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Abstract

Menolithic microwave integrated circuit (MMIC) chips are typically passivated with
4 dielectric film to improve their long-term environmental reliability. Improper passi-
vation gencrally degrades chip performance, reducing waler yield. Surface preparation
of the field-effect transistor (FET) channel prior to dielectric passivation requires good
control to reduce the native oxide and thus maintain the initial device performance,
This paper describes a plasma process (o etch the native oxide, coupled with silicon
nitride passivation. Betore nitride passivation, pulsed current/voliage measurement
was uscd to study the effect of this etching process. It was found that argon plasima
etching prior to passivation affects the channel surface differemly, depending on the
structure of the GaAs FET. For example, argon plasma etching using self-induced bias
voltage i the plasma-enhanced chemical vapor deposition (PECYD) system is beneti-
cial for GaAs metal-semiconductor FETS (MLESFETs) thal have a recess width approxi-
mately equal to the gate length. However, for delta-doped GaAs FLTs with unrecessed
gates, usce of the plasma process before nitride passivation is likely to generate surlace
states and degrade FET performance.

Introduction

The passivation of GaAs field-effect transistors (FETsY and monolithic mi-
crowave integrated circuits (MMICs) using dielectric films, with varying de-
grees of success, has been reported in the past few vears [11-]5]. The preferred
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dielectric for passivation is silicon nitride, because devices passivated with
this diclectric display significantly improved resistance fo long-term burnout
[4]. However. to maintain device performance after passivation, it is essential
1o control the interface states between the silicon nitride and the GaAs. For
example, poor-quality passivation can degrade the breakdown voltage of power
FETs and lead to a burnout problem, which has been attributed to the chemical
instability of the GaAs native oxides [5].

This paper evaluates an in situ argon plasma etching process for removing
the native oxide from the FET channel surface to control the interface prior to
silicon nitride passivation. This technique was successfully applied to flat-
profile power metal-semiconductor FET (MESTET) passivation, yielding FETs with
excellent RF performance and device reliability. However, for delta-doped
FETs with an unrecessed gate, use of the plasma process before nitride passiva-
tion was found to generate surface states and degrade FET performance. Thus
it was determined that the usefulness of the plasma process during passivation
depends on the device structure.

Experimental procedures

Deviee fabrication

Two types of device structures, one with a flat doping profile (regular
MESFET) and the other delta-doped, were used for this study. Standard proc-
essing available at COMSAT Laboratories was used to fabricate both types of
devices. The layers for the flat-doped MESFET were grown by vapor phase
epitaxy (VPE), while molecular beam epitaxy (MBE) was used to grow the layers
for the delta-doped FETs. Mesa etch was used for device isolation. The ohmic
contacts to the device structure were formed by alloying Au/Ge/NifAg/Auin a
rapid thermal annealing system at 450°C. The COMSAT direct-write electron-
beam (e-beam) lithography system was used to define the submicrometer
gates, which were recessed using citric acid prior to Ti/Pt/Au metalization.
The gate length of the MESFETs used in this study was (.7 um.

Passivation process

Two distinct processes were used to passivate the two types of MESFETS. In
the first process, the surface of the GaAs wafer was cleaned in a dilute etch
mixture containing sulfuric acid, and the wafer was immediately loaded onto
the grounded electrode of the plasma-enhanced chemical vapor deposition
(PECVD) system. The wafer was then etched lightly in argon plasma using self-
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induced bias veltage in the PECVD system. The parameters for the argon
plasma etch werc as follows:

« Pressure: 600 mTorr

« Argon Flow: 1,000 scem
» Temperature: 250°C

« Time: 30 s

In the second process, the GaAs channel surface was eiched in the sulfuric
acid mixture and immediately loaded onto the grounded electrode; however,
the sample was not subjected to argon plasma etch.

In both cases, the nitride film was deposited at 250°C in the PECVD system.
The reactant gases were ammonia and silane, with nitrogen as the carrier gas.
The deposition condifions were as follows:

« Gas Flow Rate
— Ammonia: 3.8 sccm
— Nitrogen: 800 scem
— Silane: 10 scecm

* Power: 25 W

* Pressure: 600 mTorr

This nitride film exhibited stress of 10% dyne/em? (tensile stress) as measured
by a stress gauge; a refractive index of 2.0 as measured by an ellipsometer;
and a silicon-nitrogen ratio of (.75 as obtained by Auger analysis,

Current transiont measurement

Current transient measurement was used to evaluate the passivation char-
acteristics of the FETs. In this technique, the drain current transient measure-
ment samples and records the drain current (/) of a FET at various times fol-
lowing an abrupt change in gate voltage (usually reverse-biased near pinchoff
voltage, e.g.. at -4 to +1 V). The drain voltage is stepped in even increments
trom V , (drain-to-source voltage) minimum (usually ¥, = 0) 1o V,, maximum
(>V,, knee), and the [, is measured and recorded for each V,;, increment. These
data are then plotied in the form of an I/V curve (I, ve V), with pulsed time
as a parameter, If a drain current transient cxists, the plotted data will be a
family of curves showing the time-dependence of /,,. Otherwise, the curves will
overlay each other, providing a single trace (showing no time-dependence
of 1,).
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Since GaAs FET performance is quaniitatively related to the drain current, a
large transient in the drain current usually indicates that significant surface
states have been generated as a result of the plasma passivation process. A
small transient, as indicated by the drain current curves being superimposed
on euch other, usually indicates low interface states in the passivated channel,
unless the “access length” (the length from the recessed wall to the gate) is
small [6].

Experimental results and discussion

The /,, transient measurement was used to evaluate the passivation process.
This measurement is performed both before and after nitride passivation, and
the difference in the transient amplitude” before and after passivation is used
to determine whether the surface states created by the PECVD process will ad-
versely affect large-signal performance. In these experiments, small changes
in the process chemistry were found to atfect the amplitude of the transients.
Before passivation, GaAs FETs usually show a certain amount of transient in
the /,, pulse measurement. The amplitude of this transient increases relative to
the amount of time the FET channel surface is exposed to the air prior to passi-
vation. This increase in I, transient amplitude before nitride passivation is
believed to be due to oxidation of the GaAs surfaces.

Results on passivation for flat-profile MESFETs and delta-doped MESKETS are
described below.

Flat-profile MESFET passivation

Flat-profile MESEETs have a recess width of 1.8 um. Figure 1 shows a cross
scclion of the recessed gate configuration. To examine the effect of argon
plasma cleaning, a flat-profile MESFET waler was cleaved into halves. One
half was treated with a wet chemical etch before passivation. A typical I
{ransient measurement taken on this sample prior to nitride passivation is
shown in Figure 2a. The MESFETs exhibited a transient amplitude of 0.8 x
0.3 mA (the average of four measurements) in this picce. The sample was then
etched in a sulfuric-acid-based solution and passivated with silicon nitride
film. Figure 2b shows the 7, measurement of the same FET as in Figure 2a,
after nitride passivation. The transient amplitude increases after passivation
(4.2 + 0.1 mA for four measurements on the same devices). The difference
between [, at /=0 and 1 — oo is about 3.4 mA in this case.

* Defined as the difference in saturation current curves between time ¢ = 0 and ¢ = oo,
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Figure I. SEM Micrograph of a Cross Section of the Flai-Profile MESFET

The other half of the wafer was passivated using both a wer chemical etch
and a plasma ctching process. Figure 3a shows the ;. pulse measurement for
the MESFET that was plasma etched before nitride passivation. A typical MESPET
in this case shows a transient amplitude of about 0.8 + 0.3 mA (four measure-
ments) before nitride passivation. The same FET then is etched in a sulfuric-
acid-based solution, loaded into the chamber, ctched with argon plasma using
a self-induced bias voltage in the PECVD system, and finally passivated with
silicon nitride film. Figure 3b shows the transient measurement of this device
after passivation, The amplitude of the transient in the /7, measurement de-
creased (0.2 £ 0.1 mA for four measurements on the same devices) after
nitride passivation as a result of the plasma etching. This indicates that both
the plasma etching and PECVD processes did not induce significant surface
states or damage to the device,

To compare the surface composition differences between the plasma ctch-
ing and non-plasma etching processes, samples of passivated devices from
each process were subjected to SIMS analysis. A comparison of the interface
regions of the two samples reveals that the oxygen peak at the interface of the
plasma ctched sample is a fuctor of 4 lower than that of the chemically etched
sample, while the oxygen level in the bulk of the films is ncarly the same.
Figure 4 shows the surface oxygen composition for plasma erched and wet
chemically etched surfaces as observed by sims. For a plasma etched surface,
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the oxygen concentration is around 2 x 10°" atom/em’ at the interface region
{where the arsenic concentration begins to increase). For a wet chemically
etched surface, the oxygen concentration is around 102 atom/em’ at the in-
terface region. The light argon plasma eich reduces the surface oxide thick-

- ness and results in less transient in /,, measurement, as shown in Figure 3.
& Table | compares the electrical parameters before and after nitride passiva-
- tion tor both argon plasma etched and wet chemically etched channels in
& MESFETs. The changes in drain-to-source saturation current, 7,
. B transconductance, G, and pinchotft voltage, V,, before and after nitride passi-
] B vation arc within 5 percent of each other. For plasma eiched MESFETs, the shift
= in the breakdown voltage betore and after nitride passivation is 0.8 V. For wet
5 & E E chemically eiched MESFETs in the same wafer, the shift is around 1.5 V. Evi-
% & ¢ < dence of surface oxides reducing the breakdown voltage of GaAs devices has
> g E w:-, been reported previously [1]. The smaller voltage drop in the plasma etched
Z a i MESFET s due to the removal of the surface oxides.
3 - 3
€ o § Tasie 1, ELECTRICAL PARAMETERS BEFORE AND AFTER Nrrrini PASSIVATION FOR
ij FLaT-Pror: MESFETS
© =
= Vi Il G Vir
. § FET PARAMETERS (V) (mA/mm) (mS/mm) (V)
- - @ § Argon Plasing Ereh
1g f « Before Passivation 28103 199 + 34 177135 150404
§ » After Passivation 2.60+0.4 214+ 28 184 +9 14.2+£0.7
-1 § b : Wet Chemiical Etch
— = g » + Betore Passivation 2605 141 £46 158+ 12 15.5+0.2
g 8 e g En « After Passivation 25403 145+ 33 165 £ 33 140+ ¢4
2 N
% 8 g To test the reliability of the plasma etched wafer, the plasma etched sample
'é was heated at 300°C for 72 hours. Figure 5 shows the 1, transient measure-
< = ment for the device shown in Figure 3a. following 72-hr heating. The ampli-
tude ol the current transient does not change. Table 2 gives the parameter shift
MM L] Livrer 1 - after heating. As can be scen, the pinchoff and breakdown voltages remain the
e o = = same after a heating cycle, while the /,, and transconductance decrease
o5 o L f= . FU o . .
2 = - - (however, the change is within 5 percent). Meanwhile, for the wet chemically
{ o yswole) . - . .
O L INIINGD elched sample after the same thermal cycle, the parameter shifts are a little

higher (around 10 pereent) and there is a larger /, transient amplitude change,
indicating that the surface chemistry of the sample has changed due to thermal
stress.
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MESFETs passivated using the plasma etching process have demonstrated
POWER CUT (mW/mm)

excellent RE performance. In the MMIC chips, 0.25-um MESFETS of 400-um gate
width, passivated using the plasma etching process, have demonstrated an

output power of 21.6 dBm at the 1-dB compression point, and 5.8-dB small- (b} 32-GHz Gain vs Output Power
signal gain at 32 GHz, as shown in Figure 6. This is state-of-the-art perfor-

mance for a power FET. Figure 6. RF Performance of a 0.25 x 400-um Flai-Profile MESFET



