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Ion implanted hyperabrupt varactor
diodes for GaAs IPflhICs

P. J. MCNALLY AND B. B. CREGGER

(Manuscript received November 12. 1987)

Abstract

The design, fabrication, and characterization of monolithically compatible varactor

GaAs diodes are described. An all ion-implantation process was used to fabricate
hyperabrupt varactor diodes with large (>10:1) tuning ratios, and high-energy
(4- and 6-MeV) implantation was employed to form a buried n layer below the
active portion of the device. Additional implantations were performed to provide
surface contact to the buried layer and to form the hyperabrupt capacitor profile.
Nearly ideal Schottky barriers with an integral high-resistivity guard ring for depletion
of the hyperabmpt profile were fabricated. These barriers show an ideality factor of

1.0, low reverse leakage current, and high reverse avalanche breakdown voltage
(>30 V). The varactor diodes were characterized at frequencies between 2 and 10 GHz.
Data on measured performance in this frequency range, and correlation with the
device structure, are presented, and details of the device design, ion-implantation
experimental data, and diode electrical characterization are discussed.

Introduction

This paper describes the design, fabrication, and RE characterization of a
fully ion-implanted hyperabrupt varactor diode monolithically compatible
with GaAs monolithic microwave integrated circuits (MMTCS). This diode
exhibits a capacitance-voltage (c-v) characteristic given by C a V", with
n > 0.5.
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The design is a planar structure containing a buried n+ layer produced by
MeV ion implantation , and a Schottky barrier with an integral high-resistivity
guard ring that exhibits low leakage and high avalanche breakdown voltage
characteristics . The planar configuration is realized by an n- implanted region
extending from the chip surface to the buried layer, and an ion-implanted
hyperabrupt carrier profile which exhibits capacitance tuning ratios (C„/C,,,;,,)
of 10:1 over the usable voltage range. The high-resistivity (> 107 U-em)
starting substrate provides the necessary isolation between the active regions
of the device.

The device fabrication process demonstrates compatibility with MMTC
manufacturing technology . RF characterization at 10 Gllz shows that this
device is attractive for insertion into monolithic GaAs circuits such as voltage-
controlled oscillators (vcos). An improved design in which geometry and
doping levels are optimized is discussed in detail . Calculated performance
characteristics for the device , including capacitance -voltage, series resistance,
and quality factor (Q), are also presented.

Varactor diode design considerations

Hyperabrupt varactor diodes are characterized by a rapid decrease in
depletion layer capacitance with applied reverse voltage. This c-v relationship
arises from the non-uniform distribution of charge carriers at the junction,
or at the potential barrier depletion layer edge. Desirable non-uniform carrier
distributions can be produced by an ion-implanted Gaussian dopant profile
or by a retrograded (exponential) epitaxial layer profile. Both types of dopant
profiles have features which yield specific varactor characteristics, in partic-
ular, the rate of change of capacitance with voltage, or the y-value in the
equation

C=K(V+V,J-Y (1)

where K and V,, are constants and V is the applied reverse voltage. A fully
ion-implanted structure is the most compatible for integration of a hyperabrupt
varactor diode in a GaAs MM1c circuit.

Figure 1 shows a planar varactor diode structure fabricated using ion
implantation for all active layer doping processes. Conventional photolith-
ography was employed to define selected areas of the wafer for implantation
doping. Important elements of the structure are the n' buried layer, the n'
region connecting the chip surface to the buried layer, the hyperabrupt carrier
profile for the capacitor, the Schottky barrier (to vary the capacitance with
voltage), and the ohmic contact metalization.

SEMI-INSULATING GaAS

HYPERABRUPT
CAPACITOR

IMPLANT

SURFACE-TO-BURIED-
LAYER IMPLANT

Figure I . Cross Section of an Ion-Implanted Hvperabrupt Farm tor Diode

With a Buried n' Laver for GaAs MMIC

The figure displays a cross section of a circular device. Recent work on
buried-layer n' formation by ion implantation has made it possible to
implement this structure in a monolithic configuration compatible with other
circuit elements. It can be seen that, with the buried n' layer in place, the
device fabrication requirements are similar to those for implanted GaAs field-
effect transistors (LET,) and MM1cs. Work by Thompson and Dietrich I I] has
shown that the range-energy relationship from n-type dopants in GaAs can
be extended into the McV energy region, and that carrier profiles can be
predicted for device design requirements.

The n+ buried layer in the varactor design provides a high-conductivity
layer for minimum device series resistance, and a controlled carrier profile
shape between the GaAs surface and the peak of the implanted carrier
distribution for minimum capacitance at maximum applied voltage. Figure 2
shows carrier profiles for both the n+ buried layer (curves labeled 4 MeV
and 6 MeV) and the hyperabrupt capacitor. The profiles were constructed
assuming Gaussian distributions according to the equation

(X - R„)'
N(a)=No exp

20'

where N,, = peak doping concentration

R, = projected range of implanted ions

o = standard deviation in the projected range, including the
diffusion term 2Dt. with D = 1.4 x 10 14 cm's - ' and
t= 1,200s.

ION-IMI'LANIED I IYI'ERAIRU PI VARACIORS IN GnAs 3

SCHOTTKY BARRIER

OHMIC CONTACT

(2)
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The 4-MeV, 6-MeV, and 270-keV (capacitor implant energy) R„ and IT
values are listed in the figure. The profiles for 4 MeV and 270 keV intersect
at about 0.75 µm, thus determining the approximate minimum capacitance
(C,,,;,) when the capacitor profile is depleted to that depth. The space charge
layer will penetrate the n' buried region when the avalanche breakdown is
greater than the voltage required to fully deplete the capacitor profile, with
a corresponding decrease in C,,,,,,, but at a slower rate of change with applied
voltage.

The maximum tuning ratio, C„/C,,,,,,. is achieved with a varactor impurity
profile that can be fully depleted at a voltage slightly less than the avalanche
breakdown voltage, VpR. Since the tuning ratio is directly related to the ratio
of the depletion layer widths at zero bias and maximum applied reverse
voltage, a peak doping concentration which minimizes the zero bias depletion
layer width is desirable. In addition, the carrier concentration at the edge of
the n* buried layer should be minimal. With an optimized carrier concentration
profile, the resistive contribution to the total device series resistance will be
minimized, the tuning ratio will be maximized, and the voltage swing will
be within the avalanche breakdown voltage constraint.

Device modeling was used to predict the c-v relationship, reverse break-
down voltage, series resistance, carrier profile, and quality factor (Q). The
modeling includes equation (I) for the carrier profiles, Poisson's equation

(2 J p(x)
dx'- Kea

(3)

for calculating the electric field and potential variation with depletion layer
depth, and

C = (Ke0A)IW (4)

I I I I
0.5 1.0 1.5 2.0

DEPTH (pm)

3.5

where K = dielectric constant
c, = permittivity

A = diode area

W = depletion layer width

which yields capacitance as a function of depletion layer depth. Determination
Figure 2. Theoretical Carrier Profiles of an Ion-Implanted MeV n` Buried of the lateral resistance contributions to the total device resistance based on

Layer and n Hyperahrupt Capacitor Profile With Recess Etching the buried n` layer and geometry of the hyperabrupt diode follows the
methods described by Calviello, Wallace, and Bic [2].
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Device fabrication

Undoped liquid-encapsulated Czochralski (EEC) GaAs wafers were prepared
and implanted with 4- and 6-MeV Si' ions at a dose of I x 1014 cm2
Wafers with 1375.1 photoresist masking, and others without masking, were
processed through the buried-layer implantation step. All wafers yielded a
buried n' layer in the region shown in Figure I. The wafers were then
masked with 1350J photoresist and implanted with 300- and 100-kcV Si`
ions at doses of 3.3 x 1011 cm-2 and 2.3 x 101" em-2, respectively, for
surface connection to the buried layer. An additional photolithography step
was then used to selectively implant the hyperabrupt capacitor profile. The
implant schedule of energy and dose were varied for different wafers in order
to determine an optimum carrier profile. Device data were obtained on two
profile types consisting of a single implant energy of 270 kcV and a multiple
implant of three energies (100, 200, and 270 kcV). Dose levels for both
types were selected to achieve a peak doping concentration in the 2.5 X

1017 cm, range.
After the varactor profile was implanted, the wafers were cleaned and

capped with 1,000-A Si3N4 in a plasma-enhanced chemical vapor deposition
(PEcvD) nitride system. Post-implant annealing was done in an 850°C furnace
for 30 minutes in a forming gas atmosphere. Through subsequent photolith-
ographic steps, the nitride was left on the wafer for dielectric-assisted lift-
off of ohmic and Schottky barrier metalizations. After each photolithography
step, the Si3N4 was plasma-etched to expose the GaAs surface. Ohmic
contacts consisting of Au-Ge-Ni-Ag-Au were deposited by e-beam evaporation
and alloyed in a heat-pulse rapid thermal alloy system at 540°C for 3 seconds.
Schottky barrier metalization of either Cr/Au or Ti-Pt-Au was deposited
immediately following recess etching of the GaAs in order to establish the
doping concentration at the Schottky barrier interface. After Schottky metal
lift-off, the wafers were cleaned and probed for electrical characterization.

Wafer characterization

Electrical characterization of device wafers consisted of measuring carrier
profiles, the Schottky barrier current-voltage (r -v) relationship, and capaci-

tance-voltage to obtain the tuning ratio.

Carrier profiles

Capacitance-voltage measurements for carrier profiling of doped layers in
GaAs are an integral part of wafer characterization. Both Polaron and Hewlett-
Packard (Hp)-based automated systems are used to determine impurity profiles

ION-IMI'I.ARTED IIYPP.RABRUPT VARACrORS IN (.As 7

in ion-implanted material. A monitor wafer was used for Polaron profiling
of the low-energy n and n' implants, since the device wafers were processed
by selective implantation of the doped regions.

Figure 3 is a Polaron profile of the 100/300-keV implant used to extend
the buried n' layer to the surface. A constant 1 x 10's cm ' carrier
concentration extends from the wafer surface to about 0.4-11m deep, with a
tail extending to greater than 0.8 µm. This depth is sufficient to contact the

buried-layer 4-MeV implant profile shown in Figure 2. Diode t-v measure-
ments confirm that the surface implant is connected to the buried layer. A
contactless conductivity instrument was used to measure the sheet resistance
of both the surface implant and the buried layer; values of 50 and 25 fl/0,
respectively, were obtained.

The carrier concentration profiles of the MeV implants were determined
from c-v measurements made on a deeply recessed diode with a metal
Schottky barrier. An approximate value was obtained for the carrier concen-
tration in the tail region of the hyperabrupt profile. The profile (Figure 4)
indicates a concentration of about 3 x 10° cm ' at the beginning of the
4-MeV buried layer. The profile appears deeper than predicted, which could

0

I I 1 1

02 04 06 08

DEPTH (urn)

Figure 3. Polaron Profile of Carrier Concentration is Depth
for the Su)face-to-Buried-Laver Implant

1.0
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1017

C fi

I I 1

04 08 1.2
DEPTH (pm)

1.6

Figure 4. Carrier Concentration is Depth Showing the Merging
of the Hvperabrupt Capacitor and Buried-Layer Profiles

be due to the diode area used and the presence of the tail region of the

hypcrabrupt capacitor profile. Examination of the equation

N(x) _

where

C'

gEA2(- dC/dV)

N(x) = carrier concentration vs depth
C = junction capacitor
A = junction area
e = GaAs permittivity
q = electronic charge
V = voltage,

(5)

ION-IMPLANTED HYPERABRUPT VARACIORS IN GnA, 9

which is used to determine carrier concentration vs depth, shows that small

errors in C/A and dCldV can cause significant distortion in the N(x) curve.

The actual value of the minimum carrier concentration is probably different
from that shown; however, the figure shows the desired profile qualitatively.
More precise measurements of the MeV profiles arc currently being performed.

Schottky harrier characteristics

The diode design approach, which involves extending the Schottky barrier
metal over the semi-insulating GaAs (as shown in Figure 1), results in
maximum avalanche breakdown voltage and minimum reverse leakage
current. A large effective radius of junction curvature exists in this structure.
It is well known [3) that junction radius is an important design consideration
for planar diode avalanche breakdown. Schottky barrier breakdown voltage
and leakage current depend on carrier concentration, with leakage current
being sensitive to the metal-semiconductor interface properties. High-
breakdown, low-leakage junctions are especially important in varactor diodes
because of the high electric fields generated to achieve large tuning ratios.
For the diode structure presented here, the peak carrier concentration,
breakdown voltage, and tuning ratio can be optimized with less concern for

premature edge breakdown.
Figure 5 shows the i-v characteristics measured on these hyperabrupt

diodes. Figures 5a and 5b are plots of log I vs V for forward and reverse

voltage, respectively. The forward 1-v plot shows that the diode conforms to
the Schottky equation

I =A**T2exp(-q(bl,lkT)[exp(gVlnkT) - 11 (6)

where A** = Richardson's constant
T = diode temperature

4)e = Schottky barrier height

V = applied voltage
k = Boltzmann's constant
n = diode ideality factor.

The value of n is seen to be 1.0 over seven decades of forward current, and
a barrier height of approximately 0.75 V is computed from the saturation
current. This plot indicates nearly ideal characteristics.

The i-v characteristic in Figure 5b clearly shows an avalanche breakdown
voltage of 32 V and a leakage current of 5 x 10 7 A. The peak doping at
the Schottky junction was 2.5 x 1017 em-3. Development work is being
conducted to reduce the leakage current by process improvements in surface
preparation and Schottky metalization.
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Capacitance • %oltage relationship

Capacitance-voltage measurements were made on the above fabricated
varactor diodes at I MHz. Figure 6a shows a c-v curve for a single 270-keV,
7.5 x 1012 cm-, dose-implanted hyperabrupt profile recessed to a carrier
concentration of 2.5 x 1017 em '. This device shows depletion to the n'
buried layer at about 4 V, and a further drop in capacitance as the depletion
layer spreads into the n' layer. The capacitance tuning ratio for this device
is about 9:1. This device, with C„ = 1.4 pF, was mounted in a test fixture
for characterization at microwave frequencies.

Figure 6b shows a c-v curve for a multiple-energy implant (100 keV,
5.6 x 1012 cm 200 keV, 1.8 x 1012 cm 2; and 270 keV, 6 x
1011 cm-2) recessed to a carrier concentration of 4 x l0' em '. The
hyperabrupt profile is depleted at about 6 V, with the depletion layer spreading
into the n layer at higher voltage. The tuning ratio for this device is greater
than 10:1.

Varactor diode RF characterization

Upon completion of DC wafer probe measurements, the wafers were thinned

to 10 mil and diced into 12 x 12-mil chips. Individual chips were selected

for die attach and wire bonding to a chip carrier for characterization at DC

and RF.

A broadband test fixture described by Ross and Geller [4] was used to
measure the small-signal, one-port S-parameters of each varactor. Each device
was epoxy-mounted to the test fixture carrier plate. Prior to the last bondwire
attachment, the varactor's 1-v and cv characteristics were measured.

A Tektronix Model 576 curve tracer was used to measure both the forward
and reverse tv data. The forward voltages at current levels of 10 and
110 mA were measured to determine the DC series resistance, given by

0
N M a i 0 m O

00 0 0 0 0 0 0 0 0

Ivl IN]HHnO

[V (at 110 mA) - V (at 10 rnA)]

110- IOmA

(7)

The parasitic resistance of the probe station was measured to be approximately
1.2 11 and was subtracted from the device measurement. The reverse break-
down voltage, defined at 10-µA reverse current, was recorded. Typical DC
measurements of the varactor diodes designated vvC-4 (R,",,, = 7 fl;
VaR = -30 V) are
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Current Voltage
(mA) (V)

10.0 0.726
110.0 1.5

0.0t -30.0

1017

1016

I I I I I 1 1

4 8 12 16 20 24 28 32

VOLTAGE IV)

(a) Single Implant Energy (270 keV)

U

2.4

0.8

0.4

1017 -

1016

I I I I I

246810121416

VOLTAGE (V)

(b) Multiple Implant Energy (100, 200, 270 keV)

Figure 6. C-V Characteristic of a Hyperabrupt Profile

An HP4275A L-C-R meter was used to measure the capacitance of the varactor
diode. Standard measurements are made at a test frequency of 1.0 MHz,
with a peak -to-peak AC voltage of 0.10 V. Care was taken to properly zero-
out the probe station ' s parasitic capacitance so that the varactor's true
capacitance was measured . Figure 7 shows a typical c- v curve for the
vvca varactor. The measured zero-bias capacitance was 1 . 4 pF. A minimum
value of 0.165 pF was measured at -25 V, corresponding to a capacitance
ratio (C,,/C_„) of 8.48. Furthermore , for approximately 10 devices measured,
the capacitance values for any given voltage up to -22 V are within
± 0.03 pF of the mean, indicating excellent uniformity from device to device
for one wafer.

The last bondwire between the device and the test fixture was added after
the 1-v and c - v measurements . The varactor diodes were characterized at
microwave frequencies by using an HP8510 automatic network analyzer to
measure the one-port S-parameters . Figure 8 is a simplified block diagram
of the test fixture and device under test . Calibration routines were used to
compensate for the test fixture and connector path length (essentially a
reference plane extension ). The fixture and connector losses were included
in the measured data and are believed to be insignificant (less than 0.3 dB).

1.4

0.4

0.2

I I

Ce = 1.39 pF

C25 = 0.165 pF

CRATIO= 8.4 1

0 -5
) I

-25-10 -15

VOLTAGE (V)

-20

Figure 7. C-V Curve for a VVC-4 Varactor Diode
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TEST FIXTURE

AND

CONNECTORS

S11

FIXTURE AND CONNECTORS

CIV)

R SERIES

VARACTOR DIODE
AND

BOND WIRES

Figure 8. Block Diagram of Fixture Phts Device Under Test

The one-port S-parameters of the varactor are measured for a given voltage
over the frequency range of 2 to 10 GHz. The voltage is adjusted to a new
value, and measurements are again recorded over the same frequency range.
This step is repeated for voltages covering the useful voltage range. Measured
data may then be rearranged to provide data files of constant-frequency,
voltage-variable, one-port S-parameters.

The equivalent resistance and capacitance of the varactor were determined
from the S-parameter data. Figure 9 shows a Smith-chart plot of the measured
data for the vvC-4 varactor for voltages from 0 to -22 V at 10 GHz.
Table I gives the 10-GHz measured data of the vve-4 varactor, and includes
the measured resistance (R), measured reactance (X,), computed capacitance
(C = 1/2TrfX,), and computed quality factor (Q = X,/R). The zero-bias
capacitance is 1.32 pF, and decreases to 0.22 pF at -22 V reverse bias.
Note also that the quality factor, Q, increases monotonically as the bias is
swept from zero to breakdown voltage. This behavior is caused by the
decreasing series resistance of the varactor, resulting from the deep implant
ohmic contact located directly beneath the varactor's active layer. and from
the increasing depletion layer of the hyperabrupt capacitor carrier profiles.
The monolithically compatible structure exhibits a large capacitance ratio
with a monotonically increasing Q-factor over the entire usable tuning voltage
range. These RF characteristics are unique to the device design and can be
compared to currently available devices which may exhibit high Q with
limited capacitance ratio, or large capacitance ratio with very poor Q-factor
performance. Device performance is being improved by refinements in
geometry and implant doping levels, as discussed in the next section.

Figure 9. Smith-Chart Plot of Measured One-Port S-Parameters of

VVC-4 Varactor as (I Function of Bias OF = /0 GHz)

Varactor diode optimization

A more optimized hyperabrupt varactor diode (Figure 10) has been designed
for insertion into a vco GaAs MMIC. The basic planar structure of Figure I
is used, but with changes in device geometry and doping concentration which
translate into improved performance compared to present devices. Figure I 1
depicts the calculated capacitance, series resistance, and Q is voltage
characteristics for the improved device.

The capacitor profile area used a 16-µm-diameter active layer with an
18-run-diameter Schottky barrier. A 4-.sm spacing between the capacitor
profile and the surface implant to the buried n' layer was assumed. The
resistivity of the buried layer was taken to be 1.5 x 10 ' f2-cm. for an average
carrier concentration of about 1.2 x 1011 em-' and carrier mobility of
3,500 cm'--V-Is I, which can he achieved by implanting Si- at 4 and
6 MeV and a dose of 3 x 1014 cm 2 at each energy. Using a IT of 0.4 µm
and 35-percent implant activation after annealing, an average carrier concen-
tration of -- 1.2 x 1011 em-1 can be achieved.
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TABLE 1. 10-Gl-Iz MEASUREMENT DATA FOR HYPERABRUPT

VARAC IOR DIODE

CAPACITANCL

(pF)

REVERSE

BIAS

VOITAGL

(V)

RESISTANCE.

