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ABSTRACT

The rain attenuation exceedance and the corresponding
link availability have been calculated for any location in
Canada for a Satcom link in the 10-45 GHz range with
arbitrary values of the link parameters. Contours, with
arbitrary constant values, of these two parameters are also
determined for any region in Canada. The effect of site
diversity on these results can be studied. The results are
presented in different formats to facilitate their use in a
system design. The CCIR rain attenuation prediction model,
Hodge site diversity model and long term rain statistics have
been used for this work. Following a brief review of the
subject, representative rain attenuation exceedance and link
availability results are given for a Satcom link at 20, 30
and 44 GHz for a few selected values of the link parameters.
From the point of view of rain attenuation, this study
indicates the feasibility of a 20-44 GHz Satcom system for
Canada with - 99.5% link availability.

RESUME

L'att~nuation exc~dentaire due A la pluie ainsi que la disponibilitg
correspondante de liaison radio par satellite, operant sur une plage de
fr~nuences de 10 A 45 GHz et utilisant des param~tres de liaisons
arbitraires, ont k6 calculus pour toutes les r~qions du Canada. Les
contours de ces paraniatres A valeurs constantes ont aussi W d~termin6s
pour ces r~qions. Les effets de communications simultan~es, utilisant la
diversit6 d'emplacement sur ces r6sultats ont t6 6tudi~s. Les r~sultats
sont nr~sent~s sous diffrents formats afin de faciliter leur utilisation
Pour la conception d'un syst~me de communications par satellite. Le mod~le
du CCIP pour la pr6diction de l'att~nuation due A la pluie de mgme que le
module de diversit6 d'emplacement de Hodge et les statistiques 6 long terme
sur la pluie au Canada ont t6 utilis~s pour ce travail. Apr~s une breve
revue du suiet, des r~sultats reor~sentatifs de l'att~nuation due A la pluie 'or
et de disponibilit6 de liaison par satellite au Canada, sont donn6s pour un
svst~me de communications par satellite operant aux fr~nuences de 20, 30 et []
44 nHz pour certaines valeurs de paramitres de liaison. Du point de vue de
l'att~nuation due A la nluie, cette 6tude dmontre qu'il est possible de
concevoir un svst~me de communications FHF par satellite au Canada ayant une
disponihilit6 He liaison radio ors de Q9q.5%.
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EXECUTIVE SUMMARY

The purpose of this paper is to determine the feasibility of a

20-44 GHz satellite communications (SATCOM) system for Canada from the

viewpoint of rain attenuation. The transmitted electromagnetic wave at

frequencies above 10 GHz is severely attenuated by rain during its

passage through the earth's atmosphere. Rain attenuation is a random

process due to the unpredictability of rain occurrence. Hence,

statistical methods are used to evaluate the problem.

A brief review of radio wave attenuation in an earth-space path

is presented, followed with the details of the rain attenuation

prediction method used for this work. Accurate rainfall rate statistics

are important for the prediction of rain attenuation. Previously,

Canada was divided into a small number of climate regions with a

specific rainfall rate for each region. This gave rather poor

attenuation statistics averaged over large areas for each zone. In the

present work, experimental rain statistics of approximately 500 station

years from 47 weather stations in various parts of Canada have been

used. It should be noted that the high rainfall rates are limited to a

few regions. In fact, rain statistics in Northern Canada are similar to

those in a desert.

From the present work, one can calculate, for a wide range of

probabilities, the rain attenuation statistics for an arbitrary location

within most of the Canadian territory for any geostationary satellite

link at any frequency in the 10-45 GHz frequency range. Representative

results in the form of tables and contours of rain attenuation

statistics are included for SATCOM linkc at 20, 30 and 44 GHz.

Except for the few regions with high rainfall rates, rain attenuation is

not a formidable problem for SATCOM in this frequency range. From the

point of view of rain, this study indicates the feasibility of a

20-44 GHz SATCOM system for most of Canada with approximately 99.5% link

availability.
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1.0 INTRODUCTION

The propagation characteristics of electromagnetic

waves play an important role in the design of space communi-

cation systems. Attenuation due to hydrometeors, mainly

rain, represents perhaps the most degrading influence

suffered by the transmitted wave as it passes through the

earth's atmosphere. This is particularly true for satellite

communication systems which operate above 1 10 GHz. Further,

the rain attenuation increases with frequency in the 1-100

GHz range. On the other hand, spectral crowding at lower

frequencies points out the desirability of moving to higher

frequency bands. In particular, greater available bandwidths

and the associated higher data rates with improved anti-

jamming characteristics at Extremely High Frequencies (EHF)

make this band extremely attractive for military satellite

communications.

Clearly, it is necessary to make a compromise between

the higher data rates and better antijamming characteristics

and the reduction in link availability in EHF communication

systems. Since rain will be the primary source of attenua-

tion in most cases, an assessment of rain attenuation is man-

datory in the planning stages of such a system. The random-

ness of rcinfall adds further uncertainty and complexity in

the radio wave propagation. Hence, statistical approaches

are used to evaluate the problem. Thus, the statistical rain

data is one of the key parameters in determining the rain at-

tenuation statistics. The Department of National Defence is

presently working towards the possible use of EHF satellite

communications (Satcom) in the future. Before developing
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such a system, it is therefore essential to determine radio

wave attenuation due to rain in various parts of Canada at

these frequencies. Preliminary work on this subject was done

earlier by one of the authors [1].

From the present work, one can calculate the rain at-

tenuation exceedance and the corresponding link availability

values at an arbitrary location within most of the Canadian

territory for any geostationary satellite link at any fre-

quency in the 10-45 GHz range for a wide range of probab-

ilities. Computer programs have also been developed to plot

contours of constant rain attenuation exceedance or link

availability with a given link margin for most of the

Canadian territory for any combination of the relevant link

parameters. In particular, rain attenuation exceedance and

link availability data can be determined for 47 locations,

with long term rain data records, in various parts of Canada.

The results are presented in different formats to facilitate

their use in a system design.

2.0 FUNDAMENTALS OF RADIO WAVE PROPAGATION

2.1 Transmission Principles

The power density of an electromagnetic wave at a

point is inversely proportional to the square of the distance

between the source and that point. Free space transmission

loss expressed in decibels between two points in a radio link

is given by

A 20 log 4nd (dB) ..... (1)

where A s is the free-space attenuation in decibels, X is the
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wavelength and d' is the distance between the receiver and

the transmitter. This attenuation is always present when

radio waves propagate in free space or in regions whose

characteristics approximate the uniformity of free space such

as the earth's atmosphere.

In addition, there are several other factors which

influence radio wave propagation [2,3]. The frequency of the

radio wave is a critical factor in determining the attenua-

tion or modification of the radio wave. Ionospheric effects

tend to become less significant as the frequency of the wave

increases and above about 3 GHz the ionosphere is essentially

transparent to space communications with some notable exce-

ptions. On the other hand, gaseous constituents of the

earth's atmosphere, primarily oxygen and water vapor, inter-

act with the radio wave. This interaction is particularly

intense over certain frequency bands corresponding to the ab-

sorption bands of oxygen and water vapor. Practical

earth-space communication has been mainly developed in the

atmospheric windows between these absorption bands. Fig. 1

shows the attenuation coefficient vs. frequency for oxygen
3

and water vapor at a humidity of 7.5 g/m , a pressure of 1

atmosphere and a temperature of 200 C. Fig. 2 shows the

total one-way zenith attenuation through the atmosphere vs.

frequency for a moderately humid atmosphere (7.5 g/m 3 water

vapor density at the surface). For elevation angles in the

range of 15*-90 ° , the gaseous attenuation for a moderately

humid atmosphere is below - 2 dB for frequencies up to 41

GHz. There are several other effects of the non-ionized

atmosp ere, the ionosphere and the extra terrestrial ionized

media on the propagating radio wave.



6

Some of the factors affecting the radio wave propagation are:

Attenuation by hydrometeors and atmospheric
gases;

Depolarisation by hydrometeors and Faraday
rotation;

Noise emission due to gases and hydrometeors;

Scintillation of amplitude and phase caused by
turbulence or refractive index irregularities;

Loss of signal due to beam-divergence of the
earth-station antenna due to normal refraction
in the atmosphere;

A decrease in effective antenna gain due to
phase decorrelation across the antenna
aperture;

Possible limitations in bandwidth due to
multiple path effects or multiple scattering,
specially in high data rate systems.

At EHF frequencies, hydrometeors are the dominant

source of attenuation although other factors like

scintillation fading at low angles of elevation may also be

quite significant. Henceforth, this work deals only with

hydrometeor attenuation in satellite communications.

3.0 HYDROMETEOR ATTENUATION IN SATELLITE COMMUNICATIONS

Hydrometeors in the radio wave path can produce major

impairments to space communications. Hydrometeors refer to

products of condensed water vapor in the atmosphere and in-

clude rain, hail, cloud, fog, ice or snow. Rain is the major

source of impairment of the radio wave. Attenuation due to

water cloud or fog can be calculated if the liquid water con-

tent is known. Except for clouds of high water content, at-

tenuation due to clouds is generally equivalent to light

rainfall attenuation. The effects of dry hail and dry snow
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can be generally neglected at the EHF frequencies.

A brief description of the classical development for

the determination of rain attenuation is provided next. The

attenuation A of a radio wave propagating in a volume of rain

of length L in the direction of wave propagation can be

expressed as

L
A J= y dx (dB) ..... (2)

d0

where y is the specific attenuation (dB/km) of the rain vol-

ume. In the classical development, it is assumed that the

intensity of the wave decays exponentially as it propagates

through the volume of rain. Thus, the incident power Pi of a

wave incident on a volume of uniformly distributed water

drops extending over the length L and the transmitted power

Pt after its passage through the medium are given by

Pt = Pi e- (watt) ..... (3)

where m is the attenuation coefficient for the rain volume

expressed in units of reciprocal length. The attenuation of

the radio wave expressed as a positive decibel value is given

by

A = 10 logl 0 ( = 4.343 mL (dB) .... (4)
Pt

The attenuation coefficient m can be expressed as

M = Qt (km 1 ) ..... (5)

where p is the number of drops per unit volume and Qt . the

attenuation cross-section of the drop, expressed in units of

area, is the sum of a scattering cross-section Qs and an

absorption cross-section Qa' Qt is a function of drop radius
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e, wavelength X of the radio wave and complex refractive ind-

ex p of the water drop. If the drops do not have the same

radius, the attenuation coefficient m is determined by inte-

grating over all drop radii. Thus, Eq. (5) is modified to

m = J Qt(E,X,P) n(c) de (km- I ) ..... (6)

where n(e)de gives the number of drops per unit volume with

radius in the range (c, c+de). The specific attenuation y,

expressed in dB/km, is obtained from Eqns. (4) and (6)

with L = 1 km. Thus,

y = 4.343 m = 4.343 J Qt(e,X,P)n(c) de (dB/km) ..... (7)

Thus, the specific attenuation y depends on attenua-

tion cross-section, rain drop size and drop size distribu-

tion. The latter two parameters are a function of rain struc-

ture only whereas Qt depends on frequency and temperature

also. All of these parameters are not directly predictable

and hence statistical methods are used. Qt can be obtained

by employing the Mie classical scattering theory for a plane

wave radiation on an absorbing sphere. The distribution of

rain drop sizes n(c) can be represented in terms of the drop

radius e (mm) and two empirical constants N and A determined

from the distribution. The constant A, in turn, is dependent

on rain rate R (mm/hr). Thus, the specific attenuation y is

dependent on the physical properties of water as well as the

characteristics of rain structure and is given by

Y 4.343 N0  Qt(e,X,p) e- Ac de (dB/km) ..... (8)

The specific attenuation y can now be calculated as a

function of frequency, refractive index and drop size distri-

bution. Fig. 3 shows specific attenuation y vs. frequency f

at various rain rates for the drop size distribution of Laws
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and Parsons [41 at a rain temperature of 200 C. The total

rain attenuation A for a path of length L is obtained by

using this value of y in Eq.(2). Thus,

A = 4.343 '( No f Qt e- de ) dx (dB) ..... (9)
0

The relationship between specific attenuation y and

rain rate R at the ground station can be approximated by [51

y = kR' (dB/km) ..... (10)

where k and are frequency, temperature and polarization

dependent constants. The parameters k, a and R represent

approximately the complicated dependence of y on frequency,

temperature and drop size distribution. Eq.(10) is used in

virtually all models for the prediction of path attenuation

from rain rate at a point.

3.1 Slant Path and Elevation Angle Dependence

The rain attenuation A over an earth-satellite slant

path at an elevation angle e is given by

ALr L kR(Ae = Sin e Sin 0 (dB).....(11)

where L' is the vertical extent of rain. The main problem in

determining the slant path attenuation is in finding the ex.

tent of the slant path length and the rain rate profile along

that path. The main effort in developing the attenuation

prediction models has been to relate the attenuation along

the path with measurable quantities such as the 0 C isotherm

height and the rainfall rate at the ground station.

In general, the prediction models utilize the mea-

sured rain rate at the ground station as the statistical
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variable and use Eq.(10) to calculate the specific attenua-

tion. The attenuation from these prediction models can thus

be expressed as

A(R) = kR' L(R) (dB) ..... (12)

where L(R) is an "effective path length" for the earth-space

path. It is this L(R) and Y which determine an attenuation

distribution A(R) from a specified rain rate distribution.

The major difference between the various prediction methods

is in their approach to determine an "effective path length"

parameter L(R).

3.2 The CCIR Rain Attenuation Prediction Method

The International Radio Consultative Committee (CCIR)

has recommended a method to predict rain attenuation statis-

tics for an earth-space path from point rain rate distribu-

tion [6]. This model has been used for the present work. In

this model, the attenuation exceeded for 0.01% of an average

year, A0. 0 1 , is calculated first. The attenuation exceeded

for other percentages of an average year, in the range of

0.001% to 1.0%, can then be calculated from A0.0i. The fol-

lowing input parameters are needed to calculate the slant-

-path rain attenuation statistics at a given location:

R 0 .0 1 (mm/hr) the point rainfall rate that
is exceeded for 0.01% of the
average year at the location;

h 0 (km) : the height of the earth
station above sea level;

e (degree) the elevation angle;
f (degree) : the latitude of the earth

station;
& (degree) : the longitude of the earth

station.

In addition, information regarding the satellite location and

link frequency is also required.
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As mentioned earlier, the specific attenuation de-

pends on rain rate and is given by

y = kRO (dB/km) ..... (10)

For linear and circular polarization, the coeffi-

cients k and a can be calculated using the following equa-

tions [7]:

S [kh k kh - k )Cos 2  Cos 2 (13)2 h v h v I.....

I [ + + k k cos 2 e Cos 2r (14)= 2-k khoh +  vv +  khch v "'"..

where r is the polarization tilt angle relative to the hori-

zontal. T = 450 for circular polarization. Thus, for circu-

lar polarization, the above equations simplify to

k 1 [kh+k] (15)

= 1a[ khch + kvv (16)

The constants kh, k v , =h and av are tabulated as a function

of frequency in the 1-400 GHz range in a CCIR Report [7]. At

intermediate frequencies, logarithmic scaling is used for

frequency, kh and kv whereas a linear scaling is used for

frequency, ah and av" Knowing k and a at the link frequency,

one can calculate

= kR .0 1  (dB/km) ..... (17)Y0.01 0.0

where Yo.01 is the specific attenuation that is exceeded for

0.01% of an average year.
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The elevation angle e is given by [8]

Cos e = [(R' + H)] Sin 3 ..... (18)

where R' is the radius of the earth (6370 km), H (35816 km)

is the altitude of a geostationary satellite above the equa-

tor, 1 is the angular distance between the ground station and

the sub-satellite point on the earth's surface and 9 is the

slant range of the satellite from the earth station. 1 and Q

can be obtained from the following equations:

Cos 8 = Cos * Cos A ..... (19)

2  2 1/2
[ + (R' + H) - 2R'(R' + H)Cos 3 J (km) ...(20)

where A is the longitude difference between the earth sta-

tion and fhe sub-satellite point.

Next, the "effective path length" for the earth-

space path through rain has to be calculated. Fig. 4 gives a

schematic presentation of such a path. In the present me-

thod, the "effective path length" can be calculated through

the following steps:

The rain height hR (km) for a given earth station at latitude

* is given by

4.0 0 < < 360
hR = (km) ..... (21)

40- 0.075 ( - 36) * > 360

For e < 100, the slant-path length Ls below the rain

height is obtained from the equation
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A D

h B

LG

Fig. 4 Schematic presentation of an Earth-space path for
satellite communication.

A Frozen precipitation;
B Rain level;
C Rain region;
D Earth-space path from a ground station to

a satellite;
(hRh 0) Rain height above the ground station.
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L 2( hR - h 0 )

S Sin 2 8 + 2( hR - h 0  1/2 + Sin ).....(22)

where R is the effective radius of the earth (8500 kin). Fore

e > 100, this equation simplifies to

(hR - h0

L = R 0 (km) ..... (23)
s Sine0

The horizontal projection, LG , of the slant-path

length is found from (see Fig. 4)

LG = Ls  Cos e (km) ..... (24)

For 0.01% of the year,the reduction factor r0.01,

which takes into account the nonuniformity of rain rate along

the slant path, can be obtained from

90
r90.01 0 + 4LG  ..... (25)

The attenuation A0.01 exceeded for 0.01% of an aver-

age year is then calculated from

A0.01 = Yo.o L s r0.01 (dB) ..... (26)

The attenuation A exceeded for other percentages P

of an average year, in the range of 0.001% to 1.0% , may be

estimated from A0. 0 1 by using the following equation

A 0.12 P -(0.546 + 0.043 log P)......(27)

A0.01

The above equation can be rearranged to yield yearly

outage times Pout given as percentage of a year. For a given

link margin LM (dB), the yearly outage time expressed as a
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percentage of an average year is given by

(6.349 + (40.308 -23.256 log LM ))l /2)

Pout=1 0  (%) .... (28)

Hence, the availability Av expressed as a percentage of time

of an average year is

Av 100 - P (%) .... (29)

For latitudes above 300  this CCIR method has been

reported to predict A0. 0 1 to within 10% with a standard devi-

ation of 30% when simultaneous rain rate measurements were

used [6]. As far as is known to the authors, this model has

not yet been tested at EHF frequencies for the Canadian

conditions.

3.3 Site Diversity Gain Model

Hodge (91 has proposed a diversity gain model to cal-

culate the diversity gain GD using a number of parameters.

This model was incorporated into the CCIR prediction model to

provide an option of calculating the rain attenuation statis-

tics with space diversity. The diversity gain GD is given by

GD(AP) = Ap - (Adiv)P  (dB) ..... (30)

where A and (A div) P are the attenuation values exceeded on a

single path and that exceeded jointly on separated paths res-

pectively for a given percentage of time. According to this

model,

GD Gd Gf Ge G (dB) ..... (31)

where each factor contains the dependence of the variable de-
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noted by its subscript. Here d is the separation distance

between the two earth stations, Ap is the single-site atten-

uation, f is the link frequency, G is the elevation angle and

A is the earth terminals baseline to path angle which is de-

fined as the positive angle made between the line segment

joining the two receiving terminals and the ground projection

of the earth-space path [10]. A is measured in such a way

that it is always less than 900. The factors in Eq. (31)

are given by

Gd = a( 1 -e
- bd) (dB)

a = 0.64Ap - 1.6(1- e-.llAP) (dB)

b = 0.585 (I-e-0 9 8 ApJ (km - 1

Gf = 1.64 e 0 025f (32)

GG = 0.00492 e + 0.834

G A = 0.00177 6 + 0.887

Here d is in km, Ap is in dB, f is in GHz and e and A are in

degrees. This model gives good agreement with experimental

measurements when single site attenuation is below -11 dB.

For higher values of Ap , the agreement is not so good.

4.0 RAIN RATE STATISTICS FOR CANADA

There are two databases which provide information on

probability vs. rainfall rate exceedance for use in the pre-

sent work. Details of these databases are described in this

Section.

Segal [11] analysed the tipping-bucket rain gauge

data of - 500 station years from 47 stations in various parts

of Canada. Fig. (5) gives the locations of these precipita-



18

0 a)

.4-) W~

eo 0

4J U
9).

to *-n

-4

CI 9-J- 'y 0

0) 4J

--- 4~0 C:) ~

.-4 0

(oo (D.0

U.) .0 E

0~ 0)

t CJ (L)(0 4

We =-4 (a

C4 -4 4



1-9

ICI I I(I3~ 500

-100

0I

1-5

166

10 20 50 100 200
R (mm/h)
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Fig. 7 A typical rainfall distribution curve at one of the
rain recording stations with log-log and log-normal approxi-
mations [11-
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tion recording stations. An example of the typical experi-

mental results of probabilitiy of exceeding a given rainfall

rate at one of these stations is given in Fig. (6).

Segal noted that the probability P' that a given rain

rate R is exceeded at a site can be approximated by a power

law relationship

p' P0 ( R )
=rE 0 R ) ..... (33)

R0

where P0 is the probability of exceeding a reference rain

rate R0. This power law is in good agreement with the

experimental results for values of R exceeding - 2-3 mm/hr.

Fig. 7 shows an example of such a power law fit to the ex-

perimental rainfall rate data. Knowing a, P0 and Rol the

rainfall rate exceedance at the site can be calculated as a

function of P'. Thus, P0 and a are important parameters for

any location.

Segal [12] calculated a and P0 values for the 47

locations for R0 = 100 mm/hr from experimental rainfall rate

data at these sites. This data is identified as the "city

database" and is used in the rain attenuation prediction

programs for these locations. For ready reference, this data

is also included in Table 1. The altitude, latitude and

longitude for these stations are given in Table 2 [11].

