interference spectrum of the SCPC satellite channel,
as described in this section.

Toronto TX Site Parameters

- - location and antenna parameters - same as for heavy

" route digital case.
- transmitted carrier parameters

. Type: FM/TV
. Carrier frequency: 15007.8125 MHz

. Peak-to-peak frequency deviation: 7.225 MHz
(ie. obtained from Carson Rule bandwidth)

. RF bandwidth: 16 MHz

. Output power: 10.0 watts
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Chruchill RX Site Parameters -

- location: Tlatitude = 56.0° N
Tongitude = 90.0° W
Rain Zone #2

- RX Antenna Parameters

. vertical polarization (aligned with satellite
TX Beam #7). '

. Diameter = 17 ft.
(gives on-axis gain = 53.6 dB at 12 GHz)

. same depolarization ratios as Toronto TX beam

-~ LNA Noise temperature = 800° K.
- Receiver Noise Bandwidth = 15.625 MHz.

Satellite Parameters

- location: ]onéitude = 105° W

- TX Beam #5

- — - - "

. Boresight target: 1latitude = 55° NG
- longitude = 120° W

. Reference target: Jatitude = 57° N
' ~Tongitude = 110° W

. Horizontal Polarization
. On-axis gain = 35.2 dB

. Major-axis beamwidth

2.0°

1}

. Minor-axis beamwidth = 1.5° .

. Same depolarization ratios as previous satellite
beams. ’ ‘
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- Carrier Parameters

B L e

. Type: SCPC/FM, demand access
. Center frequency of channel = 12015.625 MHz.
. Channel bandwidth = 31.25 MHz

. TWT saturated power per transponder = 4 watts.
(in SCPC/FM mode, output back off is 4.0 dB
resulting in'a channel power of 1.32 watts).

The spectrum of this transponder can be approximated
as a band of white noise occupying the channel, with
total power of 1.32 watts. As the simulation does not
contain such a model, the digital PSK spectrum mode]
was used to approximate the spectrum. Since the spectrum
is only evaluated over the "simulation" bandwidth (in
the case 15.63 MHz) a very high bit rate 2-phase CPSK
spectrum can be used to approximate the spectrum across
this band. |

To determine the bit rate and outbut power of

- the 2-p CPSK carrier approximating the spectrum that

gives 1.32 watts across the 31.25 MHz band, the following
analysis is presented. If R is the bit rate, B is the
simulation bandwidth, Pdig.is the equiva]gnt power of

the digital carrier, and Pi is the in-band power, then
for a 2-phase CPSK carrier with no filtering, it can be
shown that: '

-7 .
-7 [ 2| (F)
7 7 (zF odf
-8 7?1)
Bk

]

g 2 (9t
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If at the channel edgés, the CPSK spectrum has only
decreased by 10% from its mid-band level, then the

bit-rate can be determined from the channel bandwidth,
je:

R=2.78 B

Substituting this value into the integral gives:

P =.2.876 P;

dig

For use in the simulation, the spectrum at the output
of the multi-carrier SCPC transponder is described
as follows:

. Type: 2-p CPSK
. Bit rate = 86.88 Mbits/sec.

. Output power = 3.796 watts

TX Antenna #7 ' ’ ' _;

. Boresight target: latitude = 49° N
longitude = 85° W

. Reference target: Tlatitude = 47.0° N
longitude = 80.0° W

. Vertical Polarization

. On-axis gain = 35.97 dB

. Major-axis beamwidth = 2.5 degrees

1l

. Minor—axis’beamwﬁdth 1.0 degrees

. same depolarization ratios as the other satellite
antennae
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- Transmitted Carrier Parameters

. Type: FM/TV

. Carrier Frequency = 12007.8125 MHz .

. Peak~to~peak frequency deviation = 7.227
. RF bandwidth = 16 Mz

. Output power = 2.7 watts

TX Antenna #9

. Boresight target: Tlatitude = 48° N
Tongitude = 60° W

. Circular cross-section
. Horizontal polarization

. On-axis gain = 36.4 dB
(ie. beamwidth = 2.3°)

. A1l other parameters are same as Beam #5.

RX Antenna #7

. same antenna paramefers as TX Beam #7.

- LNA Noise temperatﬁre = 832° K.
- Receiver Noise bandwidth = 15.625 MHz

MHz
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7.3 Results of Simulation Runs

The signal quality of the heavy route digital carrier
transmitted from Toronto to Vancouver has been calculated
for a variety of uplink and down 1ink propagation conditions .
using the simulation. For these calculations, the C.C.I.R.
antenna models were used. A1l of the calculations were
performed using 200 step spectra1"reso1ution across the
receiver bandwidth. The results of these calculations are
shown in Table 7. '

It is interesting to note that for severe uplink attehuation
the final carrier-to-noise ratio is below threshold since the
- simulation-models an IF-type satellite repeater as a linear
~ampTifier, ‘A1so, the overall carrier-to-thermal noise ratio
is very dependent on the down 1link propagation attenuation
since the receiving earth station's noise temperature increases
in proportion to the down link carrier attenuation for rain
and cloud.

The signal quality of an ETV transmission from Toronto
to Churchill was also analysed using the simulation for the
same set of propagation conditions. C.C.I.R. antenna models
were-also used. The results of the simulation runs are shown
in Table 8. In this case the interference is relatively
unimportant‘compared to thermal noise, unlike the heavy route
digital Tink in which interference is a major part of the
Tink noise buddet. In each case however, the interference-

to-thermal noise ratio is largest for clear weather conditions.
This results because the downlink wanted carrier and the
interference occur at the same elevation angle, ie., along the
receiving earth station antenna boresight.