(,fL)

REACTAN(ll

(0) OMPUTED Q

1,316 0 12.033 12.094 1.0

0.92 0.5 10.888 17.393 1.6

0.71 I 9.869 22.519 2.3

0.57 1.5 8.718 27.943 3.2

0.46 2 7.457 34.959 4.7

0.37 2.5 6.120 42.602 7.0

0.33 3 5.250 48.276 9.2

0.29 4 4.510 54.013 12.0
Ix

0.28 5 4.270 56.888 13.3 WQ

0.27 6 4.062 59.182 14.4 ¢w

0.26 8 3.821 62.025 16.2 aw

0.25 10 3.652 64.137 17.6

0.24 12 3.527 65.714 18.6
r E

0.238 14 3.452 66.977 19.4 01

0.234 16 3.370 68.060 20.2
m'

0.231 I S 3.346 69.005 20.6

0.228 20 3.318 69.860 21.0

0.225 22 3.253 70.624 21.7

Figure 11 shows a Co = 0.52 pF and C,,,,,, = 0.048 pF at VR = 9 V, or

a tuning ratio of 10.7:1 based on computed values from modeling. The
computed Q is greater than 10 over the entire voltage range. The series
resistance as a function of bias is also shown in the figure. The resistance is
3.15 12 at C„ and is nearly constant to about 8 V, which reflects the
contribution of the hyperabrupt profile to the total device resistance. Above
approximately 8 V, the resistance drops rapidly and reaches a value of

0.68 [1 at C,,,,,.
The various contributions to the device series resistance are shown in

Figure 10, along with the calculated values for each contribution in this
design. The following formulations from Reference 2 were used to determine
the resistance contributions:

R = P-IXI + P,II
2ora2 4tX1

b
R; In

2TrX a

h
R,=P,cA

(8a)

(8b)

(8c)

ION-IMPLANTED HYPERABRUI"1' VARACIORS IN GAAs 17
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where p,,, = resistivity of n` buried layer

p,,, = resistivity of n' surface-to-buried-layer region

a = hyperabrupt profile radius
h = radius of n* surface implant ring

X, = thickness of n ` buried layer

It = thickness of surface implant ring
A = area of surface implant ring.

The values of the design inputs are also shown in Figure 10. The hyperabrupt
capacitance profile has a peak carrier concentration of 5.7 X 101' cm ` and
a o of 0.12 µm. The profile is a 270-keV implant recess-etched to 0.3 µ.m
deep. It has a resistance of 2.47 12 at zero bias (or C„), and falls to
0.006 11 at 9-V reverse bias (or C). Changes in the hyperabrupt capacitor
profile can he implemented by varying the implantation energy and dose,
thereby changing the c-v characteristics while using the same maskset and
other implantation parameters. This permits flexibility in tailoring a specific
varactor diode to meet different circuit performance characteristics.

Summary

000mr i0 v0
000 0 O 0 0 0

C0000 0 O O

(da) 0 3ONVLOVdVO

I I
0 O O 0 O

m

(ey) 0 IONVISIS3d

Experimental results for hyperabrupt varactor diodes fabricated by an ion-
implant process demonstrate an approach that is compatible with MMtc circuit
manufacture. Selective ion-implantation doping was used to fabricate a planar
varactor structure with a buried n' layer. Contact to the buried layer was
realized by a low-resistance surface implant. A hyperabrupt capacitor profile
was implanted in the sen)i-insulating layer between the wafer surface and
the buried layer, and a Schottky barrier with an integral high-resistivity guard
ring was fabricated which had nearly ideal characteristics. Capacitance ratios
of 6:1 (including microwave fixture parasitics) and a Q greater than 10 over
a portion of the voltage swing were demonstrated at 10 GHz.

Experimental data indicate that an improved device geometry and hyper-
abrupt profile, together with a higher-conductivity buried n+ layer, can reduce
series resistance and improve the Q over the entire voltage range. Such a
device has been designed and is being implemented in a GaAs MMtC vco
circuit. The technical approach and implementation procedures have dem-
onstrated flexibility in tailoring c-v characteristics to specific MMte circuit
performance requirements.
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Simulation of a random -access-with.
notification protocol for VSAT
applications

E. C. PALMER and P. Y. CHANG

(Manuscript received Ecbruary 17. 1988)

Abstract

A simulation program is described which allows delay and throughput performance
evaluation of a satellite random-access technique that combines slotted -AIAHA and
reservation protocols . Using inbound and outbound control channels , very small
aperture terminals (VSAr.,) in a star network can send packets to a hub station,
employing slotted-AtoIIA for first attempts and reservation slots for the retransmissions
necessitated by contentions or bit errors on the first attempt. This access technique is
modeled and simulated to collect statistics on packet delay and throughput vs system
loading, with emphasis on the transition between random and reservation protocols.
Results are given for typical network parameters and bit error rate conditions on the
links.

Introduction

Satellite data transmission networks offer considerable flexibility for
interconnecting widely dispersed users into networks that allow reliable,
rapid exchange of packet data. Early satellite packet data networks [1]-[41
operated in a global -beam broadcast mode designated as tnultidestinational
half-duplex. However, with the trend toward small , low-cost earth stations
and satellites with spot-beam coverage, these networks are evolving into star
configurations with operation emanating from a central hub station 151.

21
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In these satellite packet data networks, very small aperture terminals
(vSAT,) send packets via satellite to the relatively large huh station, which
processes the packets for further dissemination. Outbound links from the huh
station hack to the vsAT, can consist of a single time-division multiplexed
(TDM) transmission that is received by all terminals. The terminals continu-
ously monitor the outbound transmission stream and extract from it packets

addressed to themselves.
Candidate access techniques for packet data transmission between vsAr,

and a central huh station range from a variety of random-access techniques
(ALOHA [6], slotted-ALOHA [71, and collision resolution 181), to the more
highly structured reservation and time-division multiple-access (TDMA) tech-
niques. These techniques have been examined and compared in many studies
191,[10] over the past 20 years. However, to maintain efficiency on the
inbound vsAr-to-hub links, particularly with many (hundreds of) terminals
in the network, some type of random-access protocol is needed to allow
rapid channel access and delivery of packets to the hub with minimal delay.

When the number of network stations is very large (from 100 to as many
as 1,000), random-access techniques such as slotted-ALOHA have a clear
advantage in providing rapid access to the channel, particularly in lightly
loaded networks. However, unless contentions are extremely rare, the
repetitions needed for contention resolution can lead to long delays. Various
approaches to this problem have been proposed 1111-1151, and adaptive
access protocols such as CPODA [ 16] have been implemented to provide
dynamic allocation of control and data slots in certain network configurations.

For the inbound vsA'r-to-hub-station satellite channel, combinations of
random-access (slotted-ALOHA) and reservation protocols [5] offer the potential
advantages of minimizing delay under lightly loaded network conditions and
providing the stable, bounded delay of a full-reservation system when the
load increases. One implementation of this type of access is the random-
access-with-notification (RAN) [17],[18] technique, which relies on both
inbound and outbound control channels. Over the inbound TDMA control
channel, vsAr terminals inform the hub station of the number of random-
access packets that were sent in the last frame interval. The outbound control
channel carries assignments from the hub station to reschedule contentions
to be retransmitted in the reserved slots of a future frame. Thus, the division
of inbound channel resources between random-access or contention slots and
reserved slots constantly varies under control of the hub station via the
outbound control channel. This particular protocol has been simulated to
examine delay and throughput performance under dynamic conditions as a
function of such parameters as frame duration, control and data channel bit

rates, packet size, and link bit error rates (HER,).
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This paper describes the RAN system, summarizes the approach taken to
simulating the system, and presents typical results obtained with the simulation
model. A brief description is given of the RAN protocol, as well as
approximations of delay performance; theoretical performance predictions
have been adequately described elsewhere 117],[181. The simulation program,
which was developed as a practical means to obtain detailed statistics for the
distribution of packet delays under conditions of heavy load 119], is also
described.

The RAN technique

The RAN concept was initiated based on recent advances in high-speed
microprocessors, and on the high throughput performance of packet-switching
systems employing slotted-ALOHA techniques. This section presents details
of the RAN technique.

RAN frame structure

The RAN access technique uses a frame structure similar to that shown in
Figure 1. The inbound channel from the vsA ] s to the huh is made up of time
slots with duration T , which are aligned on each of the F frequency channels.
One or more separate frequencies serve as control channels. Each user has
an assigned control channel slot, so that a frame duration ( TT) consists of a
time equal to or greater than NJ''IN, where N„ is the number of users, N,
is the number of control channels , and T, . is the duration of a control slot.

.4
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Figure 1. Typical RAN Frame With Frame Time of 0.5 s
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Finally, control slots are assumed to be some integer submultiple of the data

slot duration so that T,. = T/m, where m is an integer. As an example, with

one control channel (N,. = 1), if there are N„ = 200 users and m = 4, there

will be 50 traffic slots per frame. If it is further assumed that there are IO
frequency channels, each has 50 traffic slots, for a total of 500. Assuming a
128-kbit/s transmission rate with 1,000 bit/packet, the frame duration is

0.391 s.
Frame lengths will depend on the number of users, the packet size for

data and control packets, and the transmission rate over the channel. For
N„ = 200 users, a typical range of frame lengths can he determined as

follows:

Typical Minimum Frame Length. For the case where control slots

contain 48 bits and the transmission rate is 256 kbit/s, the frame length

is 200 x 48/256 x 10' = 0.0375 s. In this case, if data slots contain

48 bytes and the transmission rate is 256 bit/s, the frame contains 25

data slots.
Typical Maximum Frame Length. Where control slots contain

256 bits and the transmission rate is 56 kbit/s, the frame length is

200 x 256/56 x 10' = 0.914 s.

In a typical system implementation, a frame length would be selected in the
range from 0.25 to I s, and a typical nominal frame length would be 0.5 s,

as shown in Figure 2.
Defining the path delay from the vsAT to the hub via the satellite as TR,

(-0.25 s), packets that must be repeated will experience minimum, maximum,

and expected delays as follows:

Dmlo ° 2T, + [2Txr] T + TR,) (I )
F

Dnmx ° (4T, +
[2TRT1 TR + TRT) (2)

r J
I i _ (3)
2

where [ ] denotes rounding to the next lower integer. Note that equations

(1) and (2) give 3TRT for very short frame lengths (T,: , 0). For a typical

frame length of Te = 0.51 s, these expressions give minimum, maximum,
and expected delays of 1.27, 2.29, and 1.78 s, respectively, for packets that
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must be repeated. Thus, packets arc delivered in the hub in 0.25 s if they
are delivered successfully on the first attempt, but may require several seconds

if they must be retransmitted.

Allocation of reservation slots

The RAN system divides the total number of time slots allocated to the

service into C contention slots and R reservation slots, where C + R = F.

The total (F) is fixed, but C and R can vary as long as their sum is constrained
by F. The fraction of the frame devoted to reservation slots can be defined
as a ratio it = R/F. For example, if Tf = 0.15 and there are 10 frequency
channels each containing 50 packet slots, then the 50 time slots in frequency
channel 10 and the first 25 time slots in frequency channel 9 would be
devoted to reservation packets. The remaining 25 time slots of channel 9,
and all the slots in channels t through 8, would he contention slots. '['his
general subdivision of the time slots in the frame is shown in Figure 2.

The fraction of the frame that is reserved ('q) is directly related to the
fraction of the packets that must be repeated due to contentions. Assuming
no bit errors, the average number of packets that must be repeated per packet

slot can be estimated as

TI _ (repeated packets) _ kPr (exactly k new packets
per slot generated in one slot

k k c
a

(4)
k!

where k is the input packet intensity in packets per packet slot. This intensity
applies in each time slot of the frame, regardless of how the slots are allocated
between contention and reservation slots. These new packets compete for
the available contention slots, and when most of the slots are reserved,

duplications (contentions) become more likely.
Equation (4) can be evaluated using the fact that

Me k
k = k

ro k!

to give

1 - repeated packets _)`(I - e (5)
per slot
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Estimates of throughput and delay

The delay experienced by a packet can be estimated using the approximate
distribution for delay shown in Figure 3. A packet that is transmitted
successfully in the contention mode arrives at the hub in exactly one transit
time via the satellite (T,?T) after it is initiated at the vsAT. The probability
that the packet is successfully received on the first attempt is

Pr(success) = Pr(no contention) Pr(no hit errors) (6)

where the probability of no hit errors in a packet containing N, bits operating
at a BER of Ps is I - (I - P„) °. The probability that no contention occurs
is the probability that no more than one packet is generated and assigned to
the frequency channels that correspond to the contention packet slots. This
calculation applies when there are F frequency channels that are divided into
C contention channels and R reservation channels in a particular time slot.

Given that k packets are generated in each packet slot, sonic fraction (r)
of these must be repeated, and a fraction (I - r) arrive at the hub on the
first attempt. Thus, the expected delay experienced by a packet is

D = TRT (I - r) + 2 r (Dmm + (7)

where TR.r is the round-trip time, and D,,,;,, and D,,,,, are the minimum and
maximum delays (given that packets must be repeated) as defined by equations
1) and (2), respectively. The probability that a packet must be repeated is

r ' Pr packet must
be repeated

a packet
was generated

Pr a packet is generated andl
must be repeated

Pr (a packet is generated)

k(l - e ")
=1-

The expected delay becomes

D `Tk, e-d + (I - e v) 101„. + Dmav

(8)

(9)
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Expected delay is plotted in Figure 4 for a 0.512-s frame time. The figure
also shows average delay times taken from the simulation results. Equation
(9) gives a reasonable approximation of packet delay, except for the higher
values of offered load. In the limit, if the system were completely reservation-
oriented, expected delay would be 3T11 + 1/2 T,:, or approximately 1.66 s,
as noted in Figure 4. The behavior of the system as A -* I is discussed in a
later section, where the simulation results are also presented.

Although equation (9) gives a rough approximation of mean delay, users
of packet transmission networks are generally interested in maximum delays
or delay values that are exceeded only rarely. These detailed statistics require
information on the distribution of delays, which is obtained from the simulation
program described in the next section.
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Figure 4. Bounds on Expected Packet Delay vs K
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Description of RANS ►M

This section summarizes the concept used in the RANSIM program and
describes the program features and elements.

General simulation concept

To obtain more detailed performance estimates for the RAN access technique,
a simulation program (RANSIM) was developed. RANSIM is a Fortran program
that implements time-domain simulation of packet transmission in a network
containing a large number of VSATS and a hub station. The transmission
channel is divided into inbound time slots of duration T,,, at a transmission
rate of R„ bit/s. Multiple frequency channels arc available, each with the
same time-slotted format. A separate inbound control channel gives each
user a short time slot in which to send control information to the huh once
per frame.

Packets are generated at an average rate of FX packets per T,, seconds.
The convention used here is that F)` denotes the total packet transmission
rate per time slot. With F frequency slots in each time slot, K packet/s is the
rate per packet slot (which is the conventional nomenclature). These packets
are transmitted immediately by the users in a subset of the available inbound
traffic slots which is designated for contention slots. The users also transmit
to the hub a count of the number of contention packets sent in each frame.

At the hub station, acomparison is made between the numhcrof contention-
and error-free packets actually received and the number that were reported
sent via the control (or "notification") channel. When this comparison
disagrees, the hub makes reservations (via an outbound control channel) in
which the VSATs can retransmit packets that either experienced collisions
during their first transmission or experienced bit errors upon reception at the
hub station.

RANSIM was developed to allow the evaluation of different implementations
and extensions of RAN. For example, in addition to the basic results presented
here, the simulation can be used in the future to evaluate different algorithms
and strategies for measuring system load and for temporarily abandoning the
contention mode altogether in favor of a full-reservation mode. This may he
a more practical implementation than the one simulated, which basically
assumes that perfect control channel information (no bit errors) is available
and that the division of the frame between contention and reservation slots
can change without constraint from frame to frame.

Another assumption made in the simulation is that an error-free outbound
control channel is available from the hub to all VSAT stations, through which
individual reservations are sent, as well as a reservation map so that all
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VSATs know which time slots are reserved in each frame. When the system

is so heavily loaded that some time slots are completely reserved, a VSAT

with new packets in that slot will queue these until the end of the frame and

attempt to transmit the packet in any remaining contention slots. If all slots

in the frame are fully reserved, then contention of newly generated packets
is certain.

The RANSIM program operates as a time-domain simulation of packet
generation, reception, and repetition. After initialization and setup of certain
variables, the program steps through the large number of time slots which
make up the total simulation run. During the simulation, statistics are collected
on such variables as the number of packets generated, the occurrence of
contentions in the slotted-ALouA channels, the number of reserved slots
needed (on average), and the delay experienced by the packets from their
first initiation at the VSATs until their final delivery to the hub station.

The program is run for a large number of frames, typically several thousand.
As an example, for a 0.5-s frame interval, 1 hour of real-time operation
corresponds to 7,200 frames. Each of these frames might typically contain
60 packet slots consisting of 20 slots on each of three frequency channels.
For an offered load of 0.3 packet/packet slot, a I-hour simulation will
generate more than 105 packets, which should be more than adequate to
establish statistics at the 0.1-percent excecdance level. In fact, runs one-
tenth this length (i.e., generating 10,000 packets resulting in 10 events at
the 0.1-percent exceedance level) should suffice for initial program tests.
Currently, runs of 10,000 packets take about 100 s of CPU time on an IBM
8032 computer, so the simulation runs at a rate of about 100 packet/s.

The program is set up to simulate continuous operation over a large number
of frames. For example, with a typical 0.5-s frame, operation over 10,000
frames corresponds to 1.4 hours of network operation. Within each frame.
packets can be generated according to either a Poisson distribution or a
uniform distribution in each packet slot, T,,. The Poisson model was used
for all of the results reported here. Typically, 50 of these slots constitute a
frame, and the frame duration might be between 0.5 and 1.0 s. The program
can be run for thousands of frames (hours of simulated network time) to
collect statistics on the fraction of packets that require retransmission, and
to obtain an average and cumulative distributions of delay times experienced
by the packets.

Summary of simulation approach and program features

Inputs to the RANSIM simulation include such variables as the number of
VSAT terminals, the bit rates on the inbound data and control channels, the
number of frequency channels utilized, the packet lengths, and the channel
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HER,. The program simulates the different phases of network operation,
including the generation of many packets at the user stations; the transmission
of these packets to the hub station; and the scheduled retransmission in
reserved slots of packets that do not reach the hub station on the first attempt,
due to either contention or bit errors.

The program is organized based on packet slots of duration TI, seconds.
These slots are subdivided into control channel slots of duration T, = T/m,

where for convenience in the simulation m is assumed to be an integer.
Transmission is further organized into frames. The frame time is assumed to
be at least equal to the product of the number of users ( N„) and the inbound

control slot duration , so that TF ? N„T, ? N„T lm.
The mainline of the program contains a sequence of counters that count

the number of control slots in a packet slot and the number of control slots
in a frame. As new packet slots occur , a subroutine (PACKET) is called that
generates the new packets in that time slot. The probability that exactly k
new packets are generated in a particular packet slot can be selected either
according to the Poisson distribution , with k packets per packet slot or

Fl. = sT„ packets per time slot,* as

Pr(k packets in T,,) _ (sTF)47k! exp (-sT„)

or according to the uniform distribution

Pr(k packets in TL,) = uniform random variable

(0 -. k.„,x)

(l0a)

(lob)

where sT, is the average number of packets generated in each packet slot.

During each packet slot of duration T„ seconds, k packets (k = 0, I, 2, 3,

... k,,,,x) are generated. For each of these new packets, an originating user
is selected randomly. Also, a frequency slot is selected randomly from the
subset of frequency slots that are available for the transmission of contention

packets.
Figure 5 shows inputs and outputs of the simulation program. The methods

employed in order to include some of the effects encountered in transmission
of the control and data packets can be summarized as follows:

* The program steps through each time slot (T„) in a frame and generates an

average of Fit new packets in each time slot for the Poisson model.
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a. Contention Among Data Packets. Contentions are detected explic-
itly, and the huh makes the necessary reservations so that affected VSA'I s
repeat packets.

b. Bit Errors in Data Packets. The hub makes reservations so that
the VSAT can repeat the packet (the same as for contentions).

c. Bit Errors in the inbound Control Channel. For the affected user
in the frame in question, contention-free and error-free packets are
delivered, and packets experiencing contention (or with bit errors) are
counted as "lost" by the program.

d. Bit Errors in the Outbound Control Channel. If the reservation
map for a particular frame contains errors at a particular vsA'r, any
contention (new) packets generated by the user are inhibited and must
be repeated (they are counted as contentions immediately, which has
the same effect). If VSATs have packets to he repeated in reservation
slots, but errors are experienced in the outbound control channel, the
affected packets are counted as "lost" by the simulation program.

e. Time-Varying BER. This applies to the selected VSAT (usually
user I) only. Two values of BER are used for data packets-BER I at
first, changing to BER 2 at a user-specified time, and changing back to
the original BER at a second user-specified time.

f. Automatic Switching From Contention to All-Reservation Opera-

tion. The user of the simulation program specifics an averaging interval

(in frames) and a threshold (in fraction of frame reserved). The simulation

run begins with contention operation; if the fraction of frame reserved,

as averaged over the user-specified interval, ever exceeds the user-

specified threshold, then operation switches to all-reservation and remains

in this mode.

g. Inbound and Outbound Signal Processing Delos. The user specifies
both. These are added as fixed delays to all packets of all users.