Using the calculated values of the parameters a and P0 for

the 47 sites, Segal [11] determined contours of a and P0 for

various values of these parameters for most parts of Canada

(Figs. 8-9). The contours do not extend into the far North

or into the Atlantic or Pacific ocean due to lack of reliable

data. Lack of data in the West Coast region is due to uncer-
tainty and rapid variations in precipitation characteristics

in mountainous regions.
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For rainfall rate distribution at an arbitrary

location in Canada, Strickland [131 digitized the above-

mentioned contours of a and P0 (see Figs. 8-9) at intervals

of 1 in latitude and 2° in longitude. The data were digiti-

zed from 421 to 701 in latitude and 143*W to 55*W in longi-

tude and the parameters a and P0 were determined for all

points on the grid. These data were stored in a subroutine

and constitute the second of the two databases. This database

is used in the prediction programs to determine rain attenua-

tion at an arbitrary location in Canada. The unshaded area

in Fig. (10) indicates the part of Canada where rainfall rate

statistics are available in this manner.

5.0 RAIN ATTENUATION PREDICTION PROGRAMS

In the present work, prediction programs have been

developed and results for (i) rain attenuation exceedance for

any P and (ii) link availability for any link margin are now

available over an earth-satellite path in an EHF geostation-

ary satellite link for most locations in Canada below 700 N

(Fig. 10). The CCIR model and the Hodge Site Diversity model

have been used for this purpose. The two data bases discus-

sed earlier provide the required rain rate distribution.

Details of the two programs developed in the present work are

described now in terms of user input and sample outputs.

For the sample results included in this report, the

satellite longitude has been arbitrarily set at 1000 W. The

altitude, h0 , of the ground station site is assumed to be

zero except for the locations in the "city database". In the

latter cases, the altitude of the site has been taken into

account. All of the results can be calculated with or

without site diversity. The sample results included in this

report correspond to the no site diversity case.
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5.1 CANSLAM

"CANSLAM" stands for Canadian Satellite Link Attenua-

tion Mapper. This program generates attenuation maps in

three different styles for any input values assigned to the

following satellite and network parameters:

Probability P, expressed as a percentage of an

average year in 0.001% to 1.0% range, of
exceedance of the calculated attenuation;

Link frequency f in the 10-45 GHz range;

Satellite longitude in 40*W- 150*W range;

Site diversity characteristics.

The results are available in following three formats:

In one format, contours over which attenuation ex-

ceeds the given values are plotted on a map of Canada. Figs.

11-19 give rain attenuation exceedance contours for Canada at

20, 30 and 44 GHz for three values of P. Five arbitrary at-

tenuation exceedance values can be specified for these con-

tours on one map. These contours can be plotted for the

whole or a part of Canada. It is also possible to determine

such contours either for a user specified region or for a

preselected region . For convenience, three regions, Eastern

Canada, Central Canada and the Prairie Provinces, have been

defined. Figs. 20-39 show attenuation exceedance contours

for such regions at 20, 30 and 44 GHz for the indicated

values of P.

In an alternate presentation, the attenuation exceed-

ance results are displayed in a latitude/longitude table

without displaying any geographical boundaries. Two sub-

styles are available: (1) Numerical Table, (2) Symbol Map.

In a Numerical Table , attenuation exceeded for a specified

percentage of time of an average year is displayed at every

degree of latitude and at every two degrees of longitude for

a region which is 14 degrees wide in latitude and 18 degrees
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wide in longitude. The user specifies the central point of

the region through its latitude/longitude coordinates and the

program builds a data table around that point. Tables 3-50

give attenuation exceedance results for two values of P at

20, 30 and 44 GHz. Attenuation values of -1 or 0 are display-

ed for locations for which rain information is not available.

Alternatively, cross-Canada coverage, in contrast to

a limited region coverage, giving attenuation exceeded values

is available through a Symbol Map. Data presentation capabi-

lity is however limited in this mode. Here, each symbol

represents a range of attenuation values in contrast to the

actual attenuation exceeded value depicted in the Numerical

Tables. Figs. 40-48 give attenuation exceedance map for

Canada for three values of P at 20, 30 and 44 GHz.

In the third format, the attenuation levels exceeded

for a specified percentage of time are calculated for the lo-

cations included in the "city database" (see Table 1) in five

different regions in Canada. Simplified coarse maps are pro-

duced which give the approximate location of each site and

the corresponding attenuation exceedance value for the

specified percentage of time. Figs. 49-63 give attenuation

exceedance values for such locations in different regions in

Canada at P = 0.1% of an average year at 20, 30 and 44 GHz.

5.2 CANSLAV

"CANSLAV" is a program that generates one way link

availability Av contours with a given link margin LM to

overcome rain fade for an earth-satellite path in an EHF

geostationary link. These contours can be plotted in two

different formats for most of Canada for any combination of

the following parameters:
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Link Margin LM in 0-100 dB range to overcome
rain fade;
Link Frequency in the 10-45 GHz range;
Satellite Longitude in 40'W-150*W range.

In one format, contours with constant values of sys-

tem availability Av are displayed for the whole or a part of

Canada. Figs. 64-66 give link availabilty for Canada at 20,

30 and 44 GHz for the indicated values of link margin. Up to

five different availability values can be specified on one

map. As in Canslam, it is also possible to determine such

results for a user specified region or for a preselected re-

gion. For convenience, three regions, Eastern Canada,

Central Canada and the Prairie Provinces, have been selected.

Figs. 67-78 show link availability contours for such regions

at 20, 30 and 44 GHZ for the indicated values of link margin.

In an alternate presentation, probability of system

availability is calculated for the locations in five regions

in Canada which are included in the "city database". Simpli-

fied coarse maps with no geographical boundaries are produced

and approximate location of each site is indicated on the

map. Figs. 79-93 show link availability for these locations

at 20, 30 and 44 GHz for the indicated values of link margin.

6.0 DISCUSSION AND CONCLUSIONS

The main purpose of this work was to assess the

extent of rain attenuation for EHF Satcom in Canada. This

goal led to the development of a method to determine rain

attenuation statistics at most locations below 700 N in

Canada for an EHF Satcom system with arbitrary values of the

link parameters. Geostationary orbits are assumed for all

results in this work. This method is applicable to a system

with non geostationary orbits also provided the elevation

angle is calculated independently for each position of the

satellite. The present work is directly applicable to the

EHF Satcom system which is being studied currently for the
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Department of National Defence. The representative results

included in this report are only meant to give an idea of the

range of attenuation levels encountered in various parts of

the country.

It is clear from these results that an EHF Satcom

system is quite feasible for Canada from the point of rain

attenuation. This is because the high rainfall rates are

limited to the Eastern region and a part of the Central

region of the country. As a result, in general, the rain

attenuation is high in parts of Eastern and Central Canada

and gradually decreases as one moves to Western and Northern

Canada. The rainfall rates and rain attenuation are parti-

cularly low in Northern Canada.

The system availability values range from low values

in parts of Eastern and Central Canada, medium values in Wes-

tern and most of Central Canada and high values in Northern

Canada. For example, with a satellite at 1000 W longitude

and a link margin of 16 dB, system availability at 44 GHz

(see Figs. 66, 75-78) is better than 99.9% of the time of an

average year in all regions of the country except in some

Eastern and Central areas. In Eastern and Central Canada,

maximum attenuation level at 99.5% availability is - 11 dB

(see Table 35). There is insufficient data for such results

for the Western mountains. Similarly, at 20 GHz and a satel-

lite at 100°W, the attenuation exceedance for P = 0.1% is

higher than 6 dB in only some parts of Eastern and Central

Canada (see Fig.12 and Tables 3,4). Thus, although the rain

attenuation increases with frequency at a high rate, it is

overall within a manageable range for most of Canada. For

high rain rate regions, system diversity would be necessary

to achieve higher link availability with feasible values of

link margin. Reduction in rain attenuation in such regions

can also be obtained by placing the satellite as far to the

East as is permitted by other system considerations.
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The attenuation exceedance and system availability

results for the locations included in the "city database" are

relatively more accurate than the corresponding results men-

tioned elsewhere in the report. This is due to the fact that

a and P0 for these sites were calculated from the experimen-

tal rain rate data at those locations rather than from the

contours of a and P0 for the whole country. Further, the al-

titude of the site is taken into account in the calculations.

The calculated rain rate exceedance and the corresponding

attenuation results at such sites may, however, still include

a small error resulting from the use of the power law

approximation to the actual rain rate distribution (see

Eq.(33) and Fig.7). Further work is also needed to calculate

worst month rain attenuation statistics from these results
[14,15].

Using the present work, it is planned to develop a

program which will calculate attenuation statistics for a

network consisting of a limited number of stations at arbit-

rary locations in Canada. It would be useful to determine

attenuation statistics for the whole network as a function of

various system parameters such as satellite longitude, site

diversity characteristics, frequency etc. This may be of

particular interest in some special applications. Further,

it may be possible to determine the rain rate exceedance at

any probability for the stations with rain records more accu-

rately than from the power law approximation used in this

work. Worst month rain attenuation statistics can also be

calculated for these stations.
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TABLE I

VALUES OF THE PARAMETERS P AND a
FOR THE RAINFALL RECORDING STATIONS

Location (-a) (10 7 P 0) Data Years

1 Calgary, ALTA 1.68 48.02 10
2 Cambridge Bay, NWT 1.760 3.926 5
3 Caplan, QUE 1.815 67.40 9
4 Carmacks, YT 2.11 6.026 10
5 Central Patricia, ONT 1.69 83.34 9
6 Churchill, MAN 2.49 4.764 10
7 Comox, BC 2.72 4.655 10
8 Dauphin, MAN 1.60 83.92 10
9 Edmonton, ALTA 1.70 69.67 10
10 Fredericton, NB 1.695 61.28 10
11 Gagnon, QUE 2.03 33.53 9
12 Gander, NFLD 2.14 26.24 10
13 Geraldton, ONT 1.70 52.15 10
14 Goose Bay, NFLD 1.91 27.24 9
15 Halifax, NS 1.995 148.4 18
16 Hope, BC 3.045 2.764 10
17 Kentville, NS 1.945 97.91 10
18 Kingston, ONT 1.75 104.4 10
19 London, ONT 1.69 187.6 20
20 Mission, BC 2.40 19.02 10
21 Montreal, QUE 1.663 158.6 10
22 Moosonee, ONT 1.84 62.68 6
23 Normandin, QUE 1.87 50.04 10
24 North Bay, ONT 1.70 163.2 10
25 Ottawa, ONT 1.675 151.9 10
26 Poste de la Baleine, QUE 2.115 18.84 5
27 Prince Albert, SASK 1.67 52.56 10
28 Prince George, BC 1.875 28.45 10
29 Quebec, QUE 1.79 160.4 10
30 Regina, SASK 1.65 75.18 20
31 Saint John, NB 1.915 127.2 10
32 St. John's, NFLD 2.075 95.57 10
33 Sault Ste. Marie, ONT 1.71 127.4 10
34 Sioux Lookout, ONT 1.695 118.1 10
35 Stephenville, NFLD 2.21 31.56 7
36 Summerland, BC 2.290 3.288 4
37 Summerside, PEI 2.15 22.05 9
38 Swift Current, SASK 1.74 46.36 10
39 Sydney, NS 2.15 58.14 10
40 Toronto, ONT 1.633 140.9 10
41 Uranium City, SASK 2.00 10.80 10
42 Val d'Or, QUE 1.705 105.4 10
43 Vancouver, BC 2.713 4.818 10
44 Watino, ALTA 1.775 22.83 9
45 Weyburn,SASK 1.51 85.95 10
46 Windsor, ONT 1.50 300.0 10
47 Winnipeg, MAN 1.59 142.0 10
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TABLE 2

LATITUDE, LONGITUDE AND ALTITUDE
OF THE RAINFALL RECORDING STATIONS

Location Lat Long Altitude
deg min deg min (m)

1 Calgary, ALTA 51 06 114 01 1079
2 Cambridge Bay, NWT 69 06 105 07 23
3 Caplan, QUE 48 06 065 39 37
4 Carmacks, YT 62 06 136 18
5 Central Patricia, ONT 51 30 090 09 373
6 Churchill, MAN 58 45 094 04 35
7 Comox, BC 49 43 124 54 24
8 Dauphin, MAN 51 06 100 03 305
9 Edmonton, ALTA 53 34 113 31 677

10 Fredericton, NB 45 55 066 37 40
11 Gagnon, QUE 51 57 068 08 572
12 Gander, NFLD 48 57 054 34 147
13 Geraldton, ONT 49 41 086 57 330
14 Goose Bay, NFLD 53 19 060 25 44
15 Halifax, NS 44 38 063 30 41
16 Hope, BC 49 23 121 26 39
17 Kentville, NS 45 04 064 29 31
18 Kingston, ONT 44 14 076 29 104
19 London, ONT 43 02 081 09 278
20 Mission, BC 49 09 122 16 56
21 Montreal, QUE 45 28 073 45 30
22 Moosonee, ONT 51 16 080 39 10
23 Normandin,QUE 48 51 072 32 137
24 North Bay, ONT 46 22 079 25 369
25 Ottawa, ONT 45 23 075 43 126
26 Poste de la Baleine, QUE 55 17 077 46 26
27 Prince Albert, SASK 53 13 105 41 431
28 Prince George, BC 53 53 122 40 676
29 Quebec, QUE 46 48 071 23 75
30 Regina, SASK 50 26 104 40 573
31 Saint John, NB 45 19 065 53 107
32 St. John's, NFLD 47 37 052 45 141
33 Sault Ste. Marie, ONT 46 29 084 30 347
34 Sioux Lookout, ONT 50 07 091 54 374
35 Stephenville, NFLD 48 32 058 33 13
36 Summerland, BC 49 34 119 39 454
37 Summerside, PEI 46 26 063 50 24
38 Swift Current, SASK 50 16 107 44 816
39 Sydney, NS 46 10 060 03 60
40 Toronto, ONT 43 41 079 38 176
41 Uranium City, SASK 59 34 108 29 312
42 Val d'Or, QUE 48 03 077 47 338
43 Vancouver, BC 49 11 123 10 3
44 Watino, ALTA 55 43 117 37
45 Weyburn,SASK 49 40 103 51 567
46 Windsor, ONT 42 16 082 58 194
47 Winnipeg, MAN 49 54 097 14 240
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Figs. 11-19 Rain attenuation exceedance contours for
(pages 36-44) a major part of Canada for an earth-

satellite path in a geostationary link at
20, 30 and 44 GHZ for the following
values of P.

The legend gives the attenuation exceed-
ance values for the contours. The longi-
tude of the satellite is 1000 W and
there is no site diversity. The latitude
and longitude of the boundaries are indi-
cated. The min. and max. attenuation ex-
ceedance values over the region are also
shown.

Frequency Percentage P of time of an average year
when the rain attenuation exceeds the
value corresponding to a contour.

20 GHz (1) P = 0.5%
(2) P = 0.1%
(3) P = 0.01%

30 GHz (1) P = 1.0%
(2) P = 0.5%
(3) P = 0.1%

44 GHz (1) P = 1.0%
(2) P = 0.5%
(3) P = 0.1%
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Figs. 20-39 Rain attenuation exceedance contours for
(pages 46-65) four selected regions in Canada for an

earth-satellite path in a geostationary
link at 20, 30 and 44 GHz for the follow-
ing values of P.

The legend gives the attenuation excee-
dance values for the contours. The lon-
gitude of the satellite is 1000 W and
there is no site diversity. The latitude
and longitude of the boundaries are indi-
cated. The min. and max. attenuation ex-
ceedance values over the region are also
shown.

Frequency Percentage P of time of an average year
when the rain attenuation exceeds the
value corresponding to a contour.

20 GHz (1) P = 0.5%

(2) P = 0.1%

30 GHz (1) P = 0.1%

44 GHz (1) P = 0.5%
(2) P = 0.1%
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Tables 3-50 Rain attenuation exceedance values for a
(pages 67-114) major part of Canada for an earth-

satellite path in a geostationary link at
20, 30 and 44 GHz for the following
values of P.

Attenuation exceedance values have been
calculated at every degree of latitude in
41ON-70ON range and at every two degrees
of longitude in 55 0 W-141*W range. Values
of -1 or 0 indicate a lack of data at
that point.

The longitude of the satellite is 1000 W
and there is no site diversity. The min.
and max. attenuation exceedance values
over the region are also shown.

Frequency Percentage P of time of an average year
when the rain attenuation exceeds the
calculated attenuation value.

20 GHz (1) P = 0.1%
(2) P = 0.01%

30 GHz (1) P = 0.5% ;
(2) P = 0.1%

44 GHz (1) P = 0.5%
(2) P = 0.1%
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Table 3

2 2 Satellite located at 16o.0 dog .ngj Freq, 20.0 GHs 2
2 4?T. TALE 2 Sit@ dlvoraitt M site aoperation diet. - 0.0 ke 2
2 2 Isaoline to path aagte• 0.0 deg 2
2222222z22S22222 Porcentago of lear that values oro exceedod: 0.100 1
SAtte ati oa extreo: "m. MIx - 1.116, 0.56 (dS) 2
2 2

S5-2 2.65 2.91 2.98 3.0S 3.06 2.87 2.96 -1.00 -1.00 -1.00 2
s 8

54-2 3.27 3.09 3.16 3.24 3.19 3.08 3.18 3.04 -1.60 -1.00 S
2 2

53-2 3.13 3.32 3.40 3.48 3.38 3.40 3.30 3.26 -1.00 -1.00 2
2 s

52-$ 3.45 3.46 3.54 3.34 3.55 3.66 3.56 3.47 1.11 -1.00 2
2 s

L 51-2 3.50 3.19 3.26 3.67 3.41 3.64 3.75 3.73 2.65 -1." 2
A a 2
T SO-* 3.76 3.61 3.69 3.73 3.97 4.60 3.94 4.0? 4.21 4.37 2
I 2 2
7 49-2 3.55 3.62 3.77 4.60 4.11 4.49 4.56 4.82 4.66 4.3S 2
U s s
O 48-2 S.17 5.3S 4.50 4.00 4.10 2.62 S.2S S.36 4.3S 5.64 2
E s s

47-2 6.16 6.72 5.54 4.83 3.38 3.10 5.24 S.2S 5.43 5.63 2

0 46-2 6.41 6.28 5.37 4.83 3.37 3.79 3.90 6.23 7.74 3.0
E 1 2
O 4S-2 6.39 6.27 6.35 S.91 6.47 6.84 6.24 7.22 7.46 -1.0 2

44-*2 -1.00 -1.00 S.3S 7.44 8.05 8.27 8.51 -1.00 -1.00 -1.00

43-2 -1.00 -1.60 -1.00 7.44 -1.60 -1.60 -1.06 -1.00 -1.00 -1.00 S
2

42-2 -1.00 -1.0 0 -1.60 -1.0 -1.00 -1.00 -1.60 -1.60 -1.00 -1.6$
23

41-2 0.00 0.00 0.00 6.00 6.00 0.6 0.00 0.00 9.0# 0.00S
2 2

73 71 69 67 65 63 61 so S? 5

LONGITUDE (DEC.)
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Table 4

g*$;*5gg2$g,,2$1sg$221~Z$SS2S$S22 $SS2SS1S22$$S2S222122S22S

$ S Satellite located at 100.0 d:,, l j Freq: 20.6 GN *
I ATT. TARLE 2 Site divoritVI N ; lto o p!a'oa dat. - 0.0 kn 2

SDeoline to path kInLes 0.0 dog s
$z$s$$:a:::a$::a Perc:ntage .O tOmr that valve are oacoedod' 0.100 s
2 AteouatiOn Ix $ inla, Rex • 1.26 1.94 (dl) $
2 3

* S

S5-: 2.27 2.55 2.s7 2.30 2.38 2.S9 8.63 a.66 8.71 2.76 2
2 *

54-t 3.07 2.70 2.72 2.S3 2.60 2.91 8.94 a.99 3.16 3.aO S
I 2

53-S 3.71 2.77 3.10 a.73 3.05 3.09 3.13 3.43 3.S3 3.39 2
$ $

52-9 3.49 3.72 3.75 3.12 3.1S 3.13 3.S4 3.59 3.6S 3.51 8
$ $

L 51-X 4.44 4.06 3.74 3.14 3.30 3.64 3.68 3.63 3.64 3.70 8
A 2 3
7 S0-* 4.55 4.0 3.52 3.76 3.63 3.81 3.85 4.31 4.04 3.49 *
I s

7 49-2 4.38 4.05 3.S2 3.94 4.09 4.36 4.41 4.5 S.0 56.08 2
U 2 $
D 48-S -1.00 4.04 3.51 4.11 4.37 4.57 4.62 4.76 4.60 4.68 *
E t $

47-2 -1.00 -1.04 -1.00 4.33 4.37 4.34 4.90 4.97 S.95 6.0S t

D 46-2 -1.00 -1.00 -1.00 -1.00 4.64 S.03 5.10 5.16 5.95 6.04 2
E 2 3
6 45-2 -1.00 -1.00 -1.00 -1.00 5.16 S.34 6.41 5.43 5.95 6.05 S

2 2

44-X -1.00 -1.00 -1.00 -1.00 6.66 5.7a 6.79 5.61 6.95 6.05 X
X 2

43-S -1.00 -1.00 -1.00 -1.00 6.80 6.87 5.79 5.8? 5.95 -1.00 S
2 2

42-S -1.00 -1.00 -1.06 -1.00 -1.00 6.38 6.96 -1.06 -1.60 -1.002
S 2

41-I 0.00 0.00 0.00 6.00 0.00 0.60 0.00 6.00 0.00 0.00 8

I I'

93 91 39 87 a5 33 81 79 77 75

LO"GITUD( (DEC.)
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Table 5

SSSSSS*1ZSSlSSSS$:SSSSSSSSS22ZZZZZSS3SSZSSZSSSZZ$ZSSS22S$$SSSS
* stetlteo located at 1ot.$ deg long; Froqt 20.0 GUs 2

A ATT. TABLE t Site dlveralti M j site seperatlon dist. - 0.g km *
* S laseltno I. patah anggas o.6 dag 1
SSSSRSSSSSSSSSSZ Percantuga o tear that vehas aro exceadodi0.100 3
* Atte~autl ra roitmal Min. Max - 2.015, 4.341 (dU )
* S

