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Ion-implanted hyperabrupt varactor
diodes for GaAs MMICs

P. J. McNALLY AND B. B. CREGGER

(Manuscript received November 12, 19%7)

Abstract

The design, fabrication, and characterization of monelithically compatible varactor
GaAs diodes are described. An all ion-implantation process was used to labricate
hyperabrupt varactor diodes with large (C=10:1} tuning ratios, and high-cnergy
(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 hyperabrupt profile were fabricated. These barriers show an ideality factor of
1.0, low reverse lcakage current, and high reverse avatanche 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 clectrical characterization arc discussed.

Introduction

This paper describes the design. fabrication, and RF characterization of a
fully ion-implanted hyperabrupt varactor diode monolithically compatible
with GaAs monolithic microwave integrated circuits (MMICs). This diode
exhibits a capacitance-voltage (C-v) characteristic given by C o V7, with
n>0.35.
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The design is a planar structure containing a buried #+ fayer produced by
MeV ion implantation, and a Schottky barrter with an integral high-resistivity
guard ring that cxhibits low lcakage and high avalanche breakdown voltage
characteristics. The planar configuration is realized by an s implanted region
extending from the chip surface to the buried layer, and an lon-implanted
hyperabrupt carrier profile which exhibits capacitance tuning ratios (C,/C,.,)
of 10:1 over the usable voltage range. The high-resistivity (3107 )-cm)
starting substrate provides the necessary isolation between the active regions
of the device.

The device fabrication process demonstrates compattbility with MMIC
manufacturing technology. Ry characterization at 10 GHz shows that this
device is attractive for inscrtion into monolithic GaAs circuits such as voltage-
controlled oscillators (veos). 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 presentcd.,

Varactor diode design considerations

Hyperabrupt varactor diodes are characterized by a rapid decrease in
depletion layer capacitance with applied reverse voltage. This ¢-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 (cxponential) 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 voltuge, or the y-value in the
equation

C=KV+ V)™ (1

where K and V, are constants and V is the applied reverse voltage. A fully
ien-implanted structure is the most compatible for intcgration of a hyperabrupt
varactor diode in a GaAs MMIC 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 arcas of the wafer for implantation
doping. Important elecments of the structure are the #* buried layer, the r*
region connecting the chip surface to the buricd layer, the hyperabrupt carricr
profile for the capacitor, the Schottky barrier (to vary the capacitance with
voltage), and the ohmic contact metalization.
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Figure |. Cross Section of an lon-Implunted Hyperabrupt Varactor Diode
With a Buried n' Laver for GaAs MMIC

The figure displays a cross scction 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 clements. 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 (FETs) and MMICs. Work by Thompson and Dietrich | 1] has
shown that the range-cnergy relationship from n-type dopants in GaAs can
be extended into the McV encrgy region, and that carrier profiles can be
predicted for device design requirements.

The nt buried layer in the varactor design provides a high-conductivity
layer for minimum device series resistance, and u controlled carrier profile
shapce 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 werc constructed
assuming Gaussian distributions according to the cquation

o [(X - R,,)3]
Nix) = Nexp| ———— (2)
2a*
where N, = peak doping concentration
R, = projected range of implanted ions
a = standard deviation in the projected range. including the
diffusion term 2Dy, withD = 1.4 x 10 "“em’s~land
+=1,2005s.
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Figure 2. Theoretical Carrier Profiles of an fon-Implanted MeV n* Buried
Layer and a Hyperubrupt Capacitor Profile With Recess Etching
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The 4-MeV, 6-MeV, and 270-keV (capacitor implant encrgy) R, and ¢
values are listed in the figure. The profiles lor 4 MeV and 270 keV intersect
at about 0.75 pm, thus determining the approximate minimum capacitance
{C,...) when the capacitor profile is depleted to that depth. The spacc charge
layer will penetrate the #* 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, Vy,. 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 #* 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 ¢-v relationship, reverse break-
down voltage, scries resistance, carrier profile, and quality factor (). The
modeling includes equation (1) for the carrier profiles, Poisson’s equation

& )
dx? Ke,

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

C = (Ke,AYW 4)

where K = dielectric constant
€ = permittivity
A = diode area
W = depletion layer width

which yields capacitance as a function of depletion layer depth. Determination
of the fateral resistance contributions to the total device resistance based on
the buried n* layer and geomctry of the hyperabrupt diode follows the
methods described by Calvicilo, Wallace, and Bie [2].
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Device fabrication

Undoped liuid-encapsulated Czochralski (LiC) GaAs wafers were prepared
and implanted with 4- and 6-McV Si' ions at a dose of [ X 10" em 2
Wafers with 13751 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 13501 photoresist and implanted with 300- and 100-keV Si*
jons at doses of 3.3 x 10" c¢m~? and 2.3 x 10" em~?, 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 dosc 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 keV and a multiple
implant of threc energics (100, 200, and 270 keV). Dose levels for both
types were selected to achieve a peak doping concentration in the 2.5 X
10'7 cm - 2 range.

After the varactor profile was implanted, the wafers werc cleaned and
capped with 1,000-A Si;N, 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 diclectric-assisted lift-
off of ohmic and Schottky barrier metalizations. After each photolithography
step, the Si,N, was plasma-ctched to expose the GaAs surface. Ohmuic
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 rccess etching of the GaAs in order to establish the
doping concentration at the Schottky barrier interface. After Schottky metal
lift-off, the wafers were cleancd and probed for clectrical characterization.

Wafer characterization

Electrical characterization of device walers consisted of measuring carricr
profiles, the Schottky barrier current-voltage (1-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
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in ion-implanted material. A monitor wafer was used for Polaron profiling
of the low-energy n and r* implants, since the device wafers were processed
by sclective implantation of the doped regions.

Figure 3 is a Polaron profile of the 100/300-keV implant used to extend
the buricd #' layer to the surface. A constant 1 X 10" cm * carricr
concentration extends from the water surface to about ().4-pm deep, with a
tail extending to greater than 0.8 wm. This depth is sufficient to contact the
buried-layer 4-MeV implant profilc shown in Figure 2. Diode 1-v measure-
ments confirm that the surface implant is connected to the buried layer. A
contactless conductivity instriment was used to measure the sheet resistance
of both the surface implant and the buried layer; values of 50 and 25 /07,
respectively, were obtained.

The carrier concentration profiles of the MeV implants were determined
from ¢-v mcasurcments made on a deeply recessed diode with a mctal
Schottky barrier. An approximate value was obtained {or the carrier concen-
tration In the tail region of the hyperabrupt profile. The profile (Figure 4)
indicates a concentration of about 3 X 10" ¢m ? at the beginning of the
4-MeV buried layer. The profile appears deeper than predicted, which could
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Figure 3. Polaron Profile of Carrier Concentration vs Depth
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Figure 4. Carrier Concentration vs Depth Showing the Merging
of the Hyperabrupt Capuacitor und Buried-Layer Profiles

be due to the diode area used and the presence of the tail region of the
hyperabrupt capacitor profile. Examination of the equation

C
N = er— dcran) )

where Nix) = carrier concentration vs depth
¢ = junction capacitor
A = junction area
e = GaAs permittivity
g = electronic charge
V = voltage,
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which is used to determine carrier concentration vs depth, shows that small
errors in C/A and dC/dV 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 charaeteristics

The diode design approach, which involves extending the Schottky barrier
metal over the semi-insulating GaAs (as shown in Figurc 1), results in
maximum avalanche breakdown voltage and minimum reverse lcakage
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 diede structure presented here, the peak carrier concentration,
breakdown voltage, and tuning ratio can bc optimized with less concern for
premature edge breakdown.

Figure 5 shows the 1-v characteristics measurcd on these hyperabrupt
diodes. Figures 5a and 5b are plots of log { vs V for forward and reverse
voltage, respectively. The forward 1-v plot shows that the diode conforms to
the Schottky equation

I = A¥*T?exp (—qd,/kT) [exp (gVinkT) — 1| (6)

where A** = Richardson’s constant
T = diode temperature
¢, = Schottky barrier height
V = applied voltage
k = Boltzmann’s constant
n = diode ideality factor.

fl

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

The 1-v characteristic in Figure 5b clearly shows an avalanche breakdown
voltage of 32 V and a leakuge current of 5 x 10 7 A. The peak doping at
the Schottky junction was 2.5 x 107 cm~*. Development work is being
conducted to reduce the leakage current by process improvements in surfacce
preparation and Schottky metalization.
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Capacitance-voltage relationship

Capacitance-voltage measurements were made on the above fabricated
varactor diodes at 1 MHz. Figure 6a shows a ¢-v curve for a single 270-keV,
7.5 X 10" cm 2, dose-implanted hyperabrupt profile recessed to a carrier
concentration of 2.5 X 107 em *, This device shows depletion to the st
buried layer at about 4 V, and a further drop in capacitance as the depletion
layer spreads inte the r* laycer. 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,
56 x 10 cm % 200 keV, 1.8 x 10 ¢cm % and 270 keV, 6 X
10" ecm~?) recessed to a carrier concentration of 4 X 10Y7 ¢m *. The
hyperabrupt profile is depleted at about 6 V, with the depletion layer spreading
into the n - layer ut higher voltage. The tuning ratio for this device is greater
than 10:1.

Varactor diode RF characterization

Upon completion of DC wafer probe measurecments, the waters were thinned
to 10 mil and diced into 12 X 12-mij chips. Individual chips were sclected
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, onc-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 v and ¢-v characteristics were measured.

A Tektronix Model 576 curve tracer was uscd to measure both the forward
and reverse 1-v data. The forward voltages at current levels of 10 and
110 mA were measured to determine the DC series resistance, given by

R _ [Viat 110 mA) — Viat 10 mA)] (N
oo 110 — 10 mA

The parasitic resistance of the probe station was measured to be approximately
1.2 {} and was subtracted from the device measurement. The reverse break-
down voltage, defined at 10-pA reverse current, was recorded. Typical bC
measurements of the varactor diodes designated vves (R, = 7 (k
Ver = —30 V) are
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AN HP4275A L-C-R meter was used to measure the capacitance of the varactor
diode. Standard imeasurements are made at a test frequency of 1,0 MHz,
with a peak-to-peak AC voltage of 0.10 V. Care was taken (o properly zcro-
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
vvC-4 varactor. The measured zero-bias capacitance was 1.4 pF. A minimum
value of 0.165 pF was measured at —235 V, corresponding to a capacitance
ratio (C,/C,,;,} of 8.48. Furthermore, lor 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 HP$510 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
compensatec for the test fixture and conncctor 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).
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Figure 7. C-V Curve for « VVC-4 Varactor Diode
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The one-port §-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
valuc, and measurements are again recorded over the same frequency range.
This step is repeated for voltages covering the uscful 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 vvca varactor for voltages from 0 to —22 V at 10 GHz.
Table 1 gives the 10-GHz measured data of the vve-4 varactor, and includes
the measured resistance (R), measurcd reactance (X)), computed capacitance
(C = 172%fX.). and computed quality factor (J = X./R). The zero-bias
capacitance is 1.32 pF, and decreases to (.22 pF at —22 V reverse bias.
Note also that the quality factor, @, 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 @-factor over the entire usable tuning voltage
range. These RP characteristics arc unique to the device design and can be
compared 1o currently available devices which may exhibit high @ with
limited capacitance ratio, or large capacitance ratio with very poor (-factor
performance. Device performance is being improved by rcfinements in
geometry and implant doping levels. as discussed in the next section.
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Varactor diode optimization

A more optimized hyperabrupt varactor diode (Figure 10) has been designed
for insertion into a veo GaAs MMIC. The basic planar structure of Figure |
is used. but with changes in device geomctry and doping concentration which
transiate into improved performance compared to present devices, Figure 11
depicts the calculated capacitance. serics resistance, and @ vs voltage
characteristics for the tmproved device.

The capacitor profile area used a 16-pm-diameter active layer with an
18-pm-diameter Schottky barrier. A 4-pun 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 % 10 % Q-cm, for an average
carricr concentration of about 1.2 X 10" em~* and carrier mobility of
3,500 cm*-V - 1s ' which can be achieved by implanting Si- at 4 and
6 MeV and a dose of 3 % 10" ¢m -2 at each energy. Using a o of (.4 wm
and 35-percent implant activation after anncaling. an average carrier concen-
tration of ~1.2 x 10" em ™2 can be achieved.
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TaBLE 1. 10-GHz MEASUREMENT DATA FOR HYPERABRUPT
VARACTOR D10ODE

REVERSE
Bias
CAPACTTANCL VOLTAGE RESISTANCE REACTANCE
(ph) V) [£95] (93] COMPUTED
1.316 0 12.033 12.094 1.0
0.92 0.5 10.888 17.393 1.6
0.71 1 9.869 22.519 2.3
0.57 1.5 R.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
0.28 5 4.270 56.888 13.3
0.27 6 4,062 59.182 14.4
0.26 8 3.821 62.025 16.2
0.25 10 3.652 64,137 17.6
(.24 12 3.527 65.714 18.6
0.238 14 3.452 66.977 19.4
0.234 16 3.370 68.060 20.2
0.231 18 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 C, = 0.52 pFand C,;, = 0.048 pF atV, = 9V, or
a tuning ratio of 10.7:1 based on computed values from modeling. The
computed (0 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 0 at C, and is nearly constant to about 8B 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 Qat C,,.

The various contributions to the device serics 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:

= pn]Xl + a1 (Sﬂ)
2mat 4wX,
pnl b
R, =gy 2 8b)
- 2mX, " (
h
R3 = P2, (SC)

A
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where Pa = resistivity of 2% buried layer
P2 = resistivity of #* surface-to-buricd-layer region
a = hyperabrupt profile radius
b = radius of n* surface implant ring
X, = thickness of n * buried layer
h = thickness of surface implant ring
A = arca 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 % 10" ¢m ~# and
a o of 0.12 um. The profile is a 270-keV tmplant recess-ctched to 0.3 pm
deep. It has a resistance of 2.47 () at zcro bias (or ), and falls to
0.006 €} at 9-V reverse bias (or C,,,). Changes in the hyperabrupt capacitor
profile can be implemented by varying the implantation cnergy and dose,
thereby changing the ¢-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

Experimental results for hyperabrupt varactor diodes fabricated by an ion-
implant process demonstrate an approach that is compatible with MMIC circuit
manufacture. Selective ion-implantation doping was used to abricate a planar
varactor structure with a buried #' layer. Contact to the buried layer was
realized by a low-resistance surface implant. A hyperabrupt capacitor profile
was implanted in the semi-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 € 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* laver, can reduce
series resistance and improve the @ over the cntire voltage range. Such a
device has been designed and is being implemented in a GaAs MMIC vCO
circuit. The technical approach and implementation procedures have dem-
onstrated flexibility in tailoring ¢-v characteristics to specific MMIC circuit
performance requirements.
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Abstract

A simulation program is described which altows delay and throughput performance
evaluation of a satellite random-access technique that combines slotted-aroHa and
rescrvation protocols. Using inbound and outbound control channels, very small
aperturc terminals (v$ATs) in a star network can send packets to a hub station,
employing slotted-arona 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 crror rate conditions on the
links.

Introduetion

Satellite data transmission nctworks offer considerable flexibility for
interconnecting widely dispersed users into networks that allow reliable.
rupid exchange of packet data. Early satellitc packet data networks [1]-[4]
operated in a global-beam broadcast mode designated as mudtidestinational
half-duplex. However, with the trend toward small, low-cost earth stations
and satellites with spot-beam coverage, these nerworks are cvolving into star
configurations with operation emanating from a central hub station |3].

21
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In these satellite packet data networks. very small aperture terminals
(vsATs) send packets via satellite to the relatively large hub station, which
processes the packets for further dissemination. Outbound links from the hub
station back to the vsaTs 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.

Candidatc access technigques for packet data transmission between VSATs
and a central hub station range from a varicty of random-access techniques
(ALOHA [6], slotted-ALOHA |7], and collision reselution 8]}, to the more
highly structured reservation and time-division multiple-access (TDMA) tech-
niques. These techniques have been examined and compared in many studics
[91,[10] over the past 20 ycars. Howcver, to maintain efficiency on the
inbound vsat-to-hub links, particularly with many (hundreds of) terminals
in the network, some type of random-access protocol is necded to allow
rapid channcl access and delivery of packets to the hub with minimal delay.

When the number of network stations is very large (from 100 1o as many
as 1,000), random-access techniques such as shotted-ALOHA have a clear
advantage in providing rapid access to the channel. particularly in lightly
loaded nctworks. However, unless contentions are cxtremely rare, the
repetitions needed for contention resolution can lead to long delays. Various
approaches to this problem have been proposed [11]-{15]. and adaptive
access protocols such as cropa [16] have been implemented to provide
dynamic allocation of control and data slots in certain network conligurations.

For the inbound vsaT-to-hub-station satellite channel, combinations of
random-access (slotted-ALOHAY and reservation protocols [3] offer the potential
advantages of minimizing delay under lightly loaded ncetwork conditions and
providing the stable, bounded delay of a full-reservation system when the
load increascs. One implementation of this type of access is the random-
access-with-notification {(RaN) [17].[18] technique, which relics on both
inbound and outbound control channels. Over the inbound TDMA control
channel, vsaT terminals inform the hub station of the number of random-
access packets that were sent in the last frame intcrval. The outbound control
channel carries assignments from the hub station to reschedule contentions
to be retransmitted in the reserved slots of a future trame. 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 (BLRs).
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This paper describes the RAN system, summarizes the approach taken 1o
simulating the system, and presents typical results obtained with the simulation
model. A bricf description is given of the RAN protocol, as well as
approximations of delay performance; theoretical performance predictions
have been adequately described elsewhere | 17],[18]. The simulation program,
which was developed as a practical means to obtain detailed statistics for the
distribution of packet dclays under conditions of heavy load |19], is also
described.

The RAN teehnique

The RAN concept was initiated based on recent advances in high-speed
microprocessors, and on the high threughput performance of packet-sWitching
systems employing slotted-ALoHA technigques. This section presents details
of the RAN technigue.

