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Adaptive forward error correction, 7-79, 7-117
Advanced Communications Technology Satellite (ACTS), 7-18, 7-24,

7-78, 7-117
Amplitude dispersion data, 5-39
Amplitude fluctuations, 6-76, 6-101, 6-126, 6-129
Angle diversity (see: Orbit diversity)
Angle-of-arrival

definitions, 6-94
fluctuations, 6-103

Antenna
aperture effects, 6-75
axial ratio, 4-15
gain equation, 7-52
non-ideal performance, 4-15
wave interaction, 4-8

ATDRSS, 7-35
ATS-5 satellite, 5-21
ATS-6 satellite, 4-40, 5-3, 5-4, 5-22
Attenuation

clear-air, see gaseous
cloud , 1-4, 7-63
co-polarized (CPA), 4-33
differential, 4-29
dust , 6-73, 7-63
fog, 1-4, 6-71
gaseous, 6-7, 7-63
rain, 1-6, 3-1
sand, 6-73
specific rain, 2-7, 2-11, 4-25

Attenuation, rate of change, 6-56
Attenuation statistics

11.5 - 11.7 GHz, 5-8
15 - 16 GHz, 5-18
19 - 20 GHz, 5-22
28 - 35 GHz, 5-22
analytic estimates, 6-20
diurnal distribution, 5-29
elevation angle scaling, 5-15, 6-48
extension, 6-44
extension example, 6-48
fade duration distribution, 5-35
format, 5-5
frequency scaling, 5-25, 6-47
histograms, 5-27, 5-31, 5-34
joint attenuation - depolarization, 5-36, 7-60
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monthly distribution, 5-28
predic~ion

from limited rain rate and attenuation statistics, 6-43
from rain rate statistics, 6-41
using CCIR model, 6-32
using Global model, 6-23

procedures for calculating, 6-20
worst month, 6-59

Availability, 7-8, 7-73
Axial ratio 4-7, 4-16

-B-
Bandwidth coherence

ionospheric effects, 6-129
tropospheric effects, 6-126

Beacons (see: Propagation beacons)
Bit error rate, 7-9
BS satellite, 5-3, 5-4

- c -
Canting angle, 4-29, 4-37
CCIR (International Radio Consultative Committee), 5-1, 7-9

rain attenuation model, 3-2, 3-44, 6-32, 6-37
sample calculation, 6-35

rain depolarization model, 4-36
Clear-air attenuation, 6-7, 7-63
Clear-air fluctuations, 6-75
Climatological Data Reports, 2-16
Clouds

attenuation statistics, 6-67
measured attenuation, 6-64
water content, 6-64

Coherence bandwidth
amplitude variations, 6-126
experimental results, 6-127
ionospheric effects, 6-129
phase variations, 6-129
tropospheric effects, 6-126

COMSTAR satellite, 4-40, 5-4, 5-22, 5-28, 5-29, 5-36, 5-39
Copolarized attenuation (CPA), 4-33, 5-33
Copolarized wave, 4-2, 4-15
Crosspolarization, 1-6

discrimination (XPD), 4-2, 4-13, 4-32, 5-33
isolation (XPI), 4-2
signal phase, 4-43

Crosspolarized wave, 4-2
CS satellite, 5-3, 5-4, 5-24
CTS satellite, 4-40, 5-4, 5-8
Cumulative statistics, 5-8

definition, 6-19
format, 5-5

Cyclonic storm, 2-2
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-D-
Data rate reduction, 7-80, 7-120
Debris rainfall, 3-42
Defense Communications Agency (DCA) , 7-9
Delay

ionospheric, 6-5
tropospheric, 6-5

Department of Commerce (DOC) , 6-2
Depolarization

analysis, 7-58
data, 4-39, 5-33, 6-105

11.7 GHz
19 GHz, 5-36
28 GHz, 5-36
joint depolarization - attenuation, 5-36, 7-60
phase variations, 4-43

definition of terms, 4-1
hail and snow, 4-6, 6-120
hydrometer, 4-4, 6-104
ice crystal, 4-5, 4-47

elevation angle and frequency dependence, 6-113
ice crystal parameters, 4-47, 6-115
measurements, 6-115
model, 4-49, 6-119