12 COMSAT TECHNICAL REVIEW VOLUME 20 NUMBER |, SPRING 1990

Delia-doped MESFET passivation

The structure of the delta-doped FETs is shown in Figure 7. These MESFETS
have a gate length of 0.7 um and source-to-drain spacing ot 3 pm. The gate
region of these devices is not recessed,

=

30x10  em® 1005
P UNDOPED 400 A
3.4x10“em DELTA-
LAYER
UNDOPED 7,500 A

SEMI-INSULATING SUBSTRATE
Figure 7. Structure of the Delta-Doped FET

To examine the effect of plasma ctching. a delta-doped wafer was cleaved
into halves, One half was passivated after plasma ctching. and the other was
passivated after wet chemical etching. Table 3 compares the DC parameters of
the two pieces. Belore passivation, the two halves exhibit similar DC charac-
teristics; however. after passivation, the wet chemically etched sample dem-
onstrates both higher breakdown voltage and higher transconductance.

TasLe 3. BLECTRICAL PARAMETERS BEIFORE AnD AFTER NITRIDE PASSIVATION FOR
Dira-Dorep MESFETS

Yo sy G Vi
FET PARAMITERS (V) (mA/mm) (mS/mu) (V)
Plasma Etch 14+£0.2 214+ 14 134+ 14 1611
Wet Chewical Etch 122001 4316 1454 10 19+ 1

Figures 8§ and 9 compare the I-V characteristics and breakdown voltage
before and after passivation for plasma etched and wet chemically etched
delta-doped MESFFETs. The plasma etched device (Figure 8) shows a kink in
the breakdown voltage curve after passivation, which is not scen in the wet
chemically etched MESFET (Figure 9). It appears that the plasma etching

EFFECT OF ARGON PLASMA CLEANING ON FET PASSIVATION

{a) Before Passivation

<

wmE

o ]

>

frouing

(b} After Passivation
Figure 8. [-V Characteristics and Breakdown Voltage for the Plasma Etched Delta-Doped MESFET
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{2) Before Passivation

(o) After Passivation
Figure 9. I-V Characteristics and Breakdown Voliuge for the Wer Chemically Etched Delta-Doped MESFET

&
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process generates surface stales, which induce leakage current through the
surface region.

The increase in surface states due to the plasma etching process is sup-
ported by data from 1, transicnt measurement. Figure 10 shows a comparison
of the I, current transient measurements for the two etching processes. For
the wet chemical ctching process (Figure 10a), the amplitude of the 7, transient
is quite small, indicating that very few surface states are generated during the
passivation process. However, for the plasma etching process (Figure 10b),
the amplitude of the /, transient is large, indicating that much damage has
been done to the surface region of the delta-doped FET. Since the area of the
channel region may determine the total number of the surface states, there are
likely to be more surface states for the unrecessed sample with wider channel
area than for the recessed flat-profile sample.

Conclusions

It has been demonstrated that channel surface treatment prior to passivation
is critical to achieving stable device passivation. Depending on the device
structure selected and the geometry of the gate region, it is possible to use a
light argon plasma to etch the GaAs native oxide prior to silicon nitride
passivation. In a flat-profile MESFET with narrow recess width, this process
results in devices with improved RF performance and excellent reliability un-
der thermal stress. However, this dry etching process must be applied with
care; otherwise, depending on the structure and geometry of the FET, it could
have a detrimental effect on device performance, as was found to be the case
with unrecessed delta-doped MESFETS,
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Abstracet

Future data acquisition satellites will be required to multiplex a number of indepen-
dent data streams of widely varying rates, and exhibiting Doppler variations between
low and geosynchronous altitude satellites, into a single, continuous, high-rate data
stream. Forward links in these systems will contain commands, and return links will
handle dati from low carth orbit satetlites. This study addresses the flexibility of these
links in handling varying missions and data rates 10 1 Gbit/s, with a focus on require-
ments for the NASA Tracking and Dala Acquisition System.

Five system components are described: the return link multiplexer, the return link
transmultiplexer, the forward link multiplexer, the forward link demultiplexer, and
operation of 4 frontside/backside switch. Ping-pong buflers provide rate bufiering for
cach input data strearn, and justification bits handle variations due 1o Doppler shift and
local osciltator variation, The time-division multiplexed streams consist of a unique
synchronization word [or frame synchrenization, and control words associated with
each data burst to identify the presence or absence of a justification bit. Redundant data
paths arc described for hoth forward and return data streams.

Introduction

Throughout its history, NASA has depended on a network of ground sta-
tions for telemelry, tracking, and command (TT&C) support of earth-orbiting
satelliles. While continuous contact is possible at synchronous altitude, direct
communication between an carth station and low-orbit satellites is generally
limited to a few minutes up to a 20-minute period. Gaps in coverage of sev-
eral hours may occur. Even with the extensive NASA earth station network,
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contact with an earth station is typically possible only about 15 percent of the
time. On-board recording equipment is often required to store data during the
gaps for later playback during an carth station contact. Due to the short
contact time, these data must frequently be played back at a high rate, which
further limits the amount of data that can be acquired by the satellite.

Satellites such as NASA’s Tracking and Data Relay Satellite (TDRS) pro-
vide communications links between a single earth station and one or more low
earth orbit (LEO) satellites. Their use has greatly improved worldwide connec-
tivity between LEO satellites and the carth over what was previously possible
with worldwide networks of earth stations alone. Two TDRSs in synchronous
earth orbit provide forward and return links between LEG satellites and the earth
station, increasing the direct contact time to 85 percent. The earth stations and
LEO satellites both communicate with the data relay satellites. Figure 1a depicts
communications with two TDRSs. Continuous communications are possible
except for the period when a low-orbiting spacecraft is in a region where
neither relay satelfite is visible. This is shown as the zone of exclusion (ZOE).

The NASA Tracking and Dala Acquisition System (TDAS) program was
created to study future replacements for the TDRSs. The program added an
intersatellite link (ISL) between the data relay satellites so that two of these
satellites at proper orbital positions provide nearly continuous contact between
the low-orbit satellites through a single earth station located at White Sands,
New Mexico. Figure 1b illustrales communications for the TDAS. The zOE for
this system is considerably smaller, and earth stations can be located over a
much larger area.

This paper discusses systems and implementational aspects of the digital
RF/optical interface design, as well as multiplexing requirements for an optical
ISL between the two relay satellites. Included is part of a report submitted to
NASA for the proposed TDAS program [11. The first part of the COMSAT
Laboratories’ study covers optical communications aspects. Marshalek [2] and
Paul [3] have reported results on portions of the optical link design. Herein is
addressed work on multiplexing and systemn enginecring. The rates used in
this design were specified by NASA; however, the techniques described here
can be applied 1o other systems and missions as well. The interfaces in the
data relay satellites that support digital communications with the LEO satellitcs
and the carth stations are also described.

Comimunications between LEO satellites, data relay GEO (gcosynchronous
earth orbit) satellites, and an earth station are illustrated in Figure 1b. Two
relay satellites are located in the geosynchronous equatorial plane orbit with a
separation of 160°. One of these satellites, the “frontside™ satellite, is visible
from White Sands and has continuous communications with one or more earth
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stations. An (SL provides continuous communications between the frontside -
and “backside” relay satellites. When the frontside relay satellite is visible §§ g--cso b3
from the LEO satellite, both the forward and return links between the earth £= = TE
staion and the LEQ satellite can function through the the frontside satellite. o
However, when only the backside relay saellite is visible {rom the LEO g %ﬁ wSo |3
satellite. the forward and return links must be routed over the 1SL.. This com- e E% B&~ece|g
bination permits nearly continuous communications between the earth station @ =
and the LEO satellite, ugj = & lé & O NN— |
The channels and linkages supported by the system are illustrated in Fig- Q- - E < -
ure 2. The table shown in the figure lists the forward and return channcl types * :% 2 ‘/‘fg g orrCoe o
used for this study, the number of each type, and the symbol rate (high and T @ ol ¥ i Ei § T g
low limits) per channel. The actual operating rate for a channel can be any 86 i ” 1= | - T
value between the high and low limits. Each channel is given a three-letter | U Sle oo |
name. The first letter indicates the frequency used between a LEO satellite and ! i 8% cooac|lw
a TDAS satellite: L is a laser link, K and 8 are microwave frequencies, and W A J' éé %8 Eh %
is undefined. The second and third letters indicate the access mode: SA is X £ E/ &’Z = m - B &
single access, while MA is multiple access. Each channel is demodulated to a 572 % = s ¥ g | TveNe— |2 g
baseband digital signal at the relay satellite. The cumulative rate in each 5 §§t ;utggé T o et r_; e
direction is tallicd in the bottem row. The maximum forward composite rate . é ’é R S 05 §Q§£%E 5 S
totals 103.63 Mbit/s, and the return rate totals 2,524.51 Mbit/s. Several LEO ‘ ngo L 2E= E 2
satellites can be served by this arrangement. It is unlikely that the maximum %’ o ‘/ﬂ,_, g§ o @ )
rates on all channels would combine simultaneously on the backside relay a 4- E""
satellite; rather they would be distributed between the backside and frontside '\l \ ﬁ
relay satellites. For this reason, the return intersatellite crosslink can be scaled ‘l I‘ ;5&
to a lower number. For this study, the maximum capacity for the return u | |‘\ i3
crosslink is 2,000 Mbit/s, and the capacity for the forward link is 110 Mbit/s. ch % ; ‘ |
The frontside satellite provides forward and return links for up to ninc U.S. \ % E @
earth stations. = 5
The principal objective of this study was to design the digital RF/optical 29 N
interfaces needed on the frontside and backside relay satellites for switching = g
[18}
4

and carrying the wide variety of digital channel rates to serve the needs of
several orbiting LEO satellites. Another objective was to define a number of
component building blocks that can be applicd repetitively to the design. The
communications techniques and design considerations for these building-block
components are described, followed by a discussion of how they were used Lo
design the major components for the return and forward links on the GEO relay
satellites.

The design approach identifics a number of circuit elements that can be
implemented using large-scale integration (LS1) or very large-scale integration
{vLSI) techniques.