Program elements

The RANSIM program contains the elements shown in Figure 6. The program
begins with an initialization section that reads program inputs, zeros certain
variables, computes time increments and time frame limits, and initializes
time. Following this, the program steps through many time intervals, and at
each step events occur at either the vSA rs or the hub station (as shown in
the lower part of the figure). At the vsA'rs, packets are randomly generated
and assigned a random user ID and a random frequency slot. Contentions are
then noted, and packets are marked according to their status, as follows:

INITIALIZATION

ZERO ARRAYS

TRAFFIC INTENSITY

SELECT PARAMETERS
(BIT RATES,
PACKET SIZES.
ETC .)

INITIALIZE
STATISTICS COLLECTION

ZERO

POISSON

FRAME

C STAT (I)

TIME - 0
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TIME = TIME + .T

SSAT

FREO

HUB 4
At

RESERVATION

COLLECT STATISTICS

STAT (21

STAT 13)

STATISTICS
OUTPUT

Figure 6. Elements of RANSIM
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• packet transmitted successfully on the first attempt, with no contention
and no bit errors;

• packet experienced contention; or
• packet experienced bit errors.

A final category applies to retransmitted packets which cannot experience
collisions on the second transmission attempt because they are assigned a
reserved slot.

To implement this processing in the simulation program, packets are
generated randomly (using the PACKET subroutine) and a history is kept of
all packets generated. This history includes a packet number, an initiating
user ID, a time of initiation, a time of retransmission (if applicable), and a
status indicator for each packet.

Figure 7 identifies the elements of the array ISTACK, which serves as a
storage register for information pertaining to each packet generated in the
simulation. New packets at the VSAT, are time-stamped and entered into this
data We. After the appropriate VSAT-to-hub delay, the packets are processed
again in the delayed hub time frame. Packets requiring retransmission must
be saved for a longer time and reprocessed to account for retransmissions.
Eventually, very old packets are written over in the data file, which has a
limited length. A check is made that no packets are lost during this recycling
of the data-file pointers. The processing of information at the huh follows
the time sequence shown in Figure 8 and uses the logic shown in Figure 9.

Extensions of the RAN system will allow the transmission and processing
of packets of various sizes. This capability has been added to the current
RAN simulation software to include features for handling longer packets, in
addition to the fixed-size packet transmission simulated by RANSIM. To date,
this feature has not been used.

Typical simulation results

Simulation runs were made with RANSIM to exercise the program over a
representative range of input variables and to gain experience with the program
outputs. Several cases were selected to exercise and test the various features
of the program. Test case I is typical, having a 0.512-s frame length resulting
from 256-byte data packets and 56-kbit/s data rates on the control and data
channels. For these runs, VSAT and hub processing delays are assumed to be
zero. Table I summarizes the results for case 1, where the primary variable
is the average number of packets presented to the system in each time slot.
With three frequency channels, this is three times the average number of
packets per packet slot.
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ISTACK (1,-)
RUNNING COUNT OF PACKET NUMBER

ISTACK (2,-)

ORIGINATOR OF PACKET

ISTACK (3,-)

TIME NOW" TIME STAMP FOR WHEN
PACKET WAS ORIGINATED

ISTACK (4,-)
FREQUENCY CHANNEL FOR THE PACKET

(STACK (5,-)

STATUS OF PACKET
-1 = QUEUED AT VSAT
0 = INITIAL TRY. SUCCESSFUL
1 = CONTENTION, FIRST TRY
2 = EXPERIENCED BIT ERRORS
3 = REPEAT REQUEST TO VSAT
4 = RETRANSMIT TO HUB
5 = UNUSED
6, 7- CONTROL CHANNELS

EXPERIENCED BIT ERRORS

(STACK (6,-)
FRAME NUMBER WHEN PACKET WAS
GENERATED

ISTACK (7,-)
TIME STAMP FOR WHEN PACKET IS
FINALLY TRANSMITTED FROM VSAT
SUCCESSFULLY

ISTACK (8,-)
(OPTIONAL) ABNORMAL PACKET SIZE
IN TERMS OF INTEGER MULTIPLES OF
BASIC PACKET SIZE

Figure 7. Definition of Elements of (STACK ( ,

For most of the simulation runs presented in fable I, approximately 10,000
packets were generated, with stable statistical results. However, longer runs
(10,000 frames yielding over 400,000 packets) were made at channel loads
of X = 0.9, 0.95, 0.99, and 1.0 to verify steady-state performance at these
higher levels. The fraction of packets that are delivered contention-free is
indicated in the fourth column in the table. The next four columns give
statistics on delay vs presented load. The cumulative distribution of packet
delay is plotted in Figure 10. At the 0.05 exceedance probability level, delays
range from 1.5 to over 2 s for this particular set of frame parameters.

Note that X = 1.0 constitutes an unrealistic system load where, even for
a pure reservation system, the average packet delay would be expected to
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Figure 10. Exceedance Probability vs Delay for Test Case I
(0.512-s frame duration)

increase without limit. It is possible to use N = 1.0 in the simulation program,
but the results tend to be erratic (as indicated in Table I) and it is included
in some of the results for completeness only.

The primary observation as N -. I is an abrupt jump in mean packet delay
and a radical change in the cumulative distribution of packet delays (which
change in a regular, repeatable way as N is increased from 0.5 to 0.6, 0.7,
and 0.8, as was done in the simulations). A second observation for N = 1.0
is that expected packet delay continues to increase (i.e., never converges) as
simulation run length increases.

This condition of heavy loading has been investigated by making longer
simulation runs for A = 0.9, 0.95, and 1.0. The results are shown in Figure
I I for variation in mean delay and 0.05 exceedance delay. Here, the length
of the simulation run is extended to 10,000 frames (approximately 1.4 hours
of simulated time), and the statistics never stabilize for N = 1.0. In contrast,
for A = 0.9 and 0.95, the statistics stabilize within a few hundred frames
(a startup transient must elapse as the system is "filled" with packets).

Results from a second test case are given in Table 2, and delay exceedance
probability is plotted in Figure 12. This case is identical to test case I, except
that the BER is varied rather than the load. Also for this case, fixed processing
delays of 25 and 45 ms were added at the VSATs and hub, respectively.
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TABLE 2. TEST CASE 2 SIMULATION RESULES (1,000 USERS, 0.512-s FRAME LENGTH,

3 FREQUENCY CHANNELS, 42 PACKET SLOTS/FRAME, 4 = 0.6 PACKET/PACKET SLOT)

NBOUND ACKETS ACKETS

PACKETS

WITH

BIT

RECEIVED

ON FIRST

A97EMPT

EAN

DELAY

Der AY EXCEEDED

6/1 OF FINE

(s)

AVERAGE No.
OF RESERVED

SLOTS/FRAME

HER GENERATED REPEATED ERRORS (%) (s) 57 1% 0.1% NUMBER FRACTION

10 a 10.305 6,616 0 35.4 1.56 2.45 2.52 2.59 16.5 0.39
10 ' 10,305 6.623 3 35.4 1.56 2-45 2.52 2.59 165 0.39
10-6 10.305 6,819 23 33.5 1.60 2.45 252 2-59 17.0 0.40
10` 10,305 6.967 223 32.0 1.63 2.45 2.56 2.66 17.3 0.41
5 x 10 10,305 7.297 1.014 28.7 1.70 2.45 2-56 2.63 18.2 0.43
10-' 10,305 7,707 1,895 24.7 1.78 2.48 2.56 2.67 19.2 0.46
2 x 10 10,305 8.284 3.402 19.0 .89 2.48 2.56 2.67 20.6 0.49
5 x 10 10,305 9,308 6.300 8.9 2.07 2.48 2.59 2-70 23.2 0.55
10-' 10.305 9.926 8,435 2.83 2.21 2.48 2.59 2.71 24.7 0.59
10 1 10,305 10,210 9,592 0.0 2.28 2.52 2.59 2.74 25.5 0.61
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Table 3 and Figure 13 summarize results from a test of program operation
with only a single frequency channel. In this case, contention packets
generated early in the frame must be queued for transmission later in the
remaining contention slots. The results show the effect of BER on single-
frequency channel operation (see Table 4 and Figure 14). Note that the mean
and 0.05 delay exceedance levels increase as BER becomes poorer than 10-0.

Additional simulation runs were made with 1,000 users and 10 frequency
channels. These results are summarized with variable 1 in Figure 15, and

with BER varied and K fixed at 0.6 in Figure 16.
A final series of simulations was performed to exercise the program over

the range of bit rates and frame times stored in the program. These seven
systems cover a range of data packet sizes (in bytes), data transmission rates
(56, 128, and 256 kbit/s), and control channel packet sizes. The results are
summarized in Table 5. The distribution of delay times in Figure 17
corresponds to a moderate level of channel loading (h = 0.6).
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TABLE 4. TEST CASE 4 SIMULATION RESULTS (200 USERS, 0.512-5 FRAME LENGTH,

I FREQUENCY CHANNEL, 14 PACKET SLOTS/FRAME., A = 0.5 PACKET/PACKET SLOT)

DELAY EXCEEDED AVERAGE No. MAXIMUM

PACKETS RECEIVED
A9 OF TIME OI RESERVED No-oF

INBOUND PACKETS PACKBIS

WITH

RFF

ON FIRST

ATTEMPT

MEAN

DELAY
(S) SLOTS/FRAME

RESERVED

SLOTS/

BER GENERATED REPEATED ERRORS (9t) 57, 19 0.19. NUMBER FRACTION FRAME

10 10,430 5.237 0 49.7 0.98 1.79 1.90 2.05 3.49 0.25 14
10-/ 10,430 5,228 3 49.8 0.98 1.79 1.90 2.01 3.48 025 14
10 6 10,430 5,248 22 49.6 0.98 1.79 1.90 2.05 3 49 025 14
10 10,430 5,441 211 47.8 1.00 1.79 1.90 2.08 3.62 0.26 14
5 x 10-1 10.430 5,979 902 42.6 1.07 1.79 1.94 2.08 3.98 028 14
10 10.430 6.413 1,653 384 1.13 1.83 1.94 2.08 4.3 0.30 14
2 x 10-1 10,430 7.326 2,885 29.6 1.26 1.83 1.93 2.08 4.9 0.35 14
5 x 10 4 10,430 8,879 5,212 14.7 1,47 1.86 1,97 2.12 5.9 0.42 14
10 10.430 9,917 6,806 4.7 1.62 1.90 2.01 2.15 6.6 0.47 14
10 ' 10.430 10.408 7,599 0.0 1.68 1,90 2.01 2.12 6.9 0.49 14
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TABLE 5. TEST CASE 5 SIMULATION RESULTS (200 USERS, 5 FREQUENCY CHANNELS,

A = 0.6 PACKItT!PACKE'I' SLOT, INBOUND BER = f0-7)

DATA CIIANNEL FRACTION

CONTROL TOTAL RECEIVED

'BIT PACKET PACKET FRAME DATA ON FIRST

S YSTEM RATE SIIF. SIZE LENOTII S LOTS / PACKLCS PACKETS TRANSMISSION

NUMBER (kbit/s) (b)tes) ( hits) (s) FRAME GINLRAFRD REPEAIPD (q)

I 56 48

2 56 256

3 128 48

4 256 256

5 56 256

6 256 48

7 56 48

96 0.3428 250 10.400 5,884 41.4
48 0.512 70 9.988 6.068 38.8
96 0.150 250 10,400 5,643 42.7
128 0.40 250 10,400 5,885 41.4
64 1.024 140 9,988 5,918 39-8
48 0.0375 125 10,400 5,316 44.9
48 0.171 125 10,400 6.071 40.29

PROBABILITY THAT DELAY IS EXCEEDED

0

0

^^...... ^..

l

__.
L

AVER AGI[

td OI31NEFRACTION MAXIMTIN
'

MEAN RLSIRVEO No OP

DELAY SLON SLOTS/

(s) 57, 117, 0.19 FRAME FRAME

1.04 1,74 1.79 1.82 0.33 135
1.18 1.97 2.05 2.12 0.36 49
0.761 1.20 1,23 1.24 0.32 127
1.18 2_00 2.06 2.09 0.33 135
1.51 3-73 3.87 3-98 0.35 81
0.579 0.864 0.87 0.874 0.30 77
0.755 1.16 1.19 1 21 0.34 77

z
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Summary and conclusions

A flexible simulation of the RAN link access protocol has been described.
With the RAN technique, VSAT, initially send packets to a hub station in a
slotted-ALOHA mode, thus minimizing delay for those packets that do not
experience contention or bit errors. Reservation channels are used by the
VSAT, to retransmit the packets that were not delivered on the first attempt.

A computer program has been developed to model and simulate the RAN
protocol, with emphasis on developing a flexible simulation tool for evaluating
RAN performance. Major outputs of the program include statistics on such
items as successful first transmissions, the distribution of packet delay times,
and the fraction of the RAN resources (frequency channels and time slots
within each of these channels) that must be devoted to reservations.

The RAN protocol was briefly reviewed, and some of the variables that
apply to the system being simulated were defined. In particular, relationships
were established between such variables as data channel bit rate and packet
size, and control channel hit rate and packet size, which determine limitations
on the transmission frame time. The duration of this frame has a direct effect

on delay time.
The simulation concept and the elements of the Fortran program that

implements the simulation were described, and representative results obtained
with the program were given to illustrate its capabilities. Test cases were run
with a single frequency channel and with 10 frequency channels, with both
variable system load and variable inbound tER for a representative system
load. A series of tests case were also run using various sets of system
parameters (bit rates and packet sizes) to determine the effect of these
variables on delay time statistics. The results showed the behavior of the
RAN protocol as system load increases, particularly the distribution of packet
delay time. As system load approaches T = 1.0, mean packet delay increases
abruptly (as expected). Therefore, the statistics obtained from the simulation
program tend to be erratic in that delays continue to increase as run length

is increased.
The simulation program has been shown to provide a flexible and realistic

tool for investigating the detailed behavior of the RAN protocol. The program
can also he used to evaluate the performance of refinements and extensions

to the protocol in VSAT networks.
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Dependence of mean opinion scores on differences in
lingual interpretation

H. G. SUYDLRIIOUD

I Munuccrlp( received Novnnhcr 24. 1987)

Introduction

The quality of speech received through telephone connections has for many
years been quantified by a numeric called the mean opinion score (Mos). In
English, the Mos is derived by averaging the numerical equivalents of the
subjective judgment qualifiers excellent (5), good (4), fair (3). poor (2), and
had (1), obtained from a large number of persons after they have listened to
a sample of telephone speech. This method of rating the quality of telephone
speech has been standardized by the International Telegraph and Telephone
Consultative Committee (CCITT) I I I and is used extensively by administra-
tions and organizations around the world. The five words for expressing
subjective judgment have been translated into various languages using, as
closely as possible, words of equivalent meaning. The methodology of testing
has also been standardized, including the use of equivalent test sentences,
specified test circuits and telephone handsets, and specified listening levels.

Despite this effort, technically identical systems will not yield the same
Mos value when evaluated in different languages. This is probably due to
residual semantic differences resulting from translation; that is, the opinion
equivalents of the subjective judgment qualifiers (excellent, good, fir, poor,
and bad) are different in different languages. Minor semantic differences
also exist between individuals speaking the same language.

It is desirable to define a method that reconciles existing semantic differences
to enable meaningful comparison of results. This note describes a numerical
method which reduces the observed spread of subjective ratings to the extent
that an Mos value resulting from testing in one country with language A

Henri G.S uvderhoud , formerhv with COMSAT, is the Washington representative
of OK! Arnerica , Inc. (New York offi(e), and also works as a consultant.
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(obtained through a technically specified system) can he converted to an
estimated mos value in another country with language B.

As with all prediction techniques, the accuracy of this method of "cross-
language prediction" is limited. Its level of accuracy is demonstrated by
applying standard statistical measures of confidence, which are basically a

ratio of variances.

Reasons for the investigation

In an effort to standardize a 32-kbit/s adaptive differential pulse-code
modulation (Atwell) algorithm (presently known as CCITT Recommendation
G.721), the CCITT assembled an international team to obtain the quality of
the algorithm under various operating conditions and in seven languages.
The same ADPCM hardware was used as part of a test bed to process
prerecorded tapes with test sentences in each language. The format, level,
and language content (i.e., meaning) of the source tapes were carefully
controlled, and speech samples were prepared by engineers in China, France,
West Germany (F.R.G.), the U.K.. Italy, Japan. and the U.S. After the test
sentences were processed and recorded in a common test bed, the test material
was returned to the various countries and evaluated over prescribed systems

to ensure uniformity of conditions.
The results of these tests showed two aspects quite clearly. One was that

a fair degree of consistency existed within each country and its language, in
that higher mos values were obtained for less distorted speech, while lower
values resulted for more distorted speech. However, the absolute ratings
between countries for equally distorted speech varied significantly. This result
was an engineering dilemma, which was resolved by applying some standard

statistical tools.
To provide a basis for relative evaluation, certain test conditions were

included as "anchor" or reference conditions. These consisted of speech
processed with carefully specified (and equal) noise conditions for all
languages. These conditions are known as injected noise (l-noise) and speech-

correlated noise (Q-noise). /-noise is the well-known additive Gaussian noise

inserted at a specified constant level, while Q-noise is added proportional to
the short-term power content of the speech, in approximately 20-ms incre-
ments. As expected, Q-noise proved to be much less disturbing than /-noise
for the same signal-to-noise ratio (SIN). Q-noise is also more representative
of quantizing noise produced by digital codees ]2], as has been demonstrated
in many experiments since the concept was first proposed by Law and
Seymour 131 about 15 years ago. Consequently, it will be used here as the

underlying database for developing the comparison methodology.
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Comparison methodology

As mentioned above, each country obtained a set of data by means of a sub-
jective test, relating Q-noise to mos, in their native language. The results of
these tests are given in Figure 1 in the form of smoothed curves of mos as a
function of Q (the ratio of speech power to speech-correlated noise power,
in dB). By averaging the mos values of this set of curves, a single "world
average" mos vs Q curve is obtained and serves as a universal norm. Subse-
quently, the average deviation of the individual national mos vs Q values
from the norm is calculated, forming a set of national correction values.

In order to express the subjective test results for any country in terms of
another country, the difference between correction values is applied to
translate, or predict, such results.

Database and methodology

Sixty-four test conditions were presented to subjects in seven countries for
evaluation in order to assess the subjective performance of the 32-kbit/s
ADPCm algorithm specified in CCITT Recommendation G.721. The test
conditions having speech-correlated noise were selected as the basis for
developing the comparison methodology 141.

5

1I I I

10 15 20 25 30

SPEECH- TO- CORRELATED- NOISE RATIO, 0 (dB)

Figure 1. Assessment of Q-Noise by Seven Nations
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Figure I shows smoothed curves of Mos obtained in seven countries as a
function of Q, over the range of Q-values between 10 and 30 dB. The wide
spread between the curves demonstrates the fundamental problem being
addressed. The spread between countries is as much as 52 percent of the
range of obtained Mos scores over the entire Q interval; however, the curves
are very similar in shape (i.e., positive slopes and general curvature toward
a horizontal asymptote). Four curves intersect, but mostly near the extreme
ends of the range.

It is possible to formally calculate the Mos values, averaged over the seven
countries, as a function of Q. This function, shown in Figure 2, fits the
following equation over the range of Q:

I. 1744 + 0.32697 Q - 0.00508 Q' ;

10-Q-30dB
(1)

and will be called the world average function of Q. Similarly. equations have
been fitted through test results for each individual country, j, using the
generalized expression

f,(Q) = a„ + a ,Q + a, Q2 . (2)

For the data of the seven countries used here , the coefficients a; of this

expression are given in Table I.

It is useful to express the inverse functional relationship also [i.e., letting
f(Q) = MI, as

al L
I,

Q = -
2a,

+
2a

_
,
1a(+ 4a, (M - I t , ) (3)

In general, let M = /(Q) and Q = f I (M).
The Mos correction term has been defined for country
.,7)as

0,(Qd = Art, (Q,) - f,(Q,) (4)

which is the difference between the world average of equation (1) and the
national f(Q) curve of country j at a value of Q;, as determined by equation
(2), for an Mos value scored when subjectively testing condition i. This is
illustrated in Figure 3 for the case of a U.S. Mos value, M, of 3.87 for
ADPCM (condition i), which translates to 3.68 alter the correction of equation

1
10 15 20 25 30

SPEECH -TO-CORRELATEDNOISE RATIO, Q (dB)

Figure 2. World Average of MOS as a Function of Q

(4) is applied. Corrections were calculated for the same test condition i
(ADPCM single link) evaluated in six other countries, resulting in the data
given in Table 2.