mathematical formulations, 4-7, 6-105
multipath, 4-4, 6-120

due to refractivity gradients
prediction, 6-104
rain, 1-6, 4-4, 4-5, 4-23, 6-106

CCIR approximation, 1-7, 4-36, 5-33, 6-106
elevation angle dependence, 4-45, 6-113
experimental results, 4-39, 5-33, 6-107
frequency dependence, scaling, 4-45, 6-111
phase variations, 4-43, 6-115
prediction of statistics, 6-19
rate of change, 4-44
statistical characteristics, 4-39
theory, 4-23
versus rain attenuation, 4-33

snow, 6-120
sources, 6-104

Design procedure
examples, 7-44, 7-51, 7-68
introduction, 7-36
path performance, 7-37

Distrometer, 2-10
Dispersion, phase and amplitude, 5-39
Diversity

frequency, 7-79, 7-119
measures of performance, 7-80
orbit, 7-79, 7-84, 7-107
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measurements, 7-109
path, see site
signal 7-111
site, 7-79, 7-86

definition, 7-80
design factors, 7-88
empirical models, 7-93, 7-95, 7-102, 7-107
experiments, 7-86

space, 7-83
Diversity advantage, 7-81
Diversity improvement, 7-80
Diversity gain

analytic model, 7-102
definition, 7-80
empirical model, 7-93
empirical model extension, 7-95
relative, 7-107

Drop size distribution, 2-7
DSCS III satellite, 7-30
Dust attenuation, 6-73
Dutton-Dougherty rain attenuation model, 3-2, 3-12

-E-
ECS satellite, 5-3, 5-4
Effective path length

attenuation model comparisons, 3-70
definition, 3-63
frequency dependence, 3-64

Elevation angle scaling
depolarization, 6-113
rain attenuation, 6-48

Elliptical polarization, 4-11
ETS-11 satellite, 5-3, 5-4, 5-19, 5-24, 5-35
European Broadcasting Union, 7-32

-F-
Fade

distribution function, 6-95
mitigation, 7-78
simultaneous probabilities, 7-121
temporal distribution, 5-28

Fade duration, 5-32, 6-50
annual distribution, 5-35, 6-56
daily distribution, 6-56
versus frequency of occurrence, 6-50

Federal Communications Commission (FCC), 6-2
FLTSATCOM satellite, 7-30
Fluctuations

amplitude, 6-76, 6-101
antenna aperature effects, 6-75
computation of

amplitude, 6-101

\
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angle-of-arrival, 6-103
gain reduction, 6-103
RMS phase delay, 6-103

distribution function, 6-95
. example, 6-101
gain degradation, 6-98
overview of amplitude, 6-76
phase, 6-90
phase delay, 6-90
phase ripple, 6:92
phase ripple gain degradation, 6-94
power spectral density of amplitude, 6-82
variance of signal amplitude, 6-76

Fog
attenuation, 6-71
attenuation prediction model, 6-72
visibility
water content, 6-71

Forward error correction (FEC), 7-28, 7-118
adaptive, 7-79t 7-117

Free space path loss, 7-52
Frequency bands, 6-2
Frequency diversity, 7-79, 7-119
Frequency reuse, 4-1, 5-36
Frequency scaling

for polarization, 6-111
for rain attenuation, 5-25, 6-47

-G-
Gain degradation, 6-82

design information, 6-95
domains, 6-98
sample computation, 6-101

Gaseous attenuation
elevation angle deper:dence, 6-12
estimation procedure, 6-12
frequency dependence, 6-7
ground station altitude dependence, 6-8
prediction, 6-6
sample calculation, 6-16
sources, 6-6
standard deviation, 6-9
surface temperature dependence, 6-12
water vapor dependence, 6-8

Global rain attenuation model, 1-7, 3-2, 3-17, 6-23
sample calculation, 6-29

-H-
Hourly Precipitation Data Report, 2-16
Hydrometers, 4-4

-I-
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Ice, meteorological presence, 4-47
Ice depolarization (see: Depolarization, ice crystal)
INTELSAT VI satellite, 7-19, 7-29
Intense rain events

annual and daily distributions, 6-56
Interference, 6-75
International Radio Consultative Committee: see CCIR
International Telecommunications Union (ITU), 6-2
Ionospheric effects, 6-5
Isolation, 4-4, 4-17
Isotherm, O°C, 2-4, 3-26, 3-38
ITALSAT satellite, 7-33