S 3

SS-t 3.6S 3.48 3.13 3.12 3.10 2.?S 2.87 3.06 3.06 2.69 S

54-S 3.49 3.4? 3.23 2.91 2.89 3.63 3.68 3.68 2.74 2.7S 9a t
53-3 3.27 3.25 3.22 2.90 2.38 3.18 3.47 3.47 3.43 3.70 9

* S

52-2 2.61 3.24 3.22 2.89 2.8 3.47 3.46 3.74 3.75 3.61 1a S

L 51-2 2.43 2.77 2.75 2.74 2.74 3.38 3.59 3.16 3.86 4.02 8
A 2 2
T se-a 2.62 2.40 2.69 2.74 2.74 3.16 3.47 3.62 4.84 4.62 2I S $

T 49-2 2.23 2.10 2.$ 2.73 2.42 2.9S 3.47 4.42 4.59 4.61 t
U X S
D 48-t -1.00 -1.00 -1."0 -1.00 -1.0 -1.0 -1.00 -1.00 -1.00 -1.00 2
E aa

47-3 -1.00 -1.00 -1."0 -1.0 -1.00 -1.00 -1.0O -i.0 -1.00 -I.O( a a
D 46-S -I.00 -1.0 -1.0 -1.0 -1.00 -1.00 -1.00 -1.00 -1.0 -1.00 S
E a 2
Q 45-2 -1.00 -1.60 -1.00 -1.0 -1.00 -1.00 -1.0 -1.00 -1.00 -1.00 0

a a
44-2 -1.00 -1.00 -1.0 -1.60 -1.6 -1.00 -1.00 -1.00 -1.e0 -1.0e aa a
43-X -1.00 -1.00 -1.00 -1.00 -1.00 -1.0 -1.04 -1.00 -1.00 -1.00 5a *

42-t -1.00 -1.00 -1.0 -1.0 -. O0 -1.00 -1.0 0 -. 06 -1.00 -1.O0 2S a
41-3 6.00 0.00 .6 0.60 6.66 6.0 . 0. .0.00 .06 #.

t S

113 111 109 107 106 103 101 99 97 95

LONGITUDE (DEC.)
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Table 6

ZggggZgg32222$$23223*332223$2323$232B$$$2223X3232233222*2$233222$3222232

X * Satellite located at 100.0 dog 1oag1 Froqf 20.0 Q~z 2
A T, TAILE I Site dLversit1 s N Ilto aeperatom diat. a .0 km 9

3 * Deasotla to path *gt@ 0.0 dog 2
2$3322233$$333S2 POrcOentags o( ,or that values are exceededt @100 *
3 A~outtealo Ix roe$ Aim, Max - 1.201, 3.588 (dl)

55-t -1.00 -1.60 -1.00 t.S3 1.37 1.S4 2.12 3.40 8.36 R.9 S

S4-3 -1.60 -1.00 -1.60 -1.00 1.29 2.64 2.01 2.22 3.01 3.53 t

S3-2 -1.0 -1.00 -1.00 -1.00 -1.00 -1.00 1.89 a.38 3.0 3.52 2

Sa- -1.00 -1.60 -1.00 -1.00 -1.00 -1.0" 1.24 a.37 3.17 a.83 2

L 51-2 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 1.34 1.28 a.33 2.04 3
A 3 3
T so-* -1.00 -1.00 -1.0 -1.00 -1.O0 -1.0 -1.00 1.2a 1.30 a.302

7 49-S -1.00 -1.00 -1.00 -1.00 -1.00 2.09 -1.0 1.23 1.80 1.80
u 2
0 48-2 -1.00 -1.60 -1.00 -1.00 -1.00 -1.0 -1.00 -1.0 -1.00 -1.00 1

47-2 -1.00 -1.00 -1.00 -1.66 -1.00 -1.0 0 -1.66 -1.10 -1.00 -1." 2

D 46-3 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.0 -1.00 -1.0 -1.0 1
E S

Q 45-2 -1."0 -1.00 -1.00 -1.0 -1.00 -1.00 -1.00 -1.00 -1.04 -1.00 2
3 2

3 2
43-2 -1.0 -1.0O -1.00 -1.00 -1.0O -1.0 -1.80 -1.00 -1.0O -1.00 8

a a
42-2 -1.00 -1.0 -1.00 -1.00 -1.00 -1.00 -1.00 -1.0 -1.00 -1." 3

2 2
41-t 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00

1 3

133 131 129 117 125 123 121 119 117 11$

LOMGITUDE (DEG.)
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Table 7

s 9 Satellite located at i00.0 dg glongj FreqS 20.0 GHa S
S ATT. TAILE 2 Site diversitVI N j site aepur tio diat. * 0.6 km 3
* a ImaeILe to path angle- 0.6 dog a
aaaa11aaaaaa1aaa Percmt.ga of wear that values are exceeded; 0.100 s
a AttOeato, ax rema' Mia, Max - 0.738, a.893 (dI) a

7 a

A a
o-a -i.0 -1.e0 -i.0 -1.00 -i.0 -1.0 -i.0 -i.40 -1.00 -i."e 2a a

69-a -i.Oe -i.OO -i.e. -i.OO -i.OO -i.e. -i.e. -i.e -i.Oe -i.Oe a
I s

T a-6 -oge -i.7S -i.0e -1.e0 -i.00 -1.0. -i.e. -. O0 -1.00 -i.e. aa a

a a
. 63-a -. 99 -i.e. -i.0e -i.7 -i.0 -i.0 -i.O0 -1.0 -1.O0 -i.00 aa a a

T 65-a -1.51 -i.21 -l.2 -i.e4 -i.e. -0.. -i.00 -1.0S -1.00 -i."0

D 64-a 1.74 1.73 -I.0 -I.M i. -i.e. -i.e. -1.e0 -1.00 -1.00 a

E 2 a
D 61-a 1.71 1.73 1.57 i.94 O.?? 1.83 1I.07 -i.e. -i.O -i.0e a

C 60-2 2.06 1.90 1.5S 1.4a 1.4a 2.08 1.89 1.11 -i.00 -i.00 8
X a

S9-2 2.04 2.19 1.82 1.57 2.42 2.06 2.17 8.12 2.18 -1.00 a
a a

58-a 2.14 2.55 2.37 2.19 8.09 2.34 3.43 2.38 3.44 -1.0O t
2 2

57-a a.SS 2.32 2.52 2.33 2.45 2.59 2.65 2.72 2.67 2.75 a
a a

56-$ 2.51 2.5S 2.67 2.S7 2.32 2.73 3.7 3.86 2.81 2.19 2a $

$1 79 77 7S 73 71 69 67 65 63

LO"GITUOE (KG.)
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Table 8

a 2 Satltlite located .t 100.0 dog long, sFreqt 80.0 GHz 2
A ATT. TABLE t Site divereitV N S site soperstion diet. - 0.0 ke S

t Z Beaselne to path IgLe. 0.O dog 2
*22232$:22:22222 Percentage of dear that vatase are exceed:;, 0.100 9
2 Atsnoton Ixromas MIR, Max - 0.646. 2.796 (dl) 2
2 2

2 2
70-2 -1.0 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 1

* 2

69-2 -1.00 -1.00 -1.00 O.S2 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 2
2 2

68-S 0.65 0.51 0.65 0.51 0.51 0.51 -1.00 -1.00 -1.00 -1.00 1
2 2

67-2 0.71 0.71 0.71 0.56 0.S6 o.s7 -1.00 -1.00 -1.00 -1.00 S
2 2

L 66-t 0.94 0.80 0.30 0.64 0.81 0.65 -1.00 -1.00 -1.00 -1.0 S
A I 2
T 65-2 1.02 1.OZ 1.02 0.8? 0.33 0.3 0.71 0.72 -1.00 -1.00 2
I X 2
T 64-2 1.06 1.06 1.22 1.15 1.15 1.16 0.96 0.71 0.72 0.73 2
U 2 2
D 63-2 1.-g 1.14 1.43 1.44 1.44 1.45 1.22 1.43 ...24 1.26 2
E 2 $

6a-2 1.43 1.28 1.61 1.42 1.59 I.$9 1.61 1.6a 1.37 1.24 S( 2 2
D 61-2 1.85 1.42 1.60 1.66 1.78 1.79 1.59 1.61 1.62 1.64 2
E 2 2
G 60-t 1.37 1.31 1.75 1.76 1.76 1.77 1.79 1.80 1.61 1.34 22 $

S9-9 I.S7 1.47 1.74 1.74 1.93 1.94 1.96 1.97 1.99 2.01 2
2 2

53-* 1.56 1.56 1.56 8.37 1.74 1.75 1.76 1.96 1.93 2.31 2
a 2

57-2 2.54 2.54 2.85 1.55 1.56 1.97 8.39 2.41 2.44 2.47 2
2 2

S6-2 2.69 2.26 2.53 2.54 2.02 2.87 8.89 2.80 2.45 2.48 X3 2

I I I I I I I I I I

101 99 97 95 93 91 39 87 of 83

LONGITUDE (DEG.)
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Table 9

222*222222222222222223*22222222*2222222222322222233222332222222332322222
* 2 Selslite located at 14.0 dog tongi Freqi 30.0 GHz 2

A ATT. TARLE * Site dLvora1tVS N j Ite seperation diet. - 0.0 km S
* 2 i&s@line to path angle- 0.0 dog 2
:ztzzsz$:s~zzz** Percentage of xeer that values are exceedod* 0.100 X
z Atteuuaaion extremes Min, Max • 0.647, 3.115 (d9) 8

I *
?e-z -1.0 -1.00 -1.00 -1.00 -1.06 -1.00 -1.60 -1.60 -1.00 -1.00 2* 2

69-1 0.99 0.97 6.95 0.94 0.93 6.92 -1.60 0.79 -1.00 -1.60 22 2

68-2 1.07 1.17 1.15 1.13 1.01 1.06 0.99 0.77 0.77 0.66 S
t X

67-2 1.31 1.29 1.27 1.25 1.12 1.11 1.16 1.03 0.90 6.96 a
2 X

L 66-2 1.40 I.S0 1.43 1.46 1.33 1.19 1.18 1.17 1.64 1.03
A 2 2
T 6S-2 1.58 1.55 1.53 1.51 1.31 1.37 1.23 1.22 1.22 1.62

T 64-2 1.80 1.77 1.74 1.72 1.48 1.58 1.34 1.21 I.30 1.20 2
U 2 a
D 63-S 1.33 1.36 1.33 1.70 1.63 1.67 1.SS 1.42 1.29 1.21 2
E 2 2

62-2 1.83 1.81 1.73 1.66 1.77 1.63 1.64 1.S2 1.40 1.44 2
( a 3
D 61-t 1.91 1.66 1.68 1.66 1.64 1.63 1.60 1.50 1.49 1.38 9
E 2
G 66-2 1.91 1.88 1.78 2.6S 2.63 1.61 1.60 1.59 1.67 1.47 22 2

59-2 1.90 1.98 1.89 2.12 2.10 1.34 1.91 2.04 1.5? 1.57 a
a a

53-2 1.92 2.01 1.88 2.39 2.37 2.36 2.28 2.87 e.03 2.12 22 2
57-2 2.03 2.17 2.14 8.36 2.34 2.32 2.30 a.29 2.S6 2.54 S2 2
56-2 2.13 2.21 2.33 8.13 2.97 2.95 3.12 3.16 3.03 3.03 22 2

121 119 117 115 113 111 109 167 1S 103

LONGITUDE (DEG.)
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Table 10

$3S822212$2122822$332ZS22322*3S2S$g22$8532z*133322222?22*2$222S*2322232

$ x Satellite located at 100.0 dog tongj Freql 20.0 GQH I
I ATT. TABLE 2 Site diversitsV h I &ite a portiLon dLt. a 0.0 km X
2 R aeo.Lae to Path kmgio 0.0 dog *
382X81833188222 Perce gt of vler hat uetoa are oacoododt 0.e10 2
a At MoMe 0Ito extree MR. ax - 1.005, 1.937 (dl) I

$ a
70-S -1.00 -1.00 -1.00 -1.00 -1.00 -1."0 -1.00 -1.00 -1.0 -1."0 2

t a
69-S 1.83 1.?S 1.68 1.62 1.57 1.5a 1.48 1.45 1.41 1.0 2a a
68-2 1.77 1.70 1.63 1.58 1.53 1.48 1.44 1.41 1.38 1.09 aa a
67-a 1.72 1.65 1.59 1.54 1.49 1.60 1.56 1.52 1.49 1.34 2

S a
L 66-2 1.68 1.61 1.7R 1.66 1.61 1.57 1.S3 1.49 1.46 1.43 2
A a a
7 6S-2 -1.00 1.S8 1.60 1.63 1.53 1.67 1.63 1.69 1.6 1.53 2I a a
I 64-a -I.00 1.SS 1.56 1.74 1.69 1.77 1.7 1.3 1.73 1.70 1
U S 1
3 63-8 -1."0 i.S2 1.53 1.49 1.79 1.35 1.31 1.77 1.88 1.79 2

62-2 -1.00 -1.00 1.63 1.53 1.74 1.94 1.89 1.86 1.81 1.71 8( 2 $
9 61-a -i." -1.00 1.33 1.77 1.72 1.63 1.8? 1.83 1.79 1.1S 2

G 60-2 -1.00 -1."0 -1.00 1.7S 1.70 1.66 1.63 1.59 1.56 1.69 8a $
59-a -1.00 -1.00 -1.00 -1.00 1.39 1.6S 1.61 1.57 1.63 1.76 8a a
8-3 -1.00 -1.00 -1.00 -1.00 -1.0 1.63 1.S9 1.56 1.61 1.11 3

a a
57-8 -1.00 -1.00 -1.00 -1."0 -1.00 -1.00 1.58 1.63 1.46 .n 8

a S
54-2 -1.00 -1.00 -1."0 -1.00 -1.00 -1.00 -1.00 1.62 1.53 1.70 8

a a
J2$la22$aJ2J222a2$2aa2:$,a$asalaas$azaaaaaz$12aaaaa$laaasll1

! ! * , ! I
141 139 137 135 133 131 lg 137 12S 123

LONGITUDE (DEG.)
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Table 11

$ 3 Satellt.e located at. 1*.0 dog 1!ong Freqi 26.9 GHz 3
A TT. TABLE 2 Site dveratW,: N ) sait.e aoperetioa diet,. - 6.6 km S

3 B seline to path angle.g dog $
z2133tX33X31333 Perce t,;. or toar that values are exceedods 6010 £2
3 Attet .ioa ox roses His. Max a 2.91S. 8818 (dB) 3

$ *

SS-3 6.91 7.60 7.78 7.97 3."6 7.51 7.74 -1.00 -1.00 -1.00 3
3 3

54-3 8.53 8.07 3.86 3.46 8.33 3.6S 8.36 7.9S -1.06 -1.60 8
3 3

53- 8.1 8.67 8.87 9.99 8.32 889 8.63 3.63 -1.00 -1.06 8
3 3

52-S 9.0 9.66 9.25 8.72 9.19 9.51 9.31 9.06 2.98 -1."6 8
$ 3

. 51-3 9.15 8.33 8.6 9.69 3.91 9.S1 9.80 9.7S 6.93 -1."6 8
A a 8
T SO-* 9.8 9.43 9.64 9.7S 16.33 10.44 10.30 10.63 11.00 11.41 8
I I
7 49-2 9.2? 9.46 9.3S 16.46 10.73 11.16 11.91 12.63 11.90 11.36 8
U 2 a
D 48-S 13.50 13.98 11.76 10.44 10.70 6.84 13.71 13.86 12.67 14.74 3
E % $

47-2 16.09 17.SS 14.42 12.62 $.32 9.92 13.63 13.71 14.18 14.69 3
( 3 3

D 46-S 16.7S 16.46 14.04 12.61 8.81 9.01 10.20 16.a$ 20.22 2.96 3
E 3 3
G 4S-1 16.70 16.39 17.99 16.44 16.90 17.35 17.8S 1887 19.50 -1.00 S

3 8

44-X -1.04 -1."6 17.96 19.44 21.63 21.66 22.12 -1.0 -1.0 -1.63 x
* 3

43-3 -1.04 -1.6t -1.06 19.45 -1.0 -1.66 -1.66 -1.06 -1.00 -1.06 3
$ 3

42-3 -1.66 -1.0 -1.00 -1.00 -1.00 -1.66 -1.00 -1.00 -1.66 -1.00 3
3 3

41-3 6.60 6.66 6.00 0.00 0." 0.60 0.00 0.66 0.00 6.6093
3 3
*33333383838833388333313333t$33383881833311831318311311313883833

73 71 69 67 6S 63 61 s9 7 55

LONGITUDE (KG.)
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Table 12

33*$$Z333S333***3333 33333323333 33*33333$$33*32$33*3133333333*3 12333333
z s Satellite located at 100.0 dug gow8 FreqI 20.0 XsF 8
3 ATT. TABLE X Site diversitVI N a ste sep r tio diet. - 0.0 km a

2 3 BMlli. to path maul. 0 .0 dog 3
*S$t$33zS*:S* Perceatage of rear that walves are exceedsd $.010 I
* Attaaftaloa ox ream; MiAR, Mx • S.984, 11.19a (dl) 3
It 3

$ 3
55-$ 5.92 6.66 6.70 6.00 6.06 6.77 6.8 6.96 7.07 7.20 X

t 2
54-2 8.02 7.6S 7.10 6.73 6.80 7.60 7.69 7.80 8.83 8.37 8

t $
S3-2 9.70 7.23 8.10 7.14 7.98 8.07 8.17 9.08 9.22 3.3? 

$ 3
52-8 9.12 9.73 9.79 8.14 8.22 8.3t 9.85 1.33 9.S3 9.3S X

X 3
L 51-3 I.SS 10.60 9.77 3.20 8.63 9.S 9.36 9.49 3.50 3.663
A 2 S
T SO-* 11.83 10.S9 3.14 9.33 9.43 9.94 10.07 11.36 10.55 3.12 3
I I $
T 49-X 11.45 IO.S7 9.18 10.8 10.61 11.33 11.62 11.66 13.06 13.27 8
U X 3
D 48-3 -1.00 10.S6 9.13 10.72 11.41 11.93 12.03 12.44 12.03 18.22 S
E 2 S

47-3 -1.60 -1.00 -1.00 11.30 11.41 12.65 12.31 12.98 15.54 1S.80 8( 3 3
D 46-3 -1.0 -1.00 -1.00 -1.00 12.12 13.15 13.31 13.49 15.64 1S.77 8E 2
G 4S-3 -1.00 -1.00 -1.00 -1.00 13.48 13.96 14.13 14.13 15.S4 16.79 83 3

44-3 -1.00 -1.00 -1.00 -1.00 14.78 14.94 15.11 14.66 1S.54 15.79 3

43-3 -1.00 -1.00 -1.00 -1.00 17.77 17.36 15.13 15.33 15.65 -1.00 8
3 2

42-3 -1.00 -1.00 -1.00 -1.60 -1.00 17.98 18.19 -1.00 -1.00 -1.00 S3 3
41-2 0.00 0.06 0.00 0.00 0.00 0.00 0.06 0.00 0.06 0.0f X

3 3
ItI IIIIIXIIIIIIIIIIIII~IIIIII II I Ill

93 91 89 87 3s 83 81 79 77 ?S

LOGITUDE (DEC.)
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Table 13

2 * Satetilte located at 16.0 dog long: Freqi 20.8 NS 3
2 AT?. TABLE 2 Site diveraitVI N i sts seperstion diet. e 0.0 km 3
3 2 Saaetiae t. path Eagle- 0.0 dog 
z$:a:::::aaX*S2X Perc, tgg or veer tkat wolves are exceededr 0.010 
SAttefltotfoa ax roea ML, Flax a 5.a@5. 12.644 (dl) 82 3

* 2
55-2 9.53 9.09 8.13 8.14 8.10 7.20 7.1l 7.99 8.00 7.61 2

2 2
54-2 9.13 9.05 8.45 7.S9 7.56 8.05 8.04 8.04 7.17 7.19 2

t 2
53-2 3.S5 3.48 8.42 7.57 7.53 8.32 9.07 9.07 9.09 9.66 8

t 9
52-t 6.83 3.46 8.40 7.54 7.S1 9.06 9.05 9.78 9.79 9.44 X* 2

L 51-9 6.34 7.24 7.30 7.16 7.16 8.57 9.38 10.07 10.09 10.51 S
A 2
T SO-* S.26 6.27 7.03 7.14 7.15 8.1 9.06 9.46 13.64 13.06 2
I 2 2
T 49-2 5.9S 5.49 6.52 7.14 6.31 7.72 9.05 11.54 11.99 13.04 2
U 3 2
D 48-2 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.80 -1.008

47-3 -1.00 -1.00 -1.00 -1.04 -1.00 -1.00 -1.0 -1 .0 -1.00 -1.00

D 46-3 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.08[ 2 2
Q 45-8 -1.00 -1.00 -1.00 -1.00 -1.06 -I.00 -I.00 -I.00 -I.00 -1.0 *

2 2
44-t -1.80 -1.00 -1.00 -10 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00

2 2
43-2 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.0 -1.00 -1.008

2 2
42-2 -1.00 -1.00 -1.00 -1.06 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00

£ 2

41-: 6 .00 0.00 0.00 0.00 0.06 0.06 0." 0.0 .00 0.0 2
2 2

113 111 10T 16? 16S 103 101 99 97 9S

LONGITUD (DEG.)
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Table 14

3 3 Satellite located .1 100.0 dg lomgz Pruqi 20.0 GHz 3
2 ATT. TA3LE a Site dlverst.v: h I Slt aeperatlom det. - 0.0 Ie a
a a Daseliae to path angle. 0.0 dog 3
333$$$33$$333333 Percentgo .o Ieer that values ore axcedads 0.010 3
I Att te. loa ox remet Min, Max - 3.136, 9.217 (d) a
3 3
333$333333$S3*33333333333333333333338333333338333338383388833*33333833388

*333*333*33***33335331333*3z3333*t$g***3*3333333333*333*3333333
a

SS-, -1.00 -1.00 -1.00 4.00 3.S9 4.08 6.55 6.26 6.74 7.80 3
9 a

54-3 -1.00 -1.00 -1.00 -1.00 3.37 6.89 S.24 S.79 7.86 9.22 8
I I

53-1 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 4.93 6.21 7.83 9.18 2
3 2

52-S -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 3.24 6.19 S.63 7.39 S
8 a

L 51-3 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 3.23 3.19 6.09 5.32 3
A a 3
T SO-* -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 3.18 3.14 6.02 S
I 3 3
7 49-3 -1.00 -1.00 -1.00 -1.00 -1.00 5.46 -1.00 3.21 3.14 4.71 *
U 8 3
3 48-9 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -t.00 -1.00 -1.008
E 3 a

47-3 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00
( 3
D 46-3 -1.00 -1.00 -1.00 -1.00 -1.o0 -1.O0 -1.00 -1.00 -1.00 -1.003
E 3 3
G 4S-2 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.0

44-2 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1." -1." 3
3 a

43-2 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.008
3 a

42-3 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.008
3 3

41-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.001
9 3

133 131 129 187 125 123 121 119 117 I1

LON" JDE (K1G.)