The variance of the original Mos values is 0. 1102. After correction, the
variance was reduced to 0.0076, while the average value as given in Table 2
remained unchanged. The reduction in spread can be measured statistically
or by calculating prediction gain. Statistically, the ratio of these two variances
(F-distribution) has the value 15.26, which is highly significant (<0.005),
implying that the correction was meaningful.

TABLE I. an, al, a, COEFFICIENTS OF MOS = al, + a,Q + a, Q'-

COUNTRY a, a l 11,

China 0.17530 0.27768 -0,00460
U. S, 0.08020 0.24514 -0-00357
France -1.18465 0.34975 -0.00562
Italy -1.17090 0.34552 - 0.00570
FR.G. -2.67870 0.40820 - 0.00703
U, K, -1-00000 0.24604 -0.00254
Japan 026999 0.16587 -0.00103



60 COMSAIrr:CI INICA[. REVIEW VOLUME: I8 NUMBER 1, SPRING 1988

5

CTR NOTE: MEAN OPINION SCORES AND LINGUAL INTPRPRI IATION 61

TABLE 3. AVERAGE MOS CORRECTION FACTORS (Ai)

OF SEVEN COUNTRIES

COUNTRY i

China I -0.572
U.S. 2 -0.272
France 3 -0211
Italy 4 -0.106
F.R.G. 5 +0.111

U.K. 6 + 0.344
Japan 7 +(L563

1
10 15 20 25 30

The values in Table 3 can be used to estimate the performance results of
a processing technique in country j, after results from country k have been
obtained by subjective tests. The following prediction equation is proposed.
Designating the test condition, T; (including ADPCM, PCM, and tandem
connections) for which an Mos of ML(T,) has been obtained by country k,
the estimate for country j can simply be determined by

SPEECH-TO-CORRELATED-NOISE RATIO, 0 (dB)

Figure 3. Defining the Correction A,c of the U.S. National

Average to the World Average

TARLHI 2. MOS CORRECT IONS APPLIED To ADPCM SINGLE LINK

(Q; = 23 dB)

COUNTRY

ORIGINAL

SCORE

CORRLCILU

SCORr

China 4 .27 3.82
U.S. 3.87 3.68

France 3 -90 3.65

Italy 3.70 3.65
F.R.G. 3 . 46 3.62

U.K. 3.51 3 75
Japan 3.28 3.82

Average 3 .71 3.71

Standard Deviation 0,332 0.084

As a further step in this development, the following average Mos correction
factor relative to the world average has been defined for each country, j, as

o = U,„„(Q) -f(Q)I dQ - (5)

The resulting values of A; have been calculated and are given in Table 3.

M1(T,) = Mk(T,) + (& - A1) - (6)

For example, knowing from Reference 4 that the resulting Mos score from
France for two asynchronously tandem ADPCM links was 3.66, the estimated
values for the other countries can be obtained from equation (6), as presented
in Table 4. Since this condition was evaluated by each country, the actual
Mos values are also given, from which the residual values in Table 4 were
calculated.

TABLE 4. ESTIMATED MOS SCORES FOR Two ASYNCHRONOUSLY

TANDEM ADPCM LINKS FROM FRENCH SCORE (3.66)

COUNTRY

ESTIMATED

MOS

ACTUAL

VAIILL * RESIDUAL

China 4.02 3.92 0.10
U.S. 3.60 3.56 0.04
Italy 3.55 3.53 0.02
F.R.G. 3.34 3.44 -0.10
U.K. 3.11 338 -027
Japan 2.88 294 -006

* Reference 4, p. 781, condition 20.
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A number of standards of prediction accuracy were applied. First, it can
be argued that since there is an inherent spread in assessment between
countries, that same spread should be reflected in the predicted values.
Statistically, then, the variance of predicted values should not differ signifi-
cantly from that of the actual values. This is demonstrated by observing that CIRCt,rr CONDITION E% A[ UM 11)

C,,,,.,

(dB)
PRLDI(I II) FROM

Rcsta:rs IN

PCM With BER - 10 2.50 2.36" 8.0 Japan
u„/un = 0.79 (not significant) ADPCM With Eight Tandem Links 0.96 599' - 3.54 Italy

PCM With -15-dBm Input 1.02 3.47' 6.6 U.S.

where c y , the variance of actual scores and (Ti, is the variance of predicted
ADPCM With BER = 10 4

.S/N = 45 dB. Carbon Microphone
0.69

1.64

8.20'

3.76,

5.6

2 9
U.K.

U Kscores. Second, the variance of the applied correction factors (A, - A) ADPCM With Four Synchronous
. .

Japan
should be significantly larger than the variance of the residuals after prediction. Tandcm Links 0.71 3.45' 14.7
This is demonstrated by observing that ADPCM 0.52 3.66' 15.6 China

u, lo; = 5.16 (significant at 0.05)

V' = variance of corrections

or" = variance of residuals.

For the latter test, the term "significant" is applied whenever the theoretical
value of the 0.10 (I-in-10) probability is exceeded. This is reasonable`
because the national correction factors are averages and include an inherent
variation, exhibited by the fact that each national Q-curve is not equidistant

from the world average.
A third measure of success in applying equation (6) is the prediction gain.

It is defined as

G„ = 20 log 1ldeviation without prediction

Ildeviation with prediction

TABLE 5. STATISTICAL ANALYSIS AND PREDICTION GAIN RESULTING FROM
EQUATIONS (6) AND (7)

Statistical values in this column are not significant.
Not significant.
Significant (p =- 0.10).

Anomalous result. Statistical results indicate significance ; however, it bias in the predic
values of about 0.4 MOS units resulted in negative prediction gain.

d

using subjects in another country. The difference in Mos values is attributed
to differences in the perception of the language equivalents of the terms
excellent, good, fair, poor, or bad. The estimate is based on a set of data
consisting of Mos scores obtained by subjects in each country when testing
with correlated noise at a ratio Q. Results obtained using a prediction equation
are shown to produce statistically acceptable Mos values.

Of the seven countries for which data were analyzed, most provided
generally stable and reliable results which can serve as a basis for meaningful
prediction of performance in other countries. Some countries, perhaps two,
simply exhibited greater variability, making prediction less accurate.

The average correction values given in Table 3 should be generally
applicable to results obtained in other tests using digital speech processing
techniques. It must be remembered that subjective testing always depends
on the circumstances and people used to obtain the results. However, the
general methodology given here could be valid in other tests if a Q database
is collected as part of the experiments for such tests.

(7)

giving a logarithmic improvement factor due to prediction, in terms of the
ratio of mean deviations from actual values before and after prediction.

A random sample of conditions selected from Reference 4 was tested in
this manner, and the results are given in Table 5. In general, the predicted
results meet the statistical requirements of significance assumed here. This
supports the confidence in using equation (6).

Conclusions

A method has been developed for estimating the Mos scores of test
conditions for subjects in one country based on the Mos scores obtained

* It is customary to use the I-in-20, or 0.05 significance level.
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Geostationary satellite log for year end 1987

C. H. ScuMITT

(.Manuscript received May 1988, revised July it. 1988)

This note provides lists of current and planned geostationary satellites for
the Fixed-Satellite Service (FSS), the Broadcasting-Satellite Service (sss),
the Radiodetermination-Satellite Service (Ross), the Aeronautical Mobile-
Satellite Service (AMSS), the Maritime Mobile-Satellite Service (MMSS), the
Land Mobile-Satellite Service (LMSS), and the Space Research Service (SRS).
The lists are ordered by increasing East longitude orbit position and update
the previously published material 11] through December 1987.

Table I lists the satellites that are operating as of late December 1987, or
satellites that are in orbit and are capable of operating. Satellites being moved
to new orbital positions are shown at their planned final positions for 1988,
unless another satellite using the same frequencies occupies the position, or
the final planned position is not known. Refer to the Remarks column for
further information.

Table 2 lists newly proposed and replacement satellites at their currently
planned orbital positions. Planned satellites are listed when information has
been published by the International Frequency Registration Board (IFRB),
or when it has been learned that satellite construction has commenced.
Additional technical characteristics may be obtained from the author, the
country or organization listed in the table, or the referenced IFRB Circulars,
as published weekly in the circulars' special sections [21.

Table 3 gives the codes used in Tables I and 2 that correspond to the
frequency bands allocated to the space services listed above. Other space
services, such as the Meteorological-Satellite (MetSat) Service and the Earth
Exploration-Satellite Service, appear only when needed to document a satellite
network shown in Tables 1 and 2.

Carl H. Schmitt, formerly with COMSAT, is Principal Engineer and President of
Satellite Communications (SatCom) Consultants, Inc.. 1629 K Street, N. W., Suite
600, Washington, DC 20006, (301) 654-5000.
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The regions referred to in Table 3 are those defined in Article 8 of the
ITU Radio Regulations, and arc summarized as Follows-

• Region /: Africa, Europe, Mongolia, and the USSR
• Region 2: North and South America and Greenland
• Region 3: Asia (except for Mongolia and the USSR) and Australasia

Information on exact frequencies, and additional information on technical
parameters, is available and is updated regularly. The author invites inquiries
and comments, and would appreciate receiving information on newly planned
satellite networks as they become available.
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TABLE 1. IN-ORBIT OEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 (CONT'D) 0

Subs atelli to
Launch Date

Object/Catalog
Satellite Country or

Service

Frequency Code

Up /Down-Link Remarks 3
Longitudea

Numberb
Designationc Organization

( GHZ) D

21.4E 13 Dec 1973 DSCS 1-B US FSS UHF , B/UHF,7 Incl. 8.2'

6974 OPS 9434 Drift 0.36°W/day 7

24.5E 19 Dec 1978 GORIZONT 1 USSR FEE 6/4a
Y_

11158

26.08 18 Jun 1985 ARABSAT 1-B Arab League FSS,BSS 6 /4, 2.6b, IFRB: 26E

15825 ( ARABSAT 1 -B) 2.6c AR11/A/211/1347

AR11 /C/173/1388

34.4E 26 Nov 1982 RADUGA 11 USSR FSS 6/4 IFRB: 35E

13669 ( STATSIONAR 2) SPA-AA/76/1179

C/26/1251

Incl. 3.36' cc

2

35.5E 15 Sep 1985 RADUGA 17 USSR FSS 6 / 4 IFRB: 35E S

16250 (STATSIONAR D3) AR11 /A/195/1625 r•

40.5E 28 Dec 1979 GORIZONT 3 USSR FSS 6,8 /4,7 IFRB: 40E

11648 ( STATSIONAR 12) SPA-AA/ 271/1425

AR11 /C/878/1737

45 8E 25 Oct 1986 RADUGA 19 USSR FSS 6 / 4

Incl. 6.18'

IFRB: 45E

L
C]

cc.

17046 ( STATSIONAR D4) AR11 /A/196/1675 cc

46.5E 20 Feb 1980 RADUGA 6 USSR FSS 6/4 Incl. 5.6'

11708

47.5E 30 Sep 1983 EKRAN 11 USSR BSS 6/UHF IFRB: 99E

14377 (STATSIONAR T2) SPA 2 -3-AA/10/1426

C/7

Incl. 3.5'

49.4E 26 Jun 1981 EKRAN 7 USSR BSS 6/UHF AR11/A/151

12564 AR11/C/86

Incl. 4.52°

52.7E 18 Jan 1985 GORIZONT 11 USSR FSS 6,8/4,7 IFRB: 140E

15484 ( STATSIONAR 7) Incl. 1.3

SPA-AJ / 31/1251

AR11 /C/1118/1793

58.6E 26 Oct 197 EKRAN 1 USSR BSS 6/UHF

9503

59.7E 30 Oct 1982 DSCS II US-Govt. FSS UHF , 8/UHF,7 IFRB: 60E

13636 (USGCSS PH2 IND OC ) Notified

SPA-AA/ 1271353

Incl. 2.4'

61.7E 28 Sep 1985 INTELSAT VA F-12 INTELSAT FSS 6,14a /4,11 IFRB: 60E

16101 ( INTELSAT VA IND 1 ) AR11 /A/67/1580

C/462

Final Registration

62.4E 14 Dec 1978 OPS 9442 US Govt. FES, WES UHF,8 /7,UHF IFRB: 60E

11145 DSCS II-C Incl. 4.5'

Drift 0.13°E/day

62.9E 28 Sept 1982 INTELSAT V F-5 INTELSAT FSS 6,14a/4,11 IFRB: 63E

13595 ( INTELSAT V Notified

IND OC 1) SPA-AA/ 134/1250

C/59

(INTELSAT MCS INMARSAT Lease MASS 1 . 6b,6/4 , IFRB: 63E

IND OC A ) 1.5a Maritime Package

SPA-AA/ 214/1348

AR11/C/1096/1791

Final Registration



TABLE I. IN-ORBIT GEOSTA IIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 (CON] *D)
0

Subsatellite

Longitudea

Launch Date

Object/Catalog
Numberb

Satellite

Designation
Country or

Organization
Service

Frequency Code

Up/Down-Link

(GHZ)

Remarks

63.0E 26 Dec 1980 EKRAN 6 USSR BSS 6/UHF Incl. 5°
H
r

12120 2/20

65.9E 19 Oct 1983 INTELSAT 5 F-7 INTELSAT FSS 6,14a /4,11 IFRB: 66E

Z

14421 (INTELSAT V IND 4) SPA-AA / 253/1419

SPA-AJ /375/1511

(MCS IND OC D) INMARSAT Lease MMSS 1.6b,6 / 1.5a,4

Notified

IFRB: 66E C
SPA-AA / 275/1425

AR11 /C/857/1735
C

71.7E 23 Nov 1984 SKYNET 2B UK FSS 6/4 AR11/C/182 oc

2 3E

7547

a 1979 PS 6392

Drift 0.4473°W/day

Incl. 7.72
C

22. y US-Govt. FSS UHF,8 /UHF,7 IFRB: 72E A
11353 (FLTSATCOM IND OC ) AR11/A/338/1762

72.5E 10 Jun 1976 MARISAT F - 2 US-COMSAT MMSS UHF 1.6b,6 / 4

Incl. 4.7'

Spare, but unused Z

8882 (MARISAT 2) General UHF 1.Sa except for UHF

transponder.

AR11 /A/208/1344
x
or

73.0E 25 Apr 1979 RADUGA 5 USSR
11343

73.9E 03 Aug 1983

14318

74.4E 13 Mar 1977

9862

74.7E 15 Feb 1984

14725

76.0E 08 Apr 1983

13974

76.0E 24 Aug 1984

15219

79.6E 01 Aug 1984

15144

81.0E 03 Oct 1979

11561

81.6E 09 Oct 1981

12897

82.0E 08 Jul 1976

9009

INSAT IN

(INSAT 1B)

PALAPA 2

(PALAPA A-2)

India FSS

Indonesia FSS

6/4

6/4

RADUGA 14 USSR FSS 6/4 IFRB: 85E
(STATSIONAR 3)

RADUGA 12

EKRAN 13

GORIZONT 10

(STATSIONAR 13)

USSR FSS 6/4

IFRB: 74E

SPA-AA / 208/1344

AR11 /C/231/1429

Notified

IFRB: 77E

SPA-AA /45/1160

Notified

Backup for

PALAPA B-1.

Notified

SPA-AA/77/1179

SPA-AJ/27/1251

Incl. 2.3°

Incl. 2.28°

USSR BSS 6/UHF Incl. 3.94°

1.5a,4 INMARSAT Spare

USSR FSS 6,8 /4,7 IFRB: 80E

SPA-AA/276/1426

AR11/C/598/1737

AR11/C/1124/1793

Incl. 1.7°

EKRAN 4 USSR BSS 6/UHF

RADUGA 10 USSR FSS 6/4

PALAPA 1 Indonesia FSS 6/4

(PALAPA Al)
Near Retirement

IFRB: 83E

AR11 /45/1339

Notified

Incl. 2.3°

J



TABLE l . IN-ORBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 (CONT'D)

Launch Date
b l i

Frequency Code
Su sate l te

Object/Catalog
Satellite Country or

Service Up /Down-Link Remarks
Longitudes

Numberb
Designations Organization

(GHZ)

85.3E 19 Mar 1987 RADUGA 20 USSR FSS 6 / 4 IFRB: 85E

17611 ( STATSIONAR D5) AR11A/197/1675

86.2E 11 Sep 1976 RADUGA 2 USSR FSS 6 / 4 IFRB: 85E

9416 ( STATSIONAR 3) SPA-AJ/27/1251

88.0E 20 Sep 1977 EERAN 2 USSR BSS 6/UHF

10365

89.0E 22 Mar 1985 EERAN 14 USSR 65S 6/UHF

15626

89.2E 18 Nov 1986 GORIZONT 13 USSR FSS 6 / 4 IFRE: 90E

17083 ( STATSIONAR 6) A/108

SPA-AJ/30/1251

90.4E 05 Jul 1979 GORIZONT 2 USSR FSS 6 / 4 IFRB: 90E

11440 ( STATSIONAR 6) A/108

SPA-AJ/30/1251

95.8E 15 Mar 1982 GORIZONT 5 USSR FSS 6,8/4,7 AR11C/306

13092 (STATSIONAR 14) IFRB: 95E

Then moves to

IFRB: 96.5E

AR11/C/1181/1002

97.0E 26 Jun 1984 GORIZONT 9 USSR FSS 6/4

14940

99.1E 04 Sep 1987 EKRAN 16 USSR BSS 6/UHF
18328

99.2E 24 May 1976 EERAN 15 USSR 6/UHF
16729

103.0E 01 Feb 1986 PRC 18 China , Peoples' FSS 6/4
16526

104.7E 12 April 1985 ( SYNCOM IV-3) US-Govt. FSS
15643 LEASESAT F-3

(LEASAT 3)

108.1E 18 Jun 1983 PALAPA B-1
14134 (PALAPA B-1)

113.0E 21 Mar 1987 PALAPA B-2

17706 ( PALAPA 28)

PALAPA B-2P

AR11 /A/245/1695

AR11/C/1023/1777

Domestic and

Regional.

IFRB: 108E

SPA-AA/197/1319

Japan FSS 2 , 14a/12a, IFRB: 110E (BS-2)

12b,2 AR11/A/305

AR11/A/334,

ADD-1/1762

Japan BSS 2 ,14a/12a,2 IFRB: 110E

AR11/A/197

AR11/C/l0

Drift 0.0230°W/day

IFRB: 1136

ba



TABLE 1. IN-ORBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 (CONT'D)

Subsatellite

Langitudea

Launch Date

Object /Catalog

Numbert

Satellite

Designations

Country or

Organization

Frequency Code

Service Up /Down-Link

(GHZ)

Remarks

115.3E 23 Feb 19778 EIAU 2 Japan Experi- AA/91/1194

9852 (ETS 2) mental IFRB: 130E

ETS II Notified

SPA-AA/ 91/1194

117.6E 18 Mar 1981 RADUGA 8 USSR

12351

125.0E 08 Apr 1984 PRC 15 China, Peoples ' IFRB: 125E

14899 ( STW 1) Republic of SPA-AA/141/1255

SPA-AJ/239/1431

128.2E 22 Jun 1984 RADUGA 15 USSR FSS 6 /4a IFRB: 128E

15057 ( STATSIONAR 15) SPA-AJ/312/1469

APA-AJ / 317/1473

AR11 /A/307/1469

Incl. 2.03°

132.0E 04 Feb 1983 SARURA 2A Japan F5S 6,30a/4,20a

Drift 0.0295°W/day

Notified

IFRB: 132E

13782 ( CS-2A) Drift 0.0190°W/day

SPA-AA / 256/1421

SPA-AJ / 323/1490

135.0E 18 Feb 1987 CS 3A Japan FSS

Notified

AR11 /A/212/1680

18877 (CS-3A) IFRB: 132E

AR11 /C/1128/1794

135.9E 05 Aug 1983 CS 2B Japan FSS,STSd 6 / 4 IFRB: 136.0E
14248 (SAIUIRA 2B) Drift 0.0218°W/day

SPA-AA/257/1421

SPA-AJ /325/1490

139.3E 11 May 1987 GORIZONT 14 USSR FSS 6/4
17969

139.7E 20 Oct 1982 GORIZONT 6 USSR FSS 6,8 /4,7 Drift 0.0183°E/day
13624

139.7E 30 Nov 1983 GORIZONT 8 USSR FSS 6,8/4,7
14532 (STATSIONAR 6)

140.2E 02 Aug 1984 HIMAWARI 3 Japan UHF,2/UHF,1 AR11 /A/54/1563
15152 (GMS 3) AR11 /C/474/1648

IFRB: 140E

Drift 0.0201°W/day

141.0E 10 Aug 1977 HIMAWARI 2 Japan IFRB: 140E
12677 (GMS 2) SPA-AA/ 242/1394

SPA-AJ / 372/1510

150.0E 27 Aug 1987 ETS 5 Japan
18316

155.0E 25 Aug 1983 RADUGA 13 USSR FSS 6 / 4 Drift 3.60°E/day
14307

156.0E 28 Nov 1985 AUSSAT 2 Australia FSS 14a,12b . 12c Incl. 0.02°
16275 ( AUSSAT 2 ) SPA-AA / 300/1456

AUSSAT R2 AR11 /C/296/1624
AR 11 / C/ 305/ 1624

Drift 0.0122'W/day
Notified



TABLE ). IN-ORBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 (CONT'D)

Subsatellite Launch Date

Longitudes Object
/Catalog

'umberb

Satellite

Designation

160.0E 27 Aug 1985 AUSSAT 1

15993 (AUSSAT 1)

AUSSAT K-1

164.0E 01 Sep 1985 AUSSAT III

18350 (AUSSAT 3)

AUSSAT K-3

169.6E 08 Aug 1985 RADUGA 16

15946 (STATSIONAR 9)

(INTELSAT V PAC 1)

171.3E 31 Oct 1980 FLTSATCOM 4 W PAC US-Govt.