20/30-GHz
LINKS

GEO/GROUND
¢ U.5. GROUND STATIONS
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RF/optical digital interface design

The design of the RFfoptical digital interface must take into consideration a
number of factors. First, the {act that the links are between geostationary relay
satellites and rapidly moving LEO satellites creates variations in the data rate
on the links between the relay satellites and the LEO satellites which must be
accommodated at the interface. The second factor concerns the impact of
combining a number of strearns from LEO satellites into a single high-rate stream
in the relay satellite. The third consideration is the wide range of input rates
necessary to accommodate the various channel rates, which must be changed
as a function of LEO location and mission requirements. This requires a highly
flexible time-division multiplexer (TDM) that can easily be reconfigured by
ground command.

This section discusses the general techniques needed to address some of
these design challenges. These include multiplexing sources with rate variations
caused by Doppler motion, combining channels that have different rates, and
the factors to be considered in sclecting frame periods. Techniques for frame
synchronization and the detection of smoothing bits are then described. The
operation of buffers that can perform the required multiplexer and demultiplexer
functions is also discussed. In later sections, the techniques described here
will be used to develop specific multiplexer designs for the forward and return
links.

Multiplexing data sources of varying Doppler effects

Transmissions arriving at a relay satellite from various LEO satellites are
recetved on-board and multiplexed into a single high-rate data strcam for
transmission to the other relay satellite or to the earth. One requirement for an
optical intersatellite data link is to multiplex a number of independent data
streamns (of widely differing rates and exhibiting Doppler variations typical of
LEO/GEO paths) from arbitrarily located LEO platforms into a single, continu-
ous, high-rate data stream. The maximum peak-to-peak rate variation causcd
by the effect of Doppler on the transmission from LEO to GEO satellites is £2.5
x 107, A combination of data buffers and variable-rate TDMs provides the
control and adjustment needed to handle these variations. These multiplexers
permit the number of bits used per frame to be adjusted over a smail number
of justification bits in order to accommodate the rate variations of the indi-
vidual channels when they are multiplexed on a constant-rate transmission
path.
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Multiplexing variable-rate data channels

A second problem is posed by the range of operating data rates lor each
LEO/GRO channel. Each of these channels is described by maximum and
minimum rates. Since the sum of the individual streams at maximum rates is
larger than the available TDAS backside-to-frontside intersatellite data links,
the TDM burst time format should be programmable to accommodate changes
in the operational modes {or the LEO/GEO links, A technique to provide highly
cificient operation at the maximum rates is considered first, followed by a
simple modification for operation at the minimum rates.

Figure 3 illustrates the basic method for interpolating data channels from
differing sources onto a common-rate channel, In a frame of duration, T,, and
containing N,. bits, the various channels to be accommodated are assigned a
range of bits varying from a minimum, m,, to a maximum, i, for the fth
channel. The difference, D, between s, and m; must be selected to encompass
the variations in channel data rate that result from the combined variations due
to Doppler effect and source clock. D, is typically referred to as the number of
justification bits and is determined by the procedure given below,

SMOOTHING BiTS

sw{cwjf DATA { ’ chg DATA (cwaF I
(o S»te C m1_>( ‘ C = LLAF-R { C ’ '
™ — Nz
CH1 — CH2 — OTHER CHANNELS — =
et JE— R Ng - N _
Np = Frarme pericd
mj = Min bits used for channel | = AyTp—1
ni = Max bits used for channel | =R TF +1
Nominal rate for channel i = R; !
Max rate for channeli = R. +
i TF
Min rate for channel | = R — L
TF Kk

Number of bits per frame = NEg = S+kC+ XN
i=1

Figure 3. Oprical Link Multiplex Franie
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If the Doppler rate variation coefficient is d, and the channel’s nominal data
rate is R, then the data rate can vary over the range

Rl ~d)< R < R, (1 +d) (1)
and the number of bits per frame can vary over the range
o< TpR (N —dy <TpR < TpR AL+ dp) < (2

The variables #1, and #; must be selected so that they bound the range necded
to accommodate the Doppler coefficient, o, Hence, the value of £, must be an
integer (since there are no fractions of bits) that is greater than the peak-lo-
peak difference given by equation (2). Thus,

[)} = l_ 21‘:")”{1,\ Ri dﬁ —l (3)

where | . . . lindicates rounding up to the ncarest integer. For the multiplexers
recommended for TDAS, D, =2 has been selected, since it results in the sim-
plest overall design.

As illustrated in Figure 3. the data channels from various sources ure time-
division multiplexed into a single stream. Each channel (identified by index 1)
is allocated a share of the frame capacity sufficient 0 accommodate a control
word. CW, containing C bits to carry interpolation contrel information, and a
group of data bits 1o carry the actual data transmitted. FFor channel /. the
number of data bits actually used during each frame varies from a minimum,
;. 10 a maximum, n; (a range of 13, = n; — m; = 2 bits) to accommodate the rate
variation: however, the maximum value (1) must always be provided. In a
given frame, the actual number of bits used by the data must be signaled in
CW, to the receiving demultiplexer in order to eliminate the non-data bits. A
frame synchronization word, SW, of length § is used to establish frame
synchronization.

Frame period scleetion

For each channcl rate, R, (0 be accommodated, there exists a maximum
frame period, T}, determined by equation (3) and the number of justifica-
tion bits per frame, £, The maximum frame length is the minimum of the
values calculated for each channel. If a longer frame is used. bit justification
corresponding to £, = 2 will not cover the desired range ot Doppler variation
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for all channels. However, shorter frames increase the Doppler variation range
and reduce the size of the channel-forming buffers, The disadvantages of
shortening the frame are reduced frame efficiency and increased symbol jitter
in the recovered data stream. Thus, a tradeoff must be made between bufTer
size and frame efficiency, while maintaining low jitter in the recovered bit
stream. At the high speeds used for the TDAS, it is clearly desirable that the
buffer size be confined to a few hundred bits to stay within the expected
bounds of GaAs technology.
For a given [rame period, Ty, the range of transmission rates provided for

channel i is

Mo g <

T - )

Corresponding to the choice of D, = 2, the values of n; and 1, nccessary 1o
accommodate a nominal rate of R; are
m=RT.+1 (5a)
m, =R, T)— 1 (5b)

and the maximum and minimum channel transmission rates are

R - ' < Channel rate < R+ 1 (®)

Tj-" TF

For any value of T; up to the maximum, the number of bits per frame is
determined by equation (5a). This choice results in the use of three values for
the number of data bits per channel. The number of bits carried in cach frame
is indicated by the control word, CW,, as given in Table 1,

TABLE 1. MULTIPLEX FRAME PARAMETERS

DATA BURST NO. CONTROL

LENGTH OF BITS WORD RATY
Minimum Ry -1 00 K._L
e

Neminal R T o] R:

i
Maximum RiTp+1 11 Ri+ 4
IF
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Fraction of frames using other than nominal rate

By choosing T, to be equal to or less than the minimum T, . all the
channel rates will be appropriately accommodated. Thus, in operation, the
instantaneous minimum and maximum rates (provided by deleting or adding
1 bit) will be more than sufficient to accommodate the variation encountered
on the channel. Most of the time the nominal rate will be used, and occasion-
ally the maximum rate (add 1 bit) will be used to accommodate the effect of
up-Doppler, or the minimum rate (delete 1 bit) to accommodate the effect of
down-Doppler, It will be demonstrated below that the fraction of frames using
the maximum and minimum rates, rather than the nominal rate, for a fre-
quency variation coefficient, d,, is

¢, =d,R,T, (7

and consequently only one in e’ frames will use other than the noninal rate R,
(i.e., will carry other than R; T bits per {rame).

To demonstrate the development of the above expression, consider the
following. Over a time interval sufficient to contain a large number of frames,
assumne that p frames occur at the nominal rate R, and ¢ at the maximum rate
R+ 1/ T;.. The average rate during the time interval is the weighted average of
the nominal and maximum-rate frames, which must equal the rate presented
on the LEO/GEQ link. Thus,

PR+ q(R; +

Tel = Ro(1 + d) (8)

p+4
Solving for the fraction of frames that use the high rate,

q
¢, =

= = dRT, (9)
F2 + i

This development pertains whether o, is positive or negative. Of course, when
it is negative, the fraction of frames calculated is for the low rate.

Synchronization and control words

The [unction of the frame synchronization word, SW. of § bits 1n length, is
to produce a synchronization pulsc at the instant of correlation (cotresponding
to perfect alignment) between itself and a replica stored in a correlator, and
to produce small deviations (1) around a mean value of $/2 when the align-
ment is not perfect. The operation of such a correlator is shown in Figure 4.
Figure 4a shows that the output of the correlator as a stream containing the
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synchronization word is shifted 1 bit at a time through a register, and com-
pared at cach shift with a replica of the synchronization word. At each shift,
the output is the number of bits that agree. At the instant of correlation, the
output reaches a maximum value equal to the length of the synchronization
word. The bit scquence of the synchronization word must be chosen to achieve
these correlation propertics.

A 12-bit word that has been used very successfully for time-division mul-
tiple access (TDMA) implementation, 011110001001, is used to implement the
subject multiplexer. Figure 4b shows one implementation of the correlator.
The false-alarm and miss probabilities of this word for gated and non-gated
operation have been described by Campanella and Schaefer [4]. Non-gated
operation is recommended during the search for the synchronization word,
and gated operation during maintenance of synchronization.

The function of the control word is to signal when the group of bits in the
frame is less than nominal, nominal, or greater than nominal. These three
states requirc at least 2 bits 1o signal them. The control bits arc extremely
important for restoration at the receiver. An error in detecting the correct
control word introduces both a clock and a data error. Therefore, error correc-
tion coding is mandatory. For this application, two ditferent techniques were
considered. One uses eightfold majority logic coding to yicld 16 bits for the
control channel. Up to three errors can oceur in the 16-bit word without an
error decision, or approximately one error in 5 bits.

A second option uses a control word only 8 bits long, but with similar
properties. Use of this shorter control word will improve efficiency for low-
rate channels by taking advantage of the fact that only threc states are needed
1o represent the number of justification bits. The previous method allows four
states to be decoded because 2 bits are used in cach of the eight copics. If two
errors are allowed to occur in the 8-bit control word, then the acceptable error
rate is one error in 4 bits. To achieve this, at least five codes for the number ot
justification bits in the burst must be transmitted in the control word. With two
bit errors, at least three of the codes must still agree so that the number of
justification bits can be determined.