SIMULATION UPLINK N DOWNLINK , ' TOTA\L LOG OF SYMBOL.
cuy | PROPAGATION c PROPAGATION | CARRIER TO [ ¢ ¢ ERROR
 PHENOMENA N/ PHENOMENA - |noroc marrgl  \ 1 N ) PROBABILITY
1 clear weather 41.51 c]egr weather, 23.52 17.88 16.82 negligible
rain exceeded for ' o
2 clear weather 41.51 0.01% of time 16.18 17.72 13.86 ) -7.07
rain exceedéd for ! ' o below
3 0.01% of time 32.04. clear weather 13.46 | 7.83 6.77 threshold
4 rain exceeded for | 49 gq rain exceeded for | g9 45 16.02 | 14.38 negligible |
1% of time : 1% of time ' gtig o
5 rain exceeded for | 39.g9 ¢oud exceed for 20.76 16.06 14.78 negligible |
6 ‘{}‘“{;;‘ i’;;‘;eded fori 4118 g;igfeﬁgﬁgded for | 29.90 17.47 15.83
cloud exceeded for . cloud exceeded '
7 1% of time 41.18 for 1% of time 22.21 - 17.51 16.22

- (NOTE: AT1 values in decibels)

TABLE 7 -  RESULTS OF HEAVY-ROUTE DIGITAL LINK CALCULATIONS

A

" USE of ©fUS BWERZ

il RESULT 10 BCIERED
~VAcoaS, . L




- . B

- s A = - s
N : . Rx 1 RraTio oF - |l PERCENT OF TOTAL RECEIVED
STHULATIONI  UPLINK DOWNLINK | EARTH STATION| CARRIER POWER INTERFERENCE POWER
A PROPAGATION | PROPAGATION ANTENNA JINTO
- RUN ATTENUATION | ATTENUATION | TEMPERATURE } LNA-TO-CLEAR || BEAM # 3 BEAM #1
o PR o WEATHER POWER [}~
(dB) (dB) (°K) (dB) v H H
1 -0.15 -0.12 14.8° 0 72.03 7.35 20.62
2 -0.15 -4.83 192.4 -4.72 69.46 | 7.14 23.40
3. -10.20 -0.12 14.8 -10.05 72.03 7.35 20.62
4 -1.97 -1.12 85.6 - -2.83 71.47 | 7.30 21.23
5 - 21,97 -0.37 51.2 .=2.08 72.03 | 7.35 20.62
6 -0.53 -1.12 85.6 -1.38 7147 | 7.30 | 21.23
7 -0.53 - -0.37 51.2 -0.63" 72.03 7.35 20.62

TABLE 7 .~ (continued)
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TOTAL

S - UPLINK - DOWNL INK
. SIMULATION T : C CARRIERTO | C C /S
RUN . |: - PROPAGATION i PROPAGATION THERMAL T R & ectr
_ - PHENOMENA PHENOMENA NOISE RATIO : /
1 " clear weather 28.05 clear weather 15.32 34.90 15.05 40.20
‘ rain exceeded for '
2 . clear weather 28.05 0.01% of time 7.66 34.84 7.616 | 32.77
3 patn,exceeded for | 43 o1 clear weather 5.03 24.84 4.99 oetow
rain exceedéd for A rain exceeded
4 ]%'of‘time 26.23 for 1% of time 11.83 33.06 11.64 36.80
Arain exceeded for cloud exceeded
5 ]% of time .26.23 for 1% of time 12.98 33.07 12.74 37.89
cloud exceeded for ' rain exceeded ~
6 19 of time 27.68 for 14 of time 13.28 34.51 13.09 38.25
éloud exceeded for ‘ éloud exceeded , " : '
7 1% of time 27.68 for 1% of time 14.43 34.52 14.19 39.34

(NOTE: A11 values in decibels)

TABLE 8 - RESULTS DF ETV LINK CALCULATIONS -




TABLE 8 (continued)

» 2 RECEIVED || PERCENT OF TOTAL i
CMULATIONI  UPLINK | DOWNLINK - |EARTH STATION [DOWNLINK CARRIER| __ INTERFERENCE
PROPAGATION | PROPAGATION |- ANTENNA  |PONER-TO-CLEAR|| Beam #9 | Beam #5
~RUN ATTENUATION | ATTEMUATION | TEMPERATURE |  WEATHER H .
' : ] RECETVED POWER| -
(dB) (dB) (°K) (dB)
1 -0.15 -0.14 18.1 0 81.17 | 18.83
2 -0.15 -6.83 221.7 -6.69 | 80.83 | 19.17
. ‘ : . 1
3 -10.21 -0.14 18.1 ~10.06 81.17 | 18.83 o
4 -1.98 -1.40 97.2 -3.00 |} 81.11 | 18.89
5 -1.98 . -0.46 56.0 -2.14 81.17 | 18.83
6 - -0.53 -1.40 97.2 -1.64 81.11 | 18.89
7. - -0.53 -0.46 56.0° -0.69 81.17 | 18.83
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7.4 Evaluation of Simu]ation Resuits

‘ The results of these simulation runs are consistent with
NOf: RABVAT  the Tink performance calculations carried out in Reference 6,
To TRuE *+ with the exception of the error probabilities predicted by
, the simulation. These values differ from those predicted in

DFQS PROGRMAA . Reference 6 since the simulation model uses the actual- carrier-

' ~ | * to-noise ratio while the calculations of Reference 6 are based
on a carrier-to-noise ratio 4 dB Tower to allow for non-ideal
demodulation equipment. '

 The SHF satellite communications system'described in
Reference 6 was designed with the assumption that uplink power
~ control would be used. The simulation results indicate that
rain attenuation on the uplink can drive the signal below .

. . .

threshold when uplink power control is not used. This results
because the carrier power on the down 1ink is decreased due
to the satellite input backoff while the interference is not,
] - making the system much more suseptikble to interference. This
"‘ ; . : effect is present in the simulation results. Although the

l ' simulation can model variable gain uplink transmitters, this _
model was not used in the simulation runs so that the effects of
severe uplink attenuation could be illustrated.