RAN frame structure

The RAN access technique uses a frame structure sintilar to that shown in
Figure 1. The inbound channel from the vsaTs to the hub is made up of time
slots with duration 7),, which arc aligned on cach of the F frequency channels.
One or morc scparate frequencics serve as control channels. Each user has
qn assigned control channel slot, so that a frame duration (7,) consists of a
Flme equal to or greater than N, 7 /N, where N, is the number ol users, N,
is the number of control channels, and 7. is the duration of a control slot.

FRAME TIME, T
*———  (Typically 05§ ——— 3

INBOUND CONTROL PACKETS
4 E a3 TC
* TN [
>
2 o
o
39
I «
T
e
Wy
- ’ ‘,,

Tp 21 PACKET SLOT

Figure L. 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, wherc m is an integer. As an cxample, with
one control channel (¥, = 1), if there arc N, = 200 users and m = 4, there
will be 50 traffic slots per frame. If it is further assumed that there arc 10
frequency channcls, each has 50 traffic slots, for a total of 500. Assuming a
128-kbit/s transmission rate with 1,000 bit/packet, the trame duration is
0.391 s.

Frame lengths will depend on the number of uscrs, the packet size for
data and contro! packets, and the transmission rate over the channel. For
N, = 200 users, a typical range of frame lengths can be 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 % 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 107 = 0914 s.

In a typical system implementation, a frame length would be selected in the
range from 0.25 to 1 s, and a typical nominal frame Jength would be 0.5 s,

as shown in Figure 2.
Defining the path delay from the VSAT to the hub via the satellite as 7y,

(#=0.25s), packets that must be repeated will experience minimunn. maximum,
and expected delays as follows:

2Twr
Dmm = 27; + T; + 7.;"['
Ty

2T
Dmux = (41; + |: TRT:| 7; + ];ZT) (2)

3
D 1 D..+D
2 mLn max

where { ] denotes rounding to the next lower integer. Note that equations
(1) and (2) give 3T, for very short frame lengths (7, — 0). For a typical
frame length of T, = 0.51 s, these expressions give minimum, maximum,
and expected delays of 1.27, 2.29, and 1.78 s, respectively, for packets that

(3)
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must be repeated. Thus, packets are delivered in the hub in 0.25 s af they
are delivered successfully on the first attempt, but may require several scconds
it they must be retransmitted.

Allocation of reservation slots

The RAN system divides the total number of time slots allocated to the
service into € contention slots and R reservation skots, where C + R = F.
The total (F) is lixed, but € 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 4 ratio m = R/F. For example, il m = 0.15 and there arc 10 frequency
channels each containing 50 packet slots, then the 50 time slots in frequency
channel 10 and the first 23 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 | through 8, would be contention slots. This
general subdivision of the time slots in the frame is shown in Figure 2.

The fraction of the frame that is rescrved (v) 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

n = (repeated packels) _ E Pr (exactly k new packcls)

pet slot =5 generated 1 one slot
Ly Ao R
= k (4)
;2—': k!

where A 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 stots. 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

5OAe
S el
so o K

o give

— _ | repeated packets § _ o
m= (perslut ME=e )
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Estimates of throughput and delay

The delay cxperienced 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 cxactly one transit
time via the satellitc (T, after it is initiuted at the vsaT. The probability
that the packet is successfully received on the first attempt is

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

where the probability of no bit errors in a packet containing N, bits operating
ataBER of P is 1 — (1 — P,,)N”. 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 channcls that are divided into
C contention channels und R reservation channels in a particular time slot.

Given that X packets are generated in each packet siot, some fraction (r)
of these must be repeated, and a fraction (I — #) arrive at the hub on the
first attempt. Thus, the expected delay expericnced by a packet i

— 1
D::TRT(l —r) +;'-(Dmm+Dmux) (7)

where Ty 1s 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

. ket must
= pp | PEC
r (be repeated

a packet &
was gencrated

pr (@ packet is generated and
must be repeated

Pr (a packet is generated)

M =Y

X =1—e * . (8)

The expected delay becomes

_ 1
D = TR.' ()7)\ + (l - € }‘)il)mm + [)m;n - (9)
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Expected delay is plotted in Figure 4 for a 0.512-s frame time. The figure

e also shows average delay times taken from the simulation results. Equation
. {9y gives a rcasonable approximation ol packet delay, except for the higher
+ i - . . .
s values of offered load. In the iimit, if the system were complctely reservation-
—~  9x, ,_:— oriented, expected delay would be 3T, + 1/2 T, or approximately 1.66 s,
S g 3338 2Tl as noted in Figure 4. The behavior of the system as A — 1 is discussed in a
.. ww - o . . .
§g§ a2 — later section, where the simulation results are also presented.
= w . . . - -
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Description of RANSIM

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

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 channcls arc available, cach with the
same time-slotied format. A separate inbound control channel gives each
user a short time slot in which to send control information to the hub once
per frame.

Packets are generated at an average rate of #'A packets per 1, seconds.
The convention used here is that FA denotes the total packet transmission
rate per time slot. With F frequency slots in each time slot, A 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
tratfic 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, a comparison is made between the number of 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 cither experienced collisions
during their first transmission or cxpericnced bit errors upon reeeption 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 ditferent algorithms
and strategies for measuring system load and for temporarily abandoning the
contention mode altogether in favor of a full-reservation mode. This may be
a more practical implementation than the one simulated, which basically
assumes that perfect contrel channel information (no bit errors} is available
and that the division of the frame between contention and rescrvation slots
can change without constraint from frame to frame.

Another assumption made in the simulation is that an crror-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 cach frame. When the system
is so heavily loaded that some time slots are completely reserved, a vsaT
with new packets in that siot will queue these until the end of the frame and
attempt (0 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-ALonA channels, the number of reserved slots
needed {on average), and the delay cxperienced 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
gencrate more than 10° packets, which should be more than adequate to
establish statistics at the 0.1-percent cxcecdance level, In fact, runs one-
tenth this length (i.e., gencrating 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 cpuy 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
(?f' frames. For example, with a typical 0.5-s frame, operation over 10,000
frames corresponds to 1.4 hours of network operation. Within cach frame,
packets can be generated according to cither a Poisson distribution or a
qniform distribution in each packet slot, T,. The Poisson model was used
tor 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
10 obtain an average and cumulative distributions of delay times cxperiéneed
by the packets.

Summary of simulation approach and program features

Inputs to the RANSIM simulation include such variables as the number of
¥SAT terminals, the bit rates on the inbound data and control channels, the
number of frequency channels utilized, the packet lengths, and the channgl
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BERs. The program simulates the different phases of network operation,
including the generation of many packets at the user stations; the transmission
of thesc 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 T, seconds.
These stots are subdivided into control channel slots of duration 7, = 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 Tr = N T, = N, T, /m.

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 &
new packets arc generated in a particular packet slot can be selected either
according to the Poisson distribution, with A packets per packet slot or
Fx = 5T, packets per time slot,* as

'
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* The program steps through each time slot (7,) in a frame and generates an
average of FX new packets in each time slot for the Poisson model.
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a. Contention Among Data Packets. Contentions are detected explic-
itly, und the hub makes the necessary reservations so that affected vsary
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 Chaanel, For the alfected user
in the frame¢ in guestion, contention-free and error-free packets are
delivered, and packets cxperiencing 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 crrors at a particular VSAT, 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 be repeated in reservation
slots, but errors are experienced in the outbound contrel channel, the
affected packets are counted as ““lost’” by the simulation program.

e. Time-Varying BER. This applies to the selected vSAT (usually
user 1) only. Two values of BER are uscd for data packets—BER | at
first, changing to BER 2 at a uscr-specified time, and changing back to
the original BER at a second user-specified time.

f. Awtomatic Switching From Contention to All-Reservation Operd-
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; it the fraction of frame reserved,
as averaged over the user-specified interval, ever exceeds the uscr-
specificd threshold, then operation switches to all-reservation and remains
in this mode.

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

Program clements

The RANSIM program contains the clements shown in Figure 6, The program
begins with an initialization scction that reads program inputs, zeros certain
variables, computes time increments and time frame limits, and initializes
time. Following this, the program sleps through many time intervals, and at
each step events occur at cither the vsats or the hub station (as shown in
the lower part of the figure). At the vsaTs, packets are randomly generated
and assigned a random user 1D and a random {requency slot. Contentions are
then noted. and packets arc marked according to their status, as follows:
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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 1D, 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 1STACK, which serves as a
storage register for information pertaining to cach packet generated in the
simulation. New packets at the vSaTs are time-stamped and entered into this
data file. After the appropriate vSAaT-to-hub delay, the packets are processed
again in the delayed hub time frame. Packets requiring refransmission 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 hub 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 datc,
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 1 1s typical, having a 0.512-s framc 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 1 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 threc frequency channels, this is three times the average number of
packets per packet slot.
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"TIME NOW" TIME STAMP FOR WHEN
PACKET WAS ORIGINATED

ISTACK (4,-) —-0 :
FREQUENCY CHANNEL FOR THE PACKET :

ISTACK {5,-) —— po

STATUS OF PACKET

-1 = QUEUED AT VSAT

0 = INITIAL TRY, SUCCESSFUL

1= CONTENT!CN, FIRST TRY

2 = EXPERIENCED BIT ERRORS

3 = REPEAT REQUEST TO VSAT

4 = RETRANSMIT TO HUB
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8, 7 = CONTROL CHANNELS

EXPERIENCED BIT ERRCRS S
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ISTACK (8,) — -~ »0
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IN TERMS OF INTEGER MULTIPLES OF
BASIC PACKET SIZE

Figure 7. Definition of Elements of ISTACK (| )

For most of the simulation runs presented in Tabie 1, 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 A = 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-frec 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 .05 exceedance probability level, delays
range from 1.5 to over 2 s for this particular set of frame parameters.

Note that A = 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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TaBLE 4. TeST CASE 4 SIMULATION RESULTS (200 USERS, 0.512-$ FRAME LENGTH,
| FREQUENCY CHANNEL, 14 PACKET SLOTVS/FRAME, A = 0.5 PACKET/PACKET SLOT)
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TABLE 5. TesT CASE 5 SIMULATION RESULTS (200 USERS, 5 FREQUENCY CHANNELS,
A = 0.6 PACKET/PACKET SLOT, INBOUND BER = 10-7)
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Summary and conclusions

A flexible simulation of the RAN link access protocol has been described.
With the rRAN technigue. vSaTs initially send packets to a hub station in a
slotted-AL.onA mode. thus minimizing delay for those packets that do not
cxperience contention or bit errors. Reservation channels are used by the
VSATs Lo retransmit the packets that were not delivered on the first attenpt.

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 successiul 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 rRAN protocol was bricfly 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 bit rate and packet size, which determinc limitations
on the transmission frame time. The duration of this frame has a direct effect
on delay time.,

The simulation concept and the clements 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 Bur for a representative system
load. A series of tests casec were also run using various sets of system
parameters (bit rates and packet sizes) to determine the cffect 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 A = 1.0, mean packet delay increases
abruptly (as expected). Therefore, the statistics obtained from the stmulation
program tend to be erratic in that delays continuc 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 be 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. SuyDERHOUD
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Introduction

The quality of speech reeeived through telephone connections has for many
years been quantified by a numeric called the mcan opinion score (Mos). In
English, the Mos is derived by averaging the numerical cquivalents of the
subjective judgment qualifiers excellent (5), good (4, fair (3), poor (2). and
bad (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 [nternational Telegraph and Telephone
Consultative Comunittee (CCITT) [1] 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 cquivalent meaning. The methodology of testing
has also been standardized, including the use of equivalent test scntences,
specified test circuits and telephone handsets, and specified listening levels.

Despite this cffort, technically identical systems will not yield the same
MOs value when evaluated in different languages. This is probably duc to
residual scmantic differences resulting from translation; that is. the opinion
equivalents of the subjective judgment qualificrs (excellent, good, fair, poor.
and buel) are different in different languages. Minor scmantic differences
also exist between individuals speaking the same language.

itis 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. Suyderhoud, formerly with COMSAT, is the Waushingion representative
of OKI America, Inc. (New York office], and also works as o consultant.
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(obtained through a technically specified system) can be converted to an
estimated MOSs value in another country with language B.

As with all prediction techniques, the accuracy of this method ol **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 (he investigation

In an effort to standardize a 32-kbit/s adaptive differential pulse-code
modulation {(ADPCM) 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 scven languages.
The samc appcM hardwarc was used as part of a test bed (o process
prerecorded tapes with test sentences in each language. The format, level,
and language content (i.e., meaning) of the source tapes were carefully
controlied, 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 countrics and evaluated over prescribed systems
to ensure uniformity ol 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 rclative cvaluation, certain test conditions were
included as “‘anchor’” or reference conditions. These consisted of speech
processed with carefully specified (and equal) noisc conditions for all
languages. These conditions are known as injected noise (I-noise) and speech-
correlated noise (Q-noise). I-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 specch, in approximatcly 20-ms incre-
ments. As expected, Q-noise proved to be much less disturbing than /-noise
for the same signal-to-noise ratio (S/N). (-noise 1s also more representative
of quantizing noise produced by digital codecs (2], as has been demonstrated
in many experiments since the concept was first proposed by Law and
Seymour [3] 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 (-notse 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 @ (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 @ curve is obtained and serves as a universal norm. Subse-
quently, the average deviation of the individual national MOS vs € 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 asscss the subjective performance of the 32-kbit/s
ADPCM  algorithm specified in CCITT Recommendation G.721. The test
conditions having speech-correlated noise were sclected as the basis for
developing the comparison methodology [4].

MEAN OPINION SCORE

1 | 1 L
10 15 20 25 30
SPEECH-TO-CORRELATED-NQISE RATIC, Q {dB)

Figure 1. Assessment of Q-Noise by Seven Nations
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Figure | shows smoothed curves of Mos obtained in seven countries as a
function of 2, over the range of (-values between 10 and 30 dB. The widc
sprcad 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 ¢ interval; however, the curves
are very similar in shape ({.e., positive slopes and general curvature toward
a horizontal asymptote). Four curves intersect, but mostly near the extreme
ends of the range.

[t is possible to formally calculate the MOS values, averaged over the scven
countries, as a function of . This function, shown in Figure 2, fits the
following equation over the range of :

FdOy = — 11744 + (.32697 0 — 0.00508 ¢°
10=0=30dB

(h

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

O =a,+aQ+a@> . (2)

For the data of the seven countries used here. the coefficients a; of this
expression are given in Table [,
It is uscful to express the inverse functional relationship also [i.¢., letting

Q) = M]. as

i

.
0= -——+ ,)—l {a% + des (M — (IU)J . (3)

In general, let M = fi@)and @ = f ' (M),
The mos correction term A{¢) has been defined for country j (= 1,
..., yas

A_,'(Qf) = f;m (Qt) - ft(Q:) ’ {4}

which is the difference between the world average of cquation (1) and the
national f{(}) curve of country j at a value of ;. as determined by cquation
{2}, for an mos value scored when subjectively testing condition . This is
illustrated in Figure 3 for the case of a U.S. mos value, M. of 3.87 for
ADPCM (condition §), which translates to 3.68 after the correction of cquation
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MEAN OPINION SCCORE
@ IS

h

1 i | !
10 15 20 25 30
SPEECH-TO-CORRELATED-NOISE RATIO, Q {(dB)

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

(4) 1s applied. Corrections were calculated for the same test condition i
(ADPCM single link) evaluated in six other countries, resulting m 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 s highly significant (<0.005),
tmplying that the correction was meaningful.

TaBLE 1. ay, a,. a» COEFFICIENTS OF MOS = y + @ + a O°

COUNTRY o a, s

Ching 0.17530 0.277638 —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
UK. —1.00000 0,24604 —0.00254
Japan 0.26999 (.16587 —0.00103
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16

20

25 30
SPEECH-TO-CORRELATED-NGISE RATIO, Q (dB)

Defining the Correction Ay of the U.S. National

Average to the World Average

TasLe 2. MOS CORRECTIONS APPLIED 10 ADPCM SinGiE LLINK

(@, = 23 dB)
ORIGINAL CORRECTLD

COUNTRY SCORE SCORE
China 4.27 3.82
LS. 3.87 3.68
France 3.90 3.65
Italy 3.70 3.65
F.R.G. 3.46 3.62
UK. 3.51 375
Japan 3.28 3.82

Average 3.71 3.7

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

A

()

|

QIII-'I.X - ann [

G

[Fel @) — FLQI dQ

(3)

The resulting values of A, have been calculated and are given in Table 3.
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TABLE 3. AVERAGE MOS CORRECTION FACTORS (A))
OF SEVEN COUNTRIES

CouNTRY J A,
China | —0.572
uU.s. 2 -0.272
France 3 —-0.211
ltaly 4 -0.106
F.R.G. 5 +0.111
UK. 6 +0.344
Japan 7 +0.563

‘The values in Table 3 can be used to estimate the performance results of
a processing technigue in country j, after results from country & have been
obtained by subjective tests. The following prediction equation is proposed.
Designating the test condition. 7, (including AppcM, pcM, and tandem
connections) for which an MOs of M(T)) has been obtained by country &,
the estimate for country j can simply be determined by

M{T) = M(T) + (&, — A) . (6)

For cxample, 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 countrics 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)

ESTIMATED ACTUAL
COUNTRY MOS VaLur® RESIDUAL
China 4.02 3.92 0.10
U.s. 3.60 3.536 0.04
Italy 3.55 3.53 0.02
F.R.GG. 3.34 3.44 —0.10
U.K. 3.1 3.38 —-0.27
Japan 2.88 2.94 — (106

* 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 asscssment betwceen
countries, that same spread should be reflected in the predicted valucs.
Statistically, then, the variance of predicted values should not differ signifi-
cantly from that of the actual values. This is demonstrated by observing that

ua /o = 0.79 (not significant)

where ¢ is the variance of actual scores and o is the variance of predicted
scores. Second, the variance of the applied correction factors (A, — 4))
should be significantly larger than the variance of the residuals after prediction.
This is demonstrated by observing that

2 /s = 5.16 (significant at 0.03)
a2 = variance of corrections

o2 = variance of residuals.