-J-
Joss drop size distributions, 2-7

-K-
Laws and Parsons drop size distribution, 2-7
Lin rain attenuation model, 3-2, 3-54
Local Climatological Data Report, 2-17
Low-angle fading, 6-85

selected experimental results, 6-85
Low-angle scintillation, 6-82

-M-
Marshall-Palmer drop size distribution, 2-7
Model,

CCIR, rain attenuation, 3-2, 3-44, 6-32
CCIR, depolarization, ‘4-36, 5-33
Dutton-Dougherty, 3-2, 3-12
Global, 1-7, 3-2, 3-17, 6-23
ice depolarization, 4-49
Lin, 3-2, 3-54
piecewise uniform, 3-59
rain rate, 3-1
rain depolarization, 4-23
Rice-Holmberg,” 3-2, 3-5
SAM (Simple Attenuation Model), 3-2, 3-58
two-component, 3-2, 3-39

Multipath depolarization, 6-120

-N-
National Climatic Data Center, 2-16
Noise (see also: Sky noise)

cloud, 6-64
sky, 1-4, 6-130
temperature, 1-4
uplink, 6-143

Non-ideal antenna, 4-15

-o-
OLYMPUS-1 satellite, 7-31, 7-34
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On-board processing, 7-20, 7-25, 7-34
Orbit diversity, 7-79, 7-84, 7-107

measurements, 7-109
OTS satellite, 5-3, 5-4, 5-18, 5-20
Outage

- duration, 7-8
period, 3-4
time 7-49

Oxygen absorption, 1-3

-P-
Partial pressure, saturated, 6-16
Path diversity (see: Site diversity)
Performance criteria, 7-7, 7-15

analog transmission, 7-12
digital transmission, 7-9
examples, 7-44, 7-53, 7-68

Phase dispersion data, 5-39
Phase fluctuations, 6-90, 6-103, 6-129, 6-131
Piecewise uniform rain rate model, 3-59
Polarization isolation, 4-2
Polarization mismatch factor, 4-1o
Polarization states, 4-7
Power budget equation, 7-53
Power control, 7-79, 7-112

downlink, 7-115
uplink, 7-114

Power spectral density, 6-82
Prediction

amplitude fluctuations, 6-76
angle of arrival, 6-94
depolarization, 6-104, 6-122

CCIR approximation for rain, 6-106
CCIR factor for ice, 6-119

fog, 6-72
gaseous attenuation, 6-6, 6-11
gain degradation, 6-82, 6-103
introduction, 6-1
phase delay, 6-90
power spectral density, 6-82
rain attenuation, 6-20

CCIR model, 6-32
Global model, 6-23

Propagation beacons
ACTS, 7-26
Italsat, 7-33
olympus, 7-32
summary table, 5-3

Propagation data, 5-1
11.5 - 11.7 GHz, 5-8
15 - 16 GHz, 5-18
19 - 20 GHz, 5-22
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28 - 35 GHz, 5-22
format, 5-5
phase and amplitude dispersion, 5-39
satellites used, 5-4
summaries, 5-1
temporal fade distribution, 5-28

-R-
Rain

convective, 2-2
debris, 3-42
depolarization (see: Depolarization, rain)
gauges, 2-23
gauge integrtation time, 2-31
spatial distribution, 2-2
specific attenuation
stratiform, 2-2
volume cell, 3-41

Rain attenuation, 1-6, 3-1
measurements (see: Propagation data)
models summary, 3-2
model comparisons, 3-61
statistics: see Attenuation statistics
prediction: see Prediction, rain attenuation

Rain fade mitigation, 7-78
Rain rate

climate regions
CCIR, 3-45, 6-38
Global, 3-21, 6-24

cumulative distribution, 3-3, 6-26, 6-34
estimation from rain gauge records, 2-25, 2-28
long term distributions, 2-3
measurement, 2-23
models, 3-2
path averaged, 3-29, 3-53, 3-55, 3-59
point, 3-1, 3-15, 3-18
short term distributions, 2-4
statistics, 2-1, 3-3
time variation, 2-25, 3-4, 5-28, 5-32