The simulation results also indicate that the overall
system performance for smdll percentages of time is determined
by 1ndividué] propagation phenomena expected to occur for

- that percenfage of time, and not by the combinations of higher
probability independent effects on the up and down links. If

the propagation margins required for successful operation of the
communications links studied is determined by the downlink rain

uplink power control is used, the simulation results indicate that
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attenuafion.

As a result of these simulation runs, the models used in
the simulation can be evaluated for ther suitability for this
and similar analyses: '

. geometric models - suitable

.. antenna models - suitable as long as the

actual antenna patterns can be approximated:
by the circular or elliptical patterns used
in the simulation. '

. spectrum models - suitable, with the exception

of a model for the multi-carrier SCPC spectrum. .

. antenna noise temperature model - suitable, since

the effects of antenna elevation angle and
propagation phenomena are considered.

. high power amplifier model - suitable for TWT

amplifiers operating in the linear region. For
systems operating at or near saturation, where
the input/output power curve is no longer linear,
the overall effects of uplink rain and cloud
attentuation may not bexmode]ed accurately since
the HPA model used in the simulation assumes
Tinear operation. ' '

. demodulator model - the digital error probability

model used in the simulation predicts error
probabi}ities Tower than most real equipment is
capable of acheiving. For operation at high
carrier-to-noise ratios, the calculated error

: probabi]itjes may be Tower than the best equipment.

is capable of achieving since the simu]atﬁon'mode1
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neglects allvequipment nonlinearities and non-
ideal equipment effects. As a result the

current error probability models should be used
with caution, keeping in mind the assumptions which
form the basis of the models.
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8.0 PRECIPITATION SCATTER INTERFERENCE CALCULATIONS

i 8.1
8.2

Introduction

In this chapter, the results of simulation runs using
the precipitation scatter interference model are discussed.
Three series of simulation runs were ana]ysed. In the first
series, the simulation was used to analyse the interference
due to a configuration of transmitters identical to that used
in the'Virginia Precipitation Scatter Experiment (Reference 8).
The results of these calculations, performed at 4 GHz, are
compared with measurements obtained in the Virgina Experiment.
The next series of simulation runs were made at 6, 12 and 18

- GHz for a transmitter/receiver configuration similar to that

described in Reference 9.  In this Reference, measurements
obtained by COMSAT are presented. These measurements have
been compared with the results of the simulation.

The final simulation runs involved the analysis of a _
communications link operating the the presence of precipitation
scatter interference. Various separation distances between the
receiver and the interfering transmitter were considered.

Simulation of Virginia Scatter Experiment

'8.2.1 Introduction

The Virginia Precipitation Scatter Experiment
(Reference 8) has provided data for distribution
functions of transmission loss (i.e. ratio of received-
to-transmitted power) for four propagation paths. Two
transmitting sites, each with two antennae operating at
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3.672 GHz with parameters similar to terrestrial
microwave station antennae were used. The receiving
site used an antenna with parameters typical of a
satellite earth.station. The antennae were oriented
such that the transmitter and receiver mainbeams
intersected at heights of 3 and 6 km, as illustrated
in Figure 17.

The parameters used to describe the transmitters
and receiver used in the simulation runs are listed
in this section. The simulation runs were performed,
for a range of percentage of time to obtain the |
transmission loss distribution function for each path.
Since the precipitation scatter model is only used by
the simulation for "LINK" calculations, it was necessary
to set up a hypothetical "1ink" transmitter to provide
a communications 1ink for the simulation to analyse.
Since the only simulation results of interest in this
report are the ratio of received-to-transmitted power
for each interferor, the hypothetical communications
Tink perf&rmance is not discussed in this report.

Description of TX/RX Parameters used in Simulation Runs

" In this section a detailed 1ist of the parameters

used in the simulation runs is presented. It should
be noted that the receiving antenna at Hampton

pointed.tOWards the north, away from the geosynchronous
orbit arc. As a result, a hypothetical communications

1ink was-set up between an earth based transmitter

~and the receive site, resulting in unrealistic -

communications 1ink performance.
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A1l of the transmitted carriers were assumed to
be FM/TV carriers occupying an RF bandwidth of
36 MHz.

HAMPTON, VIRGINIA: RX SITE PARAMETERS

37.09° N
76.43% W

- Location: Latifude
~ Longitude
, Rain Zone #1

- Receiving Antenna Parameters

331.1° £ of N
13.5°

Boresight azimuth

elevation

Diameter = 9.2 m
.~ On-axis gain = 48.0 dB
3-dB beamwidth = 0.68°

Polarization type: RHC o

NOTE: Since scatter model is independent of RX
and TX polarization the choice of antenna
polarization is arbitrary..

EASTVILLE, VIRGINIA: TX SITE PARAMETERS.

37.33383° N
75.54647° U

- Locatibn: Latitude

Longitude

- TX Antenna #1

252.1% E of N
3.6°

Boresight azimuth
' - elevation-

diameter = 3.0 m
on-axis gain = 38.8 dB
. . 3-dB beamwidth = 2.0°

-polarization: RHC



e

- TX Beam #1
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- TX Carrier parameters
Frequency = 3.672 GHz
Type: FM/TV

Peak-to-peak frequency deviation = 16 MHz

RF bandwidth = 40 MHz

Qutput power = 1.0 watt

- TX Antenna #2

265.2° E of N
6.2°

' Boresigh£ azimuth

elevation

A1l other parameters same as beam #2

: FORT LEE, VIRGINIA: TX SITE PARAMETERS

- Location: Tlatitude
Tongi tude

37.24553° N
77.37134° W

" 94.0° E of N
2.1°

Boresight azimuth
elevation

A11 other parameters same as Eastville

TX beam #1
- TX Beam #2 _
Boresight ézimuth = 84.6° E of N
elevation = 4.4°

A11 other parameters same as Eastville TX
beam #1
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8.2.3 Results of Simulation Runs