To determine the minimum number of bits in the control word, let { be the
code representing the number of justification bits in the frame and let O = {0,

I, 2} represent the nominal, n,, and m; lengths, respectively. The minimum-
length control word can be constructed by forming a new word containing five
instances of the code O raised to successive powers of 3, as

CW =p,+ 03" + 03" + 03° + 03% + @3* {(10)
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The control word values corresponding to Q@ =0, 1, 2 and po=0are CW=0
121, 242, This range requires an 8-bit control word, The next step Is t(;
evaluate the effects of all possible combinations of one and two errors. The
corrupted control word is then decoded to determine if three valid codes can
be obtained with two errors,

The value of p, can range from 0 to 13 without overllowing an 8-bit word.
Each of these values for p, was evaluated with error patterns consisting of (),
1, and 2 errors. The evaluation showed that two values for Py are acceptable:
Po="2or 1. For the other values, there were one or more instances where two
errors in the control word caused three of the coefficients to be corrupted. The
two sets of 8-bit control words that meet the requirements for coding three
buffer-length states in the presence of two errors in the 8-bit word are CW = {2
123,244} and {11, 132, 253}. For either of these sequences, three distinet Sr::t.sj
of numbers exist corresponding to the three values for O in the presence of 0,

1, or 2 errors. These sets can be stored in memory and used to quickly decode
a control word,

Composite iransmission rate and frame efficiency

Referring again 1o the frame structure shown in Figure 3, the total number
of bits carried in one frame containing & channels of various sizes, n, is seen
to be

I3
Ne=S+kC+ ¥ n (11
i=1

and hence the composite transmission rate is

Ne _ S+kC &
R=%r 227Ky v p 12
ro T A (12
where R; is the rate of incoming channel 7.

The frame cfficiency is the ratio of channel data payload per frame to Ny
which is ’

TI: l—ﬁn;': N};@S+£)

Nrp =1 Ny (]3)

It is obvious that, as the frame period is shortened, the number of bits con-
Fained in the synchronization word and the control words becomes an increas-
ingly large fraction, thus reducing efficiency. Figure 5 shows the efficiency
for various numbers of channels as a function of N,.. These curves are for a
control word of length C = 8 bits and a synchronization word of S = 12 bits. A
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frame length of approximately 1,000 bits, vielding an efficiency of better than
90 percent assuming five channels, is a reasonable choice. Thus, for a
1-Gbit/s ISL transmission rate, the frame duration is approximately T, = 1 Us.

Multiplexer implemeniation

Figure 6 is a block diagram of an implementation of the TbAS optical data
link multiplexer which illustrates the implementation details for two channels.
Each channel’s digital bit stream is presented to the muitiplexing buffer,
which performs the joint functions of formatting frame sub-bursts and com-
pensating for rate variations in the data flow. Each buffer has a pair of buffer
memories, designated B, and B;, respectively, that exchange function in a ping-
pong fashion from frame to frame. Thus, if during one frame B, is read and B:
is written, in the next frame B is read and B, is written. The ping-pong action
is implemented by exchanging the read and write clocks on alternating frames.
By this means, data from the input channel are continuously formatted into
data bursts transmitted at the proper frame location.

The data are written into each buffer using a clock derived directly from
the channel data stream. They are read trom each buffer by bursts of clock
pulses generated by a master clock operating at the rate of the TDAs-
multiplexed fransmission link, namely N./Tr. A frame timing unit generatcs
frame period pulses, £, which control the administration of the buffer read and

FRAME TIMING UNIT

F ce,

A4
Figure 6. Optical Link Mulitiplexer Circuit Elements
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wrile clocks, and bursts of clock pulses of the proper number and frame
location to format the multiplexed stream. For bulfer B,/ B;, the bursts of read
clock pulses are designated as C,. The variable C, comprises n; clock pulses (the
maximum possible} which occur at a time in the frame that precisely locates
the read B,/ B; bits at (heir assigned location in the TDM frame. All »; bits are
always read; however, the number actually written may be n;, n;,— 1, or #,~ 2,
depending on the accidents of alignment at the input to the buffer in filling the
buffer. The burst thus formed is said to be “bit justified.”

Figure 7 i1s a timing diagram that illustrates the buffer operation. The
primary requirement is that the read and write periods for a buffer must never
overlap. Writing »; bits causes the write period to shift to the right (delay),
while writing rm, bits causes the write period 1o shift to the lefl (advance). It is
this action that accommodates the variable rates occurring on individual chan-
nels. This buffer fill condition is sensed at the end of each write cycle in a

-~ TDM FRAME N —»%— TDMFRAMEN+1 -3

By WRITE _RERRERERE ‘“3! [

5_1 WRITE 7 = R

By READ

By READ

B, WRITE i)
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B,WRITE 1 bz e -

B, READ

B, READ

SW READ

TDM DATA

Figure 7. Oprical Link Multipiexer Timing
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butfer and sets the state of the control buffer to one of the three fill states. This
state is read in CW,, just before the data bits are read, by using the clock pulses
designated as CC, generated by the (rame timing unit. This process is repeated
for each channel carried in the frame.

To generate the synchronization word bits that mark the beginning of each
multiplex frame, the frame timing unit generates a set of clock pulses, S, that
rcad the contents of the synchronization (sync) word buffer at the start of each
frame. Other channel bursts are generated in the same manner using appropri-
ately timed outputs from the frame timing unit.

Demultiplexer implementation

Figure 8 depicts the implementation of the demultiplexer. while Figure 9
shows its timing. The multiplex stream comprises the sequence of bit-justified
data sub-bursts (one for cach ortgin channel generated by the multiplexer) and
is supplied as input after demodulation from the optical receiver. To establish
the timing of clock pulses necessary to accomplish the demultiplexing, the
clock rate of the trunsmission link must be recovered and the instant of
synchronization word correlation detected. Based on these signals, the frame
timing unit generates the following timing symbols:

{7 FPrame timing signal that marks the start instant ol each frame.

C; A sequence of 1, clock pulses that occur at the received clock rate
N/ T, and at the proper time to write the #, bits of channel i’s sub-

burst into the demultiplexing buffer, B, or B,

CC; A sequence of clock pulses that occur at the time in the frame
needed to write the control word for channel { (CW,) into the out-
put smoothing buffer. The information is used during the frame
following the frame in which it is received.

C1 A sequence of clock pulses that oceur at the smoothed rate. R,, used
to read the contents of the demultiplexing buffer, 8, or B;. The
number of pulses is cither m, #,— 1, or n,, as determined by the
control word received from the previous block. The smoothed
clock generator uses the control words and frame timing unir (o
generate the smoothed clock at rate R

The demultiplexer restores the signal to the same rates and format found at
the input to the multiplexer. Two functions are required: the additional Justifi-
cation bits inserted into the bit stream at the multiplexer input must be re-
moved. and the average input clock rate, R, must be regenerated.
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E) The clock signal corresponding to the multiplexed stream is used to write R,
- bits in each frame into the ping-pong buffers B, and B;. At this point, the stored
o > signal still contains the justification bits. These bits must be eliminated and
-2 % ;J > S the rate adjusted to recover the channel stream. To accomplish this, the read
b= e Q © clock rate is adjusted to recover the average rale, as follows. When the rate on
S E = » 8“ the LEO/GEO link is high or low by a fraction d,,, the number of frames be-
wZ tween frames that carry other than n, — 1 bits is ey, which is obtained by sub-
% > & stituting d;,, into equation (7). Thus, the number of bits over which the retiming
w - clock is high or low is
— O
X
I L=(R Tydy)' = e} 14
p 3 > w = Flim) = €im (14)
[m]
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When the transmission rate over the link is at the nominal rate correspond-
ing to R, each frame will contain R;T,. = n; — 1 bits (T, and R, relerenced to the
transmit end). When this is the case, the write and read clocks are the same.
For this condition to be maintained, the read clock must operate at  rate
[(r, — V) T (T, referenced to the receive end).. Whep the transmission rate 1s
high, such that a frame carrying #»; information bl'[ti occurs once every L
frames to accommodate the cxtra bit, the next read pointer is retarded by one
address. The buffer must recover from this state by advancing the phasc of the
read clock by one bit period over a time interval, LT g, This requires that the
frequency of the rcad clock be increased to

- L
High read clock frequency = (H—'T 1)(1 + : ): Rl +di) (15)
F -

This clock rate is maintained until the read clock phase advances by one bit
period—a condition that is sensed by return of the alignment buffer to the
normal state. .
When the transmission rate is low, such that a frame carrying »; — 2 bits
occurs once every L {rames to accommodate the loss of | bit, the read vcctgr
is advanced by one address of the butfer. The buffer mpst recover from .thlS
state by retarding the phase of the read clock by one bit period over 4 time
interval, LT, This requircs that the frequency of the read clock be reduced to

i— 1 Il
Low read clock frequency = (”’I ) (l - l )2 R(1-du) (i6)
F i —

It is also necessary to accommodate corrections that can be caused by the
drift of the smoothing clock itself. The smoothing clock always attempts to
maintain the normal state in the read bufter. If, due to its own drift, it advances
the clock rate to cither the plus or minus state, the clock frequency vxfill be
decreased or increased in the same manner described above to correct for the
drift, and the frequency correction will occur in the same way as for a rate
change on the channel. Becausc these corrections are in addition to tl?ose
needed to compensalte for the bit justitication correction_s, hoth may occasion-
ally occur simultaneously in the same dircction, causing a shift of twq ad-
dresses rather than one. Consequently, the buffer needs to accommodate either
two leading or two lagging corrections. For such double address chﬂnges., the
frequency must be increased or decreased by 1wic§ the amount us.ed for a
single address change. At the rates defined for this study, there is ample
margin for this alignment.
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Return link design

The intersatellite return link must accommodate data from a large number
of LEQ/GEO digilal up-links from different 1.CO platforms. The return link is
the path from the LEO satellites to the GEO data relay satellite. The table in
Figure 2 lists 19 separate channels to be handled by the two data relay
satellites. These satellites function in either the backside or frontside role. The
backside satellite functions are shown in Figure 10. The backside satellite
collects data from the LEO satellites, forms these data into two 1-Gbit/s streams,
and rransmits the data to the frontside satellite using the optical 1SLs. As shown
in Figure 11, the frontside GEO satellite receives data directly from the LEO
satellites, as well as from the backside GEO satellite. It then fransmits a num-
ber of data streams to the earth stations.

One objective of this study was to develop a common design for the
frontside and backside satellite roles. Since the functions of the two satellites
differ, some of the equipment may not be used for hoth roles; however, a
common design allows economies in terms of the number of spare satellites
needed, and may be important for restoring service after partial failurc in an
orbiting spacecrafl. Functions that must be performed by both the froniside
and backside relay satellites include up-links and down-links to the LEO sat-
cllites. Thesc are the Space/Space MW (microwave) link and the Space/Space
Optical links shown on both figures. Functions that differ in the two space-
craft roles are those associated with the optical 1L and with the Space/Ground
microwave links in the frontside satellite.

The table specifies maximum and minimum data rates for cach retumn link
channel, since each can vary over a wide range. Although the aggregate data
rate for the 18 data strcams can exceed the 2-Ghit/s capacity of the return
optical ISL if all streams are at their maximum values, this would seldom occur
in actual operation. During cach LEO sateliite orbit, communications alternate
between the frontside and backside relay satellites. Therefore, only a portion
of each of these links is active at any point in time. Three design consider-
ations focus on a tlexible multiplexer to maximize data collection, a design
with redundancy to minimize the impact of component failure, and eventual
implementation with space-qualified companents capable of operation at
gigabit-per-second rates. The number of building blocks used for each chan-
nel should be minimized.