12046 ( FLTSATCOM W PAC)

174.0E 23 May 1981 INTELSAT 5 F-1 INTELSAT

12474

174.5E 21 Nov 1979 DSCS II-D

11621 OPS 9443

176.1E 14 Oct 1976 MARISAT F-3

9478 (MARISAT PAC)

MARISAT 3

177.0E Jan 1978

10557

178.0E 20 Dec 1981

13010

179.3E 21 Nov 1979

11622

180.0E 20 Dec 1985

(180.0W) 14786

180.8E 31 Aug 1984
(177.2W) 15236

Country or

Organization

Frequency Code

Service Up/Down-Link Remarks

(GHZ)

Australia FSS 14a , 12b,12c Incl. 0.10°

Drift 0.0124°W/day

SPA-AA /299/1456

IFRB: 160E

AR11C / 296/1624

Notified

Australia (OTC) FSS/BSS 14a , 12b,12c RES 33/C/5/1643

RES 33 /C/5/1647

AR11 /C/314/1624

USSR FEE

US AJ/369/1730

Leased by Hughes

US-COMSAT M.MSS UHF,1.6b,6/ Spare , but unused

General

FSS UHF , 8/UHF , 7 IFRB: 172E

SPA-AA /86/1186

SPA-M /167/1382

6/4 SPA-A5/51/1276

FSS 6,14a/4,11 SPA-M/376/1511

IFRB: 174E

Incl. 1.22°

INTELSAT 4-A F-3 INTELSAT

(INTELSAT IVA

PAC OC2)

MARECS A

(MARECS PAC OC 1)

MARECS 1

FS5

UHF,1 . 5a,4 except for UHF

transponder.

IFRB : 176.5E

SPA-AA/ 6/1101

SPA-AJ / 25/1244

Drift 0.0035°W/day

Notified

Incl. 7.09'

6/4

ESA-INMARSAT MMSS 1.6b/6 Spare

1.5a,4 I MARECS PAC 1)

AR11 /D/3/1551
SPA-AJ / 242/1432
IFRB : 178.0E

Incl. 2.00°

Drift 0.0203°W/day

DSCS II-E US

OPS 9444

INTELSAT V F-8 INTELSAT

(INTELSAT V PAC 3)

MCS D

(MCS PAC A)

LEASAT 2

(LEASESAT F-2)

SYNCOM IV-2

Incl. 4.15°

IFRB : 177.0E

AR11/A/332

AR11/C/692

Incl. 2.08°

Drift 0.015°W/day

FSS 6,14a /4,11 IFRB: 180E

SPA-AA/ 225/1419

Drift 0.015°W/day

AR11 /C/682/1668

Incl. 0.0043°E/day

INMARSAT Lease WSS

US-Govt. FSS

1.6b,6/1.5a,4 IFRB: 180E

AR11/C/692/1669

AR11/A/222

AR11/C/242

A1l/C/682

183.5E 09 Feb 1978 FLTSATCOM 1 US
IFRB: 177W

(176.5W ) 10669 ( FLTSATCOM-A W PAC) AR11/A/335/1762
OPS 6391 Incl. 6.25°

Drift 0.0393°E/day



1987 (CONTD)EY NDEARTABLE 1. IN-ORBIT GEOSI ATIONARY COMMUNICATIONS SATELLITES FOR

ubsatellite

Longitudes

Launch Date

Object/Catalog

Numberb

Satellite

Designations

Country or

Organization
ervice

Frequency Code

Up /Down-Link

(GHZ)

emarks

C

z

0E185 12 Apr 1985 LEASAT 3 US-Govt. FSS In place of
T

Z
.

(115.0W ) 15643 ( LEASESAT F-3)
LEASESAT F-2 >

SYNCOM IV- 3
now at 175.5W.

190.6E 08 Aug 1985 RADUGA 16 USSR

(169.4W) 15946

197.3E 29 Aug 1985 LEASAT 4 US

(162.7W ) 15995 ( LEASESAT F-4) O

211 0E 07 Dec 1966

SYNCOM IV-4

ATS 1 US FSS 6/4 Incl. 12.3

H

.

(149.0W)

217 1E

2608

26 Oct 1982 ATCOM V S-Alascom , Inc. SS / 4

Notified

Experimental

AR11/A/7

cc
7

a
.

(142 9W ) 13631 ( SATCOM 5)
AR11 /C/414/ 1630

.
ALASCOM AURORA

SATCOM V F5

Formerly RCA

SATCOM F-5.

IFRB: 143.OW
2

221.0E

(139.0W )

11 Apr 1983

13984

SATCOM VI

RCA SATCOM VI

US-RCA FSS 6/4

Notified

AR11/4/6

C

cc

GE SATCOM 1R

RCA SATCOM 6

(SATCOM I-R ) US-RCA FSS 6 / 4 AR11/A/7

IFRB: 139W

AR11/C/337

224.0E 16 Jun 1978

(136.0W) 10953

225.1E 30 Oct 1982

(134.9W) 13637

226.0E 28 Jun 1983

(134.0W) 14158

229.0E 21 Nov 1981

(131.0W) 12967

229.1E 05 Oct 1980
(130.9W) 12003

GOES 3

(GOES WEST)

DSCS III

PSCS 16

(USGCSS PH3 E PAC)

PSCS 16

(USGCSS PH2 E PAC)

US-Govt.

US-Govt.

US-Govt.

LEASESAT US-Hughes
(USGCSS PH 3W PAC)

GALAXY 1

(USASAT 11-D)

HUGHES GALAXY 1

US-Hughes Comm.

SATCOM III-R

(US SATCOM 3-R)

GE SATCOM 3R

RCA SATCOM 3R

RADUGA 7

230.6E 14 Dec 1978 DSCS II-B
(129.4W) 11144 OPS 9441

US-RCA

USSR

US-Govt.

FSS SPA-AA/ 28/1147

Incl. 4.86°

Drift 0.0322°W/day

IFRB: 135W

FSS UHF, B /UHF,7 AR11/A/139

IFRB: 135W

F55 6/4

FSS

FSS

232.2E 27 Aug 1985 ASC 1 US-American FSS,STSd
(127.8W) 15994 (ASC-1) Satellite Co.

CONTEL ASC-1

SPA-AA/127/1353

Notified

IFRB: 135W

Drift 0.0168°W/day

SPA-M / 344/1499
IFRB: 135W

IFRB: 134W

Notified

AR11/A/120/1615

AR11/C/821/1696

AR11/A/329

AR11 /C/347/1625
IFRB: 131W

Notified

Drift 0.3505°W/day

AR11/C/347

Incl. 4.81

Drift 0.0336°E/day

6,14a/4,12a AR11 /A/202/1676

Incl. 0.01

IFRB: 128W



TABLE 1. IN-ORBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 (CONT'D)

Subsatellite

Longitudes

Launch Date

Object /Catalog

Numberb

Satellite

Designations

Country or

Organization
Service

Frequency Code

Up/Down-Link

( GHz)

Remarks

US-AT/ T FSS 6/4 (4/6) Name changed to

TELSTAR 3D.

IFRB: 126W

AR11/C/968/1769

US-Western Union FSS 6/4 IFRB: 123W

Notified

AR11/A/5

M11/C/284

US-GTE Spacenet FES 6/14a/4 , 12a AR11 /C/166,

ADD-1/1682

Canada-TELESAT FSS 14a/12a

IFRB: 120W

In Coordination

AR11/C/69

AR11/A/138

Mexico FSS 6,14a/4,12a

IFRB : 117.5W

Notified

IFRB : 116.5W

Notified

AR11/C/387

235.0E 19 Jun 1985 TELSTAR 3D

(125.OW ) 15826 ( USASAT 20A)

TELSTAR ATT 303

237.5E 09 Jun 1982 WESTAR 5

(122.5W ) 13269 ( WESTAR 5)

WU WESTAR 5

240.0E 23 May 1984 SPACENET I

(120.OW ) 14985 ( GTE SPACENET 1)

242.5E 12 Nov 1982 ANIE C3

(117.5W) 13652 (ANIK C3)
TELESAT 5

243.5E 27 Nov 1985 MORELOS-B

(116.5W) 16274 ( MORELOS 2)

Incl. 1.00°

246.5E 17 Jun 1985 MORELOS-A

(113.5W) 15824 (MORELOS 1)

246.8E 16 Jun 1977

(113.2W) 10061

249.6E 09 Nov 1984

(110.4W) 15383

250.0E 18 Jun 1983

(110.0W) 14133

Mexico FSS 6,14a/4,12a IFRB : 113.5W

Notified

AR11/A/28

AR11/C/386

GOES 2 US

ANIE D2

(ANIE D-2)

ANIK C2

(ANIE C-2)

TELESAT 7

251.7E 22 May 1981 GOES 5

(108.3W) 12472 (GOES EAST)

252.8E 15 Mar 1976 LES 9

(107.2W) 8747

253.6E 13 Apr 1985 ANIR Cl

(107.4W) 15642 (ANIE C-1)

Not in Use

Incl. 5.84°

Canada-TELESAT FSS 14a/12a AR11 /A/358/1500

IFRB: 110.5W

AR11/C/716/1673

Notified

Canada-TELESAT FSS 14a /12a IFRB: 110W

Notified

AR11/A/137/1500

AR11/C/129/1533

US FSS 6 /4 IFRE: 75W

AR11/A/28

Notified

Incl. 1.17°

US Govt. Experi - 6/UHF,7,4 Incl . 29.40°

mental

Canada-TELESAT FSS 14a/12a IFRB: 107.5W

Notified

SPA-AA/357/1500

AR11/C/569/1649

AR11/C/728/1698

0

no



TABLE ). IN-ORBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 (CONT'D)

Subs atelli to
Launch Date

Object /Catalog
Satellite Country or

Service

Frequency Code

Up/Down-Link Remarks
Longitudes-

Numberb
Designations Organization

(GHZ)

254.7E 12 Aug 1969 ATS 5 US-NASA Experi- UHF , 6/UHF,7,4 IFRB: 105W

(105.3W ) 4068 (ATS-5) mental Drift 7.001°W/day

55.0E 8 Mar 1986 STAR 2 S-GTE SS 4a/12a

Incl. 9.45°

Notified

No Circulars

IFRB: 105W

(105.OW ) 16649 ( GSTAR 2) Notified

GTE GSTAR 2 AR11 /A/15/1525

AR11 /C/1075/1784

255.3E 05 Nov 1967 ATS 3 US-Govt. Eaperi - IFRB: 86W

(104.7W ) 3029 (ATS 3) mental Notified

No Circulars

Incl. 12.06°

255.4E 12 Apr 1985 LEASAT 3 US Incl. 1.38°

(104.6W ) 15643 SYNCOM IV-3

255.6E 26 Aug 1982 ANIK Dl Canada-TELESAT FSS 6/4 IFRB: 104.5W

(104.4W ) 13431 ( ANIK D-1) AR11/A/297/1682

TELESAT 6 AR 11 /C/ 465/1724

256.2E 03 Nov 1971 OPS 9431 US-Govt. FSS UHF,8 /UHF,7

Notified

Drift 0.0371°W/day

(103.8W) 5587 Incl. 9.72°

256.9E 08 May 1985 GSTAR 1 US-GTE FSS 14a/12a IFRB: 103W

(103.1W) 15677 ( GSTAR 1) AR11/A/15/1525

GTE G-STAR 1 AR'' / C/ 1073/ 1784

259.9E 05 Dec 1986 USA 20 US Incl 4 31(100.1W) 17181
. .

Drift 0.0389°W/day

260.9E 15 Nov 1980 SBS 1 US-Satellite FSS 14a/12a IFRB: 97W
(99.1W) 12065 (USASAT 6A)

SBS 1
Business Systems AR11/C/325/1624

SBS F3
AR11/A/34/1553
Notified

261.2E 26 Feb 1982 WESTAR 4 US-Western Union FSS 6/4 IFRB: 99W
(98.8W) 13069 (WESTAR 4)

WU WESTAR 4
AR11/C/272/1623

Notified

263.0E 24 Sep 1981 58S 2 US-Satellite FSS 14a/12a IFRB: 95W(97.OW) 12855 (USASAT 6C)

SBS 2
Business Systems AR11/ C/331/1624

Notified

264.1E 28 Jul 1983 TELSTAR 301 US-AT&T FSS 6 / 4 IFRB: 97W
(95.9W) 14234 (TELSTAR 3A)

AR11/A/8/1524
ATT TELSTAR 301

AR11/C/879/1738
AR11/C/332-336/1624

265.0E 11 Nov 1982 SBS 3 US-Satellite FSS 14a/12a IFRB: 99W
(95.OW) 13651 (USASAT 6B)

SBS 3

58S F-2

Business Systems SPA-A3 /61/1280

Notified

266.5E 21 Sep 1984 GALAXY III US-Hughes Comm. FSS 6/4 IFRB: 93 5W(93.5W) 15308 (USASAT 12B)
.

HUGHES GALAXY 3
AR11/A/22/1687

Notified
GALAXY 3

268.9E

91 1W
30 Aug 1984 SBS 4 US-Satellite FSS 14a/12a IFRB: 91W. )( 15235 (USASAT 9A)

SBS 4
Business Systems AR11/A/10/1609

06



TABLE 1. IN-ORBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR ENI) 1987 (CONT'D)

Subsatellite Launch Date

Longitudes Object
/Catalog

Numbezt

269.1E

(90.9W)

10 Aug 1979

11484

274.0E

(85.OW)

274.9E

(85.1W)

277.0E

(83.OW)

278.0E

(82.OW)

279.1E

(80.9w)

279.4E

(79.6W)

281.0E

(79.OW)

282.5E

(77.5W)

284.0E

(76.0W)

283.9E

(76.1W)

01 Sep 1984

15237

12 Jan 1986

16482

31 Dec 1986

NA

16 Jan 1982

13035

28 Nov 1985

16276

19 Dec 1974

7578

10 Oct 1974

NA

09 Feb 1978

10669

Sep 1983

12309

22 Jul 1976

9047

Satellite Country or

Designation Organization

WESTAR 3

(WESTAR 3)

WU WESTAR 3

TELSTAR 302

(USASAT 3C)

TELSTAR 3C

ATT TELSTAR 302

SATCOM-KU1

(USASAT 9C)

GE K1

ABC 3

(USASAT 7-D)

SATCOM KU2

SATCOM IV

(USASAT 7B)

RCA SATCOM IV

GE SATCOM 4

Frequency Code

Service Up/Down-Link

(GHZ)

US-Western Union FSS

US-AT&T

US

Ds

US-RCA

SATCOM KU2 US

GE SATCOM K2

SYMPHONIE 1 West Germany

USASAT 12A US

(USASAT 12A)

FLTSATCOM

(FLTSATCOM 1)

OPS 6391

US-Govt.

COMSTAR D4 US-COMSAT
(USASAT 12C ) General
COMSTAR 4

COMSAT COMSTAR 4

COMSTAR D2 US-COMSAT
(USASAT 12C) General
COMSTAR 2

FSS

FSS

FSS

6/4

6/4

6,14a/4.12a

6/4

FSS,STSd 6/4

FSS UHF,8/UHF,7

FSS

FSS

6/4

6/4

Remarks

IFRB: 91W

AR11/A/37

AR11/C/197

To be replaced by

WESTAR VI-5 in

1988.

Notified

IFRB: 86W

AR 11 / C/ 246/ 1620

AR11/C/247-256/1620

IFRB: 85W

IFRB: 81W

AR11/A/12/1525

AR11/C/50/1568

AR'' / C/ 257/ 1623

Notified

IFRB: 83W

AR 11/ C/ 188/ 1612

Drift 0.0355°W/day

Notified

Drift 0.0121'E/day

AR11/C/892,
ADD-1, ADD-2

1752

AR11/C/895,898
ADD-1/1762

IFRB: 29W

SP4-AJ/ 163/1382

Incl. 6.06°

Drift 0.0345°W/day

IFRB: 76W

Colocated with

COMSTAR D-2.

AR11/C/907/1748

AR11/C/907/

CORR-1/1785

Inc 1. 1.88°

Drift 0.0243°W/day

Notified

IFRB: 76W

AR11 /C/907/1748

AR11 /C/908 - 909/1748
Colocated with

COMSTAR D-4.

Drift 0.0171°W/day

Incl. 3.48°

Notified

a

H
A

Z
C



TABLE 1. IN-ORBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 (CONT'D) P

Subsatellite

Longitudes

Launch Date

Object/ Catalog

Numberb

Satellite

Designations

Country or

Organization
Service

Frequency Code

Up/Down-Link

(GHz)

Remarks

285.0E 26 Feb 1981 GOES H US FSS 6/4 IFRB: 75W

(75.OW ) 17561 ( GOES EAST) Notified Z
GOES 7 SPA-AA/ 28/1147

286.1E 22 Sep 1983 GALAXY 2 US-Hughes Comm. FSS 6/4

Drift 0.0398°W/day

IFRB: 74W

(73.9W) 14365 (USASAT 7A) Drift 0.0117°W/day

HUGHES GALAXY 2 SPA-AJ / 166/1382

AR11/A/312

AR11/C/812

3

287.0E 26 Jan 1978 IUE USA Incl. 30.94°

(73.OW) 10637 Drift 0.0144°W/day cc
2

288.0E 08 Sep 1983 SATCOM II-R US-RCA FSS 6/4 IFRB: 72W 3

(72.OW) 14328 (USASAT 8B) ARll/A/37

SATCOM VII AR11/C/221

89.9E 8 Mar 1986

GE SATCOM 2R

Formerly RCA

SATCOM 7

SBTS 2 razil SS /4 FRB: 75.40W

Z
C

(70.1W ) 16650 ( SETS Al) AR11/A/16

290.8E 12 Mar 1983 EERAN 10 USSR BSS 6/UHF

Notified

Incl. 3.75°

cc

(69.2W) 13878 Drift 2.98°E/day

M

AR11/C/591

ARI1 /A/82/1588
AR11 /C/674/1667

AR11 /A/115/1609
Notified

307.5E

(52.5w)
31

NA

Dec 1986 USGCSS

(USGCSS

PHASE 3

PH 3W ATL)
US FSS 2/2 AR11 /C/140/1596

316.8E 09 Sep 1980 GOES 4 us FES 6/4(43.2W) 11964 Incl. 1.25°

Drift 0.0146 °W/day

291.0E

(69.OW)
10 Nov 1985

15385
SPACENET II

(USASAT 7C)
US-GTE Spacenet FSS 6,14a/4,2a IFRB: 69W

SPACENET 2 In Coordination

with USASAT 7C.

(USASAT 7C)

GTE SPACENET 2
US FES 6/4 AR11 /A/1525

FCC: 69.OW

IFRB: 69W

295.0E

(65.OW)
08 Feb 1985

15561
SBTS 1

(SBTS A2)
Brazil FSS 6/4 IFRB: 65W

AR11/A/17

AR11/C/99

Notified

298.3E 15 Mar 1976 LES 8 Us
(61.7W) 8746 Incl. 21.45°

Drift 0.0052°W/day

299.2E 28 Jan 1977 NATO III-B NATO
(60.7W) 9785 Incl. 5.1*

307.0E

(53.OW)
15 Dec 1981
12994

INTELSAT V F-3 53W

(INTELSAT 5

CONTINENTAL 1)

INTELSAT FES 6,14a/4,11 Maneuvered from 27W

during Sep 1985.
IFRB: 53W

AR11/A/75

a



TABLE 1. IN-ORBIT GEOSTATTONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 (CONT'D)

Subsatellite

Longitudea

318.0E

(42.OW)

Launch Date

Object/Catalog

Numberb

05 Apr 1983

13969

05 Apr 1983

13969

Satellite Country or

Designations Organization

TORS EAST US-NASA

(TOES EAST ) US-Systematics

Gen.

TDRS 1 US

TDRS-A

Frequency Code

Service Up/Down-Link

( GHz)

SRS,FSS 1,14d/2,13

6/4

FSS

m

AM SS, LMSS

Remarks

IFRB: 41.OW

Notified

Incl. 2.30°

IFRB: 41.OW

AR11/A/231

AR11/C/46

AR11/A/158/1637

Same satellite.