For the latter test. the term "*significant’” is applicd whenever the theorctical
value of the 0.10 (1-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 cach 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 delined as

Yldeviation without prediction]
.= 20log — — - __
¥ |deviation with prediction

G N

giving a logarithmic improvement factor duc 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 manncr, 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).

Coneclusions

A method has becn developed for estimating the MO$ scores of test
conditions for subjects in one country based on the mMoOSs scores obtained

* It is customary to usc the 1-in-2(h or (105 significance level.
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TABLE 3. STATISTICAL ANALYSIS AND PREDICTION GAIN RESULTING FROM
EQUATIONS (6) aND (7)

Grro PrEDICTED FROM

Cireurr CONDITION EVALUATED Foalfed OOl (dB) Resurrs v
PCM With BER = 10 * 2.50 2
A : - 2. 2.36" 8.0 Japa

ADPC M With Eight Tandem Links 0.96 5.99¢ - 3.5 [liar;d'n
PCM With — 15-dBm Tnput .02 3.47 0 6 L S}
ADPCM With BER = [0 +# 0.69 8.20r ‘?.() UK
S/N = 45 dB. Carbon Microphone [.64 3.76¢ :_"9 L'>K'
ADPCM With Four Synchronous . J‘l o

Tandem Links 0.71 345 14.7 o
ADPCM 0.52 3.66° 15.0 China

* Statistical values in this column are not signiflicant.
" Not signilicant,
< Signilicant (p =. 0.10).
Anomalons result. Statistical results indicate significance: however, a bias in the predicted
values of about 0.4 MOS units resulted in negative prediction gain.

usmg.subjccts in another country. The difference in MOS values is attributed
lo differences in the perception of the language equivalents Of: the terms
e,\‘c'e{l(’{zz, good, fair, poor, or bad. The estimate is based ();1 a set of dnt]s
consisting of MOS scores obtained by subjects in each country when testigrlltj
with correlated noise at a ratio Q. Results obtained using a prediction equati é
are shown to produce statistically acceptable mos values. e
Of the seven countries for which data were analyzed, most provided
genc_ra].ly stable and reliabic results which can serve as a basi’s for‘meanin ful
RredlCthﬂ of performance in other countries. Some countries perhaps tg \
simply exhibited greater variability, making prediction less a-c’curatc e
’ Thc average correction values given in Table 3 should be a;tnerall
dpphgable to results obtained in other tests using digital speech pr%ces;siny
techmqu@s. It must be remembered that subjective testing always de ke;nd%
on the circumstances and people used to obtain the rcsulbts. Hou}evcf thk
general methodology given here could be valid in other tests ifaQ data;b' 'C
Is collected as part of the experiments for such tests. | -
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Geostationary satellite log for year end 1987

C. H. Scumitr

(Manuscript received May 1988, revised July 11, 1988)

This note provides lists of current and planned geostationary satellites for
the Fixed-Satellite Service (rss), the Broadcasting-Satellite Scrvice (Bss),
the Radiodctermination-Satellite Service (RDSS), the Acronautical Mobile-
Satellite Service (aMss), the Maritime Mobile-Satcllite Service (MMSS), the
Land Mobile-Satellitc Service (Lmss), and the Space Research Service (SRS).
The lists are ordered by increasing East longitude orbit position and update
the previously published material | 1] through December 1987.

Table 1 lists the satellites that arc 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 Tists 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 learncd that satcllite construction has commenced.
Additional technical characteristics may be obtained from the author, the
country or organization listed in the table, or the referenced 1FRB Circulars,
as published weekly in the circulars’ special sections [2].

Table 3 gives the codes used in Tables | and 2 that correspond to the
frequency bands allocated to the space services listed above. Other spacc
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, [s Principal Engineer and President of
Satellite Communications (SatCom) Consultants, Inc.. 1629 K Street, NNW.. Suite
600, Washington, DC 20006, (301 ) 654-5000.
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The regions referred to in Table 3 are those defined in Article § of the
{TU Radio Regulations, and arc summarized as follows:

* Region |0 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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Frequency Code

Country or
Organization

Launch Date Satellite

Object/Catalog

Subsatellite

Remarks

Up/Down-Link
({GHz}

Service

Designation®

Humber?P

Longitude®

10W
AR11/A/415/1815

IFRB

UHF/UHF, 2

ESA (F) MetSat

METEQSAT 2

19 Jun 1981

12544

1.4E

(METEOSAT 52)

Experimental

l4a/11

ESA (F) FS5.B58

0TS 2

11 May 1478

10855

3.6E

5E

Notified

IFRB

(0TS)

SPA-AA/90/1194

7E
In Coordination

IFRB:
As/305/1732

14a/11

Fs5, 51752

EUTELSAT-ESA (F)

ECS

04 Aug 1984

15158

7.1E

{EUTELSAT 2-T7E)

C/1205/1809

AR1Y/A/305/1732

ESA

ECS 4

16 Sep 1987

13851

9.6E

6.7°
AR11/C/1205/1809

Incl.

10E
AR11/A/229/1370

1l4a,11 IFRB:

FSS

EUTELSAT-ESA

ECS 1

16 Jun 1983

14128

13.3E

(EUTELSAT 1)

AR11/C/444/1644

AR11/C/1077/71789

19E

ARIL/A/278

IFRE

6/4.2.6b,2.6¢c

FSS,BASS

Arab League

ARAEBSAT 1

0B Feb 1985

15560

19.1E

{ ARABSAT 1-A)

AR11/C/330

AR11/A/7/1347

AR11/C/1/1597



TABLE 1.

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

Launch Date

Frequency Code

SUbSﬂ?elélge Object/Catalog DSaFell;?e c OCounFryt?r Service Up/Down-Link Remarks
Longitude N lerb esignation rganization (GHz)
21.4E 13 Dec 1973 DSCS 1-B us FSS UHF, 8/UHF, 7 Incl. 8.2°
6974 QPS5 9434 Drift 0.36°W/day
24 ,.5E 19 Dec 1978 GORIZONT 1 USSR F88 6/4a
11158
26.0E 16 Jun 1985 ARABSAT 1-B Arab League F85,BS5 674, 2.6b, IFRB: 26E
15825 {ARABSAT 1-B) 2.6¢c AR11/A/211/1347
AR11/C/173/1388
34.4E 26 Nov 1982 RADUGA 11 USSR FS8 6/4 IFRB: 35E
13669 {STATSIONAR 2) SPA-AA/T6/1179
C/26/1251
Incl. 3.36°
35,.5E 15 Sep 1985 RADUGA 17 USSR F§5 6/4 IFRB: 35E
16250 (STATSIONAR D3} AR11/A/195/1625
40.5E 28 Dec 1979 GORIZONT 3 USSR FSS 6,6/4,7 IFRB: 40E
11648 {STATSIONAR 12) SPA-AA/271/1425
AR11/C/B78/1737
Incl, 6.18°
45,.8E 25 Oct 1986 RADUGA 19 USSR FSS 6/4 IFRB: 45E
17046 (STATSICONAR D4) AR11/A/196/1675
46.5E 20 Feb 1980 RADUGA & USSR FS8S 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

52.7E

58.6E

59.7E

61.7E

62.4E

62.9E

26 Jun 1981
12564

18 Jan 1985
15484

26 Qet 197
9503

30 Oct 1982
13636

28 Sep 1985
16101

14 Dec 1978
11145

28 Sept 1982
13595

EERAN 7

GORIZONT 11
(STATSIONAR 7)

EKRAN 1

DSCS II
(USGCSS PH2 IND OC)

INTELSAT VA F-12
(INTELSAT VA IND 1)

OPS 9442
DSCS I1-C

INTELSAT V F-5
{INTELSAT V
IND OC 1)

{INTELSAT MCS
IND OC A)

USSR

USSR

USSR

US-Govt.

INTELSAT

USs Govt.

INTELSAT

INMARSAT Lease

BSS 6/UHF

FSS 6,8/4,7

BSS 6 /UHF

FS55 UHF,8/UHF,7

FSS 6,14a/4,11

F55,MMSS UHF, 8/7,UHF

FSS 6,14a/4,11

MMSS 1.6b,6/4,
1.5a

AR11/A/151
AR11/C/86
Incl, 4.52°

IFRB: 140E
Incl. 1.3
SPA-AJ/31/1251
AR11/C/1118/1793

IFRB: GOE
Notified
SPA-AM/1271353
Incl. 2.4°

IFRB: 60E
AR11/A/67/1580
c/462

Final Registration

IFRE: ©60E
Incl. 4.5°
Drift 9.13°E/day

IFRB: 63E
Notified
SPA-AA/134/1250
C/59

IFRB: 63E
Maritime Package
SPA-AA/214/1348
AR11/C/1096/1791
Final Registration
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TABLE . IN-ORBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END [987 (ConT'D)

Launch Date

Frequency Code

s atellit - telli
:2: itud;ae Object/Catalog Dizienatzznc of°:§§:§t§;n Service Up/Down-Link Remarks
l NumberP 9 g {GHz)
63.0E 26 Dec 1980 EKRAN 6 USSR BSS 6/UHF Incl, 5°
12120 2/20
65.9E 19 Oct 1983 IRTELSAT 5 F-7 INTELSAT F88 &6,14a/4,11 IFRB: 66E
14421 {INTELSAT V IND 4) SPA-AA/253/1419
SPA-AJ/375/1511
Notified
(MCS IND 0C D) INMARSAT Lease MMSS 1.6b,6/1.5a,4 IFRB: G6GE
SPA-AA/275/1425
AR11/C/857/1735
71.7E 23 Nov 10984 SKYNET 2B UK FS58 6/4 AR11/Cr182
7547 Drift 0.4473°W/day
Incl, 7.72
72.3E May 1979 OPS 6392 US-Govt. FS5 UHF, 8/UHF, 7 IFRB: 72E
11353 (FLTSATCOM IND OC) AR11/A/338/1762
Incl. 4.7°
72.5E 10 Jun 1976 MARISAT F-2 US-COMSAT MMSS UHF 1,6b,6/4 Spare, but unused
a8gg2 (MARISAT 2) General UHF 1.5a except for UHF
transponder.
AR11/A/208/1344
73.0E 25 Apr 1979 RADUGA 5 USSR
11343
73.9E 03 Aug 1983 INSAT 1B India Fss 674 IFRB: T4E
14318 (INSAT 1B) SPA-AA/208/1344
AR11/C/231/1429
Notified
74.4E 13 Mar 1977 PALAPA 2 Indonesia FSS 6/4 IFRB: 77E
9862 (PALAPA A-2) SPA-AA/45/1160
Notified
Backup for
PALAPA B-1.
74.7E 15 Feb 1984 RADUGA 14 USSR F8S 674 IFRB: 85E
14725 (STATSIONAR 3) Notified
SPA-AA/TT/1179
SPA-AJ/27/1251
Incl. 2.3°
76.0E 08 Apr 1983 RADUGA 12 USSR FSS 6/4 Incl. 2,28°
13974
76.08 24 Aug 1984 EKRAN 13 USSR BSS 6 /UHF Incl. 3.94°
15219 1l.5a,4 INMARSAT Spare
79.6E 01 Aug 1984 GORIZONT 10 USSR FSS 6,8/4.,7 ILFRB: 8O0
15144 (STATSIONAR 13) SPA-AA/276/1426
AR11/C/598/1737
AR11/C/1124/1793
Incl, 1.7°
81.0E 03 Cct 1979 EERAN 4 USSR BSS 6/UHF
11561
81l.6E 09 Oct 1981 RADUGA 10 USSR FS8 6/4
12897
B82.0E 08 Jul 1976 PALAPA 1 Indonesia FSS 674 Near Retirement
9009 (PALAPA Al) IFRB: 83E
AR11/45/1339
Hotified

Incl. 2.3°

0L
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TABLE 1.

IN-ORBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR EnD 1987 (CONT'D)

Launch Date

Frequency Code

S:bsa?zlélge Object/Catalog DSa?ellt?e . gsogzizitz;n Service Up/Down-Link Remarks
cngitude N erb esignation g (GHz)
85.3E 19 Mar 1987 RADUGA 20 USSR FSS 6/4 IFRB: B85E
17611 (STATSIONAR D5} AR11A/197/1675
86.2E 11 Sep 1676 RADUGA 2 USSR FSS§ 6/4 IFRB: B8SE
9416 {STATSIONAR 3) SPA-AJ/27/1251
88.0E 20 Sep 1977 ERRAN 2 USSR BSS 6/UHF
10365
89.0E 22 Mar 1985 EEKRAN 14 USSR BSS 6/UHF
1546826
B89.2E 18 Nov 1986 GORIZONT 13 USSR FSS 6/4 IFRB: 90E
17083 (STATSIONAR 6) Ar108
SPA-AJ/30-1251
90.4E 05 Jul 1979 GORIZONT 2 USSR FSS 674 IFRB: 90E
11440 (STATSIONAR 6) Asl08
SPA-AJ/30/1251
95, 8E 15 Mar 1932 GORIZONT 5 USSR FSS 6,8/4,7 ARL11C/306
13092 (STATSIONAR 14) IFRB: ©G95E
Then moves to
IFRB: 96.5E
AR11/Cr118171002
47.0E 26 Jun 1984 GORIZONT 9 USSR FSS 6/4
14940
99.0E 16 Mar 1981 EERAN 12
14821
99.1E 04 Sep 1987 EERAN 16 USSR BSS 6 /UHF
18328
99.2E 24 May 1976 EKRAN 15 USSR 6/UHF
16729
103.0E 01 Feb 14986 PRC 18 China, Peoples' FS5 6/4 AR11/A/245/1695
16526 Republic of AR11/C/1023/71777
104.7E 12 April 1985 (SYNCOM IV-3) UsS-Govt. FSS AR11/A/222
15643 LEASESAT F-3 AR11/Cr242
{LEASAT 3)
108.1E 18 Jun 1983 PALAPA B-1 Indonesia FSS 6/4 Domestic and
14134 {PALAPA B-1) Regional.
IFRE: 108E
SPA-AA/197/1319
110.0E 12 Feb 1986 B5-2B Japan F38§ 2,14a/12a, IFRE: 110E (BS-2)
16597 12b,2 AR11/A4/305
AR11/A/334,
ADD-1/1762
110.CE 23 Jan 1984 YURI 2A Japan BSS 2,14a/12a,2 IFRB: 110E
14659 (BS-2A) AR1L/A/197
113.0E 21 Mar 1987 PALAPA B-2 Indonesia AR11/A/305
17706 (PALAPA 2B) AR11/C/10
PALAPA B-2P

Drift 0.0230°W/day
IFRB; 113E

L
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TABLE 1.

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

Launch Date

Frequency Code

Drift 0.0122°W/day
Notified

SALON LD

OO0TALTIALYS AQVNOLLYI SO

URET ONIHAS ] ABUANN § AT 10A MHATN TVHNILFL JVSINOD

e ofeveies IS GNILNL, sewie  whomimk s
ong Humbert g g {GHz)
115.3E 23 Feb 19778 KIEU 2 Japan Experi- AA/91/1194
9g52 (ETS 2) mental IFRB: 130E
ETS 11 Notified
SPA-AA/91/1194
117.6E 18 Mar 1981 RADUGA & USSR
12351
125.0E 08 Apr 1984 PRC 15 China, Peoples' IFRB:  125E
14399 (STH 1) Republic of SPA-AA/141/1255
SPA-AJ/236/1431
128.2E 22 Jun 1984 RADUGA 15 USSR F35 6/4a IFRB: 128E
15057 (STATSIONAR 15} SPA-AJ/312/1469
APA-AJ/317/1473
ARL1/A/307/1463
Incl. 2.03°
Drift 0.0295%W/day
Hotified
132.0E 04 Feb 1983 SAKURA 2A Japan F58 6,30a/4,20a IFRB: 132E
13782 (CS-2A) Drift 0.0190°W/day
SPA-AA/256/1421
SPA-AJ/323/1490
Notified
135.0E 18 Feb 1087 cs 3A Japan FSS AR11/A/212/1680
lag77 (C5_3A) IFRB: 132E
AR11/C/1128/1794
[ e
135.9E 05 Aug 1983 CS 2B Japan F58, §Tsd 6/4 IFRB: 136.0E
14248 { SAKURA 2B} Drift 0,0218°W/day
SPA-AA/257/1421
SPA-AJ/325/1400
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 1083 GORIZCNT 8 USSR FSS 6,6/4,7
14532 {STATSIONAR &}
140, 2E 02 Aug 1984 HIMAWART 3 Japan UHF, 2/UHF, 1 AR11/A/54/1563
15152 (GMS 3) AR11/C/474/1648
IFRB: 140E
Drift 0,0201°W/day
141.0F 10 Aug 1977 HIMAWART 2 Japan IFRB: 140F
12677 (GMS 2) SPA-AA/242/1394
SPA-AJ/372/1510
150.0E 27 Aug 1987 ETS § 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,12¢ Incl, 0.02°
16275 (AUSSAT 2) SPA-AA/300/1456
AUSSAT K2 AR11/C/296/1624
AR11/C/305/1624