Rainfall data, sources and types
Canada, 2-26
U.S., 2-13
worldwide, 2-28

Rate of change of attenuation, 6-56
Rate reduction, 7-80, 7-112
Rayleigh scattering, 2-7
Reflectivity factor, 2-4, 6-122
Relative humidity, 6-16
Resource sharing, 7-78
Rice-Holmberg rain rate model, 3-2, 3-5

-s-
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SAM (Simple Attenuation Model), 3-2, 3-58
Sand attenuation, 6-73
Satellites

ACTS, 7-18, 7-24, 7-78, 7-117
-ATDRSS, 7-35
ATS-5, 5-21
ATS-6, 4-40, 5-3, 5-4, 5-22
BS, 5-3, 5-4
COMSTAR, 4-40, 5-4, 5-22, 5-28, 5-29, 5-36, 5-39
CS, 5-3, 5-4, 5-24
CTS , 4-40, 5-4, 5-8
DSCS III, 7-30
ECS, 5-3, 5-4
ETS-11, 5-3, 5-4, 5-19, 5-24, 5-35
FLTSATCOM, 7-30
INTELSAT-VI, 7-19, 7-29
ITALSAT, 7-33
OTS, 5-3, 5-4, 5-18, 5-20
SIRIO, 4-40, 5-3, 5-4, 5-18, 5-19, 5-20

Saturated partial pressure, 6-16
Scintillation

amplitude, 6-76, 6-101
distribution function, 6-95
phase, 6-90, 6-103

Signal diversity, 7-111
SIRIO satellite, 4-40, 5-3, 5-4, 5-18, 5-19, 5-20
Site diversity

Sky

analytical model, 7-102, 7-107
baseline orientation, 7-90
definition, 7-80
design factors, 7-88
elevation angle, 7-90
empirical model, 7-93
experiments summary, 7-86
extended empirical model, 7-95
frequency dependence, 7-91
interstation link, 7-92
local climatology, 7-92
multiple earth terminals, 7-93
path azimuth angle, 7-90
rain cell anisotropy, 7-91
separation distance, 7-88
switching rates, 7-92
noise, 1-4, 6-130
clear-air, 6-131
clouds, 6-139
computation of multiple contributors, 6-140
dust , 6-139
extraterrestrial sources, 6-140
fog, 6-139
lunar, 6-142
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radio stars, 6-142
rain, 1-6, 6-136
sample calculations, 6-136
sand, 6-139
solar, 6-140
uplink, 6-143

Sky noise temperature, 1-6
Space diversity, 7-83
Specific attenuation

dry air, 6-13
rain, 2-7, 2-11

frequency dependence, 2-11
rain rate dependence, 2-11, 2-14
regression values, 2-12, 2-14, 6-40

water droplets, 6-62
water vapor, 6-62

Storm Data Report, 2-17
SS/TDMA 7-17, 7-32
System design

availability allocation, 7-37, 7-73
clear-air absorption, 7-63
composite carrier-to-noise ratio, 7-48, 7-71
depolarization analysis, 7-58
initial phase, 7-43
overview of procedure, 7-1
phases, 7-4o
power budget, 7-5o

sample calculation, 7-64
process, 7-3, 7-41
propagation analysis, 7-42, 7-55, 7-63
rain margin, 7-55
synthesis phase, 7-46

sample calculation, 7-52
System performance criteria

analog, 7-12
bit error rate, 7-9
CCIR, 7-9
DCA, 7-9
digital, 7-9
examples, 7-43
overview summary, 7-7

-T-
TDMA (time division multiple access), 6-5, 7-17, 7-21, 7-117

satellite switched (SS), 7-17, 7-32
Telecommunications services, 6-4
Throughput, 7-11
Transmission coefficient, 4-25
Tropospheric delays, 6-5
Two-component

-u-
Uplink Noise,

rain attenuation model, 3-2, 3-39

6-143
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- v -
Volume cell rainfall, 3-41
VSAT, 7-23

-w-:
Wave antenna interaction, 4-8
Water vapor

and relative humidity, 6-16
definition, 6-16
density, 6-14
specific attenuation, 6-13

Worst month statistics, 6-59

-x-
XPD (see: Crosspolarization discrimination)
XPI (see: Crosspolarization isolation)

-z-
Zero degree isotherm, 2-4, 3-26, 3-38, 6-23
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