325.0E

(35.OW)

325.5E

(34.5W)

330.7E

(29.3W)

332.5E

(27.5W)

334.0E

(26.OW)

335.0E
(25.0W)

335.0E

(25.0W)

335.OEe

(25.OW)

335.0E

(25.OW)

335.5E

(24.5W)

335.7E

(24.3W)

7 Apr 1978

10792

5 Mar 1982

13083

22 Apr 1976

8808

29 Jun 1985

15873

10 Nov 1984

15386

17 Jan 1986

16497

31 Dec 1987

NA

Dec 1990

NA

30 Nov 1983

14532

22 Mar 1985

15629

05 Oct 1980

12003

registered

separately.

Drift 0.0581°W/day cc
2

YURI Japan

(USE) Incl. 1.25° a

INTELSAT 5 F-4 INTELSAT FSS 6,14a/4,11

Drift 1.0792°W/day

IFRB: 34.5W

A

-o

(INTELSAT V ATL 4) Notified A

AR11/A/121 Z

NATO III-A NATO F55 8/7 Incl. 6.19° cc

(NATO 3A) AR11 /A/1681 x

AR11/C/215

INTELSAT V-A F-11 INTELSAT FSS 6,14a/4,11 IFRB: 27.5W

(INTELSAT 5A ATL 2) Notified

AR11/A/335

AR11/C/123

MARECS B2 ESA-leased to

(MARECS ATL1) INMARSAT

RADUGA 18 USSR

14455

FSS

1.6b,6b/

1.5a,4

Operational 1 Jan

1985 Pacific Ocean

as Maritime

Satellite.

IFRB: 177.5E, 26W

Notified

Incl. 2.01'

VOLNA 1-A

VOLNA 1-M

GORIZONT 8

(STATSIONAR 8)

USSR

USSR

USSR

INTELSAT 5A F-10 INTELSAT

(INTELSAT 5-A ATL 1)

RADUGA 7 USSR

FSS

FSS

6/4

6/4

6,14a/4,11

F55 5,6/3

337.3E 18 Jan 1980 FLTSATCOM 3 US-Govt. UHF,B/UHF,7FSS

(22.7W ) 11669 (FLTSATCOM-B E ATL)

OPS 6393

IFRB: 25.OW

AR11/A/95

(STATSIONAR 8)

ARll/C/50

IFRB: 25W

IFRB: 25W

SPA-AJ/ 62/1280

IFRB: 25W

IFRB: 24.5W

Notified

Operates below

INTELSAT V-A

frequencies.

Drift 0.3505°W/day

IFRB: 23.0W

AR11 /A/48/1561

ADD-1/1587

Inca. 4.30°



TABLE 1. IN-ORBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 WONT D)

Launch
Subsatellite Date

Lo agitudea Object
/Catalog

Numberb

Satellite Country or

Designations Organization

Frequency Code

Service Up/Down-Link Remarks

(GHZ)

338.5E 25 May 1977 INTELSAT 4A F-4 INTELSAT FSS 6/4 IFRH: 21.5W

(21.5W) 10024 (INTELSAT IV-A

ATL 1)

Notified

Incl. 2.50'

339.4E 19 Nov 1978 NATO III NATO FSS 20a,8/2.3.7 On 12/26/85

(20.6W) 15391 (NATO 3D) drifting at

0.04E.

Incl. 3.23'

341.5E 19 May 1983 INTELSAT V F-6 INTELSAT FSS 6,14a /4,11 IFRB: 18.5W

(18.5W) 14077 (INTELSAT 5 ATL 2) 1.5a,4 Notified

INMARSAT Lease

(MCS ATL A)

MME FSS 1,6b,6 IFRB: 18.5W

MCA ATL A is

a spare for

MARECS 82.

342.3E 19 Nov 1978 NATO I NATO Incl. 3.21°

(17.7W) 11115 NATO III-C

344.6E 10 Nov 1984 SYNCOM IV-1 US Govt. UHF/UHF

(15.4W) 15384 LEASESAT 1

LEASAT F-1

345.1E 19 Feb 1976 MARISAT F-1 US-COMSAT MMSS, FSS UHF 1,6b,6 / Spare, but only UHF

(15.3W) 8697 (MARISAT ATL)

MARISAT A-1

General UHF 1,5a,4 transponder used.

IFRB: 15W

AR11 /A/7/1101

AR11/ C/33/1254

Notified

346.2E 10 Jun 1986 GORIZONT 12 USSR FSS 6/4
(13.8W) 16769

348.8E 14 Jun 1980 GORIZONT 4 USSR FSS 6,8/4,7 IFRH: 11W
(11.2W ) 11841 ( STATSIONAR 11) In Coordination

AR11/C/877/1737

Incl. 5.81'

344.0E 30 Jun 1983 GORIZONT 7 USSR FSS 6/4
(10.9W) 14160

352.0E 04 Aug 1984 TELECOM 1-A France FSS 2.6,8,14a/ 2,4, IFRB: 8W
(8.OW) 15159 ( TELECOM 1A) 7,12a,12b,12c In Coordination

"11/A/268

AR11 /C/84/1611

Notified

354.9E 08 May 1985 TELECOM 1-8 France FSS 2,6,8,14a/ IFRB: 5W
(5.1W) 15678 ( TELECOM 1 -B) 2,4,7c, AR11/C/472

TELECOM I - B 12a,12b,12

358.8E 12 May 1977 OPS 9438 US AR11/C/121
(1.2W) 10001 DCSC II-A Incl. 6.76°

359.0E 06 Dec 1980 INTELSAT 5 F-2 INTELSAT FSS 6,14a/4,11 IFRB: 1W
(1.0W) 12089 ( INTELSAT V CONT 4) Notified

AR11/A/83

AR11/C/593

Drift 0.0042'W/day

aThe list of satellite longitudes was compiled from the best information available.
bSpace objects that can be tracked are assigned an object/catalog number which is used by NASA and others.
CSatellite names in parentheses are IFRB satellite network names ; common names appear above, alternate names appear below.
dSpace tracking satellite.

eLongitude is as compiled in the NASA Synchronous Satellite Catalog for January 4, 1988.

NA: This information is not currently available ; satellite network not confirmed as operational.
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TABLE 2. PLANNED GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987

Subsatellite

Longitudes

In-Use Date/

Period of

Validityb

(yr)

Satellite

Designations

Country or

Organization
Service

Frequency Code

Up/Down-Link

(GHz)

Remarks

0.0E 30 Jun 1985 /NA SNYNET A UK FSB 8,0 . 3a,45 / AR11 /C/183/1611

7,0.3a,# AR11 /A/22/1531

1.0E 31 Dec 1992 / 20 STATSIONAR 22 USSR FSS 6/4 AR11 /A/410/1806

1.0E 31 Aug 1987 / 10 GDL 5 Luxembourg FSS,BSS 6b , 14a/11,12b AR11 /C/612/1657

AR11/C/612,

CORR-1/1744

3.0E 198? / 10 TELECOM 1C France FSS,BSS 6b , 8,14/4 , #.# AR11 /A/29/1339

AR11/C/116/

ADD-2

AR11 /C/157/1598

AR11 /C/131/1594

AR11/C/116/

ADD-2/1643

3.0E 30 Sep 1991 / 10 TELECOM 2C France FSS, 6,14 /4,12b,120 AR11 /A/326/1745

MMSS 8/7

2/2.2

5.0E 198?/7 TELE -X Norway, Sweden FSS,BSS 2,6 , 30a,17,20a/2, AR11/A/27/1535

12a,12b,20d AR11 /C/446/1644

AR11 /C/773/1674

6.0E 07 Jan 1990 / 10 SKYNET 4B UK FSS,M.MSS 1,7,44 / 8 C/183/1661

6.0E 07 Jan 1990 SXYNET 4B UK FSS, MMES 14c , 17/12f,2,12b AR14 /C/82/1677
AR11 /C/183/
ADD-1/1652

AR11 /C/589/1652
AR11/C/183/1611
AR11 /C/773/1674
AR11 /D/121/

ADD-1/1811
AR11 /D/121/1780

7.0E 1987/10 F-SAT 1 France FSS 2,14a,12b,12c , 20d AR11/C/568/1648

AR11/A/79/1587

AR11 /C/566-557/
1648

7.0E 10 May 1985 EUTELSAT 1-3 France / EUT FSS, ESS 14a/11,12b AR11/C/1709/

1789

7.0E 31 Oct 1989/20 EUTELSAT II-7E France /EUT FSS,STS 14a/12f AR11/A/342/

ADD-2/1782

8.0E 31 Dec 1987/20 STATSIONAR 18 USSR FSS,BSS be. 6b, 6/4a AR11/A/219/1686

AR11/C/911/1749
AR11 / C/911/

CORR -1/1756
AR11/C/911/

ADD-1/1756

8.0E 31 Dec 1987/20 GALS 7 USSR FSS 8/7 AR11 /A/238/1693
AR11/C/913/1750
AR11 /C/913/

ADD-1/A56
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TABLE 2. PLANNED GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 (CONT'D)

In-Use Date/

Suhsatellite Period of
Longitudes Validityb

(Yr)

Satellite Country or
Designation- Organization

Service

Frequency Code

Up/Down-Link

(GHZ)

Remarks

17.0E 30 Apr 1992/20 SABS Saudi Arabia BSS,FSS 14a/12b,12c SPA-AA/235/1387

ARI1/C/171/1601

A/353/1768

17.0E 1988/20 SABS 1-2 Saudi Arabia SEE, STS, 14a,14a/12b,12a AR11/A/125/1616

19.0E Sep 1986/10 GDL 6 Luxembourg

FSS

FSS/BSS 6b,14a/11.12 AR11/A/94/1594/

ADD-1/1708

AR11/A/94/

ADD-2/1747

19.0E 30 Apr 1992 ZENON-C France/MPT FSS,STS 2,1.6d,14a/2,1.5c,11 AR11/A/365/1781

20.0E 06 Jun 1987/NA NIGERIAN Nigeria FSS 6/4 SPA-AA/209/1346

NATIONAL SPA-AA/227/1361

22.0E 01 Jan 1987/8

SYSTEM

SICRAL 1-B Italy MMSSIFSS UHF,8,14a,45/7, AR11/A/45/1557

12b,12c,20b AR11/A/45/1588

23.0E 31 Dec 1987/20 STATSIONAR 19 USSR FSS/BSS 6a,6b/4a AR11/A/220/1686

AR11/C/916/1752
AR11/C/917/1952

AR11/C/1917

CORR-1/1756

23.0E 31 Dec 1987/20 GALS 8 USSR FSS 8/7 AR11/A/239/

16930

AR11/C/914/1750
AR11/C/914/

ADD-1/1756

23.0E 31 Dec 1987/20 VOLNA 17 USSR AMSS,AMSS UHF,1.6e/UHF,1.5c AR11/A/242/1693

AR11/C/980/1769

23.0E 01 Aug 1990/20 TOR 7 USSR FSS, MMSS 43,45,20b AR11/A/284/1710

23.5E 01 Jun 1987/10 DFS 1 Germany

LMSS,AMSS

FSS,STS 2,14,30/11,12b,12c, AR11/A/40/1556
20b AR11/C/696-697/

1670
AR11/C/774/ 1681

AR11/C/779/1681

26.0E 30 Apr 1991/20 ZOHREH 2 Iran FSS 14a/11 SPA-AA/164/1278

SPA-AJ/76/1303
AR11/C/5011/

1776

28.5E 23 Mar 1988 DFS 2 Germany FSS,STS 2,14/11,12b,12c, AR11/A/41/1556
20d,30 AR11/C/117/1781

31.0E 01 Jan 1991 ARABSAT 1-C Saudi Arabia FSS 6/4 AR11/A/345/1764
AR11/B/

ADD-1/1800

32.0E 1987/10 VIDEOSAT 1 France FSS 14a/2,12b,12c AR11/A/80/1588

AR11/C/574/1650

AR11/C/580/1650
AR14/C/781/1676

34.0E 30 Apr 1991/20 ZOHREH 1 Iran FSS 14a/11 SPA-AA/163/1278

AR11/A/296,

ADD-1/1728
AR11 /C/5000/

1776



TABLE 2. PLANNED GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 (CONT'D)

Subsatellite

Longitudes

In-Use Date/

Period of

Validityb

(yr)

Satellite

Designation0
Country or

Organization
ervice

Frequency Code

Up/Down-Link

(GHZ)

emarks

35.0E 01 Jan 1984 / 20 PROGNOZ 3 USSR SRS UHF /4a,2,# SPA-AA / 318/1471

35.0E 01 Aug 1990 / 20 TOR 2 USSR FSS,AMSS, 43,45/20b AR11 /A/279/1710

35.0E 31 Dec 1987 / 20 VOLNA 11 USSR

LMS S,MMSS

AMSS , LMSS UHF,1 . 6d/UHF,1.5c AR11/A/150/1631

AR11/C/977/1769

35.0E 31 Dec 1984 / 20 GALS 6 USSR FSS 8/7 AR11 /C/109/1578

36.0E 30 Jul 1990 / 20 EUTELSAT II-36E France/EUTELSAT STS,FSS 2/2 AR11/A/307/1732
AR11/A/75/1783

38.0E 31 Dec 1987 PAKSAT 1 Pakistan FSS,STS 14e/11,12b.12c AR11/A/90/1592

AR11/A/90,

ADD-1/1779

40.0E 31 Dec 1988 /20 LOUTCH 7 USSR FSS,STS 14a/11 AR11/A/270/
CORR-1/1707

AR 11/ C/ 1046/ 1779

40.0E 10 Oct 1984 / 20 STATSIONAR 12 USSR FSS 4a/q? AR 11 / C/ 878/ 1737

41.0E 30 Jun 1992 / 20 ZOHREH 4 Iran FSS 14a/11 SPA-AA/203/1330
AR11/A/394/1800

41.0E 31 Dec 1988 / 15 PAKSAT-II Pakistan FSS 14a/12b,12c AR11 / A/91/1592

(PAKSAT-2) AR11/A/91,

ADD-1/1715

45.0E 30 Jun 1988 / 20 STATSIONAR-D4 USSR F55 6a#/4b AR11/A/196/1675

AR11 /C/1171/1796

45.0E 01 Dec 1990 / 20 VOLNA 3M USSR MMSS,AMSS , #?, 1.6b/1.5a AR11 /A/249/1697
LMSS SPA-AJ / 98/1329

45.0E 01 Jan 1980 /NA GALS 2 USSR F5S 8 / 7 SPA-AJ/112/1335

45.0E NA LOUTCH P2 USSR F55 14a / 11 SPA-AA/178/1289

45.0E 01 Aug 1990/20 TOR 3 USSR FSS, AMES , 43,45 / 20b AR11 /A/280/1710

47.0E 30 Apr 1991 / 20 ZOHREH 3 Iran

MMSS,LMSS

F55 14a / 11 SPA-AA /165/1278

49.0E 31 Dec 1990 / 20 STATSIONAR 24 USSR AMSS,MMSS 64/4a# AR11/A/319

ESE CORR-1/1760

AR11 / A/298,
ADD-2/1776

53.0E 01 Jan 1981 /NA LOUTCH 2 USSR FES 14a/11 SPA-AJ/85/1318

Leased to

Intersputnik.

AR11/C/889/1743

53.0E 01 Aug 1987 / 10 SKYNET 4C UK F5S,MMSS UHF , 8,45/UHF AR11 /D/45/1626
AR11/A/84,

ADD-1/1597

AR11/A/84/1588

AR11/C/870/

1737/867

AR11 / C/870,
ADD-1/1767

53.0E 01 Mar 1989 / 15 MORE 53 USSR MMS5 , ENS 1.6b,6b / 1.5a,4 ARI1 /A/185/1662
AR11/C/1088/1791

57.0E 01 Oct 1987 /NA INTELSAT VI 57E INTELSAT FSS,STS 6,6b/4,11 AR11/C/625,

ADD-1/1713

57.0E 1988 /NA INTELSAT VI IND 2 INTELSAT FSS 6a,6b,6 , 14/4a,4 ,11 AR11 /A/72/1584
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TABLE 2. PLANNED GEOSTATIONARY COMMUN ICArIONS SATELLITES POR YEAR END 1987 (CONT'D)

In-Use Date/

Subsatellite Period of Satellite Country or

Longitude (GHZ)e Validityb Designationo Organization

(yr)

92.0E NA/10 FLTSATCOM IND US

USSR FSS,RSS 14c,15,14b/11,

13,12e

72.5E 01 Jan 1977/NA MARISAT-IND us FSS ,ARSE #/#

73.0E NA/NA

74.0E 31 Jul 1990/20

75.0E 01 Apr 1980/10

MARECS IND 2 INMARSAT (F) MMSS 1.6b , 6b,/1.5a,4

AR/11/A/52/

ADD-1/1587

75.0E 31 Dec 1986/10 FLTSATCOM B IND US FSS,MMSS 45 /20d AR11 /A/52/1561

AR11/A/52/

ADD-1/1587

76.0E 31 Dec 1986 /15 GORE USSR M455,FSS 30a /7,1.6f, AR11 /A/205/1678
Met Aids 20a,20b/#? AR11/205/

ADD-1/1712

77.0E 30 Nov 1986 /NA FLTSATCOM A IND US FSS ,STS 8a,.3b /7a,3b AA/ 336/ADD -1/1794
AA/336 /ADD-2/1802

77 DE 17 Oct 1989 /20 CSSRD 2

80.0E 01 Dec 1970/NA STATSIONAR 1

HAS 11 Nov 1987 /NA PROGNOZ 4

80.0E 30 Dec 1982 /15 POTOK 2

80.0E 31 Dec 1987 /20 LOUTCH 8

81.5E 01 Jun 1990/10 FOTON 2

83.0E 31 Jan 1989 /15 INSAT ID

83.0E Jan 1990 /20 INSAT IIA

85.0E 01 Jan 1990/NA LOUTCH P3

85.0E NA/NA VOLNA 5

6/4

INSAT II-C India BSS,FSS UHF,6b/4b, AR11/A/262/1702

(INSAT METEO) Met Aids 0.4c/- RE5 33 /A/7/1702

FLTSATCOM IND US MMSS,AMSS 0.3a,8/.3a,7a AA / 87/1186

AJ/169/1382

A/338/1762

Frequency Code

Service Up /Down-Link

(GHZ)

Remarks

FSS,AMSS 0 . 3a,0.3b,8 /#, AR11 / 338/1762

0.3b,7a AA / 87/1186

USSR FSS 6 /4a No SS #.