The simulation was run for this configuration of
transmitters for a range of p, where p is the percentage
of time for which the rainfall rate at the receiving
site will be exceeded. The results of these calculations
are plotted in Figure 12. Also éhowﬁ on the figure are
the measurements reported in Reference 8 for the 3 km and
6 km scatter heights. ‘

From this figure it can be seen that the results of
the simulation are in excellent agreement with the 3 km
measurements except near the 1% range. The measurements
of transmission loss corresponding to the 6 km scatter
height are lower than the simulation values by as much as
10 dB for percentages of the time greater than 0.01%. For
values less than 0.01% of the time, the difference is not’
as large. As pointed out in Reference 8, the C.C.I.R.
rainfall rate distribution function for Rain Climate #1
is an average over large geographical regions over which
rainfall rates, and hence distribution functions related
to rainfall rates may vary significantly. It should be

noted that the C.C.I.R. precipitation scatter model predicts.

the same trends as the simulation in this case, also
over-estimating the_amount of interference from the 6 km
scatter height. The poof agreement betweén'predicted

and measured transmission loss for the 6 km scatter
height may indicate that the rainfall rate for rain cells
at high altitudes may not be the same as surface rainfall
rates, as assumed in the simulation model.
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8.3.2

8.3 Precipitation Scatter Calculations at 6, 12 and 18 GHz

8.3.1 Introduction

The transmitter/receiver corfigurations used by
COMSAT to perform precipitation scatter interference
measurements at 6, 12 and 18 GHz illustrated in Figure
13 were analyzed using the simulation. The sites were
situated in the Eastern U.S.A. with the antennae oriented
for direct mainbeam intersections. The simulation results

- were compared with the COMSAT measurements and the

predictions of the C.C.I.R. model. The simulation runs
were performed for a range of percentage of time to obtain
the distribution function of transmission loss for the
three frequency ranges. ‘

Values for the receiving antenna parameters were not
given in Reference 9. The values used in the simulation
runs were chosen to be representative of a receiving earth
station in the fixed satellite service. The differences
between the values used in the simulation runs and the
values chosen by COMSAT .for their measurements hay affect
the validity of direct comparisions of the two path Tloss
distribution functions. '

Description of Parameters used in Simulation Runs

In this section, a detailed description of .the
parameters used in the simulation runs is provided. Since
the precipitation scatter model is only used in "LINK"
analyses, it was necessary to define a hypothetical link
transmitter so that a- communications link could bé set up
for the simulation to analyze. As with the previous
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precipitation scatter calculations, the actual parameters
of the 1ink transmitter are of no importance in this
analysis as only the ratio of received-to-transmitted
power for the interferor is of interest.

Receiving Site Parameters

35.0° N
74.0° W

- Location: Lafitude
Longitude :
Rain Zone #2

- RX Antenna Parameters

180.0° E of N
30.0°

Boresight Azimuth
Elevation

Diameter = 5.0 m

47.3 dB at 6 GHz -
53.3 dB at 12 GHz
-56.8 dB at 18 GHz)

(NOTE: gives on-axis gain

]

Polarization: Right Hand Circular

- ‘Receiver bandwidth = 36.0 MHz

Transmitting Site Parameters

- Llocation: Latitude = .34.78399° N
Longitude = 74.0° W
(i.e. 24 km south of RX site)

- TX Antenna Parameters »
0.0°
6.0°

Boresight Azimuth

Elevation
Polarization: Right Hand Circular

On-axis gain = 39 dB for 6 GHz
49 dB for 12 GHz
52 dB for 18 GHz
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- TX Carrier Parameters
Type: FM/TV
Peak-to-peak frequency deviation = 16 MHz

RF bandwidth

40 MHz

- 8.3.3 Results of Simulation Runs

The simulation was run for this receiver/transmitter
configuration for frequencies of 6, 12 and 18 GHz to
L - obtain the transmission loss distribution function for
} - ' each frequency. The results of these calculations are
' shown in Figures 14, 15 and 16, together with the measure-
ments of COMSAT reported in Reference 9. The values
calculated using the C.C.I.R. model are also shown in the
l‘ - figures. The height of the rain filled common volume was
{ ' 2.2 km for all of these simulation runs.

'5 E - . Output power = 1 watt

From these figures it can be seen that the simulation
, results are in good agreement with the 6 and 12 GHz COMSAT
¢ o _ measurements except for percentages of time near 1%. In
’ this region, the shape of the curve is determined by the
C.C.I.R. rainrate distribution function for Rain Zone #2
incorporated as a simulation model. For very small perceht-
ages of time (0.001%) the simulation predicts transmission
Tosses at 6 and 12 GHz Tlower than the COMSAT measurements.
These differences can probably be attributed to differences
between the rainfall rate distribution function used in the
simulation calculations and the actual rainfall rate
distribution. for the locations at which the measurements
were made. A '
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The simulation results at 18 GHz are within 10 dB
of the COMSAT measurements but the trend predicted is
very different from that shown by COMSAT. For example,
the simulation predicts that for high rainfall rates,
correspondihg to very small percentages of time, the
received interference power is less than that at lower
rainfall rates. This;bccurs because of the increased
attenuation due to rain along the path from the receiver
to the scattering volume associated with the higher
rainfall rates. This trend is also evident in the C.C<I.R.' .

- model using the same rainfall rate distribution as the

simulation.