These design considerations led to the following features in the return link
design. First, each LEO data channel shouid be capable of transmission over
either of the two optical iSLs. Sccond, us much flexibility in data rates as pos-
sible must be provided to accommodate changes m traffic demand over the
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satellite’s lifetime. Finally, the design should provide simple controls for on-
orbit operation.

Return link multiplexer design conviderations

A return link multiplexer was designed which operates at 1 Gbit/s and also
adapts to wide changes in the nominal rate for each channel without changing
the topology of the data paths. The return link channels can be considered
three groups. First, most of the data arc provided by six channels: the 1.5A
channel operating at 1 Ghit/s, and the wsa and KSA channels operating at
300 Mbit/s cach. Second, there are two channels with maximum operating
rates of 12 Mbit/s. Third, there are 10 channels operating at 50 kbit/s, and the
TT&C channel at 10 kbit/s. The approach was to design a multiplexer suitable
for the maximum data rates for cach channel, and then modify the clock
signals to attain efficient operation at lower rates.

Suitable frame periods must first be determined for the first two groups.
For the highest group. three 300-Mbit/s channels can be combined using a
multiplexer similar to the one shown in Figure 6. Figurc 5 shows the effi-
cicney achieved when several streams of equal rate are combined, and suggests
that the frame length should be at least 600 bits, with 1,000 bits being desir-
able. Three channels with a frame period, 7,, of 1 jts can be transmitted with
an efficiency greater than 935 percent using an 8-bit control word. An alterna-
tive mode might combine five channels at 200 Mbit/s. A frame length of
approximately 1,000 bits was selccted as a reasonable choice for the primary
multiplexer frame length. Therefore, the corresponding multiplexer primary
frame period, T,. is 1 us. However, the 1-ys frame period will lead to very low
efficicncies for the two 12-Mbit/s channels. A longer “superframe™ is needed
that is a multiple of the primary frame length. Superframes ranging from 10 to
perhaps 30 frames in length provide efficiencies in the range of 85 to 95
percent for two channels, as shown in Figure 5.

The next decision involves the topology of the multiplexer design for the
selected frame and superframe periods. One method often used to combine
channels of widely differing rates is a hierarchical multiplexer structure. Lower-
rate channels are [irst combined to form higher-rate channels, which are then
combined with other high-rate channels. The high-ratc frames repcat at a
constant rate, and there are multiple frames in each supertframe. It the data
rates for each channel are constant, a hierarchical organization provides
efficient data transmission and minimizes buffer size. One problem with
a hierarchical multiplexer structure is the variation in tributary rates for
this application. For example, the KSA and w$A channel rates can be as high as
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300 Mbit/s or as low as 1 kbit/s. At the higher rates, the signal should be
comected to a high-rate input, while at the lower rates it should be connected
to a low-rate input. The need for alternative paths between high and low rates
is a significant complication to the design of the multiplexer, and maintaining
efficient operation over a range of rates becomes difficulL.

An alternative to a hierarchical topology is to change the generation of
clock signals to the ping-pong buffers. At high data rates, a ping-pong buffer
15 written and read during a trame period. At low rates, it is written and read
during a superframe. Channels operating in the superframe mode are assigned
one or more bits in each superframe. High-rate LEO channels operate in the
frame mode at high data rates, and can be switched to the superframe mode at
tower data rates. Moderate-rate LEO channels could operate in the superframe
mode at all times, but the number of bits assigned in the primary frame is
reduced as the data rate becomes lower. Burst slots in the TDM are dynam-
ically assigned during orbital operation to accommodate the changing LEO
mi.ssions. Figure 12 1s a block diagram of this multiplexer. Each input labeled
B is connected to a ping-pong buffer of the type shown in Figure 6.

LSA 1,000 Mbit's ¢ > B
WSA 1 300 Mbit's o > B
WSA2 300 Mbit's o — > B
WSA3 300 Mbits - — B
KSA 1 300 Mbit/s »> B PRINCIPAL 1 Goivs,,
KSAT 300 Mbit's B MUX TOMOUTPUTTO
88A 1 12 Mbit's > B GEQ/GED OP
SSA 2 12 Mbitis O 3 B INTEng-\CTElCAL
0 7
| B
> B
> B
> B it/
» B PRINCIPAL TGbmi‘
> MUX
> S TDM QUTPUT TO
> 5 GEQ/GEOQ OPTICAL
SMA{10CH) 50kbit's o > INTERFACE
TT&C 10 kbit's Q= 10 >
i

NOTE: "B" DESIGNATES BUFFERED INPUTS

Figure 12. Return Link Multiplexer
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The advantage of the above approach is that the design is modular and the
circuit components are the same for all buffered channels, Only the control
signals change. For each channel carried in a superframe, a codeword is sent
once each superframe. A value of [, = 2 is also used for justifying the bits
carried in each superframe. The same control word is used to indicate the
number of justification bits in the superframe burst.

Assuming that a superframe consists of J; TDM primary frames, a superframe
channel will be assigned k; bits in each primary frame. The length of a
superframe mode burst is simply J; x k;. The number of bits required in the
superframe, &, for these channels is

N=C+n=C+RJTp+] (17)

and the number of bits in each primary frame becomes

(18)
k,zl_R, T+ 1 J;C_I

The remaining group of channels consists of the 10 $MA channels with
maximum rates of 50 kHz, and the 10-kHz TT&C channel. These channels do
not require much bandwidth, but represent a significant number of paths. If
they arc handled the same as the previous channels, then 11 additional buffers
would be required and a third level of frame period would be needed. An
alternative is to recognize that the superframe and frame rates are much higher
than the bit rate from any of these channels; therefore, these channels can be
transmitied by simply sampling the bit strcam and sending 1 bit per sample.
Although this is very inefficient in terms of transmission, the circuitry re-
quired in the multiplexer becomes trivial.

The above design now meets all of the design objectives. Efficient trans-
mission of data at high rates has been achieved; the design is flexible and can
be programmed after launch or in orbit; the design can be implemented using
a few building blocks that are simply replicated tor each channel; and redun-
dant data paths have been provided in the optical 1SL. The next section de-
scribes some on-orbit applications for this multiplexer design.

Redurn link multiplexer operation

Referring to the block diagram of Figure 12, it can be seen that two
symmetric multiplexers are connected to the two 1sLs. Each multiplexer can
be programmed independently of the other. A I-ls principal TDM frame
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length is used for these examples. Since a very large number of rate combina-
tions is possible, the examples of TDM frame time plans will be limited to the
following:

* An LSA channel directly connected to an 1SL channel.
* An LSA channel connecied to an ISL channel using bit justification.

+ Three wsaA chammels, two S5A channels, and the remaining low-rate
channels.

+ Two KSA channels and the remaining low-rate channels.

* Four wsa and K$A channels at reduced rates, plus all other low-ratc
channels.

Figure 13 shows frame structures for each of the above examples. The first
is for a directly connected LsA channel operating at 1-Gbit/s. It simply  com-
prises 1,000 bits of the LSA stream, where the bit rate is driven by the arrival
rate on the 1LEO/GEO up-link, with no attempt to eliminate the Doppler effect.
In this case, there is no need for either a frame synchronization burst or a
codeword.

The second example is for the LSA connected to the 1-Gbit/s ISL channel. To
carry precisely 1 Gbit/s, the actual link rate must cxceed | Gbit/s by a small
amount in order to accommodate the synchrenization word and the codeword
needed to control the demultiplexing clock. Thus, the frame must contain
1,022 bits and operate at 1,022 Gbit/s. Note that 1 bit in the frame is as-
signed to TT&C. This provides 1 Mbit/s, which exceeds the actual TT&C rate
of 10 kbit/s by 100 times. Although this represents a minute inefficiency
(0.1 percent), it is extremely simple to implement and provides an opportunity
for higher rates and redundancy encoding,

Figures 13c and 13d show other frame configurations for carrying various
mixes of 300-Mbit/s wsa and KSA, 12-Mbit/s $SA, and 50-kbit/s SMA chan-
nels. Each 300-Mbit/s WSA or KSA channel is bit-justified, using 301 data bits
per channel plus an 8-bit codeword. Each 12-Mbit/s SSA is bit-justified using
I3 data bits plus an 8-bit codeword, which represents a channel usage effi-
ciency of 57 percent. Figure 13e shows four WsA or Ksa channels operating at
230 Mbit/s, as well as all lower-rate channels.