USSR FSS,SRS 4/2

USSR FSS

USSR FSS

USSR FSS

India

India

USSR

USSR

6,14a/4a,11

6b/4b

FSS,STS, 6b/4,UHF
Met Aids 0.4c/-

FSS, M4SS 6,6b/4,4b

FSS 14a/11

AJ/57/1277

AR11/A/188/1672

AR11/A/188/1711
AR11/A/188/
CORR-1/1711

AA/319/1471

AR14 /D/165/1748

AR11 /A/179/1645
SPA-AA / 345/1485
AR11 /C/22/1558

AR11 /A/271/

CORR-1/1707

AR11/A/271,

CORR-1/1728

AR11/A/236/1692
AR11 /C/1015/
CORR-1/1790

AR11 /A/126/1617

RES 33/A/3/

ADD-1-10/

AR14/C/91/1682
AR11 /C/860/1735

AR11 /A/260/1702
RES 33 /A/5/1702

SPA-AA / 179/1289

SPA-AJ/123/1340

LMSS, ARSE UHF,1.6b /1.5a SPA-AJ/100/1329
SPA-AA / 173/1286

0



TABLE 2. PLANNED GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 (CONT'D) 0
4a

In-Use Date/ Frequency Code
Subsatellite Period of Satellite Country or Service Up/Down-Link Remarks
Longitudes Validityb Designations Organization

(GHz)

(yr)
D

85.0E 01 Aug 1990/20 TOR 4

85.0E 01 Jan 1980 /NA GALS 3 USSR FSS

USSR FSS 6 /4a AR11 /C/1116/1793

85.0E Jun 1988 /20 STATSIONAR D5 USSR FSS 6/4b AR11 /A/197/1675

AR11 /C/1172/1796

SPA-AA / 173/1286

85.0E 31 Dec 1990 /20 VOLNA 5M USSR MMES 1.6b/1.5a AR11 /A/250/1697
SPA-AJ-100/1329

85.0E 31 Dec 1989 /10 NAHUEL II Argentina FSS 14a,6 /12,4 AR11 /C/204/1677

AR11 /A/204/1677

87.5E 15 Mar 1988 /10 CHINASAT 1 China, Peoples FSS 6 /4 AR11 /A/255/1702

Republic of AR11/A/1027/1778

89.0E 30 Jun 1990 /10 CONDOR B Andean FSS 6/4 AR11 /A/209/1679

Countries

90.0E 01 Mar 1989/ 15 MORE 90 USSR MMSS 1.6b,6b/1.5a,1.5b,4 AR11/A/154/1562
AR11/C/1090/1791

AR11/C/15/1589

USSR FSS,AMSS, 43,45,20b AR11 /A/281/1210

MMSS,LMSS AR11 /A/28/1710

90.0E 01 Jan 1981 /NA LOUTCH 3 USSR F55 14a/11 SPA -AJ/86/1318

90.0E NA /20 VOLNA 8 USSR MM55 UHF,1.6b /1.5a,UHF SPA-AA/289/1445

SPA-AA/2/1153

SPA-AJ/316/1473

90.0E 09 Jan 1981/NA STATSIONAR 6

93.5E 03 Mar 1990 / 20 INSAT 213

(INSAT IIB)

India FSS, ESS,STS 6,66/UHF AR11 /A/261/1702
Met Aids 0 .4c/- RES 33/A/6/

261/1702

RES533/G/10/1799

93.5E 01 Jul 1988 /18 INSAT 1C

(INSAT-IC)

95.0E 01 Aug 1989/20 STATSIONAR 14

96.5E 31 Dec 1988/20 LOUTCH 9

97.0E 30 Apr 1989/10 STSC 2

98.0E 15 Mar 1989 /10 CHINASAT 3

India FSS,BTS, UHF,6/4,6/4a SPA-AJ/231/1429
Met Aids 6b/4, AR11/C/851/1708

0.4c/- AR11/C/852-

856/1708

USSR FSS,BSS 6/4a SPA-AJ/311/1469
SPA-AJ/ 306/1469
AR11/C/1811/1802

USSR FSS

Cuba F55

8/7

14a/il

SPA-AJ / 112/1335

SPA-AA / 154/1262

SPA-AJ / 113/1335

SPA-AA / 155/1262

AR11/A/272/

CORR-1/1707

AR11/A/272/

CORR-1/1728

6/4 AR11 /A/268/1706
AR11 /A/268/1723

China, Peoples FSS 6/4 AR11/A/257/1702

Republic of AR11/C/1039/1778

99.0E 20 Oct 1976/NA STATSIONAR-T USSR FSS, BSS 6/UHF RES-SPA2-3-
AA10/1426

99.0E 30 Sep 1983 /10 STATSIONAR-T2 USSR FSS,BSS,MMSS 6/UHFU SPA-AJ/316/1473

103.0E 31 Dec 1988 /20 STATSIONAR 21 USSR FSS , B55 5a,6,6b/4a,4 AR11 /A/244/1692
AR11/C/905/ 1748

AR11/C/906/1748

"11/C/905/
ADD-1/1752



TABLE 2. PLANNED GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 (CONT'D)
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Longitudes

In-Use Date/

Period of

Validityb

(yr)
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Designationc
Country or

Organization
ervice
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Up/Down -Link

(GHZ)

emarks

103.0E 30 Apr 1986 / 10 SEW 2 China , Peoples FSS 6/4 SPA-AA/142/1255
Republic of AR11/A/245/

ADD-1/1712

103.0E 31 Dec 1988 / 20 LOUTCH 5 USSR FEE 14a/11 AR11/A/243/1694

ARI1/C/966/1766
A/334 /ADD-1/1762

110.0E 01 Aug 1990 /NA BS 3A Japan FSS 2,14a / 2,12a,12b AR11/A/334/1750
AR11/A/334/1762

110.5E 31 Dec 1988 / 10 CHINASAT 2 China, Peoples FSS 6 / 4 AR11 /A/25b/1702
( CHINASAT 28) Republic of AR11/C/1034/1778

118.0E 30 Jun 1980 / 10 PALAPA - 83 Indonesia FSS 6 / 4 AR11/A/157/1637

AR11 /C/654/1666

124.0E 31 Dec 1988 / 13 SCS 1E Japan FSS,STS -/12c,30a,14a , 20a, AR11 /A/274/1708
20b, 12b, 12c

128.0E Dl Jun 1990 / 20 GALS 10 USSR FSS 8 / 7 AR11 /A/247/1695

AR 11 / C/ 919/ 1753

128.0E 31 Dec 1986 /NA VOLNA 9 USSR FSS,85S UHF , 1.60b/1.5a,UHF AR11/149/

MMES 1,2,11 , 34 ADD-1/1677

AR11 /A/149/1631

128.DE 30 Jun 1988 / 13 SCS 1A Japan FSS,STS 14a / 12c,30a,20a , AR11/A/273/1708
20b,12b,12c AP30/1/37

128.0E 01 Aug 1990 / 20 TOR 6 USSR FSS,LMSS 43,45,20b AR11 /A/283/1710

128.0E 30 Jun 1988 / 20 STATSIONAR -D6 USSR

AMSS,la1SS

FSS 6a/4b AR11 /A/198/1675
AR11/C/1173/1796

128.0E 31 Dec 1990 / 20 VOLNA 9M USSR MMSS / FSS 1.6b / 1.5a AR11 /A/251/1697

130.0E Jul 1990 / 20 PROGNOZ 5 USSR SRS 2/4a AR11 /A/275/1709
AR11 /C/938/1709

130.0E 20 Jun 1986 / 20 GALS 5 USSR F55 8/7 AR11 /C/108/1578
AR11/C/28/1561

SPA-AA/339/1480

130.0E 01 Aug 1990 / 20 TOR 10 USSR FSS, WES 43 , 45,20d,20b / #? AR11 /A/290/1711

136.08 30 Jun 1988 / 10 CS 3H Japan

AM SS, LMSS

FSS,STS 6,30a , 20a,20b/-? AR11 /A/213/1680
AR11 /C/1145/1794
AR11 /A/213/1794

140.0E 10 Aug 1984/7 GMS 3 Japan FSS, 2,4a/UHF,1.6m,1.6n AR11 /C/474/1648
Met Aids, AR11 /A/54/1563

140.0E 01 Mar 1989 / 15 MORE 140 USSR

STS

WES 1.6b,6b / 1.5a,4 AR11 /A/186/1662

140.0E 29 May 1983 /NA LOUTCH 4 USSR F55 14a/11 AA/ 51/1261

SPA-AJ / 87/1318

140. OR 20 Jun 1982 /NA VOLNA 6 USSR F55 / BSS 1.6b, / 1.5b AR11 /C/1092/179I



TABLE 2. PLANNED GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 (CONT'D)

In-Use Date/

Subsatellite Period of Satellite Country or

Longitudea Validityb Designationc Organization

(yr)

Frequency Code
Service Up/Down-Link Remarks

(GHz)

140.0E Aug 1989 / 4
Per NASDA Japan

GMS

(GMS 4)

Japan FSS 0.4a,2 /2#? AR11/A/423/1821

140.0E 31 Dec 1990 /NA STATSIONAR 7 USSR FSS,MMSS 6 , 1.5a/4a,#? AJ/31/1251

145.0E 31 Dec 1987/20 STATSIONAR 16 USSR FSS 6b,6,4a AR11 /A/76/1593

& 1586
AR11 /C/850/
CORR-2/1728

AR11/ C/849/

CORR-2/1728
AR11/C/849/1707
AR11/C/1126/1793

145.0E 24 Dec 1980/NA ECS Japan STS -/14 AJ/227/1427

150.0E 01 Aug 1987/5 ETS 5 Japan M4SS,FSS, 6 / 5 AR11 /A/217/1685

(ETS-V) STS, AMES, 6 /-? AR11 /C/923/

Experi-

mental

1.6d , 1.6e/1.5c 1754/920

150. DE 31 Dec 1987/12 JCSAT 1 Japan FSS 14a/12b,12c ARI1/A/253/1700

AR11/C/946/1763

154.0E 01 Apr 1988 / 12 JCSAT 2 Japan FSS 14a / 12b,12c ARI1 /A/254/1700

AR 11 / C/ 953/ 1763

156.0E NA/NA AUSSAT 2

(AUSSAT-II)

Australia (DC) NA M/#?

156.0E 29 Feb 1992 AUSSAT B1-MOB Australia ( DC) FSS 14,1.6d / 12c AR11 /A/356/1772

156.0E 29 Feb 1992 / 15 AUSSAT 02 Australia ( DC) FSS,BTS 14a,12e#? AP30/A/81

AR11 /A/361/1779

156.0E 29 Feb 1992 / 15 AUSSAT B2-MOB Australia ( DC) STS, AMES 14a,1.6d/ 12e,1 . 5c AR11 /A/356/1772

158.0E 12 Jan 1988 SUPERBIRD -A Japan FSS,STS Ba , 4a,3a/#?,7 a, AR11 /A/340/1762
12e,#?

160.0E 01 Jan 1982/4 GMS-16DE Japan FEE 2/2 AR11 /C/8/1555

160.0E NA/10 ANSCS 1 Australia ( DC) STS,FSS 14.,12. AR11 /A/1/1522

160.0E 01 Jan 1985/10 ANSCS 2

(ANSCS-II)

Australia ( DC) FSS,STS -?/ 12e A/2/1522

160.0E 29 Feb 1992/15 AUSSAT B1 Australia ( DC) FSS,STS 14a/12e AP30 /A/80/1796

160.0E 29 Feb 1992 /NA AUSSAT B1-MOB Australia ( DC) FSS 14,1 . 6d/12c AR11 /A/356/17I2

162.0E 01 Jun 1989 /NA SUPERBIRD 2 Japan £SS,STS 8,14a,3a,#?/ AR11 /A/341/1762
20a-20b#,?

164.0E 1986 / 10 AUSSAT PAC3 Australia ( OTC) FSS 14a/12b,12c Adv. Publication
South Pacific AR11 /A/215/1684
Region AR11 /C/1008/

ADD-1/1791

164.0E 01 Jan 1985 / 10 ANSCS 3

(ANSCS-III)
Australia FSS,STS 14a/12e ARI1 /A/3/1522

166.0E 01 Jul 1990 / 20 PROGNOZ 6 USSR FSS 2/4a AR11 /C/940/1763

166.0E 31 Dec 1988 / 15 DOME 2 USSR M4SS,FSS, 3a / 20d AR11 /A/207/1578
Met AidS AR11 /A/207/

ADD-1/1712

O
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223.0E Dec 1989 / 10 USASAT 17B US FSS 6/4 AR11 /A/227/1687

(137.OW ) ( SPACENET 4)

224.0E NA / 10 AMIGO 1 Mexico FSS , STS 11/12,18a AR11 /A/1/1560

(136.DW)

224.0E 22 Nov 1986 / 10 USASAT 160 Us FSS 14a/12a AR11 /A/225/1687

(136.OW ) ( GSTAR 3)

225.0E 10 Aug 1976 /NA US SATCOM 1 US FSS 6 / AJ/42/1270

(135.0W)

226.0E Jan 1990 / 10 USASAT 16C US FSS 14/11 AR11 /A/224/1687

(134.0W)

226.0E Jan 1990 / 10 USASAT 110 US FSS 14a/11 AR11/A/120/1615

(134.OW ) ( HUGHES GALAXY)

228.0E Jun 1990 / 10 USASAT 208 US FSS , STS 6 / 4 AR11 /A/258/1702

(132.DW ) (WESTAR 7)

230.0E Jun 1987/10 USASAT 10D us FSS 14a/12a AR11 /A/108/1609

(130.0W ) ( GALAXY B )
AR11 /C/1057/1781

230.0E 01 Oct 1991 / 15 ACS -3 US AMSS 1 . 6d,1.6c / 1.5c AR11 /A/303/1792

(130.09W)

230.0E 31 Dec 1987 / 10 USRDSS West US FSS , STS 1.6a,6b / 5,2 AR11 /A/176/

(130.OW )
ADD-2/1780

230.DE NA/NA USASAT 10D us FSS 14a/12a AR11 /A/1057/1781

(130.OW)

234.0E 31 Oct 1985 / 10 USASAT 20A US FSS/STS 6/4 AR11 /C/989/1769
(125.OW) AR11 /C/1064/1783

234.0E 15 Sep 1987 / 10 USASAT 10C US FSS 14a/11 AR11 /A/107/1609

(126.0W) AR11 /C/989/1769

236.0E 30 May 1975 / 10 WESTAR 2 US FSS 6/4 SPA-AJ / 72/1302

(124.0W) (WESTAR-II)

236.0E 11 Jan 1988 / 10 USASAT 10B US FSS 14a/12a AR11 /A/106/1509
(124.OW)

238.0E 15 Jan 1987 / 10 USASAT 10A US F55 14a/12a AR11 /A/105/1609
(122.0W) (535-5) AR11 /C/883/1741

AR11 /A/10/1525
AR11/A/10/

ADD-1/1548

AR11/C/616

AR11 /C/617-

624/1658
AR11 /C/616/1658
AR11 /A/4/1567

246.0E NA/NA TELESAT D2 Canada-Telesat FSS 6/4 SPA-AA/358/1500
(114.OW ) ( ANIK)

249.5E 31 Mar 1991 / 12 TELESAT E-B Canada-Telesat F55 6b,14a/4,12a AR11 /A/323/1744
(110.5W) (ANIE E-B) AR11 / A/323/

CORR-1/1750

251.0E 01 Jan 1983 / 10 TELESAT C-3 Canada-Telesat FSS 14a/12a AR11/C/737-
(109.0W) (ANIK C-3) 738/1674

AR14 /C/101/1686

252.5E 31 Mar 1991 / 12 TELESAT E-A Canada-Telesat FSS 6b,14a/4.12a AR11 /322/1744
(106.5W) AR11 /A/322/

CORR - 1/1750
On
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253.5E 05 Apr 1988/10 MSAT Canada FSS,MMSS UHF/UHF-EHF AR11/A/55/1563

(106.5W) AMSS 1.6d/1.5c AR14/C/32/1663

AR11/C/797-
811/1689

AR11/A/56/1563

AR14/C/33/1663
AR11/A/56/

ADD-1/1678
AR14/C/37/1664

AR11/C/797-
811/1689

255.0E 31 Dec 1984/10 FLTSATCOM A E PAC US FSS, MSS 0.3 a,8/UHF,7 AR11/A/98/

(105.0W) LMSS ADD-1/1652

AR11/A/98/1605

259.0E 07 Jan 1990/10 USASAT 17A US FSS 6/4 AR11/A/226/1687

(101.0W)

259.0E 07 Jan 1990/10 USASAT 16B Us FSS 14a/12a AR11/A/223/1687

(101.0W) AR11/C/999/1772

260.0E 10 Sep 1990/15 ACS 1 US AMSS,FSS, 1.6d,1.6e/1.5c AR11/4/301/1723

(100.0W) STS AR1I/4/301/
ADD-1/1780

260.0E 31 Dec 1986/10 FLTSATCOM B E PAC US £SS,LMSS 45/20d A/50/ADD-1/1587

(100.0W) A/150/1561

260.0E
(100.0W)

15 Jul 1990/10 USRDSS Central US FSS/RDSS 1.6a,6b/2,5 AR11/A/175/1641
STS AR11/A/175/

ADD-2/1780

260.0E
(100.0W)

10 Aug 1989/10 ACTS US-NASA FSS 30a/20b AR11/A/321/1944

AR11/A/321/
ADD-1/1753

263.0E

(97.OW)
30 Apr 1989 /10 STSC 2 Cuba FSS 6/4 AR11/A/268/1706

AR11/A/26/

ADD-1/1723

267.0E

(93.OW)
04 Oct 1989/10 USASAT 16A US FSS 14a/12a AR11/A/222/1687

AR11/C/998/1772
AR11/ /C 962/1765

AR11/C/229/1722

269.0E
(9

15 Apr 1989 /10 WESTAR 6-S US-Western FSS 6/4 AR11/C/962/17651.0W) (WESTAR VI- S) Union
AR11/C/963/1765

269.0E

(91.0W)
01 Jul 1985/10 ADVANCED WESTAR I US FSS,STS 16,14a/4,12a A/13/ADD-1/1708

271.0E 30 Jun 1990/10 CONDOR-B Andean FSS 6 /4 AR11/A/209/1679(89.0W) Countries

271.5E
(88.5W)

01 Sep 1985 /10 USASAT 12D US FSS 6/4 AR11/A/124/1615
AR11/A/13,

ADD-1/1708

271.5E 01 Feb 1984 /10 SPACENET 3 US FSS 14a,6/4,la AR11/C/834/1699(88.5W) (SPACENET-III)

273.0E 14 Oct 1985/NA USASAT 9B US-RCA FSS 14a/12a Under Construc( 87.OW ) 15 Jun 1985/10 US
-

tion.

AR11/A/102

274.0E
(86.0W)

01 Mar 1988 /10 STSC 2 Cuba FSS 6 /4 AR11/A/268/1706
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TABLE 2. PLANNED GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 (CONT'D)

In-Use Date/

Subsatellite Period of Satellite Country or

Longitudes Validityb Designation organization

(yr)

Frequency Code

Service Up/Down-Link Remarks

(GHz)

293.0E 01 Jan 1986 /10 USASAT BA US FSS 6 /4 AR11 /C/394/1629

(67.OW) ( SATCOM 6) (RCA) A
/ 36/1553/1629

293.0E 04 Mar 1987/10 USASAT 15D us FSS

(61.0W)

14a/12a

296.0E 30 Nov 1990 /10 USASAT 15C US FSS 14a/12a AR11
/C/990/1770

(64.DW )
AR11 /C/930/1755

296.0E 30 Nov 1990 /10 USASAT 14D US F55 6 /4 AR11 /C/99/1576

(64 .OW )
AR11/C/930/1755

298.0E 09 Sep 1989 /10 USASAT 15B US FSS ,STS 14a /11,12a AR11 /A/163/1637

AR11 /C/993/1770
(62.OW) (SBS 6 )

298.0E 30 Jun 1989 /10 USASAT 14C US FSS 6/4 AR11/A/
160/1637

(62.OW)

300.0E 01 Jan 1986 /10 INTELSAT IBS 300E INTELSAT FSS,STS 6b ,14a/4a, AR11 /A/167/1630

(60.OW)
lla,12b,12c AR11 /C/752/

ADD-1/1731

AR11/A/165/1637

FCC: 67.0W

AR11 /C/997/1770

300.0E 31 Dec 1988
/10 USASAT 15A US FSS 14a/12a AR11/A/162/1637

(60.0W) AR11/A/162/
ADD-1/1673

300.0E 31 Dec 1989 /10 USASAT 17D US FSS 6/4 AR11
/A/229/1687

(60.DW)

300.0E 01 Aug 1988 /8 SATCOM PHASE 3B US
(60.OW) (SATCOM PHASE IIIR)

300.0E Jan 1986 /10 INTELSAT VA US-INTELSAT
(60.OW)

302.0E 31 Jan 1987/10 USASAT 8C US
(58.DW)

302.0E

(58.OW)

303.0E

(57.0W)

304.0E

(56.O$)

304.0E

(56.O$)

304.0E

(56.OW)

305.0E

(55.OW)

305.0E

(55.O$)

307.0E

(53.0W)

30 Jul 1988/10 USASAT 13E US

(ISI SERIES)

30 Sep 1987/10 USASAT 13H US

(PANAMSAT I)

01 Apr 1986 /10 INTELSAT 5A 304E INTELSAT

(INTELSAT VA 304E)

01 Apr 1986/10 INTELSAT IBS 304E INTELSAT

30 Jul 1988/ 10 USASAT 13-D
(ISI SERIES)

US

31 Dec 1988 /10 USASAT 14B US

31 Mar 1989 / 15 INMARSAT AOR WEST INMARSAT

01 Jan 1986 /10 INTELSAT IRS 307E INTELSAT

FSS 6,14a/4,11

F55 6/4

FSS-INT'L 14a/11,12a,12b

FSS,STS 6b/4,11

FSS,STS 6,14a/4,11

FSS,STS 6b , 14a/4a,

11,12b,12c

FSS 6/4

310.0E 1986/NA INTELSAT VA INTELSAT FSS
(50.0$) CONTINENTAL 2

AR11/A/358/1773

SPA-AJ/342

AR11 /A/166/1638

AR11 /A/38/1553

AR11 /A/136/1620

AR11 /C/]02/16]0

AR11/A/177/1643

AR11 /A/168/1638
AR11 /C/750/1676

AR11 /A/169/1638
AP/A/125/

ADD-1/1801

AR11 /C/246/1620

AR11/C/701/1670

6/4 AR11 /A/159/1637

1.6b,1.6c,1.6d / AR11 /A/328/1747
1.5b,1.5c

6b,14a/4,11,12e Under construc-

tion.