OPS 6391

TABLE 1. IN-ORBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 (CONT'D)
. Launch Date . Frequency Code
SubsaFelllge Object/Catalog Sa?elllFe e OCounFryt?r Service Up/Down-Link Remarks
Longitude N arb Designation rganization (GHz )
160,0E 27 Aug 1985 AUSSAT 1 Australia FSS 14a,12b,12¢ Incl. 0.10°
15993 (AUSSAT 1) Drift 0.0124°W/day
AUSSAT E-1 SPA-AA/299/1456
IFRB: 160E
AR11C/296/1624
Notified
164, 0E 01 Sep 1085 AUSSAT III Australia (OTC) FSS/BSS l4a,12b,12c RES 33/C/5/1643
18350 (AUSSAT 3) RES 33/C/5/1647
AUSSAT K-3 AR11/C/314/1624
169.6E 08 Aug 1985 RADUGA 16 USSR FSS 6/4 SPA-A5/51/1276
15946 {STATSIONAR 9)
171.3E 31 Oct 1980 FLTSATCOM 4 W PAC US-Govt. FSS UHF, 8/UHF, 7 IFRB: 172E
12046 (FLTSATCOM W PAC) SPA-AA/86/1186
SPA-AJ/167/1382
174.0E 23 May 1981 INTELSAT 5 F-1 INTELSAT FSS 6,14a/4,11 SPA-AJ/376/1511
12474 {INTELSAT V PAC 1) IFRB: 174E
Incl. 1.22°
174.5E 21 Hov 1979 DSCS II-D us AJ/369/1730
11621 OPS 9443 Leased by Hughes
176.1E 14 Oct 1976 MARISAT F-3 US—COMSAT MMSS UHF,1.6b,6/ Spare, but unused
9478 {MARISAT PAC) General UHF,1.5a,4 except for UHF
MARISAT 3 transponder.
IFRB: 176.5E
SPA-AA/6/1101
SPA-AJ/25/1244
Drift 0.0035°W/day
Notified
Incl. 7.09°
———
HeE ian 7 rppiay 4h F-3 INTELSAT FS8 674 IFRB: 177.0E
0557 (INTELSAT IVA AR11/A/332
PAC 0C2) AR11/C/642
Inci., Z2.08°
Drift 0.015°W/day
178.08 20 Dec 1981 MARECS A ESA-INMARSAT MMSS 1.6b/6 Spare
13010 (MARECS PAC OC 1) 1.5a.4 (MARECS PAC 1)
MARECS 1 AR11/D/3/1561
SPA-AJ/242/1432
IFRB: 178.0E
Incl, 2.00°
Drift 0.0203°W/day
179.3E 21 Nov 1979 DSCS TI-E Us Imel. 4.15¢
11622 OPS 9444
(i:g'gﬁ) Terge 1 JHTELSAT U ¥-8 INTELSAT F58 6,14a/4,11 IFRB: 180E
. 14786 (INTELSAT V PAC 3) SPA-AA/225/1419
Drift 0.015°W/day
AR11/C/682/1668
Incl. 0.0043°E/day
MCS D INMARSAT Lease MMSS 1.6b,6/1.5a,4 IFRB: 180E
(MCS PAC A) AR11/0/692/2660
(132.35) 31 Aug 1984 LEASAT 2 US-Govt. FSS§ AR11/A/222
. 15236 (LEASESAT F-2) AR11/C/242
SYNCOM IV-2 Al1/C/682
183.5E 0% Feb 1978 FLTSATCOM 1 us IFRB: 177w
(17859 Lo669 (FLTSATCOM-A W PAC) AR11/A/335/1762

Incl, 6.25°
Drift ©.0393°E/day

9L
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A . ; s -
TaBLe 1. INORBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 {CONT'D) 3
~
Frequency Code 2
h Date P C 3
Subsatellite ObFZEE:Catalog SaFelll?e c CounFry ?r Service Up/Down~Link Remarks ;
Longitude® jHumberb Designation Organization (GHz) E
T
185.0E 12 Apr 1985 LEASAT 3 UsS-Govt. F8S In place of E
- LEASESAT F-2 Z
(175.0W) 15643 (LEASESAT F-3) A s a4, Z
SYNCOM IV-3 2
190.6E 08 Aug 1985 RADUGA 16 USSR g
{16%.4%W) 15946 g
197.3E 2% Aug 1985 LEASAT 4 us é
(162.7W) 15695 (LEASESAT F-4) 9
SYNCOM IV-4 =
z
211.0E 07 Dec 1966 ATS 1 us FS5 6/4 ;gziéiiz.3 =
(149-0m 2008 Experimental Z
:
217.1E 26 Oct 1982 SATCOM V Us-Alascom, Inc. F88 6/4 k:ii;21114,1530 ;
(142.9W) 13631 {SATCOM 5) ; e ren Z
ALASCOM AURORA o] ¥ .
SATCOM V F5 SATCOM F-5. z
IFRB: 143.0W =
Notified Z
<
221.0E 11 Apr 1983 SATCOM VI US-RCA FsS 6/4 AR11/4/6 gg
{139.0W) 13984 RCA SATCOM VI
GE SATCOM 1R
RCA SATCOM 6
I-R US-RCA FS8 6/4 AR11/A/7
(sareon : IFRB: 139W
AR11/C/337

224.0E
(136, 0W)

225,1E
(134.9wW}

226.0E
(134,0W}

229.0E
(131.0HW)

229.1E
(130.9W)

230.6E
{129.4W)

232.28
{127.8W)

——
16 Jun 1978 GOES 3 US-Govt.
10953 {GOES WEST)
30 Qct 1982 DSCS IIT US-Govt.,
13637 PSCS 16
(USGCSS PH3 E PAC)
PSCS 16 US-Govt.
(USGCSS PHZ E PAC)
LEASESAT US-Hughes
{USGCSS PH 3W PAC)
28 Jun 1983 GALAXY 1 US-Hughes Comm.
14158 (USASAT 11-D)
HUGHES GALAXY 1
21 Nowv 1981 SATCOM III-R US-RCA
12967 {US SATCOM 3-R)
GE SATCOM 3R
RCA SATCOM 3R
05 cct 1980 RADUGA 7 USSR
12003
14 Dec 1978 DSCS II-B US-Govt.
11144 0PS 9441
27 Aug 1985 ASC 1 US-American
15994 (ASC-1) Satellite Co,

CONTEL ASC-1

F58

FS§

Fss, 5184

FS5

F&§

F85

Fs§,sT84

UHF, 8/UHF, 7

7a,8/7b

674

674

6,14as4,12a

SPA-AA/28/1147
Incl. 4.86°
Drift 0.0322°W/day

IFRB: 135W
AR11/4/139
IFRB: 135W

SPA-AA/127/1353
Notified
IFRE: 135W

Drift 0.0168°W/day
SPA-AJ/344/1499
IFRB: 135W

IFRB: 134W
Notified
ARL11/A/120/1615
AR11/C/821/1696

AR11/A/32%
AR11/C/347/1625
IFRB: 131w
Notified

Drift 0.3505°W/day
ARLI1/C/347

Incl. 4.81
Drift 0.0336°Esday

AR11/A/202/1676
Ingl. (.01
IFRB: 128W

THLON Mi0
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TABLE 1. IN-ORBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 {CoNT' D}
Frequency Code
D .
Subsatellite Obr-“a“:ig t:;g Satellitse Count:ry or Service Up/Down-Link Remarks
Longitude® Jjee ah el Designation® Organization (GHz)
Number
235.0E 19 Jun 1985 TELSTAR 3D US-AT/T FSS 6/4 {4/6) N;zzs;::nggd to
{125.0W) 15826 (USASAT 20A} IFRB: 125w.
AR ATT 303 :
TELST AR11/C/968/1769
237.5E 09 Jun 1982 WESTAR 5 US-Western Union FSS 6/4 ;Fi?;iezzaw
{122.5W) 13269 (WESTAR 5) A;li/hls
WU WESTAR 5
AR11/C/284
240.0E 23 May 19084 SPACENET I US-GTE Spacenet FSS 6/14a/4,12a iﬁ;l;g;;gg,
E SPACENET 1 -
(120.0W) 14985 (GTIE S ) IFRE:  120M
In Coordination
242.5E 12 Nov 1982 ANIE C3 Canada-TELESAT FSS 14a/12a :iiljiii:a
(117.5W) 13652 (ANIEK C3) IFRB: 117.5W
TELESAT 5 :, .
Hotified
243.5E 27 Nov 1985 MORELOS-B Mexico FSS 6,14a/4,12a ;:iggieéls.sw
LOS 2 L
{116.5W) 16274 (MORELOS 2} ARLL/C/387
Iacl. 1.00°
[T b R TSNS T P S
246.5E 17 Jun 1985 MORELOS-A Mexico FS§ 6.,14a/4,12a IFRB: 113.5W
{113.5W) 15824 (MORELQS 1) Notified
AR11/A/28
AR11/C/386
246.8E 16 Jun 1077 GOES 2 us Fot in Use
(113.2W) 10061 Incl. 5.84°
249.6E 09 Nov 1984 ANIE D2 Canada-TELESAT FSS l4as12a AR11/A/358/1500
{110.4W) 15383 (ANIE D-2) IFRB: 110.5W
AR11/C/716/1673
Hotified
250.0E 18 Jun 1983 ANIK C2 Canada-TELESAT FSS§ l4ars12a IFRB: 110W
(110.0W) 14133 (ANIK C-2) Rotified
TELESAT 7 AR11/A/137/1500
AR11/C/129/1533
251.7E 22 May 1981 GOES 5 Us FSS 6/4 IFRB: T75W
{108,3W) 12472 (GOES EAST) AR11/A/28
Notified
Incl. 1.17°
252.8E 15 Mar 1976 LES 9 Us Govt, Experi- 6/UBF,7,4 Incl, 29,40°
{107.2W) 8747 mental
253.6E 13 Apr 1985 ANIK C1 Canada-TELESAT FSS 1l4a/12a IFRB: 107.5W
{(107.4W) 15642 (ANIE C-1) Notified
SPA-AA/357/1500
AR11/C/569/1649
AR11/C/728/1698

DOTULITIALYS AYYNOLLY LSO:
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TABLE 1. IN-ORBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 (CONT D}
. Launch Date . Frequency Code
11
Stzzagziégge Object/Cataleg Dizzenatzznc OED::§:§t2;n Service Up/Down-Link Remarks
&4 HumberP g g (GHz)
254.7E 12 Aug 1969 ATS 5 US-NASA Experi- UHF, 6/UHF, 7,4 IFRB: 105W
{105.3W) 4068 (ATS5-5) mental Drift 7.CG01°W/day
Incl. 9.45°
Notified
No Circulars
255, 0E 28 Mar 1986 GSTAR 2 US-GTE FS§ l4a/1za IFRB: 105W
{105.0W) 16649 (GSTAR 2) Notified
GTE GSTAR 2 AR11/A/15/1525
AR11/C/1075/1784
255.3E 05 Hov 1967 ATS 3 Us-Govt, Experi- IFRB: B6W
(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 D1 Canada-TELESAT FSS 6/4 IFRB: 104.5W
(104, 4W) 13431 (ANIK D-1) AR11/A/207/1682
TELESAT 6 AR11/C/465/1724
Notified
256.2E 03 Nov 1971 OPS 9431 UsS-Govt, FSS UHF, 8/UHF, 7 Drift 0.0371°W/day
(103,8W) 5587 Incl. %.72°
256,08 08 May 1985 GSTAR 1 US-GTE FSS l4arl2a IFRB: 103W
{103.1W) 15677 (GSTAR 1) AR11/A/15/1525
GIE G-STAR 1 AR11/C/1073/1784
I —— A —————
259,9E 05 Dec 1986 USA 20 us
(100.1W) 17181 Incl. 4.31
Drift 0.0389°W/day
260.9E :
(99, 1n) igog;“ 1980 ?3:A;A US-Satellite FSS 14a/12a IFRB: O7W
i T GA) Business Systems AR11/C/325/1624
SBS F3 AR11/A/34/1553
Rotified
261.2E 26 Feb 1982 WESTAR 4 US-Western Union  FSS 6/4 IFRB: 09W
(98.8wW) 13069 (WESTAR 4)
WU WESTAR AR11/C/272/1623
4 Hotified
263.0E .
{97.0W) i:gg:p et 532 : Us-Satellite FSS 14a/12a IFRB: 95w
éBSASAT 6C) Business Systems AR11/C/331/1624
2 Wotified
264.1E 2
oy 122;:1 1983 TiLSTAR 301 US-ATAT FS§ 6/4 IFRB: 9TW
. iTiLiTAR 3A) AR11/A/8/1524
ELSTAR 301 AR11/C/870/1734
AR11/C/332-336/1624
265, .
(gg gz) i;ﬁgiv 1982 SBS 3 US-Satellite FSS l4as12a IFRB: 99W
. (USASAT 6R)} Business Systems SPA-A3/61/1280
SBS 3 g
Notified
SBS F-2
266.5E 21 Sep 1984 GALAXY III US-Hughes Comm, F§§ 6/4 IFRB: 93.5W
(93, 5W) 15308 {USASAT 12B) AR11/A/22/1687
HUGHES CALAXY 3 Notified
GALAXY 3
fgs.iz) igzggg 1984 §BS 4 US-Satellite FSS l4a/12a IFRB: O1W
. égzkiAT 92} Business Systems AR11/A/10/1609
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TABLE 1.

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

Launch Date

Frequency Code

AR11/C/908-909/1748
Colocated with
COMSTAR D-4.

Drift 0.0171°W/day
Incl. 3.48°

Notified

1]

s
Subsa?ellite Object/Catalog SaFellee < Coun?ry ?r Service Up/Down-Link Remarks %
Longitude? HumberD Designation Organization (GHz) g
3
269_1E 10 Aug 1979 WESTAR 3 US-Western Union 6/4 IFRB: 91W é
(90.0W) 11484 (WESTAR 3) AR11/A/37 =
WU WESTAR 3 AR11/C/197 =
To be replaced by =
WESTAR VI-5 in =
1988, Z
Notified =
=
274,0E 0l Sep 1984 TELSTAR 302 US-ATST FSS 6/4 IFRB: 86W b
(85.0W) 15237 (USASAT 3C) AR11/C/246/1620 =
TELSTAR 3C AR11/C/247-256/1620 z
ATT TELSTAR 302 m
oo
274.9E 12 Jan 1986 SATCOM-KUL us 11712 IFRB: 85W z
(B5.1W) 16482 (USASAT 9C) =
GE K1 g
el
277.0E 31 Dec 1986 ASC 3 us FSS 6,14as4,12a IFRB; 81W -
(83.0W) HA (USASAT 7-D) AR11/A/12/1525 n
SATCOM KU2 AR11/C/50/1568 =
AR11/C/257/1623 z
Notified -
E
278.0E 16 Jan 1982 SATCOM IV US-RCA FSS 674 TFRB: B3W &
(82.0mW) 13035 (USASAT TB) AR11/C/188/1612
RCA SATCOM IV Drift 0.0355°W/day
GE SATCOM 4 Hotified
279.1E 28 Nov 1885 SATCOM RU2 us Drift 0.0121°E/day
(80.9%W) 16276 GE SATCOM K2
. T
279.4E 19 Dec 1974 SYMPHONIE 1 West Germany
(79.6W) 7578
Giam m ot e s e,
} ADD-1,ADD-2
1752
AR11/C/895,898
ADD-1/1762
IFRB: 20W
?:5:::) ggsggb 1978 f?iigigggm . US-Covt., FS§ UHF, B/UHF, 7 SP4-AJ/163/1382
) Incl. 6.06°
OPS 6391 Drift 0.0345°W/day
Goom WA GmN, e o e
) 120) General Colocated with
COMSTAR 4 COMSTAR D-2, ]
COMSAT COMSTAR 4 AR11/C/907/1748 =
AR11/C/907/ g
CORR-1/1785 =
Incl. 1.88° i
Drift 0.0243%W/day | =
Notified z
et
ot mgme e
) (USASAT 12¢) General AR11/C/907/1748 ¢
COMSTAR 2 ;
=
-
:
3
=



Drift 0,0146%H/day
AR11/A/75

TaABLE 1. IN-ORBIT GHOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 (CONT D) 3
s Launch Date . Frequency Code 2
Subsatellite OLject/Catalog Sa?elh?e Count.:ry ?r Service Up/Down-Link Remarks §
Longitude® N orb Des:.gnatlonc Organization (GHz) ;
285.0E 26 Feb 1981 GOES H us FSS 6/4 IFRB: 75 &
{75.0W) 17561 {GOES EAST) Hotified =
GOES 7 SPA-AA/28/1147 =
Drift 0.0398°W/day z
:
2B6.1E 22 Sep 1983 GALAXY 2 US-Hughes Comm. F8S 6/4 IFRE: 74W =
- o =
(73.9W) 14365 (USASAT 7a) Drift 0,0117°W/day T
HUGHES GALAXY 2 SPA-AJ/166/1382
AR11/As312 b
AR11/C/B12 =
£
287.0E 26 Jap 1978 IUE USa Incl. 30.04° -
(73.0W) 10637 Drift 0.0144°W/day o
Z
z
288.0E 08 Sep 1083 SATCOM II-R US-RCA FSS 674 IFRE: 72W z
(72.0W) 14328 (USASAT 8B) AR11/A/37 =
SATCOM VII ARL1/C/221 =
GE SATCOM 2R -
Formerly RCA é
=
SATCOM 7 ?
289.9E 28 Mar 1986 SBTS 2 Brazil TSS 6/4 IFRB: 75,40W 7&
{(70.1W) 16650 {SBTS Al} AR11/A/16 o
Notified o
290, 8E 12 Mar 1983 EERAN 10 USSR BSS 6/UHF Incl. 3.75°
(69.2W) 13878 Drift 2,98°E/day
291.0E 10 Nov 1985 SPACENET II
US-GTE
(69.0W) 15385 (USASAT 7C) Spacenst  FsS 6.léas4,2a IFRE: 690
SPACENET 2 In Coordination
with USASAT 7C.
{USASAT 7C) us PSS
ra
GTE SPACENET 2 6/4 AR11/A/1525
FCC: 69.0W
IFREB: B9W
295.0E 08 Feb 1985 SETS 1 Brazil
(65.0W) 15561 (SBTS A2) ! TS 6/4 IFRB:  65W
AR11/A/17
AR11/C/29
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 NATQ III-B NATO .
(60.7W) 9785 Incl. 5.1
307.0E 15 Dec 1981 INTELSAT V F-3 53W IN
(53.0M) 12994 (INTELSAT 5 TELBAT F5S 6,14as4,11 Maneuvered from 27W
CONTINENTAL 1) during Sep 1985,
IFRB: 53W
AR11/C/591
AR11/A/B2/1588
AR11/C/674/1667
AR11/A/115/16G9
Notified
307.52 31 Dec 1986 USGCSS PHASE 3 us
(52.5W) NA (USGCSS P¥ 3W ATL) Fss 272 AR11/C/140/1596
316.8E 09 Sep 1980 GOES 4
(43.2W) 11964 us F55 674 Inel. 1.25°

DOTHLTTULYS AMVYNOILVISOMHD (ATON Y1)
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TaBLE 1.