The sMa channels are treated differently because of their relatively lower
rate (50 kbit/s). Each smA channel is assigned 1 bit in the frame, thus
oversampling the channel by 20 times. Each of these channels can be sent
using a self-clocking code such as RZ (return to zero}, NR7. (nenreturn to 7er0),
or biphase |5]. Doppler compensation can easily be accomplished by a Dop-
pler buffer having a range of 20 ms, which is sufficient to accommodate
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— changes in the GEOALEO range and can be implemented with a4 maximum
fa g g P
i i o fa N .
S |4, i memory size of 4 kbit/s.
£ 2 o 2 o The channel efficiency for the $$a channels (12 Mbit/s) can be improved
> - by operation in a superframe. From equation {15), it is scen that for a codeword
- of size C, the superframe should have a length J, = C + 1. A superframe length
e Lo 5o J;=9 allows | bit for the codeword plus the justification bit in each primary
- uy .. - . . .
02 v frame. This is a superframe period of 9 us. For these values, equation (15
« 5 P P q
5 <+ ields a &; value of 13 bits per primary tframe (o carry the entire $$a channel. This
X 3 2 b i Y ry
B S /= corresponds to a superframe length of 1, = 217 to carry 108 55A channel bits,
3 i:: @ p t=1 i y
< /|85 and hence improves the channel usage efficiency to 92 percent. The frame
% // % & time plan for this case is shown in Table 2.
o o |/ <
w Eo|/ = TABLE 2. EXAMPLE OF RETURN LINK MULTIPLEXER BURST ASSIGNMENT
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. & <8 | el I = |2 <
= - €s|¢ €25 = = WSA/KSA Ch | 317 1 300
Selg |fzis 3|5 |8 lg o @ S o
@ g ;g @ < 8 E £ £ z ¢ % ;xf § WSA/KSACh?2 37 | 300
Tls8|§ 282 3 g': ° g < WSA/KSA Ch 3 317 | 300
- = E g2 i« |3 3 SSA Ch | 13 9 12
= £ = = = = &
Z N2 g‘“w Z E|3 5 SSA Ch 2 3 9 2
= [5) = - ~
% = 2 S8 = = Reserved for SMA Channels 10 0.5
~— 43} © 4 _
— < .
= = o Total 1,000 924.51
« [a'} S S
< < o) z g * L . o
= % = o® cxgn i A = number of bits from a superframe mode buffer ransmitted in each frame.
2 e 02 i { Ji = number of frames in a superframe.
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= = i o ,k Reqnen link demultiplexer
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The fronrside relay satellite receives data from LEO satellites that are in a
‘ ¥
5 < . ! position to communicate with it, as well as multiplexed LEO data from the
= c®|5 o®|35 5% |5 ! backside relay satellite. This unit. called the GEO/Earth Nine-Channel Proces-
- b o o ’ sor in Figure 11, accepts data streams that may be received at cither of the two
= % < o | & z o | z =T ¢ g p Y
D= iE 27 |= 2 |E g- £ ; relay salellites and provides nine output sircams for transmission to the White
1 —+ -+ = Sands carth station. Each of the nine GEO/Earth streams is delined to have a
2 o 2 o Lo S 200-Mbit/s capacity. Thercfore, the GEO/Earth processor must demultiplex
nT Zh o @ ; signals from the optical 1SL and then select the active stream, if any, from each
Y i g P Y
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of the 18 data channels, If the data for a channel are being rcceived from the
backside relay satellite, they must be taken from the optical ISL. If the data are 2 2 » 9 o o o g m -
being received by the frontside satellite, they are taken from the appropriate £ £ £ &£ &2 & &£ s E E
LEO satellite receiver. g § g g 8 § - = B =
The number of active channels, the data rates for each channel, and the -
relay satellite receiving the data vary according o the orbits and mission o T T
programming of each LEO satellite. However, these factors are known at any 5 § g § 55 5 o 2 o ,i(')i’
moment in time and can be used to efficiently and dynamically program the - x x o 9 “—
GEO/Earth processor. Bach input strean can be described by a form of burst
time plan that changes according to a set of prescribed plans. The GEO/Earth ll l 1 ll TT . T T
processor can be programmed to select data from the correct relay satellite, to
operate al the data rate currently in use, and to select of one of the GEO/Earth E sl sIsis s
channels. Bl CEE|EE|E L
The 18 streams are processed for transmission to an carth station. Data 2|alalz|a|d||2]|3 B
streams with rates higher than 200 Mbit/s must be separated into two or more 2 2 2 2 2 2 g g g % E :-5
streams for transmission to the carth, while channels with lower data rates % E % E g E sl E o = -3:3.
may be combined with other streams. The 12 low-rate streams can always be 21e g Q Q 2 § § ..E
combined into a single stream. Both TT&C (telemetry) channels are sent to the S I R | R I | O | I g
carth station, and may be sent over more than one link to ensure reliable CS
transmission of this important data. The GEO/Earth processor must combine 20 =
channels to form nine separate streams for transmission to the earth station. “E
Two different approaches to the design of the GEO/Earth processor have been 5
considered. One is to demultiplex the streams received from the backside :E
relay satellite, rate-buffer the data to remove the effects of LEO/GEO Doppler <
variation and restore the original transmission rate, separate the higher-rate .
streams, and combine these with the lower-rate streams. In the sccond ap- < Z = ;50
proach, the blocks formed lor multiplexing signals for the ISL are retained and x 9F g rd 2 o 8 a g i3
the rate-smoothing buffers are implemented at the earth station. = HH E% 2 % 2 z22
In the first approach, two demultiplexers operate on the composite signals a 5 - o E &
from the 1-Gbit/s IsLs, as shown in Figure [4. Since each link can handle a
number of different signals, the rate buffers can receive signals from either ]
of the two return ISLs. The smoothing buffers shown herc are detailed in 4 A
Figure 8. Seven rate buffers are necded for the WSA, KSA, and SSA channels. The
10 SMA channels and the 1T&C channels are recovered by simply clocking
the corresponding bits at the primary multiplex {rame rate. Each smoothing < E_ﬁl 3 « z x
buffer is connected to both ISL buffers. An input selector switch (not shown in o k= g = E 3
Figure 8) connects the smoothing buffer to the link containing the data. 2: g & g S uwcf
Each smoothing buffer consists of a ping-pong buffer and a clock regenera- & 2 ;J@ = 25
tion circuit, operating in the manner described previously. As was determined A IEo
for typical LEO orbiters, d,,, = 2.5 x 107, To recover from a 1-bit correction in
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the minimum time between corrections, the recovered clock rate for channel
must run high at arate R, (1 + 2.5 x 10'5) orlowatR; (1 -2.5x 107 every time
a high or low rate correction is signaled by the control word associated with
the channel. Otherwise, the rate is R, which is the rate recovered from the
received digital stream. The correction rate will last for an interval sufficient
to contain d;,i, bits.

Each smoothing buffer must operate over the range of clock speeds given
in the table in Figurc 2. The demultiplexer’s framing section is programmed to
match the time-division plan used by the return link multiplexer. The outputs
of the smoothing buffers must then be processed to form nine channels, each
with rates under 200 Mbit/s. Two of the 300-Mbit/s channels cin be separated
into three 200-Mbil/s channels tor transmission to the carth station. Similarly,
a 1,000-Mbit/s data channel is separated into five 200-Mbit/s streams. These
are the approaches required at the maximum rates for the six channcls with the
highest rates. Since these channels have 4 minimum rate of only 1 khit/s, it is
also possible that two or more of these signals could be multiplexed and sent
in a single GEQ/Earth link, instead of being separated into two or more GEG/Earth
links. The remaining signals total less than 25 Mbit/s, even if all are at the
maximum rates. These can be multiplexed into a single stream, with care
being taken 1o accommadate the rate variation that may occur, The processing
required is similar to that nceded for the 1S1, Sinece cach of the 18 data streams
has rate variations due to the GEG/LEO orbits, buffering is nceded when signals
are being combined.

The second approach to the design of the GEO/Earth nine-channcl processor
retains the blocks of data formed in the backside satellite. Two factors make
this desirable. First, while the processing has removed most of the data stream
variations due to Doppler effect, the smoothing buffers shown in Figure 8 tend
to restore these variations. If the GrO/Earth links operate at the same rale as
the data channels. this is of little concern. When two of the high-rate channels
are separated and then combined into three GEO/Earth channels, the effects of
Doppler variation in the data rates must again be considered. The second
factor is the principle of minimizing the processing of data in a satellite. This
is served by retaining the data blocks once they have been formed, and
transferring functions 1o the earth station where possible.

To separate the high-rate data channels, it is necessary to form blocks of
data in buffers. These blocks are then used to change the transmission ratc to
match the GEO/Earth channel rate of 200 Mbit/s. Since buftering of the signal
in the backside satellite compensates for rate variations due to Doppler effect,
it can also be used to simplify timing in the GEO/Earth processor. The data blocks
{(a codeword followed by a block of data) form the basis for a simple data
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packet, needing only the addition of a sequence number to ensure that the
streams can be properly reformed at the earth station.

It the frontside and backside satellites are identical in design, then one
approach is to process incoming LEO data in the frontside satellite in the same
manner as data are processed in the backside satellite. The burst time plans for
the 1-Gbit/s streams in the frontside satellite can be identical to those used in
the backside satellite. This reduces the effect of Doppler variations in the data
rates tor signals received directly by the frontside satellite from LEO satellites
In addition, the frontside satellite TDM processor shown in Figure 11 can bf;
phase-locked to the signal received via the 1SL from the backside satellite TDM
processor shown in Figure 10, Corresponding streams from the frontside and
backside relay satellites can then be presented to the GEO/Earth processor
Blocks of data are then selected from the appropriate stream according to a
predetermined plan. Figure 15 is a block diagram of this approach.

The set of nine TDM streams is then formed from the 1-Gbit/s streams from
the frontside and backside TOM processors. The functions required to imple-
ment these new streams can be identical to those shown in Figure 6 and used
in the TDM processors. The primary additions are circuits to select blocks of
_da[a from the appropriate stream, and storage for the burst time plans for the
nput and output streams. The smoothing buffers shown in Figure 8 can be
moved to the earth station if necessary. In some cases, signals received from
the frontside relay satellite may be recorded for later processing, and could
be recorded with the inserted codewords intact. The codewords éould easily
be removed during the processing steps. and the smoothing buffers would
not be needed since the signal is not displayed in real time.

The optimum benefit of the second approach is attained if the frontside and
backside satellites sharc a common design. In this case, the TOM multiplexer is
available for LEO satellite channels received directly at the frontside satellite.
11.1 ad‘dition, the GEO/Earth TDM streams can be formed using the same types of
circuits used for other functions. This approach becomes less attractive when
the two relay satcllites do not have a common desigi, or when the GEO/Earth
channels have the same bandwidth as the LEO/GEO channels.

The first approach is desirable when the GEO/Earth channel bandwidths
match the LEO chunnel bit rates, when a number of earth stations receive and
process the data from a channel, and when a simple earth station design is
desired. The sccond approach becomes desirable when the GEO/Earth c.hacnnell
ban.dwidths are different than the 1LEO channel bit raies, or when the spacecraft
design should be as simple as possible. The smoothing buffers arc relatively
complex due to the wide range of operating rates that could be required, and
should preferably be located at an earth station. ,
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Forward link design

The forward link must accommodate a number of low-bit-rate carriers of
various data rates arriving on up-links from the nine earth station locations.
The table in Figure 2 lists the forward channels used for the TDAS program,
totalling 103.63 Mbit/s. The carriers will have differing values of Doppler
variation caused by orbital motion relative to the earth terminals.

Figure 11 showed some of the signal paths for forward link operations.
Signals from the ground stations, received by the frontside satellite, are seni
to the forward path switch/multiplexer. The 30-Mbit/s 1.8A link and the two
25-Mbit/s Ksa links dominate the design.

The switch/multiplexer unit connects the nine carth-10-GEO up-link receiv-
ers. the 10 GEO/LEO links. and the forward link GEO/GEO optical ISL. Signals to
be sent to LEO satellites in view of the frontside relay satellite are sent directly,
without the need for multiplexing. Signals for LEO satellites in the view of the
backside relay satellite are routed to an on-board forward link multiplexer,
where they are combined onto a single TOM channel at a higher composite bit
rate and transmitted to the backside satellite over an optical ISL. On-board the
backside satellite, the composite TDM channel is demultiplexed to the original
channel rates. and selected channels arc sent 1o the LEO satelliles in the view
of the backside satellite,

Provision must be made on-board both relay satellites to serve either the
frontside or backside role by swiiching the GEO/LEO down-links to either the
output of the up-link interface for frontside operation, or to the optical link
demultiplexer for backside operation. Also, to accommodate frontside opera-
tion, it is necessary to include a switch to connect the output of the wp-link
interface either directly to the GEO/LEO down-links for serving LEO satellites in
the view of the frontside relay satellite, or to the input of the optical link
multiplexer for serving LEO satellites in the view of the backside TDAS.

Forward link multiplexer

The forward link multiptexet must combine earth-10-GEO up-link channels
of differing bit rates, origins, and Doppler rates onto a2 common TDM channel
for ransnuission over the frontside-ro-backside 1s1.. A suitable multiplexer de-
sign is shown in Figure 16. This multiplexer employs a hierarchical organiza-
tion. All of the up-link channels expected to be carried on the forward link are
identified in the figure. The highest bit rate channels (one LS4 at 50 Mbit/s and
two KSA at 25 Mbit/s) determine the principal multiplexer frame period. Other
channels operate in the superframe mode or in the sampling mode.
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Figure 16. Forward Link Multiplexer

The principal multiplex frame plan is described in Table 3 and shown in
Figure 16. It is assembled using the multiplexer design shown in Figure 8. The
primary TDM frame is 10 {1s and has a superframe length of 18 primary frames.
Each primary frame contains 1,107 bits and has a length of 10 ps. The
structure shown in Figure 16 accommodates one 50-Mbit/s channel using
517 bits (#, = 501), and two 25-Mbit/s channels. each using 267 bits (; = 251).
Each WsA channel uses 197 bits {»#; = 181} in the superframe mode, and each
$8A channe! uses 71 bits (5, = 55) in the superframe mode. The TT&C and SMA
channels are each assigned 1 bit in the primary frame and operate in the
sampled signal mode. A synchronization word uses 12 bits. The length of the
primary TDM frame is 1,107 bits and requires a 110.7-Mbit/s 1SL. The effi-
ciency of the link with all signals at the maximum rate is 94 percent.