AR/11 /C/704/
ADD-1/1731

6,14e/4,11 AR11/A/74/1586

AR11/C/594/1573

0

N
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TABLE 2. PLANNED GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 (CONT'D)

In-Use Date/

Subsatellite Period of

Longitudes Validityb
(yr)

310. DE 01 Jan 1986/10

(50.0W)

Satellite

Designations

Country or

Organization
Service

Frequeny Code

Up /Down-Link

(GHz)

Remarks

INTELSAT IBS 310E INTELSAT FSS,STS 6b , 14a/4 ,11,12 AR11/A/129/1617

ADD-1/1628
AR11/C/706/1673

AP30/A/14/
ADD-1/1801

AR11/C/706/

ADD-1/1731

310.0E

(50.OW )

310.0E

(50.OW)

310.0E

(50.OW )

313.0E

(47.OW)

313.0E
(47.OW)

315.0E

(45.OW )

01 Jun 1986 / 10

30 Jun 1987/10

01 Jul 1989 / 15

01 Aug 1990 / 10

03 Jun 1987/10

1 Jan 1988 / 10

INTELSAT V

CONTINENTAL 2

USASAT 13C
(ORION SERIES)

INTELSAT VI 310E

USASAT 13J

USASAT 13B
(ORION SERIES)

USASAT 13F

( CYGNUS SERIES)

US-INTELSAT

D5

INTELSAT

US

US

S

FSS,STS

FSS-INT'L

F55

FSS

FSS,STS

SS-INT'L,

STS

6,14a/ 4,11

14a/11

6b / 4,

6,6b,14a/4a,4,11

6 / 4

14a / 11

4a , 12a/11,12b , 12c

AR11 /A/74/1586

AR11 /C/594/1660

AR 11/A/134/1618

AR11/C/748/1675

AR11 /A/28]/1]11

AR11 /A/287/

ADD-1/1724

AR11 /A/263/1703

AR11/C/944/1763

AR11 /A/133/1618

AR11/A/133/

ADD-1/1]16

ARll /A/36/1722

AR11/A/154/1635

ADD-1/1714

AR11 /C/795/1722

315.0E 01 Jan 1989 / 10 USASAT 131 US FSS 6 / 4,11 AR11 /A/199/1675
(45.0W ) ( PANAMSAT II) AR11/C/866/1736

316.5E 01 Jan 1988 /10 VIDEOSAT 3 France FSS 14a,2 / 11,12b,12c AR11 /A/148/1631
(43.5W) AR11 /C/766/1678

AR14 /C/110/1698

317.0E 01 Jun 1988/10 USASAT 13G US FSS-INT'L, 14a/12a,11,12b, 12c AR11 /A/155/1635
(43.0W) (CYGNUS SERIES) STS ARI1 /C/756/1676

317.5E 31 Dec 1986 / 10 USGCSS PH3 MID-ATL US FSS,M455, 8 /7 AR11 /A/140/1622
(42.5W) LMSS,STS 2 /7 AR11/A/42/

ADD-1/1730

319.5E 01 Apr 1986 /10 INTELSAT VA 319.5E INTELSAT F55 6,14a/4,11 AR11 /A/127/1617
(40.5W)

319.5E 01 Apr 1986 / 10 INTELSAT IBS 319.5E INTELSAT FSS,STS 6a, 14a / 4a, 5,11, AR11 /A/130/1617
(40.5W) 12b,1 AR11 /A/130/

ADD-1/1628

AR11 /C/707/1673

AP30/A/16/

ADD-1/1801

322.5E 30 Dec 1987 / 10 VIDEOSAT 2 France FSS 14a/2,12b,12c AR11 /A/86/1589
(37.5W) AR11/C/727/1673

AR14 /C/76/1676
AR1I /C/746/1675

322.5E 30 Jun 1988 /10 USASAT 13A US FSS 14a/11,4a AR11/132/1618
(37.5W) (ORION SERIES) AR11/C/746/1675

325.5E 10 Jun 1987/10 INTELSAT VA ATL 3 INTELSAT FSS,STS 6,14a/4,11 ARIL /A/63/1580
(34.5W) AR11/A/288/

ADD-1/1724

325.5E 01 Aug 1989 / 15 INTELSAT VI 324 . 5E INTELSAT FSS,STS 6b/4b AR11/A/288/1724
(34.5W ) 6/6b,14a,4,4a,1l AR11/A/288/1711

S.

2
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TABLE 2. PLANNED GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 (CONT'D)

Subsatellite

Longitudes

In-Use Date/

Period of

Validityb

(yr)

Satellite Country or

Designations Organization
Service

Frequency Code

Up/Down -Link
(GHZ)

Remarks

326.0E 30 Nov 1989 / 15 INWARSAT AOR-CENT 1A UK/DT FSS, AMSS 1.6a,1.6b,6aa , 6a/ AR11 /A/351/1767

(34.OW) 4,1.5a,1,5b

327.0E 30 Nov 1991 /NA SKYNET 4D UK FSS,MMSS , BSS 0.3a,8 /45,7,0.3a AR11/A/333/1749

(33.0W) AR11/A/393/1749

328.0E Dec 1988 / 15 INMARSAT AOR- UK /DT AMSS,M4SS 1.6c,6 /1.5a,2.6e # AR11 /A/352/1767

(32.0W) CENT 2A

329.0E 30 Jun 1986 / 10 BSB 1 UK FSS AR11/C/731/ADD-1

(31.0W)

329.0E 30 Jun 1986 / 10 UNISAT 1 ATL UK-British FSS 14 /12d,12f AR11/A/26/1534

(31.0W) Telecom AR11/C/424/1639

329.0E 30 Jun 1986 / 10 UNISAT 1 UK FSS /BSS 17,20a,14a,14b / 12b, AR11 /C/576/1650

(31.OW) 12c,2,4,12d , 12e AR11/A/23/1532

329.0E 01 Jan 1987 / 10 INTELSAT VA ATL 6 INTELSAT FSS 6,14a/4,11 AR11 /A/119/1611

(31. OW) ARI1 /A/119/

ADD-1/1628

AR11 /A/119/

ADD-2/1638

329.0E 31 Dec 1987 / 12 EIRESAT 1 Ireland FSS/BSS 13 / 11,# AR11/A/182/1656

(31.0W) AR11 /A/182/

ADD-1/1803

329.0E 01 Jan 1987/10 INTELSAT V ATL 6 INTELSAT FSS 6,14/4,11 AR11 /A/118/1611

(31.OW)

332.5E Oct 1987/15 INTELSAT VI 332.5E INTELSAT FSS 6a,6b,14a /4a,4,11 AR11 /A/70/1584
(27. 5W) AR 11 / C/ 628/ 1658,

ADD-1/1713

332.5E 31 Dec 1987/20 STATSIONAR 17 USSR FSS,BSS 6b,5e,6 / 4a,4 AR11 /A/219/1686
(26.5W) ARil/C/91D/1749

333.5E 01 Jan 1980 / 20 GALS 1 USSR FSS 8/7 SPA-AJ / 365/1508
(26.5W) SPA-AJ / 111/1335

SPA-AA / 153/1262

333.5E 31 Dec 1987 / 20 VOLNA 13 USSR AMSS,LMSS UHF,1.6c,1.6e / AR11 /A/240/1693
(26.5W) UHF,0.3a,l.5c

AR11 /C/910/
ADD-1/1)56

333.5E Jun 1988 / 20 STATSIONAR -D1 USSR FSS 6a/4b AR11 /A/193/1675
(26.5W)

333.5E Dl Aug 1990 / 20 TOR 1 USSR FSS,AMSS, 43,45/20b AR11 /A/278/1710
(26.5W) M4SS,LWSS

334.0E 01 Aug 1989 / 15 INNARSAT AOR-CENT UK AMSS,M4SS , 1.6b,1.6c,1.6d/1.5b, AR11 /A/152/1634
(26.OW) FSS,STS 1.5c , 6.4,6b,4a AR11 /C/843/1706

335.0E 01 Jan 1981 / NA LOUTCH P1 USSR FSS 14a/11 SPA-AA / 177/1289
(25.0W) SPA-AJ / 121/1340

335.0E 01 Aug 1990 / 20 TOR 9 USSR FSS,LMSS, 43 , 45,20b/# AR11/A/289/1711
(25.0W) AMSS.I1SS

335.0E 01 Jun 1990 / 20 GALS 9 USSR FSS,AMRS, 8/7 AR11 /A/246/1695
(25.0W) LASS AR11 /A/291/1712

AR11 /C/918/1752
AR11 /C/918/
CORR -1/1756

N
Ln



TABLE 2. PLANNED GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END ) 987 (CONT'D)

Subsatellite

In-Use Date/

Period of Satellite Country or
Frequency Code

Longitudea Validit b Designations Organization
Service Up/Down-Link Remarks

y
(yr)

(GHZ)

335.0E 30 Sep 1991 / 10 TELECOM 2B France F55,5TS 2,4 / 6,7 AR11/A/325/1745

(25.OW ) AR11 /A/325/

ADD-2/1998

335.5E 01 Oct 1987 / 15 INTELSAT VI INTELSAT FSS 6,6a,14a / 4,11 AR11/A/69/1584

(24.5W ) AR11 /C/627/1658

336.0E 31 Dec 1984 / 20 PROGNOZ 1 USSR FSS,SRS 3 / 2 SPA-AA / 316/1471

(24.OW ) AR14 /C/95/1685

336. OR 31 Dec 1989 / 15 INMARSAT AOR-CENT 2 INMARSAT MMSS,AMSS , 1.6b,1.6c,1.6d / AR11 /A/292/1713

(24.OW ) FSS,STS 1.5b , 1.5c AR11/A/292/

ADD-1/1760

FSS 6/4

STS 6b/4a

337.0E NA/NA MARECS ATL 2 France FSS/MMSS 1 . 6b,6,UHF / SPA-AJ / 241/1432

(23.0W ) 1.5a,4a,UHF SPA-AA/ 219/1351

338.5E 01 Jun 1986 / 10 INTELSAT MCS ATL C US MMSS,FSS 1 . 6b,6/1.5a,4 AR11/C/858/1735

(21.5W)

338.5E 31 Dec 1984 / 10 INTELSAT V ATL 5 INTELSAT FSS 6,14a/4,11 SPA-AA / 252/1419

(21.5W ) SPA-AJ / 378/1511

338.5E 01 Jan 1989 / 10 INTELSAT VA 338.5E INTELSAT FSS,STS 6,14a /4,11 AR11/A/781/1682

(21.5W ) AR11 /A/180/1645

SPA-AA/48/1161

SPA-AA/65/1170
AR11/A/92/

ADD-1/1802

340.0E

(20.OW)
31 Jan 1989 / 10 GDL 4 Luxembourg FSS,BSS 6b,12a,14 / 11, AR11 /A/92/1594/

12b,12c ADD-1/1708
AR11 /C/610/
CORR-1/1744

ARI1 /C/611/
CORR-1/1744

341.0E

(19.0W)
31 Dec 1988 / 10 TDF 2 France BSS , FSS 2/2 AR11 /A/216/1684

341.0E

(19.OW)
30 Jun 87/10 TDF 1 France BSS , FSS 20a/12e AR11 /A/57/1570

AR11 /C/107/1578
AR11/C/741/1674

341.0E 01 Oct 1985 / 7 TV-SAT 1 Federal Republic BSS,STS 17a , 20a,17 / 20e, SPA-AA/311/1464(19.0w) of Germany 2,12a,12e,2 SPA-AA/325/1474
SPA-AA /366/1526
AR14/C/4/1550

AR 11 / C/ 608/ 1656

ARII/C/609/1656

341.0E 31 Dec 1988 / 10 TV-SAT 2 Federal Republic FSS,STS 20a , 20b/2,12a AR11/A/350/1767(19.0W)
of Germany

341.0E 01 Jan 1986 /NA L-SAT ESA (France ) BSS/FSS 14a , 30a/12b,12a SPA-AA/308/1463(19.0W)
20b AR11 /A/33/1544

AR11/A/88/1590
AR11 /A/57/1570
ARI1 /C/124/1592

01 Jul 1986 / 10 L-SAT France 855 17/20a AR11 /C/6/1554
AR11/ A/308/1463

AR11/C/782/1682

AR14/D/23/1707

J



TABLE 2. PLANNED GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 (CONT'D)

In-Use Date/

Subsatellite Period of Satellite Country or
Service

Frequency Code

/Dow-LinkU Remarks
Longitude ( GHZ)a Validityb

(yr)

Designation Organization
p

(GHZ)

01 Jul 1986 / 10 L-SAT France FSS/FSS 30a/20a AR11 /C/232/ 1619

( 30/20 GHZ) AR11 /A/32/1544

AR11/A/32

ADD-1/1716

01 Jul 1986 / 10 L-SAT France BSS/FSS 14a . 13,12b,12c AR11 /C/174/1605

( 14,13g/ 12 GHZ) AR11 /C/174/

ADD-1/1643

SPA-AA/337/1479

AR11 /A/88/1590

01 Jul 1986 / 10 L-SAT France BSS/FSS 2/2 AR11 /C/176/1605

AR11 /A/33/1544

341.0E 1986/10 HELVESAT 1 Switzerland FSS,BTS 17,20a.18 / 2,12b,12a SPA-AA/365/1512

(19.014)

341.0E 1986/01 SARIT Italy BSS,FSS,STS 13,30b/20c SPA-AA/360/1505

(19.014) SPA-AA /371/1547

AR11 / 294/1716

341.0E 1986 / 10 LUX-SAT Luxembourg FSS,BSS,STS 17a/12a,12b, AR11 /A/20/1529

(19.014) 12e,20a AR11 /C/459/1789

341.5E 01 Jul 1986 /NA INTELSAT MCS ATL A INTELSAT FSS, MMSS 1 . 6b,6b/1.5a,4a AR11/C/1096/1791

(18.5E)

341.5E Jul 1986 / 10 INTELSAT IBS 341.5E INTELSAT FSS 6,14a/4,11,12a, Under construc-

(18.514) 12b,12c tion by Ford

Aerospace;

replaces INTEL-

SAT VA above.

342.0E 01 Jan 1987 / 10 INTELSAT VA ATL 4 INTELSAT FSS,STS 6,14a/4,11 AR11 /A/64/1580
(18.014)

342.0E 01 Jul 1986 / 10 INTELSAT IDS 342E INTELSAT FSS,STS 6,6b , 14a/3,4a,12a AP30/A/7/
(18.014)

ADD-1/18D1

342.0E 12 Sep 1990 / 20 SATCOM III Belgium FSS, MMES 8/4 AR11 /A/1762
(18.014)

342.0E 20 Met 1970 /NA SATCOM 2 Belgium FSS 8/7 AR11/A/342
(18.014) ADD-1/1787

342.0E 15 Oct 1979 /NA SATCOM PHASE - 3 Belgium FSS 8/7 SPA-AJ / 137/1355
(18.014)

SPA-AA/144/1257

342.0E 01 Sep 1990 / 20 SATCOM 4 Belgium FSS, MM55 20a , 20b/2,12e AR 11 / A/ 342/ 1762
(18.014)

343.5E 01 Jan 1986 / 10 INTELSAT V 343.5E INTELSAT FSS,STS 6,14e/4,11 AR11/A/172/1639
(16.514) AR11 /C/758/1677

AP30/A/25/

ADD-1/1801

343.5E 01 Jul 1986 / 10 INTELSAT VA 343.5E INTELSAT FSS,STS 6,14a/4,11 AR 11 / A/170/ 1638
(16.514) CANCELLED AR11 /A/751/1676

343.5E 01 Jul 1986 / 10 INTELSAT IBS 343.5E INTELSAT FSS 6a, 14e/ 4 a, lld,ll, AR11 /A/171/1638
(16.514) 12d AR11 /C/754/

ADD-1/1731

344.0E 01 Jun 1987 / 20 WSDRN USSR FSS,SRS 14d ,14b,11,13 AR11 /C/67/1570
(16.DW)

SPA-AA/ 341/1484

AR11/C/68/1570

344.0£ 17 Jan 1989 / 20 ZSSRD 2 USSR FSS,STS,SRS 11,12b,12c/13d AR11 /A/189/1672
(16.014) 14b,14d AR11 /C/850/

1740/880

AR11/C/880/

ADD-1/1765

N
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TABLE 2. PLANNED GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR FND 1987 (CONT'D)
N

Subsatellite

Longitudes

In-Use Date/

Period of

Validityb

(yr)

Satellite

Designation

Country or

Organization
Service

Frequency Code

Up/Down-Link

(Gas)

Remarks
n

D

357.0E 31 Dec 1990 / 20 STATSIONAR 22 USSR FSS 6/4 AR11 /A/317/1740
ARI1/A/317/ Z

(3.OW)
CORR-1/1750

357.0E 31 Dec 1990 / 20 GALS 11 USSR F55 8/7 AR11 /A/312/1740
r

(3.0W)

359.0E 01 Jan 1985 / 10 INTELSAT V CONT 4 INTELSAT FSS,STS 6,14a /4,11 AR11 /A/83/1588

(1.0W)

359.0E 01 Jan 1987 / 10 INTELSAT VA INTELSAT FSS,STS 6,14a/4,11 AR11 /A/117/1609

P.

(1 0W) CONT 4
AR11/117/ x

.
ADD-1/1628

AR11/117/
C

ADD-2/1638 In
AR11/A/117/

ADD-2/1638

1
A

AR 11 / C/ 677/ 1668

359 0E 01 Nov 1985 / 10 SKYNET 4A UK FSS /F94SS UHF,44 /UHF.7 AR11 /C/182/1611
F

.

( 1.0W)
ARll /C/588/1652 C

0
ce
cc

aThe list of satellite longitudes was compiled from the best information available.
bThe period of validity is the number of years over which the frequency assignments of the space station are

to be used.
csatellite names in parentheses are alternate names not filed with the IFRN.

0: Satellite network is operating outside allocated satellite frequency bands.

NA: Information is not available at this time.

STS: Space tracking satellite.
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(ABLE 3. FREQUENCY COZIES FOR ALLOCATED BANDS. SERVICES,

AND ITU REGIONS (CONT'D)

Code Service
Link Direction,

Allocated

Frequency Band
ITU Region' (GHZ)

l4b FSS Up 14.5-14.8

14c LMSS' ( see) Up 14.0-14.5

14d SRSS ( see) Up 14.8-15.35
15 AMSS Up Down 15.4-15.7
17 FSS Up 17.3-17.7

20a FSS Up Down 17.7-18.1

20b FSS Down 18.1-21.2

20c MSS (sec) Down 19.7-20.2

20d MSS Down 20.2-21.2
23 BSS Down 2,3 22.5-23.0
27 FSS Up 2,3 27.0-27.5
30a FSS Up 27.5-31.0
30b MSS (sec) Up 29.5-30.0

30c MSS Up 30.0-31.0

39 FSS Down 37.5-40.5
40 MSS Down 39.5-40.5

42 BSS Down 40.5-42.5

43 FSS Up 42.5-43.5
45 MSS Up Down 43.5-47.0
48 FSS Up 47.2-49.2

50a FSS Up 49.2-50.2

50b FSS Up 50.4-51.4

50c MSS ( see) Up 50.4-51.4

84 B55 Down 84.0-86.0

'If the allocation to the service is confined to one or more ITU
Regions, the regions are identified by numbers placed after
the link direction.

' In all cases , MSS includes LMSS, MMSS, and AMSS.

'Emergency positioning indicator beam only.

4Canada only.
' sec = secondary allocation.

6CR = community reception, TV only.
'This allocation is covered by footnote 693 in the allocation

tables.
8Norway, Sweden.
9Distress/safety.

Translations of Abstracts

Diodes varactors hyperabruptes a implantation
ionigne pour circuits integres hyperFrequence
monolithiques (MMIC) an GaAs

P. J. McNALLY ET B. B . CREGGER

Sommairc

On d€erit la conception, la fabrication et la caracterisation de diodes varactors a
I 'arseniure de gallium (GaAs) compatibles avec les dispositifs monolithiques. On a
utilise un processus d'implantation entierement ionique pour fabriquer des diodes
varactors hyperabruptes avec de grands rapports d'accord (>10:1). On a fait appel a
une implantation a grande energie (4 et 6 MeV) pour former une couche n- enfouie
au-dessous de la panic active du dispositif. On a proccdd a d'autres implantations
pour @tablir le contact entre la surface et la couche enfouie et former le profit de
condensateur hyperabrupt. On a fabriquc des harricres de Schottky presque parfaites
avec on anneau de garde integral a resistivite elevee pour I'epuisement du prolil
hyperabrupt. Ces harricres de Schottky montrent un facteur de perfection de 1.0, un
faible courant de fuite inverse et une forte tension de claquage avalanche inversee
(>30 V). Les diodes varactors ont etc caractcrisces a des frequenees situees entre 2
et 10 GHz. On presence des donnees de performance mesurce dons cettc gamme de
frequenees, et leur correlation avec la structure du dispositif. On analyse en detail la
conception du dispositif, les donnees experimentales de ('implantation ionique et la
caracterisation electrique des diodes.
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paquetes a una estaci6n central, empleando el protoeolo AuoIA a intervalos de ticmpo
iguales para los primeros intentos, y segmentos de reservaciOn path las retransmisiones
que sea preciso hacer bien sea debido a los canales fibres o a los crones en los bitios
on el primer intento. Esta t€enica de acceso ha side modelada y simulada para
compilar estadisticas sabre el tiempo de propagaci6n y cl rendimiento do los paquetes
on funci6n do la carga del sistema, hacicndosc hincapic on la transiciOn entrc los
protocolos do acceso aleatoric y do reservacifm. Se nmestran los resultados do los
parzmetros de una red tipica y las condiciones de la proporci6n de crrores en los
bitios de los enlaces.
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