IN-ORBIT GEOSTATIONARY COMMUNICATIONS SATEELLITES FOR YEAR END 1987 (CONT'D)

Launch Date

Frequency Code

CHLEON ALD
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88
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Subsatellite . Satellite Country or s Link R ks
. Object/Catalo . . . . Service Up/Down-Lin emar
Longitude? ]N or el Designation® Organization (GHz)
318.0E 05 Apr 1983 TDRS EAST US-NASA SRS,F58 1,144/2,13 IFRB: 41.0W
(42.0W) 13969 {TDRS EAST) US-Systematics 6/4 Rotified
Gen. Incl. 2.30°
05 Apr 1983 TDRS 1 us FSS 6/4 IFRB: 41.0W
13969 TDRS5-A AR11/A/231
AR11/C/46
AR11/A/158/1637
Same satellite,
registered
separately.
Drift 0.0581°W/day
325.0E 7 Apr 1978 YURI Japan i
{35.0W) 10792 (BSE) Inci. 1.25
Drift 1.0792°W/day
325.5E 5 Mar 1982 INTELSAT 5 F-4 INTELSAT FS58 6,14a/4,11 IFRB: 34.5W
{34.5W) 13083 {INTELSAT V ATL 4) Notified
AR11/A/12%
330.7E 22 Apr 1976 NATO III-A NATO F5S8 8/7 Incl. 6,.19°
{29.3W} 8808 (NATO 3A) AR1I1/A/1681
AR11/Cr215
332.5E 29 Jun 1985 INTELSAT V-A F-11 INTELSAT FS5 6,14a/4,11 IFRB: 27.5W
(27 .5W) 15873 (INTELSAT 5A ATL 2} Notified
AR11/A/335
AR11/C/123
o _—"— i U
334.0E 10 Nov 1984 MARECS B2 ESA-leased to MMSS 1.6b,6b/ Operational 1 Jan
(26.0W) 15386 ({MARECS ATL1) INMARSAT 1.5a,4 1985 Pacific Ocean
as Maritime
Satellite.
IFRB: 177.5E, 26W
Notified
Incl. 2.01°
335.0E 17 Jan 1986 RADUGA 18 USSR FS5 674 IFRB: 25.0W
(25.0m) 16497 ARL1/A/95
(STATSIONAR 8)
AR11/C/50
335.0E 31 Dec 1987 VOLNA 1-A USSR AMSS, LMSS IFRB: 25W
(25,0W) Ha
335.0E%® Dec 1990 VOLNA 1-M USSR IFRB: 25W
(25.0W) NA
335.0E 30 Nov 1983 GORIZONT 8 USSR F8§ SPA-AJ/62/1280
(25.0W) 14532 (STATSIONAR 8) IFRB: 25
335.5E 22 Mar 1985 INTELSAT SA F-10 INTELSAT FS8 6,14a/4,11 IFRB: 24.5HW
(24 ,5W) 15629 (INTELSAT 5-A ATL 1) Notified
335.7E 05 Oct 1980 RADUGA 7 USSR FS5 5,673 Operates below
{24,3W) 12003 INTELSAT V-A
frequencies.
Drift 0,3505°W/day
337.3E 18 Jan 1980 FLTSATCOM 3 US-Govt. FSS UHF, 8/UHF, 7 IFRB: 23.0W
(22.7wW}) 11669 (FLTSATCOM-B E ATL) AR11/A/48/1561
OPS 6393 ADD-1/1587
Incl. 4.30°



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

Launch Date Frequency Code

06

~
. : . @]
Subsa?elélge Object/Catalog D:::eii;Ech 050:Z§:§tz;n Service Up/Down-Link Remarks Z
Longitude Numbe P 9 9 {GHz) g
=
338.5E 25 May 1977 INTELSAT 4A F-4 INTELSAT FSS 6/4 IFR?:. 21.5W n
{21,5W) 10024 {INTELSAT IV-A Notified Z
ATL 1) Incl., 2,50° ;
339.4E 1% Rov 1978 NATC III NATQ FS8 20a,8/2.3,7 On }2/?6/85 ;
(20.6W) 15391 (NATO 3D) drifting at =
0.04E. =
Incl. 3.23° -
=
341.5E 19 May 1983 IRTELSAT V F-6 INTELSAT F5S 6,14ar4,11 IFR?:‘ 18.5W E
(18.5W) 14077 (INTELSAT 5 ATL 2) 1.5a,4 Hotified ;
INMARSAT Lease MMS F5S 1,6b,6 IFRB: 18.5W ;?
{MCS ATL A) MCA ATL A is =
a spare for =z
MARECS BZ. E
=
342,3E 19 Nov 1978 NATO I NATOQ Incl. 3.21° ;
(17.7W) 11115 RATO III-C g
Z
344.6E 10 Nov 1984 SYNCOM Iv-1 UsS Govt. UHF/UHF )
(15.4W) 15384 LEASESAT 1 E
LEASAT F-1 &
345.1E 19 Feb 1976 MARISAT F-1 US-COMSAT MMSS, F8S UHF 1.6b,.6/ Spare, but only UHF
{15.3W)} 8697 (MARISAT ATL) General UHF 1,5a,4 transponder used,
MARISAT A-1 IFRB: 15W
ARL1/A/7/1101
AR11/C/33/1254
Notified
T L .
346.2E 10 Jun 1986 GORIZONT 12 USSR F58 6/4
(13.3W) 16769
348.8E 14 Jun 1980 GORIZONT 4 USSR FSS 6,8/4,7 IFRB: 11W
{11.2wW} 11841 {STATSIONAR 11) In Coordination
AR11/C/87T/1737
Incl. 5.81°
344.0E 30 Jun 1982 GORIZONT 7 USSR F58 6/4
(10.9W) 14160
352,.0E 04 Aug 1984 TELECCOM 1-A France FSS 2,6,8,14as2,4, IFRB: BW
(8.0W) 15159 (TELECOM 1) 7.12a,12b,12c In Ccordination
AR11/A/268
AR11/C/B4/1611
Notified
~
354,9E 08 May 1085 TELECOM 1-B France FSS 2,6.8,1da/ IFRB: W =
{5.1W) 15678 (TELECOM 1-B) 2,4,7c, AR11/C/472 Z
TELECOM I-B 1za,12b,12 =
358.8E 12 May 1977 OPS 9438 uUs AR11/C/121 2
{1.2W} 10001 DCSC II-A Incl. 6,76° g
e}
b
359.0E 06 Dec 1980 INTELSAT 5 F-2 INTELSAT F58 6,14a/4,11 IFRB: 1W 2
(1.0W) 12089 (INTELSAT V CONT 4) Notifiea S
ARL1/A/83 Z
AR11/C/593 =
Drift 0.0042°W/day g
2The 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 HASA and others.

¢Satellite names in parentheses are IFRB satellite network names; common names appear above,

dSpace tracking satellite.
®Longitude is as compiled in the NASA Synchronous Satellite Catalog for January 4, 19B8.

NA:

This information is not currently available; satellite network not confirmed as operational.

alterrate names appear below,

Dy

h



TABLE 2.

PLANNED GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987

Subsatellite
Longitude?

In-Use Date/
Period of
Validityb

{v¥r)

Satellite
Designation®

Country or
Organization

Service

Frequency Code
Up/Down-Link
{(GHz)

Remarks

¢.0E

6.0E

7.08

30 Jun 1985/NA

31 Dec 1992/20

31 Aug 1987/10

1982/10

30 Sep 1991/10

1982/7

07 Jan 1990/10

SKYNET A

STATSIONAR 22

GDL 5

TELECOM 1C

TELECOM 2

TELE-X

SKYNET 4B

UK

USSR

Luxembourg

France

France

Norway, Sweden

UK

FSS

FS5,B55

F55,B58

F55,
MMSS

F55,BSS

FS5.,MMSS

§,0.3a,45/
7.0.3a,#

65/4

6b,14as11,12b

6b,.8,14/4, 4,4

6,14/4,12h,12¢
8/7
2/2.2

2,6,30a,17,20a/2,
12a,12b,20d

1.7.44/8

07 Jan 1990

1987/10

10 May 1985

31 Oct 1989/20

31 Dec 1987720

31 Dec 1987/20

SKYNET 4B

F-SAT 1

EUTELSAT I-3

EUTELSAT II-7E

STATSIONAR 138

GALS 7

UK

France

France/EUT

France/EUT

USSR

USSR

F55,MMSS

F58

FS88,E88

FS55,8TS

FSs,BSS

F55

14¢c,17/12£,2,12b

2,14a,12k,12¢, 204

14a/11,12b

id4ars12f

Ga,6b.6/4a

as7

AR11/C/183/1611
AR11/A/22/1531

AR11/A/410/1806

AR11/C/612/1657
AR11/C/612,
CCRR-1/1744

AR11/A/29/1339
AR11I/C/116/
ADD-2
AR11/C/157/1598
AR11/C/131/1594
AR11/C/116/
ADD-2/1643

AR11/A/326/1745

AR11/A/27/1535
AR11/C/446/1644
AR11/C/773/1674

C/183/1661

AR14/C/82/1677
ARLI1/C/183/
ADD-1/1652
AR11/C/589/1652
AR11/Cr183/1611
AR11/C/773/1674
AR11/D/121/
ADD-1/1811
AR11/D/121/1780

AR11/C/568/1648

AR11/A/T9/1587

AR11/Cr566-557/
1648

AR11/C/1709/
1789

AR11/A/342/
ADD-2/1782

AR11/A/219/1686
AR11/C/911/1749
AR11/C/911/
CORR-1/1756
AR11/C/911/
ADD-1/1756

ARL1/A/238/1693

AR11/C/613/1750

ARLI/C/913/
ADD-1/256
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TABLE 2.

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

Subsatellite
Longitude®

In-Use Date/
Period of
ValidityP

(yr)

Satellite
Designation®

Country or
Organizaticn

Service

Frequency Code
Up/Down-Link
{GHz)

Remarks

17.0E

17.0E

19.0E

19.0E

20.0E

22.0E

23.0E

23.0E

23.0E

23.0E

23.5E

26.0E

28,5E

31.0E

32.0E

34.08

30 apr 1992/20

1988/20

Sep 1986710

30 Apr 1992

06 Jun 1987/NA

01 Jan 1987/8

31 Dec 1987/20

SABS

SABS 1-2

GDL 6

ZENON-C
NIGERIAR
NATIONAL
SYSTEM

SICRAL 1-B

STATSIORAR 19

Saudi Arabia

Saudi Arabia

Luxembourg

France/MPT

Nigeria

Italy

USSR

BSS, TS5

BSS, 5TS.,
FS5S

F55/BSS

F58,8T8

F55

MMSS5/FSS

FSS/BSS

l4as12b,1l2c¢c

14a,14a/12b,12a

6b,1l4as11.12

2,1.6d,14a/2,1.5¢,11

6/4

UHF,8,14a.45/7,
12b,12¢c,20b

6a,6b/4a

31 Dec 1987/20

31 Dec 1987720

01 Aug 1990720

01 Jun 1987/10

30 Apr 1991/20

23 Mar 1988

01 Jan 1991

1987/10

30 Apr 1991/20

GALS 8

VOLNA 17

TOR 7

DFS 1

ZOHREH 2

DFS 2

ARABSAT 1-C

VIDEOSAT 1

ZOHREH 1

USSR

USSR

USSR

Germany

Iran

Germany

Saudi Arabia

France

Iran

F58

AMSS,LMSS

F55,MMS5
LMSS, AMSS

F55,5TS

F8S

FSS,5TS

FS55

F58

SPA-AA/235/1387
AR11/C/171/1681
Ar353/1768

AR11/A/125/1616

AR11/A/94/1594/
ADD-1/1708

AR11/A/94/
ADD-2/1747

AR11/A/365/1781

SPA-AA/209/1346
SPA-AA/227/1361

AR11/A/45/1557
AR11/A/45/1588

AR11/A/220/1686
AR11/C/916/1752
AR11/C/917/1G52
AR11/C/1917
CORR-1/1756

8/7

UHF,1.6e/UHF, l.5¢

43,45,20b

2,14,30/11,12b,12c,
20b

l4as11

2,14/11,12b,12e,
204, 30

674

14a/2,12b,12c

14a/11

ARL1/A/239/
16930

AR11/C/914/1750

ARI1/C/914/
ADD-1/1756

AR1IL/A/242/1693
AR11/C/98Q/1769

AR11/A/284/1710

AR11/A/40/1556
AR11/C/696-697/
1670
AR11/C/774/1681
AR11/C/7T9/1681

SPA-AA/164/1278

SPA-AJ/76/1303

AR11/C/5011/
1776

AR11/A/41/71556
AR1L/C/L1T/1781

AR1L/A/345/1764
AR11/B/
ADD-1/1800

AR11/A/B0/1588

AR11/C/574/1650
AR11/C/580/1650
AR14/C/781/1676

SPA-AA/163/1278

AR11/A/296,
ADD-1/1728

AR11/C/5000/
1776
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TABLE 2. PLANNED GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 (CONT'D) b
In-Use Date/ F ency Code )
Subsatellite Period of Satellite Country or corvice A, Remarks z
Longitude® ValidityP Designation® Organizaticn srvic P ¢cHz) * 4
{yr} =
35.0E 01 Jan 1984720 PROGNOZ 3 USSR SRS UHF/4a,2,§ SPA-AA/318/1471 ;
=
35.0E 01 Aug 1990720 TOR 2 USSR FSS,AMSS, 43,45/20b AR11/A/279/1710 P
LMSS, MMSS ;
Z
35.0E 31 Dec 1987/20 VOLNA 11 USSR AMSS, LMSS UHF, 1, 6d4/UHF, 1. 5¢ AR11/A/150/1631 =
AR11/C/977/1769 Z
=
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 e
AR11/A/75/1783 —_
o}
38.0E 31 Dec 1987 PARSAT 1 Pakistan FSS,STS 14as11,12b,12¢ AR11/A/90/1592 z
AR11/A/90, Z
ADD-1/1779 =
40.0E 31 Dec 1488720 LOUTCH 7 USSR FSS,STS ld4a/s11l AR11/A/270/ .
CORR-1/1707 7
AR11/C/1046/1779 =
3
40.0E 10 Oct 1984720 STATSIONAR 12 USSR F5S qar§? AR11/C/878/1737 —
=
41.0E 30 Jun 1992/20 ZOHREH 4 Iran FS8s 14a/11 SPA-AA/203/1330 x
AR11/A/394/1800
41,0E 31 Dec 1988/15 PARSAT-TII Pakistaa FSS5 l4a/12b,12¢c AR11/A/91/1592
{PAKSAT-2} AR11/A/91,
ADD-1/1715
45.0E 30 Jun 1988720 SIATSIONAR-D4 USSE FSS 6a#/4b AR11/A/196/1675
AR11/C/1171/1796
VT A .
45,0E 01 Dec 1990720 VOLNA 3M USSR MMS5, AMSS, #7,1.6b/1.5a ARLL/A/249/1697
LMSS SPA-AJ/98/1329
45.0E 01 Jan 1980/NA GALS 2 USSE F58 8/7 $PA-AJ/112/1335
45.0E NA LOUTCH P2 USSk F55 l4as1l SPA-AA/178/1289
45.0E 01 Aug 1990/20 TOR 3 USSR FSS, AMSS, 43,45/20b AR11/A/280/1710
MMSS, M55
47.0E 30 Apr 1991720 ZOHREH 3 Iran FSS 14as11 SPA-AA/165/1278
49.0E 31 Dec 1990720 STATSIONAR 24 USSR AMSS, MMSS TILEY: AR11/A/319
F58§ CORR-1/1760
AR11/A/298,
ADD-2/1776
53.0E 61 Jan 1981/NA LOUICE 2 USSR FSS 14a/11 SPA-AJ/85/1318 3
Leased to ~
Intersputnik, é
AR11/C/BB9s1743 =
53.0E 01 Aug 1987/10 SKYNET 4C UK FSS, MMSS UHF, 8, 45/UHF AR11/B/45/1626 e
ARI1/A/84, =
ADD-1/1597 o
AR11l/A/B4/1588 =
AR11/C/BTO/ =
1737/867 z
AR11/C/870, =
ADD-1/1767 "
=
53.0E 01 Mar 1989/1§ MORE 53 USSR MMSS, FE8 1.6b,6b/1.5a, 4 AR11/A/185/1662 =
AR11/C/1088/1791 =
5
57.0E 01 Oct 19B7/HA INTELSAT VI 57E INTELSAT FSS,5TS 6,6b/4,11 AR11/C/625, 2
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 COMMUNICATIONS SATELLITES FOR YEAR END 1987 (CONT'D)

In-Use Date/

Frequency Cede

0T

~
Subsatellite Period of Sa?elli?e Coun?ry or Service Up/Down-Link Remarks ?
Longitude (GHZ)}2® ValidityD Designation® Organization {GHz) g
(yr} =
3
72.0E NA/10 FLTSATCOM IND us FSS, AMSS 0.3a,0.3b,8/4, AR11/338/1762 T
0.3b,7a AA/BT/1186 é
g
72.5E 01 Jan 1977/NA MARISAT-IND us FSS, AMSS Hik AJ/5T/1277 c
T
73.0E NA/NA MARECS IND 2 INMARSAT (F) MMSS 1.6b,6b,/1,5a,4 ;
-
74.0E 31 Jul 1990/20 INSAT II-C India BSS, FSS UHF, 6b/4b, AR11/A/262/1702 E
(INSAT METEQ} Met Aids 0.4c/- RES 33/A/7/1702 Z
sl
75.0E 01 Apr 1980710 FLTSATCOM IND Us MMSS, AMSS 0.3a,8/.3a,7a AA/8T/1186 =
AJ/169/1382 -
A/338/1762 ;
=
AR/11/A/52/ ;
ADD-1/1587 —
75.0E 31 Dec 1986/10 FLTSATCOM B IND us FS$,MMSS 45/204 AR11/A/52/1561 z
AR11/A/527 E
ADD-1/1587 =
16.0F 31 Dec 1986/15 GOMS USSR MMSS, FSS 30a/7,1.6£, ARL1/A/205/1678 =
Met Aids 20a,20b/§? AR11/205/ *x
ADD-1/1712
77.0E 30 Nov LUB6/NA FLTSATCOM A IND Us FSS,5TS 8a,.3b/7a,3b AA/336/ADD-1/1764
AA/336/ADD-2/1802
77.0F 17 Oct 1986/20 CSSRD 2 USSR F55.RSS l4c,15,14b/11, ARIL/A/188/1672
13,12e AR11/A/188/1711
AR11/A/188/
CORR-1/1711
80.0E 01 Dec 197G/NA STATSIONAR 1 USSR FS8 6/4a No S§ ¥.
80.0E 11 Nov 1987/KA PROGNOZ 4 USSR FSS, SRS 4/2 AA/319/1471
AR14/D/165/1748
80.0E 30 Dec 1982715 POTOK 2 USSR FSS 6/4 AR11/A/179/1645
SPA-AA/345/148%
AR11/C/22/1658
80.0E 31 Dec 1987/20 LOUTCH & USSR FSS 6,1l4as4a,11 AR11/A/271/
CORR-1/1707
ARLL/A/271, -
- =
CORR-1r1728 =
2
81,55 01 Jun 1990/10 FOTON 2 USSR FSS 6b/4b ARI1/A/236/1602 z
AR11/C/1015/ =
CORR-1/1799 -
83.0E 31 Jan 1989/15 INSAT ID India FSS, SIS, 6h/4, UHF ARL1/A/126/1617 Z
Met Aids 0.4¢/- RES 33/A/3/ =
ADD-1-10/ o
AR14/C/91/1682 z
AR11/C/860/1735 ;
—
83.0E Jan 1990/20 INSAT IIA India FSS,MMSS 6,6b/4,4b AR11/A/260/1702 &
RES 33/A/5/1702 =
I_i
85.0E 01 Jan 1990/NA LOUTCH P3 USSR FSS 14a/11 SPA-AA/179/1289 =
SPA-AJ/123/1340 =
85.0E NA/KA VOLHA 5 USSR LMSS, AMSS UHF,1,6b/1.5a 2

SPA-AJ/100/1329
SPA-AA/173/1286




TABLE 2.