8.4 . Precipnitation Scatter Calculations for Various
Separation Distances

8.4.1

Introduction

A series of simulation runs were performed to study
the effect of precipitation scatter interference on the
performance of a satellite communications link. The
calculations were performed at 12 GHz for a receiving
site in C.C.I.R. rain zone #2, for thg rainfall rate
exceeded for 0.01% of the time (i.e. 51 mm/hr). The
interference originétes from a terrestrial transmitter
at various distances from the RX site. For very small
site separation distances, both direct and indirect
(precipitatiaon scatter) interference is poséib]e;'as
illustrated in Figure 17. For all of the simulation
runs the antenna mainbeams were oriented to be in the
same plane, with the same elevation angles for each

- separation-distance. As a result, either mainbeam/

‘mainbeam or sidelobe/mainbeam precipitation scatter

interference could occur for various separation distances,
as illustrated in Figure 17. '
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8.4.2 Description of Parameters Used in Simulation Runs

For this series of simulation runs, a single hop
communications link Was set up between a receiving site
located at Ottawa and a geosynchfonous satellite located
south of the site. The.interfering-terrestria1 transmitter
was located south of the recéiving site with its antenna
directed towards the North. A detailed 1ist of parameters
describing the receiver and transmitters follow:

Transmitting Satellite for Link

I - - Location: Tongitude = 75.66° W

- Transmitting antenna parameters

Boresight target: Latitude 145.42° N
Longitude = 75.66° W

Vertical Polarization
On-axis gain = 40 dB
- ;Carrief_Paramefers- |
Carrier frequency = 40 MHz
. . Type: 4-phase CPSK
Bit rate = 72 Mbits/sec
RF bandwidth

]

40 MHz

Output power' 1 watt |

Ottawa Receive Site Parameters

- 45.42° N
- 75.66° W
Rain Zone #2

- Location: Latitude

]

Longitude
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- Receiving Antenna Parameters

Points at satellite
(i.e. elevation angle = 37.79

l o . Diameter = 30 ft.

1]

(gives on-axis-gain = 58.5 dB at 12 GHz)

Height above ground 10.0 m

- Receiver Bandwidth = 36 MHz

Terrestrial Transmitter Parameters

= Location: varied from 10 to 500 km south of RX site

l, V _ - Transmitting Antenna Beam
:“ . Boresight Azimuth = 0° E of N’
l' : _ Elevation = ~0.5°
, . Diameter = 8 ft.
'; (given on-axis gain = 47.1 dB)
=30m

o o .. Height above ground
. - Carrier Parameters | .
l Carrier frequency = 12 GH;

Type: FM/TV

Peak-to-peak frequency deviation = 16 MHz
RF bandwidth = 40 MHz |

n

Output power = 10 watts

8.4.3 Results of Simulation Runs

‘The simulation was run for site separation distances
' ranging from 10 to 500 km to evaluate the performance of
the communications link. The results of these calculations
are shown in Figures 18, 19 and 20.
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From Figure 18, it can be seen that for separation
distances greater than 350 km, the mainbeams of the two
antennae intersect above the cutoff height for precipitation
scatter for this rain zone (11 km) and the interference
mode is sidelobe into mainbeam. A slight discontinuity
occurs at this point due to the change from the mainbeam/
mainbeam scatter modelito the mainbeam/sidelobe model.

‘For separation distances less than 40 km, both
direct and indirect interference may occur. It is found
that for separation distances greater than 10 km,
precipitation scatter interference is greater than the
direct component. '

For the communications 1ink, the carrier-to-noise
ratio in the absence of interference is 15.3 dB when _
rain occurs along the receiver boresight. From Figure 19
it can be seen that the carrier-to-interference ratio
exceeds this level for separation distances less than
270 km. ' ‘ '

The importance of common volume height on the results
of these calculations can be seen from Figure 20 in which
the rain filled common volume and: the single scattering
coefficient are plotted.. Note that the volume is plotted
using a Togarithmic sca]g while the scattering coefficient
is plotted using a linear scale. Since the interference
pover is proportional to the product of the volume and the
scattering coefficient it is obvious that the scatter
volume height will be an important parameter in precipitation

- scatter interference calculations.
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8.5 Evaluatijon of Simulation Results

The results of the simuiation runs involving precipitation
scatter interference have indicated that for frequencies below
12 GHz the simulation model is reasonably consistent with exist-
ing measurements and the prediétions-of the C.C.I.R. model.
However, as has been shown, in some cases the simulation predicts
results quite different from measurements. At frequencies above
12 GHz the differences between the simulation results and the
Timited measurements increases. '

In most cases it is felt that the differences between the
simulation results and actual measurements can be attributed

‘to the difference between the rainfall rate distribution used
“in the simulation and the actual rainfall rate distribution

for the recejving site. Since the simulation model contains
the assumption that the surface rainfall rate can be applied
to a raincell at any height below the rain scatter cutoff
height for a particular climatic zone, the simulation results
may become less reliable as the height of the common volume
increases.

As has been shown, the simulation is suitable for
determining the performance of a satellite communications link.
The presence of rain along the downlink receiving antenna '
boresight affects the link performance in three major ways.
First, the wanted carrier is attenuated by the rain. Second,
the noise temperature of the receiving antenna increases in
propartion to the carrier attenuation, and third, precipitation
scatter interference is possible. These and other propagation-
related effects are'hand1ed by the simulation. As a result of
the simulation runéjdeSCribed'in this. chapter, it is-féTt‘that
the simU]gtion models are suitable for communication link

~analyses involving precipitation scatter interference.
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9.0 INTERFERENCE BETWEEN THO DIRECT BROADCASTING-SATELLITE SYSTEMS

lli | | 9.1

9.2.

Introduction

In this chapter, the performance of a hypothetical
direct television broadcasting satellite system sharing
frequencies with a second DBS system serving an adjacent
coveragé area has been ana]yéed using the simulation. The
analysis has been limited to evaluating the signal quality

of a television broadcast to a mid-Canada receiving terminal

for various inter-satellite spacings. The interference .
resulting from both co and cross-polarized satellite antennae
has been considered. A

.The simulation was run to analyse a communications
1ink set up between a mid-Canada transmitter; a_.high power
DBS satellite located 110° W of Greenwich and an individual
reception terminal using a one meter antenna. The interfering
satellite was located at various orbit positions west of
the Canadian satellite, as illustrated in Figure 21. The
effect of rain attenuation on the downlink was also considered
in the simulation runs.

Description of Parameters Used in Simulation Runs

In this section, a detailed description of the parameters
used to describe the DBS satellites and earth terminals is '
presented.