79

Table 15

S 3 Satellite located at 160.0 dog tongs Freqt 80.6 GHs S
A ATT. TABLE I Site diverhltVl N ; aite &operation dLat-. * 0.0 km S

S S ;SDealina to path anglo, 0.0 dog *
832325355355*825 Parceatego of veer that cale are exceeded! 0.01. 3
8 Attenu~IgLon x regal Min, flax • 1.937, 7.56s (do) x
2 S

70-t -1.00 -1.00 -1.00 -1.00 -1. 8 -1.00 -1.00 -1.00 -1.00 -1.00

68- -S0 18 10 10 16 16 16 10 10 10
69-8 -1.00 -1.00 -1.0 -1.00 -1.00 -1.00 -1.00 -1.0 -1.00 -1.00 82s
68-S -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.60 -1.00 -1.00 -1.00

67-t -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 a2s
L 66-3 -1.00 -1.00 -1.00 -1.00 -1.00 -1.60 -1.00 -1.00 -1.00 -1.03
A I
T 63-5 -1.00 -1.40 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00

E a
S64-S 13.93.96 -. 00 -1.00 -1.00 -. -1.00 -1.0 -1.00 -1. 08U 2

D 63-2 8.53 2.41 2.45 2.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00

62-3 3.95 3.16 3.26 2.46 2.02 2.57 -1.00 -1.00 -1.00 -1.008

D 61-S 4.46 4.52 4.09 2.83 8.89 3.35 3.04 -1.00 -1.00 -1.00
E x
G 60-S 5.37 4.96 4.0S 3.70 3.72 5.44 4.95 3.09 -1.00 -1.008

59-3 5.33 5.72 4.74 4.09 5.27 5.39 S.67 5.$5 S.71 -1.00S

S-* S.59 6.67 6.19 5.71 5.47 6.12 6.33 6.21 6.38 -1.00 S

S7-8 6.53 6.05 6.69 6.08 6.40 6.76 6.92 7.09 6.98 7.19 3

56-8 6.56 6.66 6.93 6.71 7.38 7.10 7.27 7.46 7.34 7.66

11 79 77 7S 73 71 69 67 65 63

LONGITUDE (DEC.)
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Table 16

azaat$aZgaI$aZ$aSla$a$ZaZaZ*ZaIZ$$Za $ zaaaZaZSZaaaaaUZZaaaZaa
a X Satellite located at 1SS.0 dog tongs Freqt 20.0 GHz S
3 ATT. TABLE Site diversitVI N cite seperatlon diat. - 0.0 ke t
* 3aaotine to path angle. .0 dug S
ta:St$aaaa$a Percente ol tear that alues are exceed:d 0.010 S
* Attenuati9o axrema: Min, Max - 1.321, 7.305 (d) $a a

$ a
70-a -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 2

a X
69-a -1.00 -1.00 -1.00 1.36 -1.06 -1.00 -1.00 -1.00 -1.00 -1.00 a

a s
68-t 1.69 1.32 1.69 1.33 1.33 1.34 -1.00 -1.0 -1.01 -1.00 Sa a
67-S 1.35 1.36 1.85 1.47 1.48 1.49 -1.00 -1.00 -1.00 -1.00 a

a a
L 66-$ 2.46 2.O9 2.09 1.68 2.11 1.69 -1.00 -1.00 -1.00 -1.00 S

7 65-a 2.65 2.66 2.66 2.28 2.29 2.31 1.87 1.8 -1.00 -1.0i a
I X a
T 64-a 2.77 2.77 3.19 2.99 3.01 3.03 2.S 1.86 1.38 1.90 a
U a a
D 63-8 3.34 2.91 3.74 3.?5 3.77 3.79 3.18 3.86 3.25 3.29 a
E $ 9

62-a 3.7S 3.36 4.2 3.71 4.14 4.17 4.a 4.23 3.59 3.25 3( $ 3
D 61-t 3.23 3.71 4.17 4.08 4.65 4.67 4.16 4.19 4.84 4.29 X
E 2 X
Q 60-S 3.58 3.4a 4.58 4.69 4.61 4.63 4.67 4.71 4.20 4.31 9a a

$9-3 4.09 3.83 4.54 4.56 S.03 6.06 5.10 S.14 5.20 5.26 aa a
53-2 4.07 4.07 4.07 6.19 4.54 4.57 4.60 5.11 5.16 6.04 Sa a
S-a 6.63 6.63 S.89 4.06 4.08 5.14 6.25 6.31 6.37 6.44 a

a a
$6-a 7.02 5.90 6.60 6.62 S.28 S.93 5.97 7.30 6.40 6.48 9$ 3

11t 99 97 9S 93 91 39 37 15 83

LONGITUDE (DEG.)
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Table 17

22282$$2222222221:222:$$222$2222222322:$2nx22$$2222222$$S:2:2S22$:222:$g

I 2 Satellite located at 100.0 de tomlO ;FreqI 20.0 OHS X
9 ATT. TAILE I Site diveraitVl N j ite a opemio di t. e O.0 km 2
2 X bmae.* n to peth angles 0.0 dog X

S3SSSStSItS*,S Percentgo of ar that uahie are exceededl 0.010 S
SAtLteenato extreme: Min, Max s 1.6189. 8.137 (dI) S

70-2 -1.00 -1.00 -1.00 -1.00 -1.0" -1.00 -1.00 -1.00 -1.01 -1.04

69-1 2.57 2.53 2.49 2.46 2.43 2.40 -1.00 2.07 -1.0 -1.00

68-$ 2.78 3.04 3.00 2.96 2.63 2.60 2.S a.02 2.01 1.69

67-$ 3.43 3.37 3.32 3.28 2.93 8.90 1.8 a.68 2.35 2.3S

L 66-2 3.66 3.92 3.86 3.81 3.47 3.11 3.69 3.07 2.71 2.70 2
A 2
T 65-2 4.13 4.06 4.00 3.9S 3.41 3.57 3.23 3.20 3.18 2.6 2
1 2 1
7 64-2 4.70 4.62 4.56 4.50 3.86 4.12 3.49 3.15 3.14 3.13 8
U a I
D 63-2 4.92 4.85 4.78 4.44 4.40 4.36 4.04 3.71 3.36 3.35 8
E 2 2

62-2 4.79 4.72 4.65 4.35 4.62 4.26 4.23 3.97 3.65 3.7S 2

D 61-2 4.98 4.33 4.39 4.33 4.29 4.25 4.19 3.91 3.90 3.60 2
E 2 S
6 60-S 4.99 4.92 4.66 5.35 5.30 4.1 4.13 4.16 4.35 3.35 2

2 a
59-2 5.08 5.18 4.94 5.55 5.49 4.79 5.00 S.32 4.11 4.10 2

58-S S.01 5.25 4.92 6.25 6.19 6.00 S.96 s.92 S.32 5.55 2

57-8 5.29 5.66 s.59 6.17 6.11 6.06 6.02 S.98 6.66 6.64

SG-2 5.56 S.77 6.21 5.71 7.77 7.70 8.14 8.69 8.06 8.04 2

121 119 117 115 113 lit 109 107 l lei

LOMOITUDE (KC0.)
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Table 18

S 2 Setellite located at 144.0 do$ long) Frqt 80.0 iNs X
S ATT. TABLE S Sit@ diver&ItWS N j site aoperation diet. • 0.0 ks 9
2 3 DeagLine to path ame- 0.0 dsp 3
323:3::*sz13211 Percentage o" veer that values are exceed:d 0l.o i

A Attm t a' oxtrsmt Mi, Max 2 2.624. S.060 (dl) 3
* 3
23311131u1111111111111111111111111111111111111111111111111111111111111111

x31313311133323331311111313311111313113133211133311113111331112
3 3

70-3 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.0 -1.00 1
3 *

69-2 4.77 4.57 4.40 4.24 4.10 3.98 3.37 3.78 3.69 2.6a 2
3 1

68-2 4.62 4.43 4.27 4.12 3.99 3.88 3.77 3.68 3.60 2.84 3
3 3

67-3 4.49 4.31 4.16 4.08 3.90 4.18 4.07 3.97 3.88 3.49 3
3 2

L 66-3 4.33 4.21 4.49 4.34 4.21 4.09 3.98 3.39 3.10 3.73 3
A S S
T 6S-2 -1.00 4.13 4.40 4.26 4.13 4.36 4.25 4.15 4.06 3.99 2
I I
T 64-3 -1.00 4.0S 4.08 4.SS 4.41 4.61 4.50 4.39 4.63 4.44 S
U S 3
D 63-3 -1.00 3.98 4.01 3.8 4.67 4.84 4.72 4.6. 4.7S 4.66 S
E It

62-3 -1.00 -1.0 4.26 4.13 4.56 5.06 4.94 4.83 4.73 4.64 3
( 3 3t

3 61-2 -1.06 -1.00 4.78 4.63 4.50 4.39 4.33 4.77 4.68 4.33 3
E I 3
6 60-2 -1.00 -1.00 -1.00 4.S3 4.45 4.34 4.24 4.14 4.06 4.4a I

1 3
69-S -1.00 -1.00 -1.00 -1."6 4.41 4.30 4.20 4.11 4.8 4.69 3

S 3
53-3 -1.00 -1.00 -1.00 -1.00 -1.06 4.26 4.16 4.07 4.22 4.7S 8

3 3
57-9 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 4.13 4.27 3.83 4.91 8

2 S
S6-3 -1.00 -1.00 - 00 -1.0O -1.00 -1.00 -1.00 4.24 3.99 4.44 8

3 3
111111111111118111111118111111111111118111111111111111111111111

I I , I I I a a I I

141 139 137 135 133 131 1a9 1e7 1eS 123

LONGITUDE (KG.)
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Table 19

2*222*32*2222122223*22322*2322*3222222232*2322222*32322*2322223333323322
* Satellite located at 100.0 dog to g0 Freqt 30.0 G z 2

2 ATT. TAILE 2 Site diverait W N ; site amperatio diet. - 0.0 km 2
2 2 DaIolim to path angle- 0.0 dI g *
S2ts2t2223t2222 Percen ,ago of ear that values are exceeded. 9.160 9
2 Atten Li o oxaremut Rin, Rax - 1.102, 7.303 (d3 2£ 2

222222I 2 222222[222222[2323222223232 2232::3ZIItI2221122222
* 3

SS-* 2.44 2.67 2.73 2.80 2.81 2.65 2.73 -1.00 -1.0 -1.00 S
2 2

S4-: 2.96 2.82 2.88 2.9S 2.91 2.83 2.92 2.81 -1.0 -1.00 S2 2
S3-9 2.3S 3.01 3.08 3.16 3.07 3.10 3.03 3.0 -1.66 -1.00 2

£ 2
52-2 3.11 3.13 3.20 3.04 3.23 3.32 3.24 3.17 1.10 -1.002 2

L 51-2 3.16 2.90 2.96 3.32 3.10 3.30 3.40 3.40 2.47 -1.00 2
A 2 2
T SO-2 3.33 3.26 3.33 3.37 3.S2 3.60 3.S6 3.63 3.81 3.9S 3
I 2 2
7 49-2 3.20 3.26 3.39 3.10 3.69 3.8 4.63 4.30 4.16 3.93 2
U i 3
D 48-2 4.54 4.70 4.00 3.59 3.68 a.43 4.65 4.71 4.34 5.61 3
E 3 2

47-2 S.35 S.31 4.36 4.28 3.67 3.43 4.64 4.66 4.82 5.60 3
( 2 3
D 46-2 S.56 S.45 4.72 4.38 3.07 3.43 3.53 S.47 6.72 6.96 2

G 45-2 S.54 S.45 5.93 S.17 S.63 S.79 S.95 6.2 6.49 -1.00 2
2 2

44-3 -1.0 -1.00 S.93 6.41 6.91 7.16 7.30 -1.60 -1."6 -1.66 8
2 243-8 -1.06 -1.00 -1.00 6.41 -1.60 -1.0 -1.00 -1.00 -1."6 -1.00 3
2 2

42-2 -1.60 -1.60 -1.00 -1."6 -1.00 -1.0 -1.00 -1.00 -1.60 -1.00 3
$ 3

41-t 0.00 0.0 .00 0.00 6.06 6.00 6.0#06.06 0.06 6.00 22 2
$1222232222220$$11221125023[J225332:$$ 222tlrlt$22222523

73 71 69 67 65 63 61 59 S7 SS

LONGITUDE (KG.)



84

Table 20

$3t2233232S3333223S3322SS233S233333233*:$33S3323ll333332323232331$$$3333$
2 Sateltlto tocated at 100.0 dog long; Froqs 30.0 GHs 2
3 ATT. TABLE x Site diverstls N &its &operation dist. a 0.0 km 2
S3 Itasolian to padh eagle- 0.0 deg 2
2223232333332322 Percoetago of oessr that values ar excoedudl *.SOs a
t Attensae oa exrowa: "i&A Max - 2.092, 5.979 (do) a3 2

2 3
5S-S 2.09 2.33 2.35 2.12 2.14 2.38 a.41 2.44 2.43 2.53 $$ 3
54- 2.78 2.46 2.48 2.36 2.38 a.64 2.63 2.72 2.36 2.91 Z* 3
S3-1 3.31 2.52 2.80 2.49 2.77 2.80 a.83 3.13 3.18 3.07 2

52-2 3.13 3.32 3.35 2.82 .84 a.37 3.13 3.22 3.2? 3.22 33 11
L 51-2 3.53 3.60 3.34 2.34 2.97 3.18 3.22 3.a6 3.27 3.38 1A 3 2
T 50-3 4.00 3.59 3.15 3.36 3.25 3.40 3.44 3.32 3.60 3.15 3

T 49-2 3.37 3.59 3.15 3.S 3.63 3.35 3.o 4.26 4.39 4.47 X
U a 2
D 48-1 -1.00 3.59 3.15 3.64 3.36 4.03 4.03 4.80 4.07 4.13 3
E s

47-2 -1.00 -1.00 -1."0 3.32 3.86 4.26 4.31 4.3? 5.1? 5.26 3
( 21 1
D 46-X -1.00 -1.00 -1.00 -1.00 4.08 4.41 4.44 4.sa 5.17 5.25 2E a 1
G 45-1 -1.00 -1.00 -1.0 -1.00 4.S1 4.66 4.72 4.74 S.17 5.85 23 31

44-3 -1.00 -1.00 -1.0 -1.00 4.92 4.97 5.03 4.39 5.17 5.86 3

43-3 -1.00 -1.60 -1.00 -1.00 5.34 5.90 5.03 5.10 5.17 -1.O0 93 31
42-3 -1.00 -1.00 -1.00 -1.00 -1.00 5.91 6.93 -1.0 -1.0 -I.003 31

3 341 0.0 000.0 0.0 0.0 0.$ S. f. 0# #.@

93 91 39 87 35 83 81 79 ?7 ?s

LOHGITUDE (DEG.)
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Table 21

2 2 Satellite located at 160.0 dog tongi Freqs 30.0 Hs S
2 ATT. TABLE X Site diversltVS ; sNite seperation da.. 0.6 km 2
2 $ gasoline to path angle. 6.6 dog 2
22222232222211222 Percentageg of jeer that. valuea ore exceeded: 0.506 *
SAtteonuitLon xtresa fMin. Max - 1.874. 4.240 (dl) 22 *
*22:225$22$:2222tu:322222222223222222:2:22*22222222222222222$:22222u$11:

U2222222*2222$1222*2222222222$2*22*2222*222232222222*2222222222
2 2

55-2 3.26 3.12 2.83 a.81 2.80 2.51 2.61 2.76 2.?7 2.45 X
* 2t

54-2 3.14 3.11 2.91 2.64 2.63 2.78 2.78 2.71 2.S0 2.50 2

53-S 2.9S 2.92 2.90 2.63 R.62 2.37 3.11 3.11 3.12 3.30 2
S X

52-2 2.39 2.92 2.90 2.62 2.61 3.11 3.10 3.34 3.34 3.23 X
2 2

L 51-1 2.23 2.52 2.si 2.49 2.49 2.98 3.21 3.43 3.43 3.S? 2
A X a
T S-* 1.87 2.21 2.4S 2.49 2.49 2.80 3.11 3.23 4.24 4.66 X
I 1 2
T 49-2 2.10 1.96 2.29 2.49 2.22 2.67 3.10 3.39 4.04 4.05 2
U X 2
D 48-2 -1.00 -1.00 -1.00 -1.06 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 2
E 2

47-1 -1.00 -1.00 -1.06 -1.0 -1.*0 -1.00 -1.00 -1.00 -1.66 -1.00
( X
D 46-2 -1.00 -1.00 -1.00 -1.00 -1.OO -1.0 -1,0 -1.00 -1.00 -1.60 2
E 2
Q 45-2 -1.00 -1.06 -1.00 -1.6" -1.0 -1." -1.0" -1." -1.60 -1.00

2 2
44-8 -1.00 -1.60 -1.00 -1.00 -1.00 -1.00 -. 0 -1.00 -1.60 -1.0

2 a
43-2 -1.00 -1.00 -1.06 -1.00 -1.66 -1.00 -1.06 -1.@0 -1.00 -1.00#

42-2 -1.60 -1.60 -1.00 -1.60 -1.00 -1.06 -1.00 -1.00 -1.00 -1.00 a
2 a

41- 0.00 0.00 .00 0.06 O.06 0.0 0.06 0.0 0.0 0.00 *2 3

113 111 169 107 lOS 103 101 99 97 PT

LONGITUDE (DEG.)
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Table 22

$ * Satellite located at 100.0 dog long; Freq: 30.0 GHs 9
2 AT?. TABLE S Site diversitW N I lto separation diat. - 0.0 km 2

8 $ laselne to path angtle 0.0 dog 2
122222*2XX*22*2 Percentage of moer that values are exceededs @00$ *
2 Attenuaton mxtregal "in. Max - 1.1S7. 3.166 (d) a
* -

2 s
54-2 -1.00 -1.00 -1.00 1.46 1.32 1.43 1.98 2.21 2.04 2.71 

2 2
54-2 -1.00 -1.00 -1.00 -1.00 1.-4 8.48 1.37 2.05 2.73 3.17 X

2 2
53-2 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 1.77 2.19 2.72 3.15 2

2 2
52-2 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 1.20 2.13 2.08 2.57 2

2 $
L 51-2 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 1.19 1.18 2.15 1.90 S
A 2 1
r SO-* -1.00 -1.00 -1.0 -1.00 -1.00 -1.00 -1.00 1.17 1.16 2.12 X
1 2 2
T 49-1 -1.0 -1.00 -1.00 -1.00 -1.00 1.94 -1.00 1.18 1.16 1.69 S
U X s
D 48-2 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.0 -1.00 -1.00 -1.09 2
E I 2

47-2 -1.00 -1.00 -1.00 -1.0 -1.0 -1.00 -1.00 -1.00 -1.00 -1.00
( 3 2
D 46-2 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 2
E s 9
G 45-2 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 22 2

44-2 -1.00 -1.00 -1.00 -1.0 -1.00 -I.O0 -1.00 -1.00 -1.0 -1.00 2
2

43-2 -1.60 -1.60 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 2
2 2

42- -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -I.0 -1.00 -1.00 s
s a

41-S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00 32 2

133 131 129 12? 125 123 121 119 117 116

LONGITUDE (DEG.)
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Table 23

$ * Satellite located at 10.0 dog lo~gJ Preqi 36.0 GHz S
A ATT. TABLE 2 Site divorsitgjt N I te aspirat.lon diet. * 0.0 km 2

a 2 IaSoelac to path angles 0.0 do# X
22*2222$$22*$22* Parcon~l~g or dear that we uos are exceeded$ 0.001 a
2 Atto :iaton ex roe& MiR, Max - 0.739, 2.669 (dl) 2
* *
*2$2222 22*2*$gX22$2222$222222222$$2222$$$2222$$22222$2222$222222222222$22

2 *

70-S -1.00 -1.00 -1.00 -1.00 -1.00 -1.06 -1.00 -1."0 -1.0 -1.00 ax 2

69-2 -1.00 -1.0 -1.00 -1.00 -1.00 -1.00 -1.00 -1.0 -1.0 -1.00 S
S s

68-2 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 2
2 s

67-9 -1.66 -1.00 -1.0 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 82 It
L 66-2 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 2t

A s 2
T 65-9 -1.60 -1.00 -1.00 -1.00 -1.00 -1.0 -1.00 -1.0 -1.00 -1.00 2
I 2t 2

T 64-S 0.74 0.7 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1." -1.00
U a a
D 63-2 6.97 0.91 0.93 0.77 -1.00 -1.00 -1.00 -1."O -1.00 -1.00 9
E * 2

6a-* 1.44 1.17 1.21 0.93 0.77 0.37 -1.00 -1.0 -1.00 -1.06 I

D 61-2 1.61 1.64 1.49 1.06 1.03 1.2S 1.14 -1.0 -1.0 -1.00 2
E 2 2
Q 60-2 1.92 1.78 1.48 1.36 1.37 1.9S 1.79 1.16 -1.00 -1.00 2