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

In-Use Date/

Frequency Code

rol

. . : ~
SEszxa":elh;e Period °1§ Satellite e Country or Service Up/Down-Link remarks =
gitude validity Designation Organization (GHz) w
(yr) >
7
85.0E 01 Aug 1990/20 TOR 4 USSR FS5, AMSS, 43,45, 20b ARI1/A/281/1210 2
MMSS, LMSS AR11/A728/1710 Z
=
85.0E 01 Jan 1980/NA GALS 3 USSE FSS 8/7 SPA-AJ/112/1335 £
SPA-AA/154/1262 =
SPA-AJ/113/1335 G
SPA-AA/155/1262 =
=
85.0E Jun 1988720 STATSIONAR D5 USSR FS5 6/4b AR11/A/197/1675 <
AR11/C/1172/1756 =
SPA-AA/173/1286 §
85.0E 31 Dec 1990/20 VOLHA SM USSR MMSS 1.6b/1.5a AR11/A/250/1697 =
SPA-AJ-100/1329 >
=
85.0E 31 Dec 1989/10 NARUEL II Argentina |33 l4a,6/12,4 AR1L/C/204/1677 §
AR11/A/204/1677 =
87.5E 15 Mar 1988710 CHINASAT 1 China, Peoples FSS 674 AR11/A/255/1702 L
Republic of AR11/A/1027/1778 =
=
Zz
89.0E 30 Jun 19%0/10 CONDOR B andean FSS 6/4 AR11/A/209/1679 a
Countries <
o0
90.0E 01 Mar 1989/1% MGRE 90 USSR MMSS 1.6b,6b/1.5a,1.5b,4  AR11/A/154/1562 *
AR11/C/1000/1791
AR11/C/15/1589
90.0E 01 Jan 1951/MA LOUTCH 3 USSR FSS l4arll 5PA-AJ/B6/1318
90.0E WA/20 VOLNA 8 USSR MMSS UHF,1.6b/1,5a,UHF SPA-AA/289/1445
SPA-AR/2/1153
SPA-AJ/316/1473
i A
90.0E 00 Jan 1981/NA STATSIONAR 6 USSR FS$ 6/4a AR11/C/1116/1793
93.5E 03 Mar 1990/20 INSAT 2B India FS5,BSS,STS  6,6b/UHF AR11/A/261/1702
(INSAT IIB) Met Aids 0.4c/- RES 33/A/6/
261/1702
RES533/G/10/1749%
93.5E 01 Jul 1988/18 INSAT 1C India FS5,STS, UHF, 674, 6/4a SPA-AJ/231/1429
(IRSAT-IC) Met Aids 6b/4, AR11/C/851/1708
0.4c/- AR11/C/852-
856/1708
$5.0E 01 Aug 1989720 STATSIONAR 14 USSR FSS,BSS 6/4a SPA-AJ/311/1469
SPA-AJ/306/1469
AR11/C/1811/1802
~
96.5E 31 Dec 1088/20 LOUTCH 9 USSR FSS 14a/11 AR11/A/272/ =
CORR-1/1707 4
AR11/A/272/ e
CORR-1/1728 I
o
97.0E 30 A >
0 Apr 1989/10 STSC 2 Cuba FSS 6/4 ARL1/A/268/1706 5
ARLL/A/268/1723 4
3
98.0E 15 Mar 1989/10 CHINASAT 3 China, Peoples FSS 6/4 AR11/A/S257/1702 é’
Republic of AR11/C/1039/1778 :2>
-
99.0E 20 Det 1976/NA STATSIONAR-T USSR F55,BSS 6/UHF RES-SPA2-3- <
AR1D/1426 4
._]
T
99.0E 30 Sep 1983/10 STATSIONAR-T2 USSR FS5,BS5,MMSS  G6/UHF# SPA-AJ/316/1473 -
=]
103.0E 31 Dec 1988/20 STATSIONAR 21 USSR FS5,BSS Sa,6,6b/4a,4 AR11/A/244/1692 al
AR11/C/905/1748 2
AR11/C/906/1748 =
AR11/C/905/7
ADD-1/1752

sol



TABLE 2.

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

In-Use Date/

Frequency Code

90

~
i i tellit =
Subsat:.elh;e Per;-n.ot:l o]t; Sa.e e c Counl.:ry ?r Service Up/Down-Link Remarks =z
Loagitude Validity Designation Organization (GHz) i
{yr) e
i3
103.0E 30 Apr 1986/10 STW 2 China, Peoples F5S 6/4 SPA-AA/142/1255 T
Republic of AR11/A/245/ z
~
ADD-1,1712 p
103.0E 31 Dec 1988/20 LCUICH 5 USSR F58 14a/11 AR11/A/243/1694 E
AR11/C/966/1766 =
A/334/ADD-1/1762 ;
110.0E 01 Aug 1990/NA BS 3A Japan FS5 2,14a/2,12a,12b AR11/A/334/1750 5
AR1L/A/334/1762 =
Z
110.5E 31 Dec 1988710 CHINASAT 2 China, Peoples FS88 6/4 AR11/A/25b/1702 -
(CHINASAT 2B) Republic of AR11/C/1034/1778 o
2
118.0E 30 Jun 198G/10 PALAPA-B3 Indonesia Fss 6/4 AR1L/A/157/1637 g
AR11/C/654/1666 F\‘
=~
124.0E 31 De¢ 15988713 SCE 1B Japan F8S8,8Ts -/12c,30a,14a,20a, AR11/A/7274/1708 —
20b, 12k, 12c¢ i
=
128.0E 01 Jun 1990720 GALS 10 USSR FSS8 B/7 AR11/A/247/1695 z
AR11/C/919/1753 =
=
==
3
128, 0E 31 Dec 1G86/HA VOLKRA 9 USSR F85,B55 UHF,1.69bs1.5a,UHF AR11/149/
MMSS 1,2,11,34 ADD-1/1677
AR11/A/149/1631
128.0E 30 Jun 1988/13 BCS la Japan F&8,5TS l4a/12c,30a, 20a, ARL1/A/273/1708
20b,12b,12c AP30/1/37
128.0E 01 Aug 1990/20 TOR 6 USSR F85,LMS5 43,45, 20b AR11/A/283/1710
AMSS,MMSS
128.0E 30 Jun 1988/20 STATSIONAR-D6 USSR F88 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 1990720 PROGNOZ & USSR SRS 2/4a AR11/A/27571709
AR11/C/93871709
130,0E 2¢ Jun 1986720 GALS 5 USSR F55 8s7 AR11/C/108/1578
AR11/C/28B/1561
SPA-AA/339/148¢ ~
g
o)
130.0E 01 Aug 1990/20 TCR 10 USSR FS5,MMSS 43,45,20d,20b/#7 AR11/A/200/1711 é
AMSS , LMSS =i
o
136.0E 30 Jun 1988/10 ¢S 3B Japan F85,8TS 6,30a,20a,20b/-7? AR11/A/213/1680 m
AR11/C/1145/1794 8
AR11/A/213/1704 =
=
140.0E 10 Aug 1984/7 GMS 3 Japan F§5, 2.4a/UHF,1.6m,1.6n AR11/C/4T4/1648 >
Met Aids, ARL1/A/54/1563 z
BTS w
>
140.0E 01 Mar 1989,15 MORE 140 USSR MMSS 1.6b,6b/1.5a,4 AR11/A/186/1662
140.0E 29 May 1983/Na LOULCH 4 USSR FS5 14a/11 AA/51/1261
SPA-AJ/87/1318
140.0E 20 Jun 1982/Na VOLNA 6 USSR F55/BSS 1.6b./1.5b AR11/C/1092/1791

—
-
~1



TABLE 2.

PLANNED GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 {(CONT'D)

Subsatellite

In-Use Date/
Period of

Satellite

Country or

Frequency Code

891

~
. p . Service UpsDown-Link kemarks §
Longitude® valiaityD Designation® Crganization (GHz) z
{yr) =
=
140.0E Aug 198974 GMS Japan FS5 0.4a,2/247 AR11/A/423/1821 =
Per NASDA Japan (GMS 4} ’7__:
o
140.0FE 31 Dec 1950/Na STATSIONAR 7 USSR FSS.,MM88 6,1.5a/4a,#7 AJ/31/1251 ;
145.0E 31 Dec 1987/20 STATSIONAR 16 USSR F55 6b.6,4a AR11/A/T6/1593 é
& 1586 $
AR11/C/850/ (‘
CORR-2/1728 =
AR11/C/B49/ =
CORR-2/1728 =
AR11/C/849/1707 -
AR11/C/1126/1793 =
Z
145.0E 724 Dec 1980/NA ECS Japan SIS -/14 AJr227/1427 E
150.0E 01 Aug 1987/5 ETS 5 Japan MMSS, FS5, 6/5 AR11/A/217/1685 i
(ETS5-V) 8TS, AMSS, 6/-7 AR11/Cr923/ :
Experi- 1.6d,1.6e/1.5c 1754/92C ®
mental x
Z
150.0E 31 Dec 1987712 JCSAT 1 Japan FS5 l4aslzb,1l2c AR11/As2R3/1700 o
AR11/Cr946/1763 e
o
=
154.0E 01 Apr 1988/12 JCSAT 2 Japan FS5& 14a/12b,12c AR11/A/254/1700
AR11/C/953/1763
156.0E HA/NA AUSSAT 2 Australia (DC) NA RE?
(AUSSAT-II}
R —
156.0E 29 Feb 1992 AUSSAT B1-MOB Australia {(DC) FS58 14,1.6d/12c AR11/A/356/71772
156.0E 29 Feb 1992/15 AUSSAT B2 Australia (DC) FS58,BSS 1l4a,12e#? AP30/A/81
ARLIL/A/361/1779
156.0E 29 Feb 1992/1% AUSSAT B2-MOB Australia {(DC) STS, AMSS l4a,1.6d/12e,1.5¢ ARL1/A/356671772
158.0E 12 Jan 1983 SUPERBIRD-A Japan FS55.58TS 8a,4a,3as#7,7a, AR11/A/340/1762
1ze,#7
160.0E 0l Jan 1982/4 GMS-160E Japan F58 2/2 AR11/C/8/1555
160.0E RA/10 ANSCS 1 Australia (DC) STS,FSS l4a,12e AR11/A/1/1522
160.0E 01 Jan 1985/10 ANSCS 2 Australia {DC) FS5,8TS -7/12e Ar2/1522
{ANSCS-T1T)
a
160.0E 29 Feb 1992/15 AUSSAT Bl Australia (DC) F55,5TS ld4a/12e AP30/A/80/1796 =
z
=
160.0E 29 Feb 1992/NA AUSSAT B1-MOB Australia (DC}) FSS 14,1.64/12¢ AR11/A/356/1772 ;
162.0E 01 Jun 1989/Na SUPERBIRD 2 Japan FS85,8Ts 8,14a,3a, 47/ AR11/A/341/1762 g
20a-20bh#,7 o]
b
164.0E 1986710 AUSSAT PAC3 Australia (0TC) FSS l4as12b,12¢ Adv. Publication -::
South Pacific AR11/A/215/1684 =]
Region AR11/C/1008/ Z
ADD-1/1791 =
-
%
164.0E 01 Jan 1985/190 ANSCS 3 Australia FS85,8Ts l4asl2e AR11/A/3/1522 a
(ANSCS-TII) 3
166.0E 01 Jul 19%0/20 PROGNOZ 6 USSR FSS 2/4a AR11/C/940/1763 r:r
166.0E 31 Dec 1988/15 GOMS 2 USSR MMSS, FSS, 3a/204d AR11/A/207/1578 ;
Met Aid$ AR11/A/207/ -

ADD-1/1712
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TABLE 2.

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

In-Use Date/

Frequency Code

pil

i~
. <
Subsatellite Period of Satellite Country Of Service Up/Down-Link Remarks =
Longitude® Validity? Designation® Organization {GHz) ;1
3
{yr) i
722771687 =
223.0E Dec 1989/1C USASAT 17B us FSS 6/4 AR1L/A =
{137.0W) (SPACENET 4) =
>
224.0E HA/10 AMIGC 1 Mexico FS5,5TS 11/12,18a ARLL/A/1/1560 i
(136.0W) <
m
2571687 S
224.0E 22 Nov 1886/10 USASAT 16D Us FSS l4a/12a AR11/A/225 g
(136.0W) (GSTAR 3) 5
7 =
225.0E 10 Aug 1976/HA US SATCOM 1 us FSS 6/ AJ/42/1270 3
(135.0W) =
JA/22471687 *
226.0E Jan 1990/10 USASAT 16C Us FSS 14/11 AR11 >
{134.0W) g
£120/1615 =
226.0E Jan 1990/10 USASAT 11D us FSS 14a/11 AR11/A7120 =
(134.0W) (HUGHES GALAXY) -
/1702 v
228.0E Jun 1990710 USASAT 20B us FSS,5TS 6/4 AR11/A/7258/170 %
{132.0%) {WESTAR 7} z
=
a
230.0E Jun 1987/10 USASAT 10D us FSS laa/12a AR11/A/108/1609 —
AXY AR11/C/1057/1781 =
{130.0W) (GAL B) %
. /2730371792
230.0E o1 Get 1991715 ACS-3 us AMSS 1.6d,1.6c/1l.5¢ AR11/A/30
{130.06W)
West us FSS,STS 1.6a,6b/5,2 AR11/A/176/
230.0E 31 Dec 1987/10 USRDSS Wes APDe2/1780
(130.0W)
230.08 NA/NA USASAT 10D us FSS ldaasl2a AR11/A/1057/1781
(130.0W)
234.0E 31 Cct 1985710 UBASAT 20A us FSS5/STS 6/4 AR11/C/989/1769
{126.0W) AR11/C/1064/1783
234.0E 15 Sep 1987/10 USASAT 10C us FSS l4a/11 AR11/A/107/1609
(126.0W) AR11/C/985/1769
236.0E 30 May 1975710 WESTAR 2 Us FS§ 6/4 SPA-AJ/72/1302
{124.0W) (WESTAR-II)
236.0E 11 Jan 1988710 USASAT 10B Us FSS l4a/1za AR11/A/106/1609
(124,0W)
238.0E 15 Jan 1987/10 USASAT 10A us FSS l4a/12a AR11/A/105/1609
(122.0W) {SBS-5) AR11/C/B683/1741 2
AR11/A/20/1525 =
ARL1/A/10/ 5
ADD-1/1548 et
AR11/C/616 !
AR11/C/617- o)
624/1658 S
AR11/C/616/1658 A
AR11/A/4/1567 ®
=)
246.0F NA/NA TELESAT Dz Canada-Telesak FSS 674 SPA-AA/358/1500 37;
(114,0W} (ANTK) =
S
249.SE 31 Mar 1991/12 TELESAT E-B Canada-Telesat FS5 6b,l4a/4,12a AR11/A/323/1744 i
(110.5W) (ANIK E-B) ARL1/A/323/ =
CORR-1/1750 =
251.0E 01 Jan 1983/10 TELESAT C-3 Canada-Telesat FS8 l4a/12a AR11/C/737-~
(109.9W) {ANIK C-3) 738/1674
AR14/C/101/1686
252.5E 31 Mar 1991s12 TELESAT E-A Canada-Telesat FSS 6b,l4as4.122 AR11/322/1744 —_
jn
(106.5W) AR11/A/322/ 7

CORR-1/1750




TABLE 2.