Canadian DBS Satellite

- Location: longitude = 110° W
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- Transmitting antenna parameters

. boresight target: 1latitude = 56° W
" longitude = 100° W
. 3 dB beamwidth = 2.0° -
(ie., gives on-axis gain = 37.5 dB at 12-GHz)

. Vertical polarization

. depo]arizétion ratios: main beam = -30 dB
" near-sidelobes = -15 dB
backlobes = 0 dB

- TX Carrier Parameters

. Type: FM/TV

. Carrier frequency = 11914 MHz

. éeék-to-peak frequency deviation = 8.84 MHz
. RF bandwidth = 23 MHz -

. output power = 444.6 watts
(ie., satellite E.I.R.P. = 64 dBW)

- Receiving Antenna Parameters

. same as TX beam
- LNA Noise temperature = 1000°K

Uplink TX Site

< location: Tlatitude = 52° N
longitude = 106° W




- 96 -

- Transmitting Antenna Parameters

. vertical polarization

. diameter = 5 m . _
(ie., on-axis gain = 55.2 dB at 14 GHz)

- TX Carrier Parameters

. Type: FM/TV
. Carrier frequency = 14275 MHZ

. Output po@er = 86.7 watts

" Downlink RX Site

- Location: latitude = 49° N
longitude = 97° W
Rain Zone #2

- RX Antenna Parameters

. vertical polarization

. diameter =1 m o
(ie., on-axis gain = 39.3 dB at 12 GHz)

. depolarization ratios: same as satellite antennae

- LNA Yoise temperature = 2000° K
- RF Noise bandwidth = 18 MHz

Interfering DBS Satellite

- Location: West of Cahadjan'DBS sate]Tife
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- Transmitting Antenna Parameters

. boresight target: 1latitude = 38° N
longitude = 100° W

. polarization: Tinear-both vertical and horizontal

polarizations were considered.

- Transmitted Carrier parameters
. same as other DBS satellite

Results of Simulation Runs

The signal quality of the FM/TV communications Tink
connecting the two earth terminals was evaluated using the
simulation for inter-satellite spacings from 1 to 20 degrees.
The runs were carried out for both co.and cross-polarized
satellite antennae. ‘

The calculations were performed at 200 step spectré1
resolution and C.C.I.R. antenna models were used throughout

" the calculations. For the uplink calculation, clear weather

propagation was assumed. It was assumed that the rainfall
rate exceeded for 0.5% of the time occurred on the down]ink'.

‘at the receiving site.

The performance of the communications link in the absence
of interference is illustrated in Table 9. The effects of
interference are illustrated in Figure 22 in which the carrier-
to—interference ratio and the carrier-to-total noise ratio
are plotted as functions of the satellite spacing for the
two polarizations. - | ’
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Table 9: DBS Communications Link Results

- thermal noise only
Uplink

. Frequency = 11814 MHz
. carrier-to-noise ratio = 28.2 dB

Downlink
. Frequency'= 14275 MHz
. rain attenuation = -1.0 dB

. antenna noise temperature = 86° K
. carrier-to-thermal noise on downiink= 17.6 dB

Overall Link Perfofmance

. carrier-to-noise ratio ='17.2 dB

. peak signal (synch tip included)-to-
rms weighted noise ratio = 47.5 dB -
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In the absence of interference the overall signal quality
is determined almost exclusively by the downlink thermal
noise. The presence of rain at the receiving site only
degrades the signal-to-noise ratio by 1.2 dB with only 0.2 dB
of this due to the increase in antenna temperature.

The simulation runs have 1ndicated that when the intef-
fering satellite antenna is cross-polarized, the highest
interference-to-carrier ratio occurs when both satellites

'occupy the same orbit position. This value is determined
by the mainbeam depolarization ratios of the receiving earth

station and interfering satellite antennae. For all other inter-
satellite spacings, the interference-to-carrier ratio is

4 lower than this value due to the small beamwidths of the:

receiving and transmitting antennae. For large inter-satellite
spacings, the carrier-to-interference ratio approaches that
predicted for the co-polarized configuration due to the
increase in antenna depolarization at large off-axis angles.

When the interfering satellite uses the same polarization
as the satellite transmitting the wanted carrier, interference .
can dominate link noise budget for small inter-satellite
spacings. A similar situation involving two DBS satellites
has been considered in Reference 1C. Although the satellite
parametars used in the simulation analysis are slightly
different, the results of calculations reported in this
reference have been plotted in Figure.22 for comparison. It
can be seen that both analyses predicf carrier-to-interference. |
ratios with one decibel of each other.

Evaluation of Simulation Resd]ts_

The vesults of these simulation runs indicate that the
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simulation can be used to evaluate the performance of a DBS
system operating in the presence of interference from
another DBS system. These results can be useful in
determining minimum inter-satellite spacing for which
acceptable signal quality can be obtained.

As a result of these simulation runs, the models used

_ in the simulation cah be evau]ated.for their suitability .

in this and other ana]yses'of this type:

. geometric models - adequate

. antenna models - suitable. It shbu]d‘be noted
that when C.C.I.R. models are desired, simulation
uses the "community-reception" sidelobe model
for small diameter receiving antennae described
in Reference 11.

. antenna depolarization model - suitable. Although
the simulation default values for the depolarization
ratios have been used in these analyses, actual,

- values should be used for all antennae when they
differ from the defaults. A

. spectrum models - the FM/TV model is suitable
for calculation of the overall signal-to-noise
ratio at the demodulator output. '

. HPA model : suitable. The simulation default
values for amplifier distortion parameters were
used in these runs. For the ana]ysis‘of high
power DBS satellite systems, actual values
shdu]d be used since distortion may be important
in determinjng,the performance_of the system.
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. propagation models - suitable
. antenna temperature model - suitable

. demodulator model - suitable. Note the

simulation does not determine the signal-to-
noise ratios of audio subcarriers associated
with the television signal.