2 2t

59-2 1.90 2.04 1.71 1.49 1.89 1.94 2.03 a.00 2.OS -1.00 $
2 2t

58-2 1.99 2.35 2.19 2.04 1.96 2.13 2.25 a.82 8.2 -1.003

S7-2 2.30 2.14 2.32 2.16 2.27 2.39 2.45 2.51 2.48 2.S 2
2 2t

56-9 2.31 2.34 2.45 2.37 2.S9 2.S0 a.56 2.62 2.S9 2.67 3

* I I t

81 79 77 ?S 73 71 69 67 65 63

LONGITUDE (DEG.)
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Table 24

22322222223222$2222$2222$z222223$22*22$2232$$$$222$88222$8222$82528$222

9 Satellite located at 100.6 deg 1033 Freql 30.0 C1s 8
A ATT. TAILE * Site divieraitw N i aeperatIon dit. a 0.0 kl 2

* 2 3eIieR to path angl 0.0 dg s
s•ItZs**n:1:$t Percentage of fear that Yalua are exceededl 0.500 s

A tenvation ex ruass Min, flu - 0.530. 8.640 (dl) 2

2 2

78-I -1.00 -1.ee -1.0 -1.00 -1.o0 -1.60 -1.00 -1.00 -1.00 -1.06 $
2 2

69-S -1.00 -1.00 -1.04 0.53 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 S

68-9 0.65 0.S2 0.65 @.52 0.5 0.53 -1.00 -1.00 -1.00 -1.00 X
2t a

67-2 0.71 0.71 0.71 0.s7 0.S3 0.58 -1.00 -1.0 -1.00 -1.00 2
2 £

L 66-2 0.93 0.30 0.80 0.65 e.80 0.eS -1.00 -1.00 -1.00 -1.00 8
A s 2
T 6S-2 0.99 0.99 0.99 0.86 0.37 0.87 0.7a 0.73 -1.00 -1.00 2

T 64-2 1.03 1.03 1.18 1.11 1.12 1.1a 0.94 0.71 0.78 0.73 2
U a 2
D 63-2 1.23 1.11 1.37 1.37 1.31 1.39 1.11 1.41 1.80 1.81 2
E s 2

62-8 1.37 1.23 1.53 1.36 1.S 1.S1 1.S3 1.S4 1.3a 1.9 2( 2 2

D 61-S 1.21 1.3S 1.61 1.48 1.67 1.68 1.51 1.53 1.54 1.5 2
E a 2
C 60-2 1.31 1.25 1.65 1.65 1.66 1.67 1.6 1.09 I.S8 1.73 2

2 2
s9-2 1.48 1.39 1.63 1.64 1.80 1.81 1.8 1.34 1.86 1.8 2

2 X
53-8 1.47 1.47 1.47 2.18 1.63 1.64 1.66 1.83 1.34 3.14 2

57-2 2.32 2.32 2.08 1.47 1.48 1.83 2.0 a.22 3.14 3.87 S
2 2

S6-2 2.45 3.03 2.31 2.33 1.33 3.10 3.11 3.5S 8.8S 3.82

I61 99 97 95 93 91 39 87 3s 83

LONGITUDE (DEC.)
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Table 25

gg**ggsssszz,:az*sagxxsgg*ssgcasggsxxsux, 1zu:s:,:::gu,
2 l2 Saelilte located at lo0.0 dog toag Froqt 30.0 OHs
2 AT,. TABLE S site dlveraltV " II ILto 6operatAle dial. a 0.0 ke 2
2 2 Ieoolnmo to pa$h ag'.- 0.O do$ 2
:21fl18sh:2:as1a Porcoatago of¥or that values e oscoododt O.500 2
2 Attomuatlom oxr S l"n, Paz - O.6S4. 3.315 (ds) 8

70-2 -1.00 -1.00 -1.00 -1.0 -1.00 -1.00 -1.0 -1.00 -1.00 -1.00 2S *
69-2 0.93 0.96 0.94 0.93 0.92 0.91 -1.00 0.79 -1.00 -1.00 2

68-2 1.0S 1.14 1.18 1.11 0.95 0.98 0.97 0.77 0.77 0.6S 22 £
67-2 1.37 1.aS 1.23 1.33 1.09 1.03 1.07 1.01 0.89 0.39 2

2 2

L 66-2 1.3S 1.44 1.42 1.40 1.33 1.16 1.1S 1.14 1.01 1.01
A 2 2
T 65-2 1.51 1.43 1.44 1.44 1.86 1.31 1.19 1.18 1.13 0.99 2
I x
T 64- 1.70 1.67 1.65 1.63 1.41 1.SO 1.38 1.1? 1.16 1.162
U a 2
D 63-2 1.73 1.7S 1.73 1.61 1.S9 1.S8 1.4? 1.36 1.34 1.23 2
E a 2

63-2 1.73 1.70 1.68 l.S 1.67 1.S4 I.55 1.44 1.33 1.37 2
2 2

D 61-2 1.79 1.57 1.S9 1.S7 1.5S 1.54 1.52 1.48 1.43 1.33 S

0 60-9 1.30 1.77 1.68 1.91 1.89 1.S3 1.52 1.51 1.5? 1.40 2
2 2

59-2 1.3a 1.86 1.77 1.97 1.9S 1.78 1.79 1.94 1.49 1.48 2
2 2t

S-: 1.80 1.38 1.77 3.21 3.19 2.13 2.11 2.09 1.39 1.97 22 2

S7-2 1.89 3.01 1.99 3.18 3.16 2.14 3.13 3.11 8.33 3.33 2
2 2

56-2 1.98 3.0s 3.19 3.03 3.? 3.63 3.88 2.30 3.79 a.73 2
2 2
2222222222222222222222222222:81222u22822211212222£88222282222812

11 119 117 115 113 111 100 107 10S 103

LOWGITUK (DE0.)



90

Table 26

33*335333•$$233X$$3X$$33$S*S$SS$$S3:$S3333338315*33S533333$$333S33
S 3Satellite Locaked at 106.6 dog. lej Freq: 30.0 O~s X

A ATT. TABLE 3 Site divrs8it N I ; itl elplrai d it. 0. km 3
$ heaoti~o to path ainlg. 1.0 dog •

s5s5::z85515ssau Percontgm of otar that alus are oxceeded$ O.66@ *
3 At tuomstoa mx roat MAim. Max • 0.99S. 1.133 Cdl) X• a

$ 3
?-3 -1.00 -1.66 -1.0 -1.60 -1.60 -1.66 -1.06 -1.00 -1.00 -1.00 1a 2
69-2 1.77 1.7 1.63 1.57 I.Sa 1.48 1.44 1.40 1.37 6.99 XS 3
63-S 1.72 1.66 1.S8 1.53 1.48 1.44 1.40 1.37 1.33 1.07 S3 2
67-S 1.67 1.6 1.4 1.49 1.4S 1.$4 I.SO 1.46 1.43 1.29 2S S

L 66-2 1.63 ,S.6 1.66 1.6O 1.SG 1.$1 1.47 1.43 1.46 1.38 3
A 3 3
T 6S-9 -1.60 1.53 1.62 1.S7 i.S2 1.60 1.s6 1.S2 1.49 1.46 2
I it 2
T 64-1 -1.00 1.S6 1.51 1.67 1.U3 1.61 1.64 1.60 1.6 1.62 2
U 3 3
0 63-2 -1.60 1.48 1.43 1.44 1.70 1.76 1.7a 1.68 1.? 1.69 3

62-S -1.00 -1.00 1.S7 1.5 1.67 1.33 1.79 1.?S 1.71 1.63 9

D 61-* -1,06 -1.06 1.?S 1.69 1.64 1.60 1.77 1.73 1.69 1.74 2E I X
6 60-2 -1.00 -1.60 -1.00 1.67 1.63 1.59 1.SS 1.51 1.48 1.60 23 3

SO-: -1.00 -1.00 -1.0 -1.00 1.6 1.57 1.S3 I.S0 I.SS 1.6 3

S8-2 -1., -1.66 -1.00 -1.60 -1." 1.56 1.52 1.49 1.64 1.71 13 3
S7-3 -1.0 -1.00 -1."0 -1.60 -1.60 -1.00 1.S1 1.SS 1.40 1.77 33[ 3
S6-X -1.60 -I.0 -1.0 -1.00 -1.00 -1.60 -1.00 1.54 1.46 1.61 32 3

141 139 137 13S 133 131 19 127 135 123

LONGITUDE ((G.)
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Table 27

33z333**333235833$323*331$333333833333333333333333$$33333633313t t3$$$33
$ * Setlite located at 100.$ deg lo$gj Froqt 36.0 GQH t

A ATT. TABLE X Site diveralt~o N ato aeperetAon diat. - 6.0 km X
£ * leglie to path eagleo 6.0 dieg 2
Xs*xsX:ssvsXXs2 8 Pwrcentqe of veer that valueo ore exceededI 0.100 
3 Attmonvton xre$e: RL, Met - 2.425, 16.079 (d) 9$ 3
32333335333333*33333333333*3333383*333$$333333$33333i333333tg*38333383333

3 3
S5-: 5.36 5.3? 6.00 6.15 6.18 S.83 6.02 -1.00 -1.00 -1.00 33 3
54-S 6.52 6.20 6.34 6.50 6.41 6.22 6.42 6.13 -1.00 -1.00 3

53-2 6.27 6.63 6.78 6.94 6.77 6.13 6.66 6,59 -1.00 -1.00 S
3 3

52-1 6.85 6.89 7.0S 6.68 7.10 7.30 7.14 6.93 2.43 -1.00 3
3 3

L 51-2 6.96 6.38 6.52 7.30 6.33 7.27 7.49 7.47 5.4S -1.06 3
A S 2
T SO-* 7.43 7.17 7.32 7.41 7.87 7.93 7.84 8.10 8.38 8.69 3

T 49-3 7.04 7.18 7.47 7.91 8.12 3.47 8.98 9.47 9.01 8.65 3
U 3 $
D 48-3 10.60 10.34 3.81 7.90 8.10 5.34 10.24 10.36 9.56 11.03 S
E 9 S

47-3 11.78 12.79 10.70 9.43 6.76 7.56 10.28 10.26 10.61 11.00 X

9 46-3 12.83 12.00 10.40 9.42 6.75 7.55 7.77 12.05 14.78 15.32 S

Q 45-3 12.80 12.0 13.05 11.38 18.40 12.73 13.10 13.82 14.89 -1.00 33 3
44-3 -1.00 -1.00 13.04 14.11 15.21 15.62 16.07 -1.00 -1.00 -1.00 1

3 3
43-1 -1.00 -1.00 -1.00 14.12 -1.00 -1.00 -1.00 -1.00 -1.00 -1.003

3 3
42-3 -1.00 -1.40 -1.00 -1.O" -1."0 -1.00 -1.00 -1.00 -1.0 -1.00 3

a 8
41-3 0.00 S.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 f.00 3

3 3

73 71 69 67 6s 63 61 59 57 55

LONGITUDE (KG.)
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Table 28

S $ Satellite located at 160.6 dog lonBg; FreqI 36.6 GHI S
A ATT. TALE I Site divorsit,: N s &its aoperation diet. - .0 ke 2

2 * Daseline to path ang. *.O dog *
:212222122$*222 Pcntaeo of xear that values are excoeded' 6.166 2
SAttenuation 0xtree: Mlir. fax - 4.603. 13.150 (d) 2
2 2

0 2

SS-S 4.60 5.13 5.17 4.66 4.71 5.S3 5.36 5.37 5.46 5.56 I

54-2 6.11 5.42 5.46 5.19 5.24 5.82 5.89 5.98 6.89 6.40 X
t 2

53-2 7.29 5.54 6.16 5.48 6.09 6.16 6.23 6.89 7.06 6.75 

52-9 6.88 7.31 7.36 6.20 6.26 6.32 7.00 7.10 7.21 7.09 2
1 2

L 51-2 7.88 7.92 7.34 6.24 6.55 6.99 7.08 7.18 7.19 7.31 2
A 2 2
7 SO-* 8.80 7.91 6.94 7.39 7.15 7.48 7.5? 8.42 7.93 6.98 2
1" 2 2

T 49-X 8.51 7.96 6.93 7.76 7.99 8.48 3.59 9.39 9.67 9.33 8
U 2 2
D 48-2 -1.60 7.89 6.92 8.01 3.50 8.17 8.97 9.84 3.95 9.10 9
E 2 2

47-2 -1.00 -1.0 -1.00 8.48 8.49 9.36 9.48 9.61 11.38 11.57 2

D 46-2 -1.00 -1. " -1.0 -1.60 3.99 9.71 9.382 9.96 11.37 11.54 2

C 4S-8 -1.60 -1.60 -1."0 -1.60 9.93 10.26 10.39 10.44 11.37 11.56 2
2 2

44-2 -1.0 -1.60 -1.60 -1.60 10.82 10.93 11.06 10.76 11.38 11.s6 2
2 2

43-3 -1.66 -1.60 -1.60 -1.6 12.86 12.99 11.07 11.88 11.38 -1.86 2
2 2

42-2 -1.06 -1.00 -1.60 -1.00 -1.00 13.0 13.16 -1.60 -1.06 -1.00 2
2 3

41-S 0.60 6.66 0.06 0.00 6.06 0.00 6.06 0.66 0.60 0.002
2 2
222322222222222232222222222232222223322222*22222283323222323322

93 91 89 87 Is 83 @1 79 77 75

LOMGITUDE (DEC.)
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Table 29

$ * Satellite located it 100.0 dog Fongs Ireq: 30.0 01s 8
A ATT. TABLE I Site diversitW: N cLte seperston diat. * 0.0 km *

*$ Bastine to path engle. 8.0 dug 1
2*t223t211:12: Percentage of uear that values are exceeded: .0 1
$ Attenuation extreme: M Ia, Max - 4.124, 9.331 (da) *2 2
21223*523322211112211222*3525*5222111 53252 2231211223233322321

2 21
55-X 7.18 6.87 6.22 6.19 6.17 S.S2 5.74 6.08 6.09 5.39 2

54-2 6.90 6.84 6.41 5.80 5.78 6.12 6.12 6.12 S.5O 5.51 2
* 31

53-2 6.49 6.44 6.39 5.78 5.76 6.31 6.85 6.85 6.86 7.26 2

52-2 526 6.42 6.37 5.77 5.74 6.84 6.83 7.34 7.35 7.10 S
3 2

L 51-9 4.90 S.55 S.S2 5.49 5.49 6.56 7.06 7.SS 7.56 7.15 X
A X
T 5-$ 4.12 4.8 5.40 S.48 5.48 6.16 6.84 7.12 9.33 8.93 X
I X X
T 49-1 4.62 4.29 S.03 5.47 4.87 5.38 6.83 3.S7 8.8 3.92 S
U 3 3
D 43-S -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.0 -1.00 -1.00 -1.00 2

47-2 -1.00 -1.00 -1.00 -1.0 -1.00 -1."o -1.00 -1.00 -1.00 -1.00 2
C 2 X

D 46-2 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 X
E a 1X
G 45-2 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00S2 2

44-S -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 2
S 3

43-S -1.00 -1.0 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 S
$ a

42-3 -1.00 -1.00 -L.00 -1.00 -1.00 -1.00 -1.00 -1.00 -I.00 -1.03 a
2 i

41-S 0.0 0 .00 0.0 0.00 0.00 o.0o 0.00 0.00 0.00 0.00 a
2 *1
33 *2833 22212 3322 2* *333 $1 Z 2$22222232 321Z23 33Z2 22 2232 2233322222 $$

I I I I I I I I I
113 111 109 107 105 103 161 99 97 95

LONGITUDE (DEG.)
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Table 30

2 * Satellite located it 106.6 dog togj Freqv 30.6 GHs 2
S ATT. TABLE X Si ,* diversitUl N j a*ts soperation dint. 9 O.O ke 2
9 leastine to path angle- 0.0 is, 2
2222222222222222 Percenta~ge of rear that. value& are exceededi *.i@6 a
2 Attonution xF ree's Min, Nox - 2.546, 6.967 (0) X2 2

$ 2
SS-2 -1.00 -1.06 -1.60 3.21 2.96 3.27 4.35 4.36 4.48 S.97 22 2

54-2 -1.00 -1.00 -1.00 -1.60 2.74 S.33 4.12 4.S2 6.01 6.97 22 $
53-2 -1.00 -1.00 -1.00 -1.0o -1.eo -1.04 3.89 4.8 S.99 6.94 2

$ I
52-9 -1.60 -t.00 -1.00 -1.0 -1.6 -1.06 2.63 4.81 4.44 5.67 2

L 51-S -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 2.62 2.59 4.74 4.17 S
A 2
T Se-S -1.00 -1.-0 -1.60 -1.0 0 -1.00 1.00 2.S8 2.5 4.67 2
I 2 X
T 49-1 -1.80 -1.06 -1.00 -1.0 -1.00 4.23 -1.0" 2.60 2.SS 3.72 2
U $
D 43-1 -1.60 -1.00 -1.00 -1.00 -1.00 -1.04 -1.04 -1.60 -1.00 -1.06 $

47-2 -1.00 -1.06 -1.00 -1.0 -1.00 -1.60 -1.00 -1.0 -1.00 -1.00 2

D 46-2 -1.604 -1.60 -1.04 -1.04 -1.00 -1.00 -1.0 -1.0 -1.0 -1.06 5
E 2
9 4S-2 -1.00 -1.00 -1.0 -1.60 -1.60 -1.60 -1.0 -1.0 -1.0 -1.002

44-S -1.06 -1.00 -1.0 -1." -1.0 -1.0 -1." -1.0 -1.0 -1.00 8

43-2 -1.60 -1.0 - -.10 -1.64 -1.00 -1. 00 -1. 00 -1. 00 -1.0
2 2

42-X -1.00 -1.00 -1. -1.00 -1.60 -1.00 1.00 -1. 0 -1. -1.00

41-2 0.00 0.00 0.00 0.00 0.06 0.00 0.00 6.00 S.0 6.00 2
2 2

133 131 129 12? 125 123 121 119 117 its

LOI GITUDE (DEC.)
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Table 31

$3333333333$$333$S333333333333$853333332333$$32338333388353338333333,3

,$S Seteatite Located it 100.0 dog Iomg$ Freq, 30.0 GNz 8
IATT. TABLE 2 Site. diversit~: N I it* &operationi diet. - 0.0 ka *

3 $ Useallme o %0path amlo 0.0 deg 1
a8ss~z:5zs5ss8:: Percentage of rear thatvmLee are exceeded' 0.1v0 3

Attenuation ox react MR, Max - 1.6a?, 5.874 (dl) X
3 3

3 3

?0-3 -1.00 -1.00 -1.00 -1.00 -1.06 -1.10 -1.0 -1.00 -1.00 -1.61 a

69-S -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.0 -1.00 -1.00 *
3 3

68-3 -1.0 -1.09 -1.00 -1.00 -1.0I -1.". -1.00 -1.". -1.00 -1.00 S
a X

67-X -1.00 -1." -1.00 -1.0 -1.00 -1.08 -1.0. -1.0 -1.00 -1.00 9
3 3

L 66-3 -1.00 -1.00 -1.". -1.69 -1.08 -1.09 -1.0 -1.00 -1.00 -1.00 1
A V ,
T 65-2 -1.00 -1.00 -1.0. -1.0 -1.0. -1.0. -1.0. -1.00 -1.0. -1.00 3I 3 $
T 64-3 1.63 1.6 -1.00 -1.0. -1.0. -1.0. -1.0. -1.0. -1.0 -1.00 3
U 3 $
0 63-3 2.14 2.00 2.04 1.69 -1.0 -1.00 -1." -1." -1." -1.00

6a-2 3.13 2.58 2.66 2.*S 1.71 2.14 -1.0. -1.00 -1.0. -1.00 a

3 61-3 3.55 3.60 3.29 2.33 2.30 2.74 a.61 -1.0 -1.00 -1.003

Q 60-3 4.C8 3.92 3.26 a.99 3.01 4.30 3.94 2.SS -1.0. -1.00 1$ 3
59-8 4.19 4.48 3.77 3.a9 4.17 4.26 4.47 4.39 4.58 -1.0. I

3 3

58-1 4.33 5.17 4.83 4.43 4.31 4.79 4.95 4.18 6.01 -1.00 93 3
S7-2 S.06 4.72 5.11 4.75 4.99 S.2" S.33 5.52 1.4S 5.61 3

3 3
56-2 5.08 5.16 5.40 S.2l 6.70 S.50 S.63 5.77 5.71 6.87 3

3 3

$1 79 77 ?S 73 71 69 17 6S 13

LONCGTUDE (DE.)
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Table 32

3 * Satellite located at 106.6 des toaej Freqv 30.6 Gs 3
I OTT. TOILE t Site divoraitw N a sits eperatien dist. - 0.0 km 2
3 3 leAslse to path eagle- 0.0 dog 3
33338182888833 Prceontseo o oer t=at values are excoodedt 0.10 9
* Attoe~Ao o ax rose# ia. Rex • 1.143. S.607 (08) X
S 8
338us:::: 332t2$:1822322233833$$2888:222888182:338388133833338388:88818

23823*8333233355 3332252258888225882258881228882252233g33
* $

70-: -1.00 -1.00 -1.O0 -1.66 -1.00 -1.60 -1.00 -1. 0 -1.60 -1.00 3$ *
69-2 -1.00 -1.00 -t.0 1.17 -1.o0 -1.00 -1.60 -1.00 -1.06 -1.8O 0

$ $
63-3 1.44 1.14 1.44 1.15 1.15 1.16 -1.00 -1.00 -1.00 -1.6# 8$ 3
67-3 1.56 1.56 1.S7 1.26 1.27 1.28 -1."6 -1.00 -1.00 -1.60 

3 8
L 66-8 a.03 1.7S 1.75 1.42 1.77 1.44 -1."6 -1."6 -1.00 -1.60 $

7 65-t 2.13 2.18 2.19 1.90 1.91 1.93 1.S7 1.59 -1.00 -1.60 3

T 64-3 2.28 .23 2.S9 2.44 8.46 2.47 3.07 1.S7 1.S8 1.60 8
U 3 *
D 63-3 2.71 2.43 3.0" 3.02 3.03 3.05 2.S9 3.10 a.64 a.6? 2
E a