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

In-Use Date/

Frequency Code

911

.
Subsatellite Period of Satellite Coun‘.'-l'Y or Service Up/Down-Link Remarks ;
Longitude® validityP Designation® Organization (GHz) =
{yr) =
;
FSS,MMSS UHE /UHF-EHF AR11/A/55/1563 g
253.5E 05 Apr 1988/10 MSAT Canada res e Be ARL4/C/32/1063 z
(106.5W) AR11/C/797- 3]
811/1689 z
AR11/A/56/1563 =
AR14/C/33/1663 Z
AR11/A/56/ =
ADD-1/1678 £
AR14/C/37/1664 =z
AR11/C/797- =
811/1689 Z
0.3a, 8/UHF,7 AR11/A/987 =
255.0E 11 Dec 1984/10 FLTSATCOM A E PAC us EZESMMSS ADD-1/1652 z
{105.0W) AR11/A/98/1605 E
v}
m
/1687 z
/4 AR11/A/226 —
250.0E 07 Jan 1990/10  USASAT 17A us FS8 6 -
(101.0H) =
=
14a/12a ARL1/A/223/1687 £
259.0E 07 Jan 1990710 USASAT 168 us F83 ARLL/C/99971772 Z
(101.0W) Z
AMSS, FSS, 1.6d,1.6e/1.5¢ AR11/4/301/1723 %
260,08 10 Sep 1990/15  ACS 1 us sri AR11/4/3017 &
{100.0W) ADD-1/1780
457204 A/S0/ADD-1/1587
260.0E 31 Dec 1986/10 FLTSATCOM B E PAC Us F55.LMSS A/150/1561
(100.0W)
260.0E 15 Jul 1990/10 USRDSS Central Us FSS/RDSS 1.6a,6b/2,5 AR11/A/175/1641
(100, 0W) STS AR11/A/175/
ADD-2/1780
260.0E 10 Aug 1989710 ACTS US-RASA FS8 30a/20b ARIL/A/321/1944
(100.0W) AR11/A/321/
ADD-1/1753
263.0F 30 Apr 1989/10 §TSC 2 Cuba FSS 6/4 AR11/A/268/1706
(97.0W) AR11/A/26/
ADD-1/1723
267.0F 04 Oct 198%/10 USASAT 16A Us FSS l4a/12a AR1L/A/222/1687
(93.0W) AR11/C/998/1772
AR11/C/962/1765
AR11/C/226/1722
a
269,0F 15 Apr 1989/10 WESTAR 6-5 US-Western F58 6/4 AR11/C/962/1765 =
(41.0W) {WESTAR VI-S) Union AR11/C/963/1765 z
=
269.0E 01 Jul 1985/10 ADVANCED WESTAR I Us FSS, STS 16,14a/4,12a A/13/ADD-1/1708 i
(91.0W) e
S
271.0E 30 Jun 1990/10 CONDOR-B Andean FSS§ 674 AR11/A/209/1679 3
{89.0W) Countries 3
=]
271.5E 01 Sep 1985/10 USASAT 12D us FS§ 6/4 AR11/A/124/1615 z
(88.5W) AR11/A/13, 3
ADD-1/1708 o
>
271.5E 01 Feb 1984/10 SPACENET 3 us FSS§ 14a,6/4,1a AR11/C/834/1699 =
(88.5W) (SPACENET-III) t
3
273.0E 14 Oct 1985/NA  USASAT 9B US-RCA FS§ 14a/l2a Under Construc- =
(87.0W) 15 Jun 1985710 Us tion. 2
AR11/A/102
274.0F 01 Mar 1988/10 STSC 2 Cuba FSS§ 6/4 AR11/A/268/1706
(86.0W)

LI



LBST/T-aavy

/6% /Y/TTHY
- LYST/T-Aa¥ (M0°0L)
§ JTR/N/TTHY L’ AHN/8 * JHN SSWI ‘954 ‘3409-80 TI¥ M 8 WOJIVSITA 0T/986T 28a IE 407062
E DRLT/T-AQV
= JPLT/E/TTHY [Aalaca SIS (MO 0L)
= TPIT/PLI/AY/TTHY ¢—/99°29°'1T Sq¥'ssd S0 3I8®3 SQASN OT/T66% TnC ST 401062
o«
wn
> EL;:/S?S;/D/‘[TH\{ {MO*TL)
g LI/09/¢/08dY TT/e%1 584 S0 J8T I¥SYSN L/066T mer TE B0 66T
g s8TIjUN0] (M0°2L)
P 6L9T/0TZ/¥/TTHY %79 SI5'SSd ueapuy 2-OANOD 0T/066T unr Qg 30892
8
g , (Mot
o} Z6LT/80TT/2/1THY 25 T/P'P9°1 SIS’ SSWY sn z SI¥ ST/066T deg 0T 30° 882
£ €LLT/BOOT D/ TTHY (MD*EL)
z LBIT/TET/N/TTEY TT/e%1 554 sn 98T IVSYSQ 0T/0661 uep 10 q0- L82
o
15 {(MO'SL)
LBIT/OEZ/¥/TTHY TT/e%T $s4 sn YB8T I¥SYSN 0T/066T uep 20°582
EL6T/T8/D/TTEY
PLEPT/BTE/YY-VAS (MD*SL)
£PET/8ZT/LY-YdS %/0 584 RTQUOTO) Z 1031¥S 986T TnrL TE 40582
G8LT/T-HH0D
/L06/0/TTHY
ELST/64/0/TTAY
) BLBPT/E2E (8T 1TO2L¥S) (M¥*6L)
Z2ZL/Y¥Y-YES ¥/9 S54 RTQWOTO]) NI 0DIVS DT/986T tnr Tg 39° %87
TUoTYy
-OMIJYSU0] IBpPUf
Z8LT/080T/D/TTHY ¥od {¥-¥agaad) 0T/S86T AON L2 (MO 4L}
609T/0TT/¥/TTAY Rz BT 584 sn aTT I¥SYsSn CT/686T uep zo F0° €82
g8TI3UN0) (M5°LL)
6L9T/802/¥/1TAY v/9 §5a ueapuy ¥-30aN0D O0T/066T unpr DE 57282
69LT/TE6/D/TTHY (MO 6L)
609T/60T/¥/TTHY B2T/@%T §54 sn YIT I¥SYSN 0T/L86T IBW GT q0° 182
% POLT/G92/¥/TTHEY (MO:GL)
=i 05LT/99T/9/1THY ET'2/9¥ T R¥L 2 SIS*S¥S  wodsded5/YSYN-SN 70-S¥AL GT/L86T el 1€ 307182
=
Z YILT/%6/Q/TTEY v/9 g84 ‘uen -jewelsdg-sn
g {MO"6L)
v TBET/EET/YY-¥4S RETZ/UBTPRT’E SIS’8$9S  wodpadedS/YSVYN-SN TYHINED SHAI 0T/¥867 ady TO 407182
~ (M0 08)
g LLOT/E0T/¥/TTEY BZT/9 RV S18°8S4 eutiuabiy I-TANHYR 0T/686T wnL OF 207082
z 08LT/ESOT/D/TTHY (a-v¥2¥) (Mo:ss)
s 609T/F0T/¥/TTHY 1T/01 $5d sn as I¥sysn 0T/5861 280 TE 40 LL2
z *AI WOOLYS
] I0 gL INSVYSN
g £q patdnooo
¢ MO'E9 1930 {M0"£8)
= ‘RLST/BS/Y/TTHY B/9 854 eqnY 1 081s YR/986T Jer 10 40°LLe
>
= 11/251 (M0*58)
= LLAT/ %0272/ 1TV v/9 SS9 §84 eutinabiy I1I-T30HY¥N 0T/686T 29Q Tf F0*6GLZ
% (M0"458)
E 609T/E0T/¥/TTHY RZT/ePT 584 sn 26 IVSYSQ 0T/L8 I@W ST q0°5L2
=
[
£ (3k)
? (zHD) uwot3RZTRRbIQ smoT3eubrEag AITRTTEA popPn3Thucy
el sy TRUSY yuyT-amodsdn soTAtay 10 Axjumop BITTT93eS 30 potiad 23TITa3RsqNg
|"‘.

118

apoy Aouanbaaig

/83edq 8sn-ul

(QLLNOD) /861 ONF MV A0 SALITTALYS SNOLLYDINIWINGD) AIVYNOLLYLSOALD) dANNY 1]

7 AT1Ev



TABLE 2.

PLANNED GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 (ConT'D)

In-Use Date/

Frequency Code

|

~
Subsatellite Period of Satellite Country or Service Up/Down-Link Remarks <
Longitude? validityP Designation® Organization (GHz) Z
{yr) -
-
l’r%
AR11/C/394/1620
293.0E 01 Jan 1986/10  USASAT BA us FS8 6/4 A/36/1553/1629 Z
(67.0W) (SATCOM 6) (RCA}) =
s
AR11/A/165/1637 z
293.0F 04 Mar 1987/10  USASAT 15D us FSS 1easiza FCC: 67.0H %
(67.0W) AR11/C/997/1770 =
g
AR11/C/990/1770
296.0E 30 Nov 1990/10  USASAT 15C us Fa$ L4ariza ARL11/C/930/1755 =
(64.0W) &
[
AR11/C/99/1576 :
296.0E 30 Nov 1990710 USASAT 14D Us FS5 6/4 AR11/C/030/1755 ..3.,
(64.0W} >
o
AR11/A/163/1637 z
298.0E 09 Sep 1989/10  USASAT 15B us FSS,STS l4a/13.12a AR11/C/99371770 o
(62, 0W) (8BS 6) =
=
AR11/A/160/1637 Z
298,0E 30 Jun 1989710  USASAT 14C us FS§ 6/4 AB11/C/928/1756 =
{62.0W) .
E.E
100.0E 01 Jan 1086710  INTELSAT IBS 300E  INTELSAT FSS, STS 6b,14a/4a, AR11/A/167/1638 =
o0 11a,12b,12¢ ARYL/C/T52/ Z
. ADD-1/1731 o
=
300.0E 31 Dec 1988710  USASAT 15A us F§8 142/12a :ﬁﬁ;:ﬁ:;;m“ o
(60.0W) ADD-1/1673
300.0E 31 Dec 1989/10  USASAT 17D uUs FSS 674 ARLL/A/22971687
{60 . OW)
300.0E 01 Aug 198878 SATCOM PHASE 3B Us AR11/A/358/1773%
{60.0W) (SATCOM PHASE IIIB) SPA-AJ/342
300.0E Jan 1986/10 INTELSAT VA US-INTELSAT FSS 6,14a/4,11 AR11/A/166/1638
{60.0W)
302.0E 31 Jan 1987/10  USASAT 8C us FS5 6/4 ARL1/A/38/1553
{58.0W)
302.0E 30 Jul 1988s10 USASAT 13E us FSS-INT'L itars11,12a.12hb AR11/A/136/1620
(58.0W) (ISI SERIES} AR11/C/702/1670
303.0E 30 Sep 1987/10  USASAT 13% Us FSS,5T8 6b/4,11 AR11/A/177/1643
(57.0W) {PANAMSAT 1)
304.0E 01 Apr 1986/10  INTELSAT 5A 304E INTELSAT ¥SS,STS 6,14as4,11 AR11/A/168/1638
(56.0W) {INTELSAT VA 304E) AR11/C/750/1676 A
2]
304.0E 01 Apr 1986/10 INTELSAT IBS 304E  INTELSAT F§$,STS 6b,14as4a, AR11/A/169/1638 ;
(56.0W) 11,12b,12¢ AP/A/125/ S
ADD-1/1801 =
304.0E 30 Jul 1988/10 - 5
. u USASAT 13-D us FSS 674 AR11/C/246/1620 3
(56, 0W) (1S1 SERIES} AR11/C/701/1670 2
b
-
305.0E 31 Dec 1988/10  USASAT 14B us FSS 6/4 AR11/A/159/1637 =
(55.0W) g
>
305.0E 31 Mar 1089/15  INMARSAT AOR WEST  INMARSAT MMSS, AMSS 1,6b,1.6c.1.6d7 AR11/A/328/1747 z
(55.0) 1,5b,1.5¢ ¢
‘%
307.0E 01 Jan 1985/10  INTELSAT IBS 307E  INTELSAT FSS 6b,14as4,11,12a Under construc- oz
(53.0W) tion. c
AR/11/C/704/ T
ADD-1/1731 o
%
310.0E 1986/HA INTELSAT VA INTELSAT F§5 6,142/4,11 AR11/A/T4/1586
(50.0W) CONTINENTAL 2 AR11/C/594/1573

(¥4}



TaBIE 2.

PLANNED GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 (CONT D)

In-Use Date/

Frequeny Code

-
Subsatellite Period of Saf_ellil.:e Country or Service Up/Down-Link Remarks =
Longitude? validityP Designation® Organization (CHz) =
-

{yr) -

310.08 01 Jan 1986/10  INTELSAT IES 310E  INTELSAT FSS,STS 6b,14a/4,11,12 ARH/;\/E%WU =
ADD-1/ z

{50.0M) AR11/C/706/1673 3
AP30/A/147 =

ADD-1/1801 =

ARL1/C/706/ pr

ADD-1/1731 =

k=

<

310.0E 01 Jun 1986/10 INTELSAT V US-TNTELSAT FS8, 8T8 6,14a/4,11 AR11/A/74/1586 z
(50, 0H) CONTINENTAL 2 AR11/C/594/1660 =

=

310.0E 30 Jun 1987/1Q USASAT 13C us FSS-INT'L r4asil AR11/A/134/1618 =
(500 (ORTON SERIES) AR11/C/T48/1675 =

z
310.0E 01 Jul 1989/15 INTELSAT VI 310E INTELSAT ¥S58 6h/a, AR11/A/287/1711 z
(50.0W) 6,6b,14a/4a,4,11 AR11/A/287/ =

ADD-1/1724 =

;J‘e
313.0E 01 Aug 1990/10 USASAT 13J us FSS 6/4 AR11/A/263/1703 =
(a7.0W) AR11/C/944/1763 z
313.0E 03 Jun 1987/10 USASAT 138 us FSS,STS 14ar1l ARL1/A/133/1618 <
{47, 0W) (ORION SERIES) ARL1/A/133/ 2

ADD-1/1716

ARL1/A/36/1722
315.0E 01 Jan 1988/10 USASAT 13F us FSS-INT'L, 14a,12as11,12b,12¢ ARI1/A/154/1635
(45.0W) (CYGNUS SERIES) STS ADD-1/1714

AR11/C/795/1722
315.0E 01 Jan 198%/10 USASAT 131 us FSS 674,11 AR11/A/196/1675
(45.0W) (PANAMSAT I1} ARL1/C/866/1736
316.5E 01 Jan 1488/10 VIDEOSAT 3 France FSS 14a,2/11,12b,12¢ AR11/A/148/1631
(43.5W} ARL1/C/766/1678

AR14/C/110/1698
317.0E 01 Jun 1988710 USASAT 13G us FSS-INT'L, l4as12a,11,12b,12¢c AR11/A/155/1635
(43.0W) {CYGNUS SERIES) 5TS AR11/C/7E6/1676
317,5E 31 Dec 1986/10 USGCSS PH3 MID-ATL US FS5.MMSS, 8/7 AR11/A/140/1622
(42.5W) LMSS, STS 2717 AR11/A/42/

ADD-1/1730
316.5E 01 Apr 1986710 INTELSAT VA 318.5E  INTELSAT FSS 6.14a/4,11 AR11/A/127/1617
(40.5W})

8]
319.5E 01 Apr 1986/10 INTELSAT IES 319.5E INTELSAT FSS, 5TS 6a,14a/4a,5,11, AR11/A7130/1617 =
(40.5W) 12b,1 AR11/A/130/ 4

ADD-1/1628 E
AR11/C/T07/1673 i
AP30/A’16/ o
ADD-1/1801 z
322.5E 30 Dec 1987/10 VIDEOSAT 2 France FSS 14as2,12b,12c AR11/A/86/1589 e
(37,5H) AR11/C/727/1673 z
AR14/C/76/1676 z
AR11/C/746/1675 =
322.5E 30 Jun 1988/10 USASAT 13A us FS§ 14as11,4a AR11/132/1618 4
(37.5W) (ORION SERIES) AR11/C/746/1675 E
=
325.5E 10 Jun 1987/10 INTELSAT VA ATL 3 INTELSAT FS5,STS 6,14as4,11 AR1L/A/63/1580 =
(34.5W) AR11/A/288/ -
=
ADD-1/1724 g
325.5E 01 Aug 1989/15 INTELSAT VI 324.5E  INTELSAT FSS,STS 6bsab AR11/A/288/1724
(34.5W) 6/6b,14a,4,4a,11 AR11/A/288/1711

%4 )



TABLE 2.