. de-emphasis/noise weighting models ~ suitable.

Note that the simulation only includes C.C.I.R.-
models for television basebands and that 525,
625, or 819 Tine systems can be analysed.
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]0.0 DIRECT ERGADCASTING—SATELLITE AND FIXED-SATELLITE INTERFERENCE

CALCULATIONS

Calculations

In this chapter the performance of a direct broadcasting
satellite system sharing the 12/14 GHz bands withAa satellite
system in the fixed-satellite service is studied using the
simulation. Both uplink and downlink interference into
each system is considered in the analysis for a range of
inter-satellite spacings.

The two cases which have been studied are illustrated
in Figures 23 and 24. Both satellite antenna systems were
vertically polarized and had the same eastern Cénadé
coverage zones. The same é]]iptiéa] receiving antennae
and circular transmitting antennae were used for each satellite
system. In all of the simulation runs the DBS satellite
was located at a longitude of 105° W. The position of the
fixed-satellite was varied from 2.5 to 30 degrees east of

-the DBS satellite.

Two communications links were analysed for each inter-
satellite spacing. The first was an FM/TV broadcast from
a transmitting site in southern Ontario receiving station
using a one meter diameter antenna. The second was a -
digital (PSK) transmission from a southern Ontario transm1tt1ng
site, via the fixed-satellite, to a northern Ontario’ receiving.
site. Both heavy-route, high bit rate and low bit rate thin-
route carriers were considered. For the thin-route analysis,
a smaller receiving antenna was used. The interference
into the DBS system was e1ther the thin-route or the heavy-
route PSK carr1er wh11e the FM/TV carrier was the 1nterference
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iﬁto the fixed-satellite system.

The only propagation effect considered in these
analyses was clear weather tropospheric absorption.

‘10.2_ Description of Parameters Used in Simulation Runs

In this section, a detailed 1list of the parameters
used to describe the transmitters and receivers used in
the simulation runs is presented.

A. DBS System Parameters

Uplink transmit site parameters -

- Tocation: latitude = 45° N
Tongitude = 80° W

- transmitting Antenna Parameters

. points at DBS satellite
. vertical polarization

.. diameter = b m

(ie. on-axis gain 54.8 dB at 14 GHz)

- TX carrier parameters

. Type: FM/TV

14275.0 MHz
. RF bandwidth = 18 MHz.

. carrier frequency

. peak-to-peak frequency deviation = 8.84 Mz

. output power = 323 watts
(ie. gives uplink E.I.R.P. =79.9 dBW)
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Downlink Receiving Site Parameters

location: latitude = 55° N
Tongitude = 95° W

RX Antenna Parameters

. Vertical polarization

. diameter =1 m
(ie., on-axis gain = 39.3 dB) .

- o e R W -

LNA Noise temberature = 2000° K
Receiver Noise bandwidth = 18 MHz

DBS Satellite Parameters

- location: 1longitude = 105° W

- TX Antenna Parameters }

-t - S > et T b Mk o

. boresight target: >1atitude = 50° N
Tongitude = 85° W

. vertical polarization

. 3 dB beamwidth = 2.0°
(on-axis gain = 37.5 dB)

. output power = 445 watts
(ie., gives E.I.R.P. = 64 dBW)

- RX Antenna Parameters

. boresight.ﬁarget:. same as- TX beam
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. reference target on
major-axis of beam: Tlatitude = 50° N
longitude = 80° W

. vertical polarization

1

40
20

. major-axis beamwidth

. minor-axis beamwidth

. on-axis gain-= 33.7 dB

. LNA Noise temperature = 1000° K -

. receiver bandwidth = 18 MHz

B. Fixed-Satellite Systéﬁ Parameters

Uplink Transmitting Site

- location: Tlatitude = 45° N
longitude = 90° W

- transmitting antenna parameters

.4points to fixed-satellite

. vertically polarized
. diameter = 30 ft.
(ie., on-axis gain = 60 dB at 14 GHz)

- transmitted carrier parameters

. the following parameters characterize both
the heavy-route and the thin-route carriers:

. 4-phase CPSK .

. carrier frequency = 14275.0 MHz
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. 2-pole Butterworth filter on modulator
output

. 3.dB filter bandwidth = 1/2 bit rate

HEAVY-ROUTE CARRIER -~ THIN-ROUTE CARRIER

Bit Rate: 61.248 Mbits/sec. - 0.064 Mbits/sec.
RF bandwidth: 40 MHz , 0.06 MHz

OQutput power: 398 watts 0.5 watts
Uplink E.I.R.P.: 86 dBW 57 dBW

Downlink Receiving Site

- location: latitude = 55° N
longitude = 75° W

- Receiving Antenna parameters

. HEAVY ROUTE: Diameter = 30 ft.
(on-axis gain = 58.5 dB at 12 GHz) .

. THIN ROUTE: Diameter = 9.8 ft.
(on-axis gain = 48.7 dB at 12 GHz)

. Vertical polarization
- LNA Noise temperature

. HEAVY ROUTE: 160° K
. THIN ROUTE: '300° K -
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- Receiver Noise Bandwidth:

. HEAVY ROUTE: 40 Miz
. THIN ROUTE: 0.06 MHz

Satellite Parametefs

- location: east of DBS sate]]ite

- transmittihg Antenna Parameters

. same as DBS TX-antenna
- TX carrier parameters

. carrier freqdency = 11914 MHz
. output power: 4

. HEAVY.RQUTE = 3.5 watts

(E.I.R.P. = 42 dBW)

. THIN ROUTE = 0.024 watts

. (E.I.R.P. = 21 dBW)

Receiving Antenna Parameters

. same as DBS RX antenna

- LNA Noise temperature = 1120° K
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10.3 Reéults of Simulation Runs

The performance of each of the communications links
was evaluated using the simulation for a range of inter-
satellite spacings. The C.C.I.R. antenna models were
used for all of the simulation runs. Two hundred step
resolution was used in evaluating the RF spectra of the
wanted carrier and interferor. ' '

The'perfdrmance of each Tink in the absense of
interference is shown in Tables 10 and 11. In the case
of the digital link, the thermal noise performance'is
dependent on the location of its satellite. This is due
to the fact that the receiving site is near the edge of
the satellite covérage zone and at the receiving site the

flux from the satellite changes sightly with satellite

position.