This forward link design employs the same basic building blocks used by
the return link. Flexibility is provided by using the same design for 8 of the 11
channels, which can operate over a wide variety of rates without changes to
the basic structure. The three low-rate channels (the 1T&C channel and the $MA
channels) operate in the sampled signal mode. Although this represents a 10:1
oversampling at the maximum rate, these three channels contribute only 3 bits
to the TDM frame. The advantages are that no adjustments to the multiplexer
design on the relay satellites are needed for bit rate variations from maximum
down to minimum, and the ping-pong buffers are eliminated. A processor will
be needed at the ground to recover the signal from the set of samples.
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TABLE 3. EXAMPLE OF RETURN LINK MULTIPLEXER BURST ASSIGNMENT

) TDM CIHANNEL & Ji (M‘:ift/s)
Synchrenization W()r(l_- 12 - | o -
TT&C | - 0.01
LSA Chunnel 517 | 50
KSAChl 267 1 25
KSA Ch2 267 1 25
WSA Ch 1 11 18 i
WSA Ch2 I 18 1
WSA Ch3 11 18 !
SS8AChl 4 I8 0.3
SSACh2 4 18 0.3
SMA Ch | 1 - 0.01
SMA Ch 2 1 - 0.01

Total 1,107 103,63

= number of bits from a superframe mode buffer transmitted in each [rame.

ki
A = number of frames in a superframe.
R; = channel data rate,

Forward link demuitiplexer

The demultiplexer for the forward link will operate on the composite
Char}nel rate of 110.7 Mbit/s. Each relay satellite will have the demultiplexer
bU[-l[ w.ill be used only when serving in the backside role. The demu!tiplcxer,
design is, shown in Figure 17. It must synchronize to the principal frame
syncbmmzation word every 10 s and then distribute the TDM channels to ex-
paqsmn buffers, followed by retiming buffers operating in the manner de-
scribed previously, in order to recover the original channel data streams.

The vari‘a_tions encountered on the carth-to-GEQ up-link channels due to
Doppler shift should be no worse than 10, and those due to originating
clock variation no worse than =10, however, they could be less dependiné
on the clock specification. These values are much less than those e;ncountereﬁ
on the LEO/GEO Tinks, which are 2.5 x 107 due to much greater Doppler ef-
fect. In the design of the forward link demultiplexer, the clock variation will
be assumed to be no worse than 10, To recover from addition or subtraction
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— of 1 bit in the minimum time between corrections, the retiming clock of
li Lé% < the alignment buffer must run high, at a rate of R, (1 + 10°), or low, at R, (1
< I 3 E z g —10°®), respectively, and the rate will last for an interval sufficient for 107 bits
vg—% i‘ glz %@w% to occur.
< n oL | D~ 2
e : pa % 5 @ ; Forward link swiich
| <
: o The forward link signals are reccived at the frontside relay satellite and
o I‘ 2 transmitted to the backside relay satellite over a 110-Mbil/s optical link. Thus,
3 | @ g both satellites have available the data to be sent to the LEO satellite. Since only
| il = onc of the relay satellites should transmit this data, a frontside/backside swiich
I © _ is included in each satellite to control data routing. Each channel will have a
Ea } g Q;E different switching time for each LEO satellite. The switching can be activated
ég 'I “;: by an on-board timer or by real-time command from the controliing earth
@ I <2 & station.
|| @ =] 2 A “break betore make” design is suggested. There should be no period
i } = when both relay satellites can forward data on the same channel. When con-
o z, : ~ ? trol is to pass from the frontside to the backside relay satellite, the frontside
S, §§§% | © = switch will be disabled before the backside switch is cnabled. The gap will
== ‘ < £ -::E_ include the time required for transmission between the frontside and backside
tz2 ! g'ﬁ w § = = satellites, as well as the time for operation of the switch. When control is
g % W ‘| < g ?ﬁ 23 E to pass from the backside to the frontside relay satellite, the frontside
2 'é : =T L 'I'_' i é satellite will forward the command to disable the backside switch, then wait
% ;‘g ! o | = g E 3 an appropriate amount of time before enabling its corresponding switch. This
<, écn} 5 : R é switch should gate the demultiplexer output and switch components in the
£5|%0% : E(E gz = RF section. The interface to the RF conponents should be clock, data, and an
3% i = | 2o | §7E o enable signal.
| &2 5g% 2
‘l § g @_E ? E“ Conclusions
i
:I ~ A design approach for the RF/optical link interface for a data relay satellite
, z has been described. The two GRO data relay satellites are assumed 1o be con-
— J nected by a pair of 1-Gbit/s optical links. This provides sufficient capacity to
e e g handle the number of TDAS return link data streams specified by NASA. Each
° | /7 g2 GEO satellite has a number of links to LEO satellites. The frontside GEO role also
§ % includes links to nine earth stations.
ad The return link path may at times be from a LEC satellite to an earth station
; % 5 via the backside GEO satellite, and at other times via the frontside LEO satellite.
o A flexible multiplexer was described that can be programmed (o support of a
TN - wide range of missions. The design includes techniques to deal with Doppler
= \\¥ 2 shifts caused by the varying high velocity of LEO satellites relative to GHO
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satellites, and with local oscillator frequency variations. Design equations
were provided which described the range of nominal and allowable variations
in oscillator frequency. The forward link path is from an earth station to a LEO
satellite through either the frontside GEO satellite, or through both the frontside
and backside GEO satellites. For the forward link, provisions were included to
ensure that signals from the earth station to the LEO spacecraft are relayed by
only one of the spacecrait,

The design approach identified a number of circuit elements that can be
implemented using LS or VLSI technigues.
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110-Mbit/s COPSK modem laboratory
tests and transatlantice field trials

D.H.LAYER, J. M. KAPPES, AND C. B. COTNER

(Maruscript reecived December 14, 1989}

Abstract

Results of laboratory and (ransatlantic ficld tests conducted using a 140-Mbit/s
information ratc, coded octal phase shift keying (COPSK) modem are presented. Labo-
ratory testing included modem bit error rate (BER) performance as a function of receive
IF level and frequency variations, as well as introduced IF linear slope, parabolic group
delay, and linear amplitude distortion. These tests were performed in linear (back-to-
back) and nonlinear (satellite simulator) chunnel environments, Under nominal condi-
tions, the 140-Mbit/s COPSK system provided a BER of 1 x 10 at a lower £/, than
would be required of an uncoded 120-Mbit/s quadrature phase shift kcying (QPSK)
modem. Laboratory test results also showed that this system is more scnsitive to
channel distortion than uncoded 126-Mbit/s QPSK; however, performance is dramat-
ically improved by using a transversal equalizer.

Field tests were conducted between INTELSAT Standard-A earth stations in France,
the United States, and the United Kingdom, using 7one beam iransponders on an
INTELSAT v-A satellite at 332.5°E longitude. The approach to conditioning the earth
station and establishing the optimum operating points of its high-power amplifiers and
satellite transpondets is described, and the results of the conditioning are presented.
The BER measurements are compared with the expected performance, and the results
demonstrate performance consistent with current CCIR recommendations, These tests
have particuiar historical significance, since they comprise the first transoceanic digital
transmission at 140-Mbit/s information rate via any medium.

63
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Introduction

This paper presents rcsults from laboratory and field testing of the
140-Mbit/s coded octal phase shift keying (COPSK) system (Figure 1} devel-
oped by COMSAT Laboratories to accommodate single-transponder global
trunking, satellite restoration of transoceanic fiber optic cables, and otl_lcr
high-data-rate applications. Two units of the COPSK system have been built:
one for the Intelsat Satellitc Services (ISS) division of COMSAT, and the
other for INTELSAT. Laboratory tests discussed include linear channel per-
formance (back-to-back) us a function of IF input level and frequency offset.
Further tests held the IF inpur level and frequency offset constant, while intro-
ducing added linear and parabolic delay and linear amplitude distortion. Dur-

Figure 1. COPSK Systen
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ing the portion of the laboratory tests involving added distortion, the effect of
an IF transversal equalizer on improving performance was demonstrated. Also
presented are nonlinear channel laboratory measurements made in conjunc-
tion with the INTELSAT V satellite simulator. Field test results demonstrate the
performance of both units operated in back-to-back, earth station and satellite
Joopback, and satellite cross-connect configurations.

(COMSAT Laboratories has previously published the results of research
activity in the area of bandwidth- and power-efficient coded modulation 5ys$-
tems, in particular those utilizing COpPsK. References 1 and 2 present informa-
tion on the background and theory of this general class of system.)

Satellite testing of the COPSK unit was performed in a two-phase transat-
lantic field trial. These tests were carried out in cooperation with American
Telephone and Telegraph (AT&T), British Telecom International {BT1), France
Telecom (DTRE), and INTELSAT, and have historical significance in that
they represent the first transatlantic transmission of data at a 140-Mbit/s
information rate over any medium, including fiber optic cable. For each
phase, similar test plans were followed which included earth station equaliza-
tion, high-power amplifier (HPA) and satellite traveling wave tube amplifier
(TWTA) calibration, earth station and satellite loopback bit error rate (BER)
measurement, and one- and two-way (simultaneous) transatlantic BER
measurements. Measurements were also made of the spectral spreading of the
COPSK signal and the resulting out-oif-band emissions (OBEs), and of BER with
co-channel interference (CCI).

The COPSK system achieved a BER of better than 1 x 1077 through a 72-MHz
transponder, with an energy-per-bit to noise-power density ratio {Ey/N,,) comt-
parable to or lower than that required for uncoded 120-Mbit/s quadrature
phase shift keying (QPSK) [3]. A comparison with 120-Mbit/s QPSK is particu-
larly appropriate for a number of reasons. Both systems use identical data-
shaping filters [4], and consequently have identical spectral occupancy. Both
systems were designed specifically for use in 72-MHz transponders with
80-MHz spacings and are subject to the same types of adjacent channel
interference (ACI) and CCI Also, because the INTELSAT procedures and
specifications for link equalization of 120-Mbit/s Qrsk [5] were followed in
equalizing the links used during the COPSK tests, the link characteristics should
be the same for either type of signal, and thus a valid comparison is possible,

Additionai satellite tests of the COPSK systemt have been conducted [6] as
part of digital high-definition television (HDTV) transmission experiments be-
tween the U.S. and Japan. During these tests, the BER performance of the COPSK
system over a link employing small-aperture earth stations was demonstrated,
as was its suitability for use in digital HDTV transmission.