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

In-Use Date/

Frequency Ceds

144}

[}
Subsatellite Period of Satellite Country or . N <
. . / -
Longitude? valigityP Designation® Organization Service up ?g;:)Lank Remarks §
{yo) Z
5
326.0E 30 Nov 1989/15 INMARSAT AOR-CENT 1A UK/DT FS5, AMSS 1.6a.1.6b,6aa,6a/ AR11/A/351/1767 s
(34.0W) 4,1.5a,1.5b %
>
327.0E 30 Nov 1091/NA SKYNET 4D UK FSS,MMS5,BS5  0.3a,8/45,7.0.3a ARI1/A/333/1749 I
(33.0W) ARI1/A/393/1749 ﬁ
=
328.0E Dec 1988/15 INMARSAT AOR- UK/DT AMSS, MMSS 1.6c,6/1.5a,2.6ef AR11/A/352/1767 ’é’
(32.0W) CENT 23 P
g
329.0E 30 Jun 1%86/10 BSBE 1 UK FSS AR11/C/731/ADD-1 =
{31.0W) 5
329,0E 30 Jurn 1986/10 UNISAT 1 ATL UK-British FSS 14s124,12f AR11/A/26/1534 o
(31.0W} Telecom AR11/C/424/163¢ g
=
329.0E 30 Jun 1986/10 UNISAT 1 UK F5S/BSS 17,20a,34a,14bs12b,  AR11/C/576/1650 =
(31,0W) 12¢,2,4,124d,12¢ AR11/A/23/1532 =
320,0E 01 Jaa 1987/10 INTELSAT VA ATL 6 INTELSAT FSS 6,14a/4,11 ARL1/A/119/1611 v
{31.0W} ARLL/A/119/ =
ADD-1/1628 Zz
AR11/A/119/ &
ADD-2/1638 )
o
[o4]
329.0E 31 Dec 1987/12 EIRESAT 1 Ireland FSS/BSS 13711, 4 AR11/A/182/1656
(31.0W) AR11/A/182/
ADD-1/1803
329.0F 01 Jan 1987/10 INTELSAT V AIL & INTELSAT FSS 6,14/4,11 AR11/A/118/1611
{31.0W)
322.51-: Cet 1987715 INTELSAT VI 332,5E  INTELSAT F§5 6a,6b,14a/4a.4,11 AR11/A/70/1584
(27,5W) AR11/C/628/1658,
ADD-1/1713
:(szgg: 31 Dec 1987/20 STATSIONAR 17 USSR F55,BSS 6b,5e,6/4a,4 AR11/A/219/1686
- 5W) ARL1/C/910/1749
333.5E 01 Jan 1980/20 GALS 1 USSR F§S 8/7 SPA-AJ/365/1508
(26.5W) SPA AJ/111/1335
SPA-AA/153/1262
333.5E 31 Dec 1%87/20 VOLNA 13 USSR AMSS, LMSS UHF,1.6¢,1.6e/ AR11/A/240/1693
(26.5W) UHF,0.3a,1, 5¢
ARL1/C/910/
ADD-1/1756
333.5E Jun 1988/20 STATSIONAR-D1 USSR F5§ 6a/4b AR11/A/193/1675 ;
(26.5W)
z
=]
333.5E o1 Aug 1990/20 TOR 1 USSR FSS, AMSS, 43,45/20b AR11/A/278/1710 o
(26.5W) MMSS, LMSS ]
=1
=
334.0E 01 Aug 1989715 INMARSAT AOR-CENT UK AMSS,MMSS, 1.6b,1.6c,1.6d/2.5b, AR11/A/152/1634 vfl
(26.0W) FS5,STS 1.5¢,6.4,6b,4a AR11/C/B43/1706 =
335.0E 01 Jan 1981/NA LOUTCH Pl USSR FSS 1das11 SPA-AA/177/1289 S
{25.0W} SPA-AJ/121/1340 z
e
335.0E 0! Aug 199020 TOR 9 USSR FS5,LMSS, 43,45,200/# AR11/A/289/1711 Z
(25.0W) AMSS, MMSS S
335,0E 01 Jun 1990720 GALS 9 USSR FSS,AMSS, 8/7 AR11/A/246/1695 ;,
(25.0W) LMSS AR11/A/291/1712 A
AR11/C/918/1752 o
AR11/C/918/ Q

CORR-1/1756




TABLE 2.

PLANNED GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 (CONT’D)

In-Use Date/

Frequency Code

921

~
Subsatellite Period of Satellite Country or Service Up/Down-Link Remarks z
Longitude® Validihyb Designation® Organization {GHz) ;
(yr) Z
3
335,0E 30 Sep 1991/1¢ TELECOM 2B France F55,8TS 2,4/6,7 AR11/A/325/1745 s
(25.0W) AR11/A/325/ =z
ADD-2/1998 A
i
335,58 01 Oct 1987/15 INTELSAT VI INTELSAT FS$S 6.6a,14a/4,11 AR11/A/69/1584 =
(24.5¥) AR11/C/627/1658 =
336.0E 31 Dec 1084/20 PROGHOZ 1 USSR FSS, SRS 3/2 SPA-AA/316/1471 =
(24.0H) AR14/C/95/1685 =
336.0E 31 Dec 1989/15 INMARSAT AOR-CENT 2 INMARSAT MMSS, AMSS, 1.6b,1.6c,1.6a/ AR11/A/292/1713 E
(24.0W) FS5,5TS 1.5b,1.5¢ AR11/Ar292/ =]
ADD-1/1760 s
FSS 6/4 =
STS 6b/4a c
E
337.0E NA/BA MARECS ATL 2 France FSS/MMSS 1.6b,6,UHF/ SPA-AJ/241/1432 T
(23.0W) 1.5a,4a, UHF SPA-AA/219/1351 -
=
=
338.5E 01 Jun 1986710 INTELSAT MCS ATL C US MMSS, F55 1.6b,6/1.5a.4 AR11/C/858/1735 g
(21.5W} ©
el
338.5E 31 Dec 1984/10 INTELSAT V ATL 5 INTELSAT FSS 6,14a/4,11 SPA-AA/252/1419 0
(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) ARL1/A/180/1645
SPA-AA/48/1161
SPA-AA/65/1170
ARL1/A/92/
ADD-1/1802
3:3.3::” 31 Jan 1989710 GDL 4 Luzembourg FSS, BSS 6b,12a,14/11, ARL1/A/92/1594/
. 12b,12¢ ADD-1/1708
AR11/C/610/
CORR-1/1744
ARLL/C/611/
CORR-1/1744
341,0E 31 Dec 1988/10 IDF 2
(19.0W) France BSS, PSS 272 AR11/A/216/1684
?:;.gs) 30 Jun 87710 TDF 1 France BS5,FSS 20as/12e ARL1/A/57/1570
: AR11/C/107/1578
AR11/C/741/1674
fi;‘gi) 01 Oct 1985/7 TV-SAT 1 Federal Republic  BSS,STS 17a,20a,17/20a, SPA-AA/311/1454
. of Germany 2,12a,12e,2 SPA-AA/325/1474
SPA-AA/366/1526 o
AR14/C/4/1550 =
AR11/C/608/1656 Z
ARIL/L/609/2656 =]
™
Z:il.OE 31 Dec 1988/1¢ TV-SAT 2 Federal Republic  FSS,STS 20a,20b/2,12a ARL1/A/350/1767 [
9.0W) of Germany T
7
?:;.gi) 01 Jan 1986/NA L-SAT ESA {France) BSS/FSS 14a,30a/12b,12a SPA-AA/308/1463 E
. 20b AR11/A/33/1544 3
AR11/A/88/1590 §
AR11/A/57/1570 ]
ARI1/C/124/1502 j
01 Jul 1986710 L-SAT France BSS 17/20a AR11/C/6/1554 =
=
AR11/A/308/1463 [
AR11/C/782/1682 3
™
2

AR14/D/23/1707

LTT



TABLE 2.

P1.ANNED GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 {CONT D)

In-Use Date/

Fraquency Code

81

o)
Subsatellite Perfo? 0; 53?9111Fe e Coun?ry or Service Up/Down-Link Remarks 4
Longitude (GHZ)® WValidity Designation Organization (GHz) z
(yr) =
01 Jul 1986710 L-SAT France FSS/FSS 10a/20a AR11/C/232/1619 g
(30,20 Giz) AR11/A/32/1544 z
AR11/A/32 Z
ADD-1/1716 =
a
01 Jul 1486/10  L-SAT France BSS/FSS 14a,13,12b,12¢ AR11/C/174/1605 =
(14,13g/12 GHz) AR11/C/174/ 3
ADD-1/1643 i
SPA-AA/337/1479 3
AR11/A/88/1590 E
Z
01 Jul 1986/10  L-SAT France BSS/FSS 242 ARL1/C/176/1605 =
AR11/A/337/1544 v
z
341.0E 1986710 HELVESAT 1 $witzerland FSS,BSS 17,20a,18/2,12h,12a  SPA-AA/365/1512 g
=]
(19.0W) e
341.0E 1986707 SARIT Italy BSS,FSS,STS  13,30bs20c SPA-AA/360/1505 —
(19.0W) SPA-AR/371/1547 "
AR11/294/1716 =
Z
341.0E 1986/10 LUX-SAT Luxembourg FS5,BSS, 518 17a/122,12b, ARL1/A/20/1529 ¢
(19, 0w) 12e,20a AR11/C/459/1789 =
o0
o0
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 1986710 INTELSAT IBS 341.5E INTELSAT FSS 6,14a/4,11,12a. Under construc-
(18.5W) 12b,12c tion by Ford
Aerospace;
replaces INTEL-
SAT VA above,
342.0E 01 Jan 1987/10 INTELSAT VA ATL 4 INTELSAT FS§,8TS 6,l4as4,11 AR11/A/64/1580
{18.0W)
342.0% 01 Jul 1986/10 INTELSAT IBS 342E INTELSAT FSS,8TS 6.6b,14a/3,4a,122 AP3O/AST/
(18.CW) ADD-1/1801
342.0E 12 Sep 1990/20 SATCOM IIT Belgium FSS, MMSS B ARL1/A/1762
(18.0W)
342.0E 20 Mar 1970/NA SATCOM 2 Belgium FSS 8/7 AR11/A/342
(18.0W) ADD-1/1787
?:Z.Di 15 Oct 1979/NA SATCOM PHASE-3 Belgium FSS 8/7 SPA-AJ/137/1355
B.0KW) SPA-AA/144/1257
?:g.gi) 01 Sep 1990/20 SATCOM 4 Belgium FSS,MMSS 20a,20b/2,12a AR11/A/342/1762
: )
343.5E 01 Jan 1986/10 INTELSAT V 343.5E INTELSAT FSS,5TS 6,14a/4,11 AR11/A/172/1639 f
{16.5H) AR11/C/758/1677 e
API0/A/25/ =
ADD-1/1801 ~
343.5E 01 Jul 1986/10 INTELSAT VA 343.5E  INTELSAT FSS,STS 6,14a/4,11 AR11/A/170/1638 9
(16.5W) CANCELLED AR11/A/751/1676 P
et
343.5E 01 Jul 1986/10 INTELSAT IBS 343 ,5E INTELSAT FSS $a,14a/4a,114,11, ARL1/A/171/1638 =
(16.5W) 124 AR11/C/754/ Fa
ADD-1/1731 =
oL
344.0E 01 Jun 1987/20 WSDRN USSR FSS, SRS 14d,14b,11,13 AR11/C/67/1570 %
(16.0W} SPA-AA/341/1484 =
AR11/C/68/1570 =
?:2.33 17 Jan 1985/20 ZSSRD 2 USSR F55,STS5,5RS  11,12b,12c/13d ARL1/A/189/1672 :
.OW) 14b, 144 AR11/C/850/ =
1740/880
AR11/C/880/ -
ADD-1/1765 k3
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D GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR END 1987 (CONT'D)

PLANNY

TABLE 2.

In-Use Date/

Frequency Code

Country cor Service Up/Down-Link Remarks
Organizatien (GHz)

Satellite
Designation®

Period of
validity®
(yr)

Subsatellite
Longitude®

AR11/2/7317/1740
AR11/A/317/

6/4

FSS

STATSIONAR 22 USSR

31 Dec 1990/20

357.0E

(3.0W)

CORR-1/1760

AR11/A/312/1740

877

USSR F58

GALS 11

31 Dec 1990720

357.0E

(3.0W)

AR11/A/B3/1588

6,14a/4,11

01 Jan 1985710 INTELSAT V CONT 4 IRTELSAT F885,8TS

359,.0E

AR11/C/593/1652

(1, 0W}

AR11/A/117/1609

F58,5T8 6,14a/4,11
AR11/117/

INTELSAT

INTELSAT VA

CONT 4

01 Jan 19%87/10

359.0E

(1.0W)

ADD-1/1628
AR11/317/

ADD-2/1638
AR11sA7117/

ADD-2/1638
AR11/C/677/1668

AR11/C/182/1611
AR11/C/588/18652

UK FSS/MMSS UHF , 44 /UHF, 7

SKYNET 4A

01 Nowv 19858/10

356.0E

(1.0W)

aThe list of satellite longitudes was compiled from the best information available.

brhe period of validity is the number of years over which the frequency assignments of the space station are

to be used.

©5atellite names in parentheses are alternate names not filed with the IFRB.

Satellite petwork is operating outside allocated satellite frequency bands.

Information is not available at this time.

Space tracking satellite,

#
HA:
STS:

CTR NOTE! GEOSTATIONARY SATELLITE 1L.OG 1

TABLE 3. FREQUENCY CODES FOR ALLOCATED BANDS, SERVICES,
AND ITU REGIONS
. . : Allocated
Code Service Link anmmnwos. Frequency Band
ITU Regiont {GHz)
0.1 MSS? Up3 0,.12145-0.12155
0.2 MSS Up?d 0.24295-0,24305
0.3a MSS Up Down 0.235-0.322
0.3b MSS Up Down 0.3354-0.3999
0.4a LMSS, MMSS Up+ 0.4055-0.406
0.4b MSS Up3 0.406-0.4061
0.4c Met Aids Up 0.402-0.403
0.6 LMSE,MSs Up {sec) 2 0.608-0.614
(sech)
0.7 BSS (CR&:7)
0.8 LMSS,MMSS Up Down 2,38 0.806-0.89
0.9 LMSS5,MMSS Up MS5 Down 38 0.942-0.96
1.5a MMSS Down 1.530-1,544
1.5b MMSS , AMSS Down? 1.544-1.545
1.5¢ AMSS Down 1.545-1.559
1l.6a AMSS Up Down 1.610-1.6265
1.6b MMSS Up 1.6265-1,6455
1.6cC MSS Up? 1.6455-1,6465
1.6d AMSS Up 1.6465-1.660
l.6e AMSS Up 1.660-1.6605
l.6f SRS Passive {(No direction 1.6605-1.6684
given)
2 (See Tables 1 and 2) Varicus frequen-
cies in the
2.0 to 2.99-GHz
range
2.6a F8S Down 2,3 2,5-2,535
2.6b FS8S8 Down 2 2.535-2.655
2.6cC FS8 Up 2,3 Down 2 2,655-2.69
2.6d BSS (CR) Down 2,5-2.69
4 FSS Down 3.7-4,2
43 FS8S5 Down 3.4-4,2
4b F85 Down 4.5-4.8
5 AMSS Up Down 5.0-5.25
€ FSS Up 5.925-6.425
6a FS8 Up 1 5.725-5.85
6b FSS Up 5.85-7.075
7 FS8 Down 7.25-7.75
7a MSS Down 7.25-7,375
8 FSS Up 7.9-8.4
Ba MSS Up 7.9-8.025
11 FS5 Up 1 Down 10.7-11.7
12a FSS Down 2 11.7-12.2
12b FS8S§ Up 1 Down 1,3 12.5-12.7
12¢ FSS8 Up 1,2 Down 1,3 12.7-12.75%
124 BSS Down 1,3 11.7-12.2
1l2e BSS Down 1,2 12.2-12.5
12f BES (CR) Down 2,3 12.5%-12.7
l29g BSS (CR) Down 3 12.7-12.,75
13 FS58 Up 12.75-13.25
13a SRS Up 13.25-14.0
l4a FSS Up 14.0-14.5



134 COMSAT TECHNICAL REVIEW VOLUME |8 NUMBER 1, sPRING 988

TABLE 3. FREQUENCY CODES FOR ALLOCATED BANDS. SERVICES,
AnND ITU RuGIONS (CONT'D)

Allocated

Link Direction, Freguency Band

Code Service

ITU Region? (GHz)
14b FSS Up 14.5-14.8
l4c LMSST (sec) Up 14.0-14.5
l4ad SRSS (sec) Up 14.8-15.35
15 AMSS Up Down 15.4-15.7
17 FSS Up 17.3-17.7
20a FS8 Up Down 17.7-18.1
20b FS5 Down 18.1-21.2
20c MSS {sec) Down 19.7-20.2
20d MES Down 20.2-21.2
23 BSS Down 2,3 22.5-23.0
27 FS5S Up 2,3 27.0-27.5
30a FS8 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 F58 Up 42.5-43.5
45 MSS up Down 43.5-47.0
48 FS8S8 up 47.2-49.2
5Ca FS5 Up 49.2-50.2
50b F5S8 Up 50.4-51.4
50c MSS (sec) Up 50.4-51.4
84 BSS Down 84.0-86.0

1Tf the allocation te the service is confined to cne or more ITU
Regions, the regions are identified by numbers placed after

the link direction.

2In all cases, M35 includes LMSS, MMSS, and AMSS.

3Emergency positioning indicator beam only. i
4Canada only, !
Ssec = secondary allocation. H
§CR = community reception, TV only.

7This allocation is covered by footnote 693 in the alloccation
tables.

gNorway, Sweden.

iDistress/safety.

Translations of Abstracts

Diodes varactors hyperabruptes a implantation
ionique pour circuitls intégrés hyperfréquence
monelithiques (MMIC) au GaAs

P. I. McNaLLY T B. B. CREGGER

Sommaire

On décrit la conception, la fabrication et la caractérisation de diodes varactors &
Uarséniure de gallium (GaAs) compatibles avec les dispositits monolithiques. On a
utilisé un processus d’implantation cnticrement ionique pour fabriquer des diodes
varactors hyperabruptes avec de grands rapports d’accord (>>10:1). On a fait appel a
unc implantation & grande énergie (4 et 6 MeV) pour former une couche #* cnfouic
au-dessous de la partie active du dispositif, On a procédé a d autres implantations
pour Ctablir le contact entre la surface et fa couche enfouie et former le profil de
condensateur hyperabrupt. On a fabriqué des barricres de Schottky presque parfaites
avee un anneau de garde intégral a résistivité élevée pour 'épuisement du proiil
hyperabrupt. Ces barri¢res de Schottky montrent un facteur de perfection de 1.0, un
faible courant de fuite inversé et une forte tension de claquage avalanche inversée
(>30 V). Les diodes varactors ont été caractérisées 4 des fréquences situées entre 2
et 10 GHz. On présente des données de performance mesurée dans cctte gamme de
fréquences, et leur corrélation avec la structure du dispositif. On analyse en détail la
conception du dispositif, les données expérimentales de I'implantation ionigue ct la
caractérisation électrique des diodes.
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paquetes & una estacion central. empleando el protocole ALonA a intervalos de tiempo
iguales para los primeros intentos, y segmentos de reservacion para lus retransmisiones
gue sea preciso hacer bien sea debido a {os canales libres o a los crrores en los bitios
en el primer intento. Esta téenica de scceso ha sido meslelada y simulada para
compilar estadisticas sobre ¢l tiempo de propagacion y el rendimiento de los paguetes
en funcion de la carga del sistema, haciéndose hincapié en la transicién entre los
protocolos de acceso aleatorio y de reservacidn. Se muestran los resultados de los
pardmetros de una red tipica y las condiciones de la proporcion de crrores en los
bitios de los enlaces.
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