The performance of the DBS 1ink with either thin-
route PSK or the heavy-route PSK interference is
illustrated in Figure 25. Since only a single thin-route
carrier was considered in this analysis, the interference-
to-carrier ratio on either the uplink or the downlink due
to this carrier is negligible in comparison with‘the~A
carrier-to-thermal noise ratio. When the interference
into the DBS Tink conéists'of the heavy-route digital
carrier, the interference contributes only slightly to the
overall noise budget. At a satellite separation angle of
2.5 degrees, the total interference power is only 2% of the
thermal noise power.

The performance of the digital links is illustrated:
in Figures 26 and 27. It can be seen that_in each case,.
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TABLE 10: PERFORMANCE OF DBS LINK IN ABSENCE
, OF INTERFERENCE

UPLINK

. carrier-to-thermal noise ratio = 30.0 dB

DOWNLINK

. carrier-to~thermal noise ratio due %o
downlink only = 15.8 dB

. antenna noise temperature = 16.9° K

TOTAL

. RF carrier-to-noise ratio into demodulator = 15.7AdB

. peak signal (synch tipiincluded)—to-rms

weighted noise ratio = 46.0 dB
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TABLE 11 PERFORMANCE OF PSK LINKS IN

ABSENCE OF INTERFERENCE

. SATELLITE :
LONGITUDE = 75° W HEAVY ROUTE THIN ROUTE
uptink carrier-to- 32.4 dB 31.7 dB-
Thermal noise ratio A .
downlink carrier-to- 21.7 dB 16.1 dB
Thermal noise ratio
carrier-to-total 21.4 dB 16.0 dB
noise ratio
error probability negligible negligib1e
SATELLITE
LONGITUDE = 102.5° W HEAVY ROUTE - THIN ROUTE
uplink carrier-to- '32.8 dB 32.0.dB
Thermal noise ratio
downlink carrier-to- 23.9 dB 18.3 dB
Thermal noise ratio _ _
carrier-to-total noiée 23.3 dB 18.1 dB
ratio
error probability negligible neg]igibie
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the uplink interference-to-carrier ratio is at least 25 dB
below the downlink interference-to-carrier ratio. Unlike
the DBS link, the total interference power can exceed the
thermal noise level for small inter-satellite spacings.

Of the three links analysed, the performance of the
thin-route PSK 1ink is degraded by interference sooner
than the heavy-roﬁte PSK or the DBS 1ink, in agréement with
the calculations of Reference 10. The least susceptible to
interference was the DBS link, also in agreement with the
results of Reference 10. "

Eva]uatioh bf Simulation Results

The resﬁ]ts of these simulation. runs are consistent
with previous analyses,-and illustrate the usefulness of
the simulation as an aid in determining compatable orbital
spacings for satellites in the different services.

As a result of these simulation runs the models used

“in the simulation can be evaluated for their suitability

in this and other analyses of this type:

. geometric models - suitable
.. antenna models - suitable.

. spectrum models = suitable. Note that at
‘the spectral resolution used for these
analyses, the thin-route carrier is
approximated by a rectangular spike for
interference calculations since its RF
bandwidth-is cqmparab]é to the spectral
vesolution of the simulation. When the

" thin-route 1ink-was'ana1ysed, much finer
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resolution was used and the PSK‘spectrum model
was used. The FM/TV interference spectrum'
model -used in the thin-route link analysis

may under-estimate the spectral density over

“the narrow RF bandwidth of the thin-route

receiver. This is not a problem in the
heavy-roufe PSK analysis.

. propagation models - suitable.

. demodulator model - suifab1e for FM/TV 1ink

analyses. For PSK links, the error probability
models predict error probabilities much too

"~ Tow, as noted in Chapter 7.
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11.0 CONCLUSIONS AND RECOMMENDATIONS

“11.1 Conclusions

As a result of the simulation runs and associated
analysis described herein it can be concluded that: -

1.

The models and algorithms incorporated in

the simulation are adequate for the anmalysis

of a wide variety of orbit/spectrum interference
prob]ems.> ’

The simulation results are consistent with
those of other analyses and experimental
measurements in those cases for which comparison
is possible. ' '

11.2 Recommendations

A number of recommendations are presented based on
“the results of these simulation runs:

The simulation should now be applied to the

~analysis of practical problems involving
~ more complicated interference situations for

which simulation techniques are required.
Two possible studies of immediate interest
are:

. the effects of earth terminal antenna
diameter on orbit utilization.
. the effects of SCPC thin-route carriers_
on both the fixed-satellite and the
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. direct broadcasting-satellite service,
and the effect of DBS interference into
SCPC thin-route systems.

2. As noted in the report, the PSK demodulator
models should be improved to more accurately
model non-ideal, real, demodulators.

3. A spectrum model suitable for modelTing the RF
spectrum of a channel containing many demand
access thin-route carriers be added to the
simulation. '

4, More realistic, non-linear, amplifier characteristics
should be incorporated in the HPA model for IF-
type channels: to more accurate}y model pasf—]ink
signal attenuation. A ‘ ‘

5. A model should be added for the gain pattern of
real spacecraft antenna to allow more accurate
mode]Ting of rea]hsystems.

" Other simulation model revisions and extensions have been

identified and are 1isted below:

. inclusian of ionospheric effects such as Faraday
rotation and scintillation.

. inclusion of Tow angle refraétive bending.
incTusion of transhorizon ductihg.

. improvement of HPA distortion model.

: site‘shie]ding.éffects}

In addition, other program oriented simulation extensions
are outlined in. Reference 4. ..
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