66 COMSAT TECHNICAL REVIEW VOLUME 20 NUMBER 1, SPRING 1990

140-Mbit/s COPSK MODEM TEST RESULTS 67

Laboratory testing

tionality of each unit and to characterize the performance of the hardware.
This testing was undertaken in two stages, with each stage including both
linear channel {back-to-back) and nonlinear channel (satellite simulator) tests.
In the first stage, system performance was measured vs variations in receive IF
amplitude and frequency offset. In the second stage, nominal receive 1F signal
conditions were maintained, while linear slope and parabolic group delay
distortions and linear slope amplitude distortions were introduced into the
channel. A transversal equalizer was used during the second stage to deter-
mine its effect on performance in the distorted channel. The data and discus-
sions which follow on laboratory measurements apply to the ISS unit; how-
ever, similar testing was done on the INTELSAT unit, with similar results.

Laboratory tests of the two COPSK units were conducted to verify the func- ’_)
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Figure 2 shows the laboratory test setup for the COPSK unit. Linear chanmel = —=—~- =1
testing, for the first stage of laboratory tests, was accomplished using the path
indicated by the dashed line. BER was measured under combinations of re-
ceive I¥ amplitude and frequency offset extremes, with the amplilude varying
from its nominal value to +2 and -10 dB, and the input frequency offset
varying from zero to 25 kHz (the allowable ranges specified for the copsk
unit, corresponding to the INTELSAT requirements in Reference 4). Since the
modem is constrained to lock up in two (of eight possible) ambiguity states,
the BER was measured in both of these states and then averaged, with the
averaged data being presented, Figure 3a shows coPsk performance with no
frequency offset over maximum input level variations. The worst-case perfor-
mance occurs at an inpul level offset of -10 dB. Figure 3b depicts the effect of
frequency offset at this worst-case level.

These measurements demonstrate that the COPSK system is capable of pro-
viding a BER of 1 X 10 at an E,/N, of 10.5 dB under nominal conditions of
input level and frequency offset in a back-to-back configuration. This com-
pares favorably with uncoded QPSK, which requires approximately 11.5 dB [3]
to achieve the same error rate performance under the same operating condi-
tions but is transmitting only 120 Mbit/s, as compared to the 140-Mbit/s
COPSK rate.

Nonlinear ¢hannel testing of the system was performed next, using the
laboratory setup shown in Figure 2, but this time employing the INTELSAT V
satellite simulator. A 72-MHz Ku-band transponder was used. Data were
taken for combinations of receive IF level and frequency offset exiremes (as in
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the linear channel case), and for two values of HPA/TWTA input backoff (180)
(1414 and 10/2), in each case with the results from the two (allowed) ambiguity
states being averaged. The two backoff combinations were selected to ap-
proximate a linear channel (14/14) for the purpose of test setup verification,
and in the case of 10/2, (o approximate the typical operating conditions of an
actual satellite channel.

Figure 4a shows the copsk performance with no frequency offset over
maximum input level variations for the cases of IF loopback (i.e., linear chan-
nel), 14/14 backoff, and 10/2 backoff. The performance in the 14/14 case 18
degraded by approximately 1 dB at a BER of 1 x 10°® with respect to the IF
loopback case (on the average), despite the fact that the TWTA and HPA are
being operated in the linear region. This is due to the amplitude and group
delay characteristics of the satellite simulator which, while they meet
INTELSAT specifications, are more restrictive (i.e., band-limiting) than those
of the linear channel setup, and hence introduce a small amount of intersym-
bol interference. With the backoff set at 10/2, the effect of nonlinear operation
of the TWTA becomes apparent, degrading the performance at | x i0°° by an
additional 1.5 to 2 dB. Figure 4b illustrates the effect of frequency offset at the
worst-case input level of -10 dB from nominal for the 14/14- and 10/2-dB
backoff cases.

These nonlinear channel results demonstrate that the COPSK system is Ca-
pable of providing a BER of 1 X 10" at an £,/N, of 13 dB under nominal op-
erating conditions with the simulator configured for 10/2-dB HPA/TWTA IBO. As
in the linear channel case, this performance compares favorably with uncoded
120-Mbit/s QPSK, which requires approximately 13.5 dB [7] to achieve the
same error rate.

Measurements vs introduced IF distortion

Performance of the COPSK system was characterized with IF group delay and
amplitude distortions present, for both linear and nonlinear channels, under
nominal receive IF level and frequency conditions. During these measure-
ments, a three-tap transversal equalizer was placed in the channel and adjusted
to cancel out as much of the introduced distortion as possible. This effort was
motivated primarily by the improvement obtained through similar efforts with
120-Mbit/s QPSK operation [8].

The distortion types used for these measurements are listed in Table 1, with
only one type of distortion being placed into the channel at a time. The
procedure followed for each measurement was to add the distortion, measure
the BER performance with no transversal equalizer, then measure the perfor-
mance again after adjusting the transversal equalizer for best BER.
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TABLE |, DISTORTION TYPES USED IN LABORATORY TESTING
OF COPSK SYSTEM

DISTORTION VALUE*

(2, 4. 6) ns Positive Slope
(4, 8, 10, 12) ns Negative Slope

Linear Group Delay

Parabolic Group Deiay (5, 9) ns Concave Up

{4, 8, 12, 14) ns Concave Down

Linear Amplitude (2, 4, 6) dB Positive Slope
(2, 4, 6) dB Negative Slope

* Over a 336-MHz frequency span.

Refer again to Figure 2 for a block diagram of the test setup used for linear
channel distortion measurements. The measurement results for the linear
channel case are summarized in Figure 5. [n each graph, the upper and lower
curves represent system performance without and with the transversal equal-
izer, respectively. It appears that the unequalized response of the system to
linear group delay slope is not symmetrical about the 0-ns point, but is instcad
symmetrical about approximately -2 ns. This skewing of the response is the
result of a +2-ns delay slope inherent in the equalizer used for these measure-
ments. Symmetry is observed about the -2-ns point on the curve, since this
amount of introduced distortion cancels out the residual distortion of the
equalizer.

_Compared to similar data obtained with 120-Mbit/s Qpsk [8], and taking the
residual skew of the equalizer into account, the COPSK system.appears {on the
average) to be about twice as sensitive (i.e., experiences twice as much deg-
radation, in dB, at a BFR of 1 x 10‘7) to all three types of distortion tested, with
no transversal equalizer present. However, in spite of this increased sensitiv-
ity, the'transversal equalizer is able to bring the system performance to within
approximalely 0.5 dB of that achieved with no added distortion, which repre-
sents a greater improvement than that experienced with QPSK.

_ For the nonlinear channel, two different cases were considered, namely
lr_ltroduced up-link and down-link distortion. In each case, the TWTA in the
simnulator was operated at 2-dB [BO, which approximates the operating point
used_ in an actual link. Refer again to Figure 2 for a block diagram of the
noniinear channel test setup. The resuits of the down-link distortion tests are
S!IOWH in Figure 6. The test results for this case, for all distortion types, were
similar to those obtained in the linear channel case. The skew in the !Iinear
group delay slope distortion case previously discussed is again apparent.
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Figure 7 shows the results of the up-link distortion tests. In this case, the
transversal equalizer is not as effective in improving the performance as it was
for the nonlinear channel down-link and linear channel setups. As discussed in
Reference 8, this is to be expecied due to the nonlinearity between the distor-
tion element and the equalizer.

A comparison of the nonlinear channel results with those obtained for
OPSK [8] reveals that, on the average, in the case of down-link distortion, the
COPSK system is two to three times as sensitive to both types of group delay
slope, and is equally sensitive to amplitude slope. Also, as was true for QrsK, the
transversal equalizer provides significant improvement over the unequalized
performance. For up-link distortion, COPSK is about five times more sensitive
to linear group delay slope, three times more sensitive 1o parabolic delay
slope, and onc to two times as sensitive to linear amplitude distortion slope.
However, the transversal equalizer appears to be more effective at improving
this performance than it was for QPSK, particularly in the parabolic group de-
lay and linear amplitude distortion cases.

Transatlantic field trials

Field testing of the COPSK system through an INTELSAT V-A satellite across
the Atlantic Ocean procecded in two phases. The first involved transmission
between the Roaring Creek (Bloomsburg, Pennsylvania, USA) and Goonhilly
{Helston, Cornwall, UK) earth stations. and the second between the Roaring
Creek and Pleumcur-Bodou (Pleumeur-Bodou, FR) earth stations. For
phase 1, the ISS unit was shipped to Roaring Creek and the INTELSAT unit to
Goonhilly. For phase 11, the INTELSAT unit was moved to Pleumcur-Bodou.

After appropriale station equalization, loopback testing was performed at
all earth stations in back-to-back, station loopback, and satellite loopback
configurations. This was followed by one-way and simultaneous transmission
transatlantic testing. Equalization was performed according to INTELSAT
TOMA carth station requirements for up- and down-links |5]. The OBE charac-
leristics of the COPSK signals were checked at all three locations for compli-
ance with INTELSAT specifications. The effects of CCi on BER were
measured in the satellite loophack configuration at Roaring Creek and Pleumeur-

Bodou, and in the transatlantic configuration from Goonhilly to Roaring Creek
and Roaring Creek to Pleumeur-Bodou, by inserting a 120-Mbit/s QPSK inter-
ferer in the down-link.

The parameters of the three earth stations are listed in Table 2. The equiva-
lent isotropically radiated power (e.i.r.p.} values given in this table are those
actually measured during the transatlantic transmission, and correspond to the
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TABLE 2. EARTH STATION PARAMETERS

PARAMETLER ROARING CREEK GOONIULLY PLEUMEUR-BODOU
Location - - Bioomsburg. PA  Helston, Comwall Pleumeur-Bodou
(USA) (UK) {France)

INTELSAT Standard A A A

Class
INTELSA'T Earth RCK-1 GHY-1 PB-3

Station Code
Antenna Diameter (m) 32 259 30
Transmit Gain (dB} 64.5 61.5 64.2
Elevation Angle 21.0° 27.9° 29.0°
edrp. (for TWTA 8349 82.8 80.2

2-UB IBO) ((IBW)
Earth Station (/T 41.4-41.6 40.7 40.7

(dB/K)
HPA Type 3-kW Klystron 3-kW TWTA 3-kW TWTA
Qutput Backofl Used 8 dB 3dB {Linear)* .

*Saturation point of HPA not measured.

values required to achieve approximately 2-dB 1BO at the satellite TWTA. The
difference in e.ir.p. values measured at Goonhilly and Pleumeur-Bodou was
not resolved, but was most likely due to calibration errors. Time constraints
did not permit recalibration of the net coupling loss. The cle\{ation angl.es
given are requircd for determining the OBE specification point. Satellite
;)arametcrs are given in Table 3, and were the same for both phases of the
ficld test.

Link performance calculations

To estimate the performance expected during the field tests of the
140-Mbit/s COPSK system, as well