62-3 3.61 2.71 3.36 2.93 3.31 3.33 3.3s 3.3a 2.90 2.64 2
2 2

D 61-3 2.65 2.98 3.33 3.26 3.68 3.70 3.32 3.35 3.38 3.423
E 3 $
Q £0-* 2.38 2.76 3.6" 3.63 3.65 3.67 3.69 3.73 3.35 3.81 32 3

59-a 3.a6 3.07 3.60 3.61 3.96 3.98 4.01 4.01S 4.09 4.13 2
2 2

SO-: 3.a4 3.24 3.24 4.80 3.66 3.61 3.64 4.62 4.06 4.70 32 3
S7-9 S.11 5.11 4.58 3.23 3.85 4.04 4.IS 4.39 4.04 5.00 8

3 3

S6-2 5.39 4.59 S.69 S.11 4.13 4.:1 4.64 5.61 4.96 5.02 83 3

S * I I I I

101 99 97 95 93 91 89 87 3s 83

LONGITUDE (DE.)
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Table 33

I 2 Satellite located at 100.6 dog tongj Froq: 30.0 GHz 8
A ATT. TABLE I Site diversit P ; aito sporation dist. - 6.0 km 2

S2 aselie to path angle- 0.0 dog I
22222222222222l Porcon,.agto of ueor that vatueg ore oxcoodedt 0.100 2
2 Attgioua.ion u x t rosae Min, Max - 1.438, 6.195 (dl) 2
2 $

2 2

70-2 -1.0 -1.-0 -1.00 -1.0 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 *
2 2

69-, 2.IS 2.11 2.08 2.05 2.03 2.01 -1.00 1.74 -1.00 -1.0 2
2 2

68-2 2.31 2.SO 2.47 2.43 2.18 2.16 2.14 1.70 1.70 1.44 22 2
67-2 2.80 2.75 2.71 2.67 2.40 2.38 2.36 2.22 1.96 1.95 2

2 1

L 66-2 2.97 3.16 3.12 3.0' 2.81 2.54 2.S2 2.51 2.23 2.22 2
A a I
T 65-9 3.32 3.2? 3.22 3.18 2.77 2.89 2.62 2.60 2.9 2.19 X
I I 2
T 64-2 3.74 3.68 3.63 3.59 3.10 3.30 2.83 2.57 2.S 2.5S w
u I 2
D 63-2 3.91 3.3S 3.79 3.54 3.50 3.47 3.23 2.98 2.78 2.?1 2
C 2 2

62-2 3.81 3.75 3.70 3.47 3.67 3.40 3.41 3.18 2.94 3.01 2

D 61-S 3.94 3.45 3.56 3.45 3.42 3.39 3.34 3.13 3.12 8.90 2
E a 2
G 60-2 3.95 3.89 3.70 4.20 4.16 3.36 3.33 3.32 3.46 3.08 a2 2

S9-$ 4.01 4.08 3.90 4.34 4.30 3.79 3.93 4.17 3.23 3.27 2
2 2

58-8 3.96 4.13 3.89 4.86 4.81 4.67 4.63 4.61 4.16 4.33 1
2 2

57-2 4.16 4.43 4.38 4.79 4.75 4.71 4.67 4.6S 5.13 5.12 2
2 2

56-2 4.36 4.51 4.82 4.46 5.94 5.89 6.19 6.18 6.14 8.18 2
2 2

I I I I I I I I I

121 119 117 115 113 111 109 107 105 103

LONGITUDE (DEG.)
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Table 34

2222222$222222222222$$222$222222222222222228212222$22222222222$$2222$St2

s Satellite located vt 106.0 dog long, Freqi 36.0 GHs 2
A ATT. TAILE 2 Site dversitUt N I ito seperation dist. - 0.0 ke X

2 $ Beseline to path angle- 6.6 dog 2
XX$Xt222222$2*X$ Percentae of reer that alues are exceeded: :.16d 2
$ ALneo xreAttenar Ril, flx a 2.194, 4.033 Cdl) 2
2 2

2 2

7O-2 -1.0 -1.60 -1.0 -1.00 -1.60 -1.06 -1.00 -1.00 -1.60 -1.00 s
2 2

69-2 3.90 3.74 3.59 3.46 3.35 3.25 3.16 3.08 3.01 2.19 2
I 2

68-t 3.77 3.62 3.49 3.37 3.26 3.1? 3.03 3.61 2.94 2.35 2
2 2

67-: 3.67 3.58 3.46 3.29 3.19 3.39 3.30 3.22 3.15 2.35 2
2 2

L 66-2 3.58 3.44 3.65 3.52 3.42 3.32 3.23 3.16 3.09 3.03 1
A I I
T 65-2 -1.00 3.37 3.57 3.45 3.35 3.52 3.43 3.35 3.28 3.22 2
I 2 2
T 64-2 -1.00 3.31 3.32 3.67 3.56 3.71 3.61 3.53 3.63 3.56 S
U 2 2
D 63-2 -1.00 3.25 3.27 3.16 3.75 3.8 3.73 3.69 3.79 3.72 2
f s a

62-2 -1.00 -1.06 3.46 3.36 3.66 4.03 3.93 3.85 3.77 3.76 X

D 61-X -1.00 -1.00 3.84 3.72 3.62 3.53 3.89 3.30 3.73 3.34 2

O 60-2 -1.00 -1.60 -1.00 3.68 3.5 3.49 3.41 3.33 3.26 3.63 22 2
59-2 -1.06 -1.00 -1.00 -1.O0 3.64 3.45 3.37 3.30 3.40 3.65 2

2 2

51-2 -1.00 -1.00 -1."0 -1.00 -1.0O 3.43 3.35 3.27 3.38 3.77 8
2 2

57-2 -1.00 -1.00 -1.0 -1.00 -1.06 -1.00 3.32 3.42 3.08 3.39 2
2f 2

S6-8 -1.00 -1.00 -1.00 -1.60 -1.00 -1.00 -1.00 3.40 3.80 3.54 I
2 2
222128822822228222222222282222228222228102222280222:2222288222$8

, I ! 6 6 I I ! I I

141 139 137 136 133 131 129 127 17S 123

LO#GITUDE (OC.)
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Table 35

* S Satellite located .t 166.0 dilo:I Freq. 44.0 GHz 2
t ATT. TARLE Site dlvorAit, Z N alt sop rotiom dlat. - 0.0 ki 9
* S leastflt to patk agIee. 0.6 deg 2
$SZs:SS::$zs~z:l Percentagm of ear tkht valuaes are exceeded, 0.6O0 2
S Atteaustio ex rmal Rin. lx - 2.078, 11.232 (d) 8
z a

55-$ 4.14 4.50 4.61 4.72 4.7S 4.53 4.6? -1.00 -1.00 -1.06 S
t Xt

54-S 4.94 4.73 4.84 4.96 4.91 4.30 4.95 4.80 -1.00 -1.60 S

53-2 4.77 5.02 5.13 5.26 S.1S 5.21 S.11 5.08 -1.00 -1.00 XIt S

S2-t 5.16 S.20 5.31 S.0% 5.37 5.53 5.44 5.34 2.O8 -1.00 2

L SI-2 5.23 4.85 4.96 S.49 5.19 S.SO S.6? 5.68 4.29 -1.00 5
A 2
T 5O-* S.54 S.38 S.S0 S.S7 5.39 S.9S 5.91 6.10 6.31 6.S5 I
1 2 3
T 49-2 S.28 5.39 5.59 S.90 6.64 6.31 6.6? ?.4a 6.74 6.52 2
U 2 9
D 48-$ 7.23 7.47 6.48 S.89 6.04 4.17 7.50 7.60 7.10 8.10 2
E st

47-S 8.38 9.04 7.72 6.91 S.14 S.69 7.49 7.54 7.18 8.03 S
C t
D 46-S 8.66 3.54 7.52 6.90 S.13 6.69 S.36 8.70 10.49 10.87 5
E I
G 45-9 8.64 3.53 9.22 8.17 3.36 9.09 9.3S 9.84 10.17 -1.00 2

$ It
44-: -1.00 -1.040 9.22 9.92 10.63 10.92 11.23 -1.00 -1.06 -1.00 2

43-2 -1.00 -1.00 -1.00 9.92 -1.0 -1.00 -1.0 -1.00 -1.0 -1.00 s
S S

42-S -1.00 -1.00 -1.00 -1." -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 2
2 5t

41-3 0.00 0.00 6.00 0.00 6.00 0.00 6.00 0.00 .00 0.00 sS S

I 6 t I I I I I I

73 71 69 67 6S 63 61 59 57 6s

LONGITUDE (DEC.)
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Table 36

2 S Satellite located at 10.S dog tongj Froqt 44.0 GHz X
S ATT. TABLE * Site diversltVt N j '&to aeperatlon dist. - 0.0 ke 9
2 I easteI to path Iaic. 6.0 dlg *
tIIuIlli**111I PerceanZtg o( vear that values are excoeded OSSll 3
2 AtteusatIoa oxtreat$ RiR, Max a 3.S76. 9.193 (dI) a
* 2
22222i:*;2'2ii2$12:i5$t25i*II25ISISIiill22issgsslll$lllllllli22:lssg

* S
SS-2 3.S7 3.94 3.97 3.62 3.6S 4.02 4.07 4.13 4.20 4.87 2

54-2 4.60 4.13 4.16 3.98 4.6e 4.42 4.43 4.54 4.76 4.14 9

53-2 S.39 4.22 4.64 4.18 4.60 4.6S 4.71 5.16 5.24 S.03 S

S2-9 5.12 5.40 5.44 4.6? 4.71 4.76 5.22 5.29 5.31 5.31 2

L S-2 5.78 5.81 5.43 4.69 4.91 5.21 5.27 5.35 5.31 5.45 2
A 9
r 50-2 6.38 5.80 S.16 5.46 S.31 5.53 5.60 6.17 S.3S 5.19 X

T 49-2 6.19 5.79 S.IS 5.67 5.86 6.19 6.27 6.3" 6.99 7.11 a
U 2 X
D 43-2 -1.00 S.73 5.15 S.87 6.20 6.44 6.S 6.70 6.S8 6.63 2
E a 2

47-2 -1.00 -1.60 -1.00 6.14 6.19 6.77 6.1S 6.94 1.01 3.23 S

D 46-2 -1.00 -1.06 -1.00 -1."1 6.S2 6.99 7.07 7.17 1."1 8.21 2

G 45-9 -1.00 -1.00 -1.00 -1.00 7.12 7.3S 7.43 7.43 3.01 3.22 3

44-2 -1.0 -1.e0 -1.60 -1.00 7.70 7.78 7.87 7.63 1.11 8.22 1
2 $

43-2 -1.00 -1.00 -1.0 -1.00 8.98 9.07 7.33 7.93 1.10 -1.00
2 3

42-9 -1.00 -1.60 -1.00 -1.00 -1.0S 9.09 9.19 -1.O0 -I."1 -1.0 0
2 3

41-2 0.00 0.00 0.0 0.00 0.00 1."1 0.00 0.00 0.00 0."1 3
41 I O.tOO OOOl OOO. OO II I O.I

93 91 89 8? 35 33 81 79 77 7S

LOMGITUDE (DEG.)
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Table 37

$ * SatelLite Located at 100.0 dog Longj Froqi 44.0 Qz X
S ATT. TAILE * Site dIvqr*ItWi N I site aeparatlon diet. 0.0 ko X

a $ *askling to path aagtl- 0.0 dog 2
28888813:::ts88 Percoeatago of year that valuo are exceede 0.500 3
3 Attsausto lox e.ast Rim. Pax 3.237. 6.714 (dt) X

$ $*2$::3az$z223T81ZR1151183:2332:3232352333$33338813:3333333333322332f22

z$ 18823g31$23$3$323$$3233822$$38:3$$$$82333l3U332883882:38
* $

55-1 5.33 5.12 4.63 4.66 4.64 4.20 4.35 4.58 4.59 4.11 X
S a

54-S 5.14 5.10 4.81 4.39 4.37 4.61 4.60 4.60 4.13 4.19 2
* 2

53-: 4.36 4.32 4.79 4.33 4.36 4.73 S.09 .09 5.10 S.37 3
5 2

S2-2 4.03 4.31 4.73 4.36 4.35 S.08 5.03 S.4€ S.42 S.16 2
X 3

L 51-3 3.78 4.2 4.8 4.17 4.17 4.90 s.a3 s.ss S." S.76 3
A 8 S
T SO-* 3.84 3.74 4.11 4.17 4.16 4.1 5.08 5.17 6.71 6.46 3
I 3 3
T 49-: 3.59 3.35 3.86 4.16 3.75 4.44 5.07 6.13 6.4a 6.45 3
U 3 8
D 48-3 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.0 -1.0 -1.0 -1.00 3£ 3 S

47-3 -1.00 -1.06 -1.00 -1.00 -1.00 -1.00 -1.00 -1.0 -1.00 -1.0
S 8 -
3 46-8 -1.00 -1.00 -1.00 -1.00 -1.00 -1.09 -1.00 -1.00 -1.0" -1.00 

C 43-8 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.09 -1.0 -1.0 33 3
44-3 -1.00 -1.00 -1.00 -1."0 -1.00 -1.00 -1.00 -1.00 -1.0 -1." S

8 343-3 -1.00 -1.06 -1.80 -1.00 -1.00 -1.00 -1.80 -1.09 -1.09 -1.00 3t
3 3t

48-3 -1.00 -1.008 -1.09 -1.09 -1.00 -1.09 -1.00 -1.00 -1.09 -1.049 3
3 3

41-8 0. 00 0. 00 0.09 0.09 0.09 0.00 0.00 0.0 0.09 3
3 3

U88t 8i I 81 tI~t8It i l I 8i 88 S8i S I183118181888

113 111 109 107 105 103 101 99 07 Is

LONGTTUDE (DG.)
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Table 38

:22$$2z222222222l*2$$222222S2$22t222222222222$222222S22Z122222223$23S322
2 2 SItellit e located at 100.0 dug longi Freq8 44.0 Gil X

2 ATT. TAPLE z Site diveral t H alNt* aeperaton dist,. - 0.0 ke 2
* 2 Is~G ne to path angle- 0.0 dog 2
212222322*222232 Percentage of *er that vaes are eo cededl 0.00
SAttenuatlon extremet MLn. Max - 2.104. 5.191 (do) X2 2

55-2 -1.00 -1.00 -1.00 2.62 2.39 2.6S 3.42 3.77 3.SO 4.S2 I
2 1

54-9 -1.00 -1.00 -1.00 -1.00 2.26 4.10 3.26 3.53 4.55 S.19 2

53-2 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 3.09 3.74 4.53 S.17 2

52-2 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 2.17 3.73 3.46 4.31 2

L 51-2 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 2.17 2.14 3.67 3.27 S
A 2 a
T SO-* -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 2.13 2.11 3.63 2
1 2 s
1 49-2 -1.00 -1.00 -1.O0 -1.00 -1.00 3.36 -1.00 a.15 2.10 2.9,5 2
U 2
D 48-2 -1.0 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 3
E 2 2

47-2 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 t
( 2$

D 46-2 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.0 -1.00 2
E 2
G 45-2 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00

44-2 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.0 -1.00 -1.00 -1.00 a
22

43-2 -1.0 -1.0 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 2

42-2 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.0 0
s 2

41-3 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 t

133 131 129 127 1S 123 121 119 117 11

LONGITUDE (DEC.)
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Table 39

2 2 Stelttits located at 100.0 dog tong, Freq, 44.0 CM: 2
I ATT. TAILE S Site dIwsraItVI N 1 cit.. perlon dist.. 0.0 k a
2 2 Im ina to path alSt*" 0.0 dug 2
l22222222222I2 Percentage of oar that values arl miclldedl 1.501 2
* tAtteu on ext rema Rig, Pax 1.423. 4.S59 (dl) 2* 2

2 2t
70-2 -1.00 -1.00 -1.0 -1.60 -1.60 -1.0 -1.06 -1.00 -1.06 -1.60 X

2 x
69-2 -1.00 -1.60 -1.06 -1.00 -1.60 -1.0 -1.0 -1.00 -1.06 -1.00 2

2 It

68-2 -1.0, -1.00 -1.00 -1.0 -1.06 -1.00 -1.00 -1.06 -1.00 -1.10 1
2 *

67-2 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 S
x 2

L 66-9 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 2
A 9
T 65-2 -1.00 -1.00 -1."0 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.01 3

T 64-S 1.42 1.4S -1.00 -1.0 -1.00 -1.0 -1.0 -1.0 -1.00 -1.00 X
U 2 2
D 63-2 1.81 1.71 1.74 1.43 -1.0 -1.0 -1.0 -1.0 -1.0 -1.00 2
E 2 2

62-S 2.59 a.15 2.21 1.76 1.49 1.83 -1.0 -1.0 -1.00 -1.00 2

3 61-2 2.86 2.90 2.67 1.97 2.01 2.29 2.12 -1.0 -1.00 -1.00 2
E x 2
9 6-2 3.34 3.13 2.65 2.46 2.48 3.42 3.17 2.1S -1.0 -1.00 22 2t

9-: 3.31 3.52 3.02 2.67 3.32 3.39 3.5S 3.50 3.00 -1.00 2
$ 2I

SO-* 3.44 4.66 3.77 3.53 3.41 3.77 3.89 3.84 3.9S -1.06 3
2t 2

S7-2 3.91 3.68 3.96 3.72 3.89 4.09 4.18 4.29 4.2S 4.38 2
2 2t

56-9 3.93 3.98 4.16 4.03 4.33 4.26 4.3S 4.46 4.43 4.56 2

81 79 77 75 73 71 69 67 66 63

LOHGITUDE (DEC.)
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Table 40

3 I Satellite located at i0. dog longi Froq: 44.0 Gz I
3 ATT. TABLE 3 Site dlveraltVi N ; &its *operation dist. - 0.0 km X
3 3 gasoline to patk angle. 9.0 dug *
3333333333$3I3$3 Porcoatago of uer tkat values are exceeded t 0.$00 3
$ Atteumoatoa oxfroasat Min, M ax - 1.037. 4.272 (dl) I
3 $
$11$8811151•333333335138$$33$3333333t333t3333•33*3333S33t333333333$83333

$ 3

70-t -1.00 -1.00 -1.00 -1.00 -1.0 -1.0 -1.00 -1.00 -1.00 -1.00 $
3 1

69-3 -1.00 -1.00 -1.00 1.07 -1.00 -1.00 -1.00 -1.0 -1.00 -1.00 1

68-2 1.27 1.04 1.27 1.04 1.O9 1.05 -1.00 -1.00 -1.00 -1.00 3
3 3

67-2 1.37 1.37 1.37 1.13 1.14 1.14 -1.00 -1.00 -1.00 -1.00 9
3 3

L 66-S 1.73 1.51 1.98 1.26 1.53 1.27 -1.00 -1.00 -1.00 -1.00 3
A S
T 6S-S 1.84 1.84 1.85 1.63 1.63 1.64 1.38 1.39 -1.00 -1.00 1
1 3 3
T 64-3 1.91 1.91 2.15 2.04 2.0 a.06 1.76 1.37 1.39 1.40 X
U $ a
D 63-3 2.23 2.02 2.45 2.46 2.47 2.48 2.15 2.52 2.19 2.22 2
E 3

62-3 2.45 2.23 2.70 2.43 2.67 2.68 2.70 2.73 2.33 2.19 S
( 3 $

D 61-8 2.13 2.42 2.68 2.13 2.93 2.95 2.67 2.70 a.73 2.76 2

G 60-3 2.35 2.26 2.33 2.39 2.91 2.92 2.94 2.97 2.70 3.04 8
3 3

59-8 2.62 2.49 2.87 2.17 3.13 3.14 3.17 3.19 3.23 3.26 S
3 3[

58-3 2.61 2.61 2.61 3.71 2.87 2.88 2.90 3.17 3.20 3.66 3
3 3

57-3 3.92 3.92 3.55 2.60 2.61 3.18 3.75 3.7$ 3.82 3.86 3
$ 3

56-2 4.11 3.56 3.91 3.92 3.24 3.58 3.61 4.27 3.83 3.88 3
3 3

101 99 97 96 33 91 89 37 I5 83

LONGITUDE (DEG.)
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Table 41

2 2 Satellite located at 100.6 dog ooagi Freqt 44.0 ON% a
A ATT. TBILE $ Site diveraityt N itse aeporation dLt. - 0.0 km S

t 4 Deolia to patk elgte- 6. dog 2
2222222222$$222: Percoetag. of xear tkat valij& are exceededl 0.00 2
* Atte.'uaIt extroses Min, Max - 1.74. 4.66S (dB) X* 2

2 2
70-1 -1.06 -1.06 -1.60 -1..0 -1.06 -1.00 -1."- -1.00 -1.00 -1.06 S

2 2
69-: 1.85 1.82 1.79 1.76 1.74 1.72 -1."0 1.52 -1.06 -1.06 *2 2
68-2 1.96 2.11 2.03 2.05 1.86 1.84 1.8a 1.43 1.48 1.27 1

2 2
67-: 2.33 2.29 2.26 2.23 2.02 2.00 1.99 1.38 1.68 1.67 22 8

L 66-2 2.46 2.59 2.SS 2.52 2.33 2.12 2.10 2.09 1.88 1.88 2
A 2 2
T 65-2 2.71 2.66 2.63 2.59 2.29 2.37 2.17 2.16 2.1S 1.35 2I 2 2t
T 64-2 3.01 2.96 2.9a 2.38 2.53 2.67 2.38 2.13 2.12 2.11 S
U 2 2
0 63-2 3.12 3.0 3.63 2.3S 2.38 2.79 2.62 2.43 2.24 2.23 2
E 2 $

62-2 3.65 3.60 2.96 2.79 2.93 2.74 0.74 2.57 e.40 2.4S2 I 2
D 61-2 3.14 2.79 2.31 2.73 2.75 2.73 2.69 2.S4 3.53 2.37 3E 2 2
G 60-2 3.15 3.10 2.95 3.31 3.23 2.70 2.63 2.67 2.77 2.S6 2

S9-9 3.19 3.23 3.10 3.41 3.37 3.01 3.11 3.23 2.64 2.63 2
58-2 3.14 3.26 3.09 3.76 3.73 3.62 3.60 3.S8 3.27 3.38 2

2 2t
5?-2 3.29 3.4? 3.43 3.72 3.68 3.6S 3.63 3.60 3.94 3.93 22 2t
56-2 3.43 3.53 3.74 3.48 4.50 4.46 4.66 4.64 4.62 4.61 2 2

2I122222222*22222222222222:2222t:ag:2:22:2222322*hszuusIz z:2

121 119 117 115 113 111 169 17 l6s 103

LONGITUDE (KG.)
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Table 42

3333333333313333333133$33333$333333333$3333*33333$3531333$333:3333333333
X 3 Satelite located at 100.0 dog log; FreqI 44.0 GQN 3

t ATT. TAILE * Site diveraltVI N i lts, seperstio dist. - 6.0 km 3
3 3 3ea~limo to path engle- 0.0 do8 3
$33$$:333:zt$$ss Percoantago of oser that value& are exce~edmd 0SO0 
s Atteae!ton rx real Him. Maex 1.883, 3.853 (d) 3
3 3ZlZSlZZZ ZZSZSISZ$3ZZZ$ZSS S $~JZ~Z

3 3
70-3 -1.60 -1.00 -1.00 -1. 0 -1.06 -1.00 -1. 0 -1.00 -1. -1.06 s

3 3
69-3 3.2S 3.12 3.0 2.39 2.80 2.71 2.64 2.57 2.51 1.88 33 3
68-3 3.15 3.02 2.91 2.81 2.72 2.64 2.57 2.61 2.45 2.06 a

3 3
67-3 3.06 2.94 2.83 2.74 2.66 2.04 2.73 2.66 2.60 2.37 S

$ 3
L 66-S 2.93 2.87 3.01 2.91 a.82 2.74 2.67 2.11 2.SS 3.5O S
A 2
T 65-3 -1.00 8.81 2.9S 2.85 2.77 2.89 2.81 2.7S 2.69 a.64 I
I a I
T 64-3 -1.00 2.76 2.76 3.01 2.92 3.02 2.94 2.87 2.94 2.83 3
U 3 3
D 63-3 -1.00 2.71 2.71 2.63 3.05 3.14 3.06 8.99 3.05 8.99 3
E 2 3

62-3 -1.0 -1.00 2.35 8.76 2.99 3.2S 3.17 3.10 3.03 2.92 a( 3 3
D 61-3 -1.60 -1.00 3.13 3.03 a.9S 2.17 3.13 3.06 3.60 3.07 3
E a 5
G 60-S -1.00 -1.00 -1.00 3.00 2.92 2.84 2.73 2.71 2."r 2.3s 33 3

S9-X -1.0 -1.-00 -1.00 -1.00 2.89 2.32 2.7S 2.69 2.76 2.94 9
3 $

58-S -1.00 -1.06 -1.00 -1.00 -1.00 2.79 2.73 2.67 2.74 3.0" $
3 t

57-3 -1.00 -1.60 -1.00 -1.0 -1.60 -1.00 2.71 2.?? 8.58 3.10 8
t a

56-8 -1.60 -1.00 -1.00 -1.60 -1.0 -1.00 -1.00 a.76 2.61 2.3s 3
3 3

141 139 137 13S 133 131 129 127 125 183

LONGITUDE (DEC.)
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Table 43

, , SatelLite located at 100.0 deg to:gj Freqi 44.0 04s ,
SATT. TAILE * Site divor&1atW N site. aeperstion diet. - 0.0 kn I
Saseolin to path eltes 0.6 dog9
2222222222222 Percen~tag .1 year Lthat alcos ar e xcododi @100

A Atonaton ox romea Mn. Mex * 4.573. 24.716 (do) I
2 9
22$1225222552222222225222228512222222222$82511222221182222232222222223

22222222:1118222218122212228225222112222*2221222222211181111111

2 a55-2 9.12 9.91 10.14 10.39 10.46 1.97 10.23 -1.00 -1.00 -1.002Z
2 2

54-8 10.87 10.41 10.65 10.91 10.81 10.55 10.88 10.56 -1.00 -1.00 *
2 $

53-2 10.49 11.05 11.30 11.57 11.34 11.47 11.24 11.18 -1.00 -1.00 £
2 2

52-2 11.35 11.44 11.69 11.17 11.33 12.16 11.36 11.76 4.S7 -1.00 S
2 2

L S1-2 11.S 10.67 10.91 12.09 11.42 12.11 12.43 12.S0 9.44 -1.00 2

T 50-* 12.20 11.83 12.09 12.25 12.97 13.09 13.00 13.43 13.89 14.41 S
1 a 2
T 49-2 11.62 11.8S 12.30 12.99 13.3a 13.33 14.67 15.45 14.32 14.3S S
U X 2
D 43-2 15.91 16.44 14.27 12.96 13.29 9.18 16.51 16.73 15.61 17.83 2

47-2 18.43 19.89 16.99 15.20 11.31 13.53 16.43 16.S9 17.15 17.78 2( 2 2
0 46-2 19.07 18.79 16.55 15.13 11.29 12.S1 12.38 19.1S 23.09 83.93 2

9 45-2 19.02 18.78 20.29 17.99 19.48 20.00 20.53 21.6 22.39 -I.O00
2 2

44-2 -1.00 -1.00 20.23 21.32 23.40 24.02 24.72 -t.0 -1.00 -1.00 X

43-2 -1.00 -1.00 -1.00 21.8 -1.00 -1.0 -1.00 -I.00 -1.00 -1.00
2 2

42-2 -1.00 -1.00 -1."0 -1.00 -1.00 -1.00 -1.00 -1.0 -1.00 -1.00 X
2 2

41-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 2
2 2II I I

73 71 69 67 65 63 61 59 S7 55

LONGITUDE (DEC.)
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Table 44

22222222**2222222222*22222*2222222222$32*2*332222$22222*2322$$2222$*21$$

2 2 Saethelie located .t 100.6 dog toagi Freq: 44.0 GHs X
2 ATT. TABLE s Sit* dLvorsitw8 N £ alM o eper aton dist. - 0.0 km 2
$2 Dasellne t, patk angle 0.0 dog 1
92222s2$12ts22 Percentae of aesr ahat vaeies are exceeded, 0.100 2
2 Atteatiton oxt reeat MAn, Max - ?.355, 20.230 (d) 2
2 2
2222222 2222222553222$$32282222322222332222*3222222232222232228322222222

2 2

55-* 7.36 8.67 8.73 7.96 8.04 8.85 8.96 9.09 9.24 9.40 2
2 2

54-2 10.12 9.09 9.16 3.77 3.35 9.73 9.86 10.00 10.48 10.66 2
2 2

S3-2 11.86 9.28 10.81 9.20 10.12 10.23 10.36 11.3S 11.53 11.18 X
9 2

S2-2 11.26 11.29 11.97 10.87 10.37 10.49 11.49 11.65 11.83 11.68 X
2 2

L S1-2 12.71 12.78 11.9S 10.33 10.79 11.46 11.66 11.76 11.80 12.00 2
A 2 2
T SO-* 14.03 12.76 11.35 12.02 11.67 12.13 12.33 13.S7 12.88 11.43 X
I 2 2
T 49-2 13.61 12.74 11.34 12.48 12.90 13.63 13.79 14.96 15.39 15.65 2
U 2 2
0 48-X -1.60 12.73 11.33 12.92 13.64 14.18 14.35 14.7S 14.36 14.60 2
E 23

47-2 -1.00 -1.0 -1.00 13.S0 13.63 14.83 IS.0? 15.27 17.81 18.10 S

D 46-2 -1.06 -1.60 -1.0 -1.00 14.34 15.38 16.S6 15.77 17.80 18.07 2
E 3 2
C 45-2 -1.60 -1.00 -1.0 -1.00 15.63 16.17 16.36 16.4S 17.8 18.09 3

3 2

44-3 -1.00 -1.00 -1.00 -1.00 16.93 17.11 17.31 16.91 17.30 18.09 2
$ 3

43-3 -1.00 -1.00 -1.00 -1.00 19.76 19.97 17.33 17.56 17.32 -1.06 S

42-2 -1.00 -1.00 -1.00 -1." -1.00 20.00 20.23 -1.0 -1.00 -1.00 *
2 2

41-2 0.00 0.00 0.0 0.00 0.00 6.0 0.0 0.60 0.0 0.00 2
2 2

93 91 39 87 3s 83 31 79 77 75

LONGITUDE (DEC.)
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Table 45

$gggxzZ$$1ZggZgsg22$2222i323232Z222233$$S222$$$$33222*22$$$32$$O32$$333

a Satellite located it 100.0 dog longs Froq8 44.0 GHs X
$ ATT. TAILE 2 Site diveraitts M ; alto,0 aprat, on dIat. s 0.0 k 2
$ Taseine to path anglea 0.0 dog 9
2222$2Z$1222 e$$2 Parcetago e xuer that valoes are ezceeded$ 0.100 1
S Atteonution sxtremat Hin. Max - 7.183. 14.776 (dlU X
2 £t

zauz 8888::z1888188881888223888BZZ888822**223
18 88888888818

2 a
5S-S 11.74 11.27 10.30 10.15 10.21 9.23 9.57 10.03 10.09 9.04 a

* 2

54-2 11.31 11.22 10.S3 9.66 9.62 10.14 10.12 10.12 9.20 9.22 S
2 2

53-: 10.70 10.62 10.$4 9.63 9.S9 10.42 11.20 11.20 11.21 11.81 2
2 2

S2-9 8.86 10.59 10.51 9.60 9.56 11.18 11.17 11.9a 11.94 11.58 2

L S1-X 8.32 9.30 9.23 9.13 9.18 10.78 11.51 12.21 11.23 12.66 S
A s a
T SO-* 7.12 8.24 9.OS 9.17 9.16 10.13 11.18 11.69 14.73 14.21 2
I 2 3
T 49-2 7.29 7.37 8.S 9.16 3.15 9.77 11.16 13.68 14.13 14.19 2
U 2 2

D 48-2 -1.00 -1.0 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 2
E 22

47-2 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 X
C 2 3

D 46-2 -1.00 -1.00 -1.0 -1.00 -1.00 -1.0 -1.00 -1.00 -1.00 -1.0O X
E s 2
G 4S-2 -1.00 -1.00 -1.00 -1.00 -1.00 -I.00 -1.00 -1.00 -1.00 -1.0 3

2 3
44-3 -1.00 -1.00 -1.0 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.0 S

2 2
43- -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.0 -1.00 S

s s
42-2 -1.00 -1.0 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.002

2 2

41-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 S.00 0.00 3
2 s

I I I I i I S .I

113 11. 109 107 10S 103 101 99 97 95

LONGITUDE (DEG.)
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Table 46

salg:::$gsggggzs::aszoXXxZSZosgzs8zgszs::gg8zgs$ zgs$sagzgggsg$sZsgggggz$
O S Setellite locaeed at 100.0 dog IoRgj FraqI 44.0 G)x X
I ATT. TrALE I Site. dieretVI N i siot &operation dist. - 0.0 kn 2
O 3 S oasoline t.o pathe gto- 6.0 dag e
31333333111383 Percent.agg of eer that values are exceodedt 0.100 21
8 At.t oataRo ox rone in. Mex - 4.629, 11.424 (dl) X
O S

SS-9 -1.00 -1.00 -1.00 5.76 5.2S S.32 ?.S2 8.30 7.71 9.9S
* *

54-2 -1.00 -1.00 -1.00 -1.00 4.98 9.03 7.17 7.77 10.08 11.42 2

53-3 -1.O0 -1.00 -1.00 -1.00 -1." -1."0 6.30 8.23 9.98 11.38 a

S2-3 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 4.73 8.20 7.6U 9.48 9

L 51-$ -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 4.77 4.70 8.00 7.20 S

T 50-3 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 4.69 4.64 7.93 3I 3
T 49-3 -1.00 -1.00 -1.00 -1.00 -1.00 7.40 -1.0" 4.73 4.63 6.49 3
U 8
9 48-3 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.90 -1.0" -1.00 -1.0
E a a

47-3 -1."0 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.0 3( 3
O 46-3 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00
E a
Q 4S-I -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.0 -1.0 8

44-3 -1.00 -1.00 -1.0 -1.00 -1.00 -1.00 -1.00 -1.00 -1."0 -1.oo

43-S -1.*0 -1.00 -1.00 -1.00 -1.00 -1. -1.00 -1.00 -1.0" -1.0 "3
1 3

42-8 -1.00 -1.00 -1.00 -1.0 0 -1.00 -1.00 -1.00 -1.00 -1." -1.00

41- 0.00 0.00 0. 0.0 6." 0.0 0.00 0.00 0.00 0.0I

133 131 129 127 12S 123 121 119 117 115

LONCITUDE (DEC.)
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Table 47

sa$$$azaaaaaxszaaaZ$azaSZSaagaga$aaStSS~aSS~SaSSZZZZ$ZZXZSO$8SZZaaa

* S Satellite located at, 160.0 d.g long; Iroqt 44.0 GHz $
3 ATT. TABLE S qito diversitU N site0 Seperation dist. • 0.0 km I

I laseline to path angle- 0.0 dog 9
$8X$$t1X*:1$15aa Percentage of year that values are @xceededl 0.100 9
S Attenation exrese: MRn, Rex - 3.132, 10.633 Cd8) $
* $
araalSaSS$S$$$aSSStSZS~S$ SS$SSaSSaal3SSt S SS*~~SSSSSSS$SSSSISSSSZSI

$ a
70-5 -1.00 -1.00 -1.00 -1.60 -1.00 -1.06 -1.00 -1.00 -1.00 -1.00 $

* a
69-S -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.06 -1.00 -1.00 -1.66 aS S
67-t -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 R

67-$ -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.O0 9
A $

L 66-a -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 5

1' 65-2 -1.00 -1.00 -1.0 -1.00 -1.00 -1.00 -1.00 -1.00 -1.06 -1.00 5

T 64-S 3.13 3.18 -1.00 -1.00 -1.00 -1."O -1.00 -1.00 -1.00 -1.00 S
U $ S
D 63-a 3.99 3.77 3.84 3.26 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 X
E x a

62-S s.7# 4.74 4.37 3.87 3.28 4.04 -1.0 -1.00 -1.00 -1.00 a
( $ a
D 61-S 6.29 6.38 5.89 4.33 4.42 5.03 4.66 -1.00 -1.00 -1.00 1
E S S
O 60-S 7.34 6.8 5.83 5.42 S.4G 7.53 6.98 4.73 -1.00 -1.00 5

S9-T 7.28 7.74 6.64 5.89 7.30 7.46 7.81 7.71 7.92 -1.00 2$ a
S8-* 7.57 8.80 8.29 7.77 7.S 8.29 3.55 8.45 8.69 -1.00 2$ S

S?-a 8.61 8.10 3.72 8.18 8.56 9.00 9.21 9.44 9.36 9.64 1
a a

S6-2 8.64 8.76 9.15 8.37 9.64 9.37 9.S8 9.82 9.7S 10.03 a
2 a55 S 3 t3$$S::$aSs:: $ S Sl 5iS 5*555253535*$$55$35:2288awas$8g2

21 79 77 75 73 71 69 67 6S 63

LONGITUDE (DIG.)
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Table 48

z Satellite located at 106.0 dog longi Freqt 44.0 QH. I
A T?. TABLE I Site divorstVI N ; &L0 aeperation dit. * 0.0 km 9

Sgasolinae to path angle- 0.0 dog
321535*252$$55*3 Percentage of Mear that valaue are oxcendedt @.100 x
SAttenuatlon Ox.reaas Min, Max - 2.282. 9.401 (d0) 1
* 3

3 2
70-t -1.60 -1.0 -1.00 -1.06 -1.06 -1.8 -1.00 -1.00 -1.00 -1.60 *

• 3

69-S -1.00 -1.00 -1.00 2.34 -1.06 -1.06 -1.00 -1.00 -1.06 -1.06 1
* 2

68-2 2.80 2.28 2.80 2.29 2.30 2.32 -1.00 -1.00 -1.06 -1.00 *
3 2

67-t 3.02 3.02 3.02 2.49 2.66 2.S2 -1.0 -1.00 -1.00 -1.0 3
• 2

L 66-9 3.81 3.33 3.34 2.77 3.36 2.30 -1.0 -1.0 -1.00 -1.00 2
A i t
T 65-9 4.06 4.06 4.06 3.58 3.59 3.62 3.03 3.0 -1.00 -1.00 *
I 3 a
T 64-2 4.26 4.20 4.72 4.48 4.50 4.53 3.86 3.02 3.05 3.09 X
U • 9

D 63-2 4.91 4.46 S.39 5.41 5.43 S.46 4.72P S.6 4.32 4.38 2
E I at

62-S S.39 4.91 S.96 5.35 S.37 5.90 5.94 6.00 5.83 4.32 S
( $ 2
D t-2 4.81 5.33 S.89 5.73 6.4S 6.49 5.89 5.94 6.00 6.07 2

C 64-2 S.17 4.97 6.3S 6.37 6.39 6.43 6.48 6.63 5.95 6.68
2 2

S9-: S.78 S.47 6.30 6.38 6.33 6.92 6.97 7.03 ?.0 7.18 3
2 2

SO-* 5.74 5.74 S.7S 8.16 6.31 6.34 6.39 6.98 7.96 3.06 3
$ 2

57-1 3.63 8.63 7.82 S.73 S.7S 6.99 3.2S 3.32 8.40 3.SO 2
2 2

S6-: 9.06 7.83 .66 8.62 7.14 7.33 7.93 9.40 3.43 3.53 3

11 99 97 96 93 91 89 37 3s 83

LOWGITUDE (DE.)
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Table 49

$55 S*SSSSSSS$SSSIS$$SSSSSSSZSZ~ZZZZZ$$SSSSSSSSSS$$RSSSSSSSSt8ZZSS
2 $ Satellite located a. IO.@ dog longs Froq. 44.0 GNs X
9 ATT. TABLE S Sit diveraltW ! ; site seperetio dait. 0 0.0 km *
S 9 guseline to pJOBagle- 6.6 d g S
SSSSSSSSSSSSSS$$ Percentage of Mear tkat values aare exceeded; 0:0 
S Atteaution A o room$ Min, Max • 2.804, 1O.86 (dl) X
St S

I *t
70-S -1.00 -1.0S -1.06 -1.6 -1.66 -1.60 -1.60 -1.06 -1.06 -1.00 3

St S

69-S 4.06 3.99 3.93 3.88 3.33 3.80 -1.06 3.34 -1.0 -1.60 $S St

68-t 4.32 4.6S 4.58 4.S2 4.08 4.04 4.01 3.27 3.25 2.80 SS St
67-S 5.13 5.04 4.97 4.96 4.45 4.41 4.37 4.13 3.69 3.68 5

a S
L 66-S 5.41 5.70 S.62 5.55 S.12 4.67 4.63 4.60 4.14 4.13 X
A S S
T 65-1 5.96 5.86 5.72 5.71 6.04 5.22 4.78 4.75 4.73 4.06 6I 5t $
7 64-t 6.62 6.S2 6.43 6.3S S.S7 S.87 5.11 4.68 4.66 4.65 5
U S S
D 63-S 6.88 6.77 6.68 6.27 6.20 6.1S 5.76 5.36 4.93 4.91 5
E a 8

62-S 6.71 6.60 6.61 6.14 6.45 6.02 6.63 5.66 5.27 5.39 5

0 61-t 6.92 6.13 6.19 6.12 6.*S 6.60 5.92 5.59 5.S6 S.21 5
E % a
G 66-2 6.92 6.8 6.6 7.29 7.21 S.9s S.96 S.87 6.09 s.s XSt S

59-V 7.02 7.12 6.82 7.S 7.42 6.62 6.84 7.21 5.8 5.73 I

58-$ 6.92 7.13 6.79 8.28 8.26 7.97 7.92 7.87 7.19 7.4S 5
5 S

57-2 7.24 7.64 7.5S 8.18 3.10 3.03 7.93 7.93 8.67 3.6S I

S6-S 7.54 7.76 8.23 7.64 9.90 9.31 16.26 16.1 10.17 10.14 8

I I I I I I t

121 119 117 115 113 111 109 107 16 103

LONGITUDE (DEC.)
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Table 50

s 9 Sateltit, located at 100.0 dlo bagsFrsqf 44.0 Offs 8
3 ATT. TAILE 2 Site divorsitt N s aLt o aporalon dtat. 0.6 kme t
* 3 5oeamlia t.o peth Snue- 0.O dog 3
888$$*3$$83383$3 Percentage of har th. vabusa l ru oxcoododi 0.1r0 o
3 ~AtteoUiat!on x & r Mis n, Nax P 4.145, 7.159 (dl) I* 8
s33888323:88183:11383818338813388183333818833381818333318333833388333311

2 3
7-* -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 a

69-8 7.16 6.86 6.S9 6.36 6.15 5.96 5.80 5.66 S.S3 4.14 3
8 3

68-S 6.93 6.65 6.40 6.18 5.93 5.32 5.66 5.52 5.39 4.41 38 3
67-8 6.73 6.47 6.23 6.04 S.8S 6.17 6.00 5.86 5.73 S.22

L 66-2 6.57 6.31 6.63 6.41 a.21 6.04 5.3 S.74 5.62 S. 3
A s x
T 65-2 -1.00 6.19 6.49 6.a3 6.09 6.35 6.19 6.0S 6.98 6.80
1 1 3
7 64-8 -1.0 6.08 6.67 6.62 6.42 6.64 6.4? 6.32 6.46 6.34 3
U 3 $
D 63-3 -1.00 5.97 5.97 5.79 6.72 6.90 6.73 6.58 6.78 6.59 3
E 83

62-8 -1.00 -1.00 6.a7 6.08 6.57 7.14 6.97 6.81 6.67 6.5S S

0 61-3 -1.00 -1.00 6.89 6.68 6.49 6.32 6.89 6.74 6."0 6.76 3

G 60-: -1.00 -1.00 -1.00 6.60 6.42 6.25 6.11 5.97 5.3s 6.|7 8
$ 3

s-t -1.00 -1.00 -1.00 -1.00 6.36 6.20 6.06 5.92 6.07 6.46 3
3 3

53-S -1.00 -:.0 -1.00 -1.00 -1.00 6.14 6.00 S.37 6.03 6.64 3
t 3

67-3 -1.00 -1.00 -1.0 -1.00 -1.00 -1.00 S.96 6.10 S.SS 6.82 3
a 8

56-2 -1.00 -1.00 -1.00 -1.0 -1.0 -1.00 -1.00 6.06 5.74 6.26 8
3 3

o. ! I I I ! .o!,
141 139 137 135 133 131 129 137 185 113

LONGITUDE (DEG.)
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Figs. 40-48 Rain attenuation exceedance ranges
(pages 116-124) over a region, 400N-70*N latitude and

550W-145@W in longitude, in Canada for an
earth-satellite path in a geostationary
link at 20, 30 and 44 GHz for the follow-
ing values of P. The legend gives the
ranges of attenuation exceedance values
corresponding to the symbols in the map.

The longitude of the satellite is 1000 W
and there is no site diversity. The min.
and max. attenuation exceedance values
over the region are also shown.

Frequency Percentage P of time of an average year
when the rain attenuation exceeds a
range of values.

20 GHz (1) P = 0.5%
(2) P = 0.1%
(3) P = 0.01%

30 GHz (1) P = 1.0%
(2) P = 0.5%
(3) P = 0.1%

44 GHz (1) P = 1.0%

(2) P = 0.5%
(3) P = 0.1%
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::sxt22I22t2;t$22tz22xZlXStZtlzg222$$1x22zz222222222$$tg22z$g22ut$szg

I Satellite located at 100.0 dog long Freq. 20.0 GHS X
S YMBOL MAP 9 Site diversitV, N j site separation dist. - 0.0 km X

I Baseline to path angle. 0.0 dog I
Istsi1ista2tli2t Percentage of toar that valuesae exceeded: O.500 9

Atteouatio xrea: Min. Max .0.230d 3.86S (dl) Sa 2

t ... LEGEND ................. ................... ....... ......... . . 9
t Symbol: 1 2 3 4 S 6 7 a 9 A
t Range X
2 from: e.o 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.S 2
t to : a.5 1.0 1.5 2.0 2.S 3.0 3.5 4.0 4.S 5.0 2
t...................................................................

8 2222222221111111 1 1 2
* 222222222112221111111111i1
2 22222222222222222111111111 2
t 22222222222222222211111111 2

65-2 222222222222222222111111111 2
2 2222222222222222222112222111111 2

L 2 222222222222222222222222222221111 2
A S 222222222222222222222a222aa2111 S
T 22222222222222222222222222222221222 2
1 60-2 22222222222222222222222222222222222 2

2 2222222222222222222222222222222222 2
U I 2222222233333222223222223233223333 2
D X 2222222333333333322233333333333333 S
E 2 222233233333333332333333333333333 2

55-2 2222323443333333333333333333333333 2
2 2323344433333333333333333333333333 2

D 2 23343333334444433333344434444443 2
E 2 232333333444444443334444444444442 2
G 2 223233333444444443444444433444443 2

S-2 223233333445554444444444444444444 2
2 2 2223233334S55444444SSS4444445SS4 *
2 4444SSSSSSSS443SS56 2
2 4455566676S44SSS6
2 SSSS6666SS444688 2

4S-2 SS556661766777? 2
2 666666 77888 2
2 77666 7 2
2 77 2

I I I I I t I I l I

145 135 125 115 1S 9S 35 75 65 SS

LONGITUDE (DEG.)

Fig. 40
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$,ga:23$*32S3:S:ZX**xg ss::::3z2333:::2*::h2:333*3232$*2322$$3s33333233$

t 3 Satetlite located at 100.0 dog long; Freq. 20.0 GHz *
3 SYMBOL MAP Site diverstq: N ; sit sepration dist. - 0.0 km 8

t acBase e to path angle- e.g deg
211;1115$$11ZuI$ Percentse of e r hat values are exceededt 6.,ee
SAttenuatlon axrema: Mia, Max - 6.506. 3.S06 (dB) a

* --- LEGEND ............................................................S
9 Syebol: 1 2 3 4 5 6 7 8 9 A 9
S Range
2 from: e.0 i.e 2.0 3.6 4.0 S.0 6.0 7.0 8.0 9.0
9 to : 1.0 2.0 3.0 4.6 5.0 6.0 7.0 8.0 9.0 10.0

............................. .............. .....

70-3
3 2222222222111111 1 1 3
3 22222222222222211111111111 3
* 22222222222222a22211111111 3
S 22222222222222222222111111 $

65-3 22222222222222222222211111 2
2 22222222222222222222222111111 a

L 2222222222222222222222222221111 3
A S 222222222222222222222222222222111 3
T 3 22222222222222222222222222222222222 8
I 66-* 22222222223322222222222222232222322 3
7 X 22222222233223222222222223332233333 a
U 3 2222223233333332223a22223333333333 3
D t 2222333333333333322233333333333333 3
E t 222333333444433333333333333333333 $

55-2 2223333444443344333333333333334433 3
3 2333444443344433433333334444444444 2

0 9 23344443344444434344444444444444 3
E 233334433444444444444444444444442 *
G * 223333333444455544444444444444443 X

5-* 223333334445555444445544444444555 3
) 3 222333333455554455S556444SS55555 3

5455555556654536656 I
55555677765446666 *
5666677765444739 2

45-1 666667777677788 *
66666? 78999 3

3 77666 8 $

2 
7

$ I I I * e

145 135 125 115 105 95 SS 75 65 SS

LONGITUDE (DEG.)

Fig. 41
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t * SatelLite located at 100.0 dog long; Freq. 20., GHz 2
I SYMBOL MAP S Site diversit2 N ; slte aoperation dist. • 0.0 ke s
S $ Dasoline to path angle- 0.4 dog 2
2222$2222$222$*5 Percentage of rear that values are exceededs 0.O10 2
SAttenuation extreme: Ml n, Max - 1.321, 22.21 (dl) $
2 *
* ...LEGEND ............. . .. ............ a.......... . 2
I Sjjbolt 1 2 3 4 5 6 7 a 9 A s
2 Range 2
2 from: 1.0 3.5 6.0 8.5 11.0 13.5 16.0 1.5 21.0 23.S 2
t to : 3.5 6.0 8.5 11.0 13.5 16.0 18.5 21.0 23.5 26.0 2

g...........................................a............... 2

1 2222222221111111 1 1
2 22222222211111111111111111 2
2 22222222211111111111111111 22 82222222222222111111111111 I

65-S 222222222222212111111111111 22 8222222222222221111111111111111 2
L 2 822222222222222221111222212111111 2
A $ 2222222222222222222122222221211111 a
T 2 22222222222222222312222222222221111 2
I 60-2 22222222222222222212228222222222321 $
T 2 22222222222222222222222222222222222 2
u a 22222222332222222322aa23233223333 2
D 2 2222222333323333223233333333333333 2
E $ 22223233333332332223333333333333 2

55-2 2222323443333333323323333333333333 2
2 1322344433333333333333333343333333 2

D 2 23344333334444433333344434444444 2
2 132333333444444443334444444444441 2

G 2 113233333444444443444444434444443 2
• 50-2 113233333445554444445444444444445 2

) 2 2 1122233334555544445555544444555S5 2
2 44455555565S4436656 2
2 55555667765446666 1
2 5556677654447332

45-2 566666777677733 2
2 666666 73999 2
* 77666 3 2

L I

T -222 222222222222222222*a2zz2223222222222h2
D 2 22a22I33333aa33I3333I3 I

145 135 125 115 105 95 85 75 65 5a

LONGITUDE (DEG.)

Fig. 42

............ . . . t 11323333 41444444 44444443 444443
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a Satellite located at @60.0 do# to j; Freq. 36.0 GNs *
t SVMBOL MAP I Site diverait.s H j site aeparatlom diet. 0 6.0 k
$ s gasline to path agte. 0. doI s
BSBBt$s$stststaB Percenteg ot oer that valesa are exceededl 1.000
SAttenvatsion ex reat Min. Max - 0.359. S.047 (dl) B
B B

S-...LEGEND------.................. v ........... Ca*....6..*...

$ SGVboll 1 a 3 4 S 6 7 a 9 A B
s Range
B from' 0.0 0.5 1.0 1.5 2.0 2.S 3.6 3.S 4.0 4.6 t
s to : 0.5 1.0 1.S 2.0 2.S 3.0 3.5 4.0 4.S S.0 s
$..................................... ................ . **..... B

$BBBBBBBB$BBB*BBBBBBBBBB*BB$BSBBBBBSBBZBBBBB$

B 333333222a223222 a 1 B
* 33333822228222222221111111 1
B 3333333322322218322111114 B
I 333333328222222222228131 B

65-B 3333333333332322222322211 $
B 3333333333333232223828a2211283 B

L 8 33233333333333331882aa 8881222a $
A 333333333333333982223a3333a22aeaaa s
T B 333333333333333a22aa33333333333a2aa B
I 66-B 3333333333333333a2233333333333a233 a
T 2 33333333333333333a33333333333333333 B
U B 3333333344333333334333333344334444 B
D a 33a3333433334444333344444343444444 B
E B 333334344444443443334444444444444 B

SS-z 3233434S54444444434433444444444444 B
( B$ 343345554444444444444444SS44SS4S4 B

D B 3445SS444SSSSS444444SS54SSSSSSS B
E • 24344SS44SSSSSSSS444SSSSSSSSSSSSa *

B 223344444S, SSSS4SSSSSSSSSSSSSS4 B
So-& 223344444556665556SSSSSSSSSSSS6 S

B 3 22333444488666SSS666677SSS566"61 *
X 5566666667765647777 B
B £6667381976SS7777 S
B 6777881876SSS844 B

45- 7?777?88298889 S
a 777783 99AA? B
• 99733 9 B
B 99 sB B

14S 135 125 115 10S 95 8S 75 I5 5S

LONGITUDE (DEC.)

Fig. 43
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35$3*3$3335$$3g33*333$333$$33$$33333$3335$$$l33$*33252333$2333385$g

$ 2 Satellite located at 100.0 dog long, Freq. 30.0 Gs S
S SYMBOL MAP 9 Site dlversitW; N j &its separation dist. 0.6 ke 8
Sasoline to t path "ng.le 0.0 dg 2
$sXzss:::::::t*: Percentage of vaer that .&lmes are exceeded: 6.560 $
$ Attenuton xremas Min, Mex - O.S20, 7.303 (dl) *
S S
S-..LEGEND-- ,................................................. .. 3
X Swubott 1 2 3 4 5 6 7 $ 9 A 2
2 Range I
I from: 0.6 1.0 2.0 3.0 4.0 S.0 6.0 7.6 8.6 9.0 X
1 to : 1.9 2.0 3.0 4.0 5.6 6.0 7.0 3.0 9.6 10.0 2

....................... ........... *..*........* .*.*.

70-: 2
9 2222222221111111 1 1 2
$ 22222222222222111111111111 8
t 22222222222222222211111111 a
* 2222222222222222222111111

65-S 22222222222222222111111111 2
S 2222202222222222222222222111111 

L * 2222222222228222222222222222t1lI 2
A 2 22222222222222222222222222222111
T 222222228222222222222222222222222 $
1 60-2 2222222222222222222222222222222222 2
T 9 222222822222222228222282232282383 $
U 2 222222233333222223222223233323333 2
D * 2222232333333333322233333333333333 8
E 9 222233333333333332333333333333333 *

5S 2222333443333333333333333333333333 s
X 2323344433333333333333333333333333 $

D t 23343333334444433333344434444443
E 2 233333333444444443334444444444442 X
G 2 223233333344444443344444433444443 2

50-2 22323333344S54444444444444444444 2
2 2 222323333445544444445664444445S54 S
8 4444SSSS5S4436666 2
3 4455666S44S555 2
X SSS56666SS444677 2

45-8 5SSSSG66666677 *
S5S666 67738

2 66666 7
* 66

146 135 t2S 115 1OS 9S 85 75 65 S5

LONGITUDE (DEG.)

Fig. 44
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I Satellite located at 106.0 dog longi Freq. 30.0 GHX I
2 SYMBOL MAP * Site diversItj N S ;Its separation dist. * 0.0 km t

I &aetlie to path &ngle. .6 deg 2
:S:22S::2:$ux2:2 Percentage of uear that values are exceeded: 6.100 2
2 Attenvation ax roes MIR, Max - 1.143, 16.70 (di) $
2 2
* .-LEGEND .................. o .. . ......................... o 2
t SVwbot: 1 2 3 4 S 6 7 8 9 A 2
* Range 2
2 fromt 1.0 2.5 4.6 S.S 7.6 3.S 10.0 11.5 13.0 14.5 2
I to : 2.5 4.0 S.S 7.0 3.S 10.0 11.S 13.0 14.S 16.0 2

............... .. ............................

70-2
2 8222222221111111 1 1 2
2 22222222211211111111111111 2
Z 222222222M222111111111111 a

2 2222222222222222211111111 2
65-L 222222222222222282111111111 2

A 22222282a2222222222112111111111 2L. 2 22222222222222222132222 1111 2
A 2 22232222222222222228822222222111 2
T S 22222222222222222h2222222221 122 2
1 60-$ 2222a2a2332222222222Ra 32222322 2
T 2222223323328322222823333332333333 2
U 2 222223233333332223222333333333333 S
D 2 a82333333333333322333333333333434 2
E S 222333344444433333334333333444444

SS-2 2223334S44444444333333333343444444 2
2 2333444444444434433334444444444444 2

D 2 2344444444444S544344444444444444 2
E X 233434444445SS4554444S55445455S41 X
G X 22333443345SSSS5S4445555444S4SSS3 2

So-* 2233333344S666S455SSS5455SSSSSS56 X
2 3 222333334466665S4SSS6666SSSSSS6666
2 5455666666765537767 X
2 55666788876457777 2
2 666678876455AA 3

4S-2 677778889788999 2
2 777773 99AA? 2
S 8777 9 2

40-22$$222t22222S2222222232222222$32222222$222222h2

14S 135 125 11S 10S 9S 35 7S 65 S5

LONGITUDE (DEC.)

Fig. 45
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t z Satellite located at 160.6 dog Iongl Freq. 44.0 GIz I
4 i MBOL MAP I Sit* diversity' N ; site aoperation dist. - 6.0 ke X

IIIes lin e to path ang le- *.O dog 2
It,:sssgh*22, Percentage of xar that values are exceeded: 1.006 2

Attenuation exrema MIn,. Max - 0.717. 7.762 (dl) 2

. =t.EaEND ........ ....................................... S
ISymbol: I a 3 4 5 6 7 a 9 A 2
2 Range 2
t from, 0.0 1.0 2.0 3.6 4.0 5.0 6.0 7.0 8.6 9.6 X
t to : 1.0 2.6 3.0 4.0 5.6 6.6 7.0 8.0 9.6 10.0 S
£.............................................................................

* 3332222222222222 2 1 2
2 33322222222222222221111111 2
t 33222222222222222222111111 S
2 32332222222222222222222121 2

65-, 2322222222I22222211 2
2 2233332323332222222222222211111 2

L S 222333333333222222222222222222222 2
A 2 2233333333323222222222222222222222 $
T I 3332333332222222222223322222322222 S
1 60-t 33222223333322222222233332333222332 2
r S 22222333333333222222333333333233333 2
u I 2222333333333332223223333333333333 2
D t 2223333333333333322333333333333334 X
E 2 222333344444433333333333333434444 a

55-2 2223334444443444333333333333444444 X
2 2333444444444433433334444444444444 2

D t 33444444444444434344444444444444 2
E 2 233334444444444444444444444444442 X
G 2 223333333444444544444444444444443 *

S0-2 2233333344455544444544444555555 I
a 3 2233333344SSS544S55$S54445$55SSS 2
t 44SS55556655536656 S
2 55555666765446666 2
t 55666665445781 2

4S-t 566666667677778 2
t 666666 77388 2
2 77666 7 2
2 77 2

7 2

14S 135 125 115 10S 95 85 75 65 55

LOMGITUDE (DEG.)

Fig. 46
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, Satellite located at 106.0 dog tongs Froq. 44.0 GHx *
I SYMBOL MRc I Site diveraitqt N ; its separation dist. * 0.6 km 2
I I aseolino to path agic. 6.0 dog 2
2t$2E2$1Z2tI&i2 Por~onteg t of ear that veluoa le oxcedodt 0.960 X

Attenuatio e xremse Min. Mi - 1.037, 11.232 (dl) *
2

S..LEGED ...........................................................
Symbol: I a 3 4 5 6 7 8 9 A 2
Range 2

I frc: 1.0 2.5 4.6 5.5 7.6 8.5 10.0 11.5 13.6 14.5 2
I to : 2.S 4.6 5.S 7.0 9.S 1e.6 11.5 13.6 14.5 16.0 *
................................................................ ........ 2

* 2222222221111111 1 1 2
$ 22222222111111111111111111
2 22222222211111111111111111
S 22222222221222111111111111

65-2 222222222222211111111111111
* 2222222222222221111111111111111 2

L 2 22222222222222211111111112111111 2
A 2 2222222222222222111121222211211111
T 2 22222222222222222111222222222221111
1 68-2 22222222222222221112222222228211221
T 2 222222222222222221222222222222222 2
U 2 2222222222222222222222222222222222 2
D 2 2222222222222222222222222222233333 2
E 2 222222233333332222223222233333333 a

55-2 212a223333333333322222333333333333 2
1 1322333333333333333233333333333333

D 2 22333333333333333333333333333333 2
E 2 122333333333333333333333333334331 *
G 2 112223333334444433333333333334443 2

58-t 112223333334444333444434334444444 2
2 2 112222323344444344444453344444544 2
2 4344444445544435555 2

44444555654345555 2
$ 4455556654344677 *

45-2 555555666566667 2
2 555555 66777 2
t 66555 6 2
2 66 2

145 135 125 115 165 95 I5 75 65 55

LONGITUDE (DEG.)

Fig. 47
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vglzg221t22:22232222122222222222222222222222222222221222I1*
2 2 2 2 2 1 2 2 2 2

II

X Satellito located at 1I.O dog longi Freq. 44.0 GHz I

SMBOOL MAP I Site diversLtyl N ; &its &operation dist. - 0.0 ko *
I B eaetine to path angle- 0.0 dog s

s$$121Is2$1222i2 Porcenitag of teer that values are exceeded: 0.100 2

* Ct.emustioa ex.rOema Min, ex - 2.282. 24.716 (dl) X
2 2

S---'EGEND ...........................................................
t Symbol: 1 2 3 4 5 6 7 8 9 A 2

t Range 2

t frov: 2.0 4.5 7.6 9.S 12.0 14.5 17.0 19.S 22.0 24.5 2

2 to t 4.5 7.6 9.5 12.0 14.5 17.0 19.5 22.0 24.5 27.0 s

.................................. a............................................2

2 3222222221111111 1 1 2

t 22222222211222111111111111 t

2 2222222222222111111111111
8 22222222222222222211111111 2

65-S 222222222222222222111111111 2
2 2222222222222222222112122111111 2

L 9 222222222222222222221222222221111 2
A 2 222322222222222222222222222222111 s

T 2 2222222222222222222222222222221122 s
1 60-9 22222222233222222222222232222322 s
T 2 22222233233223222222222333332233333 s

U 2 2222223233333332223222233333333333 s

D 2 2222333333333333322233333333333334 2
E 2 222333344444433333333333333434444 2

55-2 2223334444443444333333333333444444 2

2 2333444444444433433334444444444444 2

D 2 23444444444444434344444444444444 1

E I 233334444444444444444444444445442 2
G I 223333333445555544444445444545553 2

50-2 22333333444655545455554S4S5SS5555 2

2 3 2223333344555554S555666445556665 2
s 54S5556566655536667 *

2 SS666777866456677 X
* 5666777766455799 *

45-2 666677778778889 2
2 677677 8899A I
2 88777 a 2

2 2

I I I I I i I

145 135 125 115 15 9S 85 75 65 55

LONGITUDE (DEG.)

Fig. 48



125

Figs. 49-63 Rain attenuation exceedance values for
(pages 126-140) selected sites in different regions of

Canada for an earth-satellite path in a
geostationary link at 20, 30 and 44 GHz
for P = 0.1%.

The longitude of the satellite is 1000 W
and there is no site diversity. The app-
roximate position of the site is shown on
a coarse map.
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Figs. 64-66 Link availability Av contours for a major
(pages 142-144) part of Canada for an earth-satellite

path in a geostationary link at 20, 30
and 44 GHz for the following values of
link margin LM to overcome rain fade.

The legend gives the link availability
values for the contours. The longitude
of the satellite is 1000 W and there is
no site diversity. The latitude and
longitude of the boundaries are indi-
cated.

Frequency Link Margin for Rain Fade

20 GHz 6 dB

30 GHz 10 dB

44 GHz 16 dB
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Figs. 67-78 Link availability contours for selected
(pages 146-157) regions in Canada for an earth-satellite

path in a geostationary link at 20, 30
and 44 GHz for the following values of
link margin LM to overcome rain fade.

The legend gives the link availability
values for the contours. The longitude
of the satellite is 1000 W and there is
no site diversity. The latitude and
longitude of the boundaries are indi-
cated.

Frequency Link Margin for Rain Fade

20 GHz 6 dB

30 GHz 10 dB

44 GHz 16 dB
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Figs. 79-93 Link availability values for selected
(pages 159-173) sites in different parts of Canada for an

earth-satellite path in a geostationary
link at 20, 30 and 44 GHz for the follow-
ing values of link margin LM to overcome
rain fade.

The longitude of the satellite is 1000 W
and there is no site diversity. Approxi-
mate position of the site is shown on a
coarse map.

Frequency Link Margin for Rain Fade

20 GHz 6 dB

30 GHz 10 dB

44 GHz 16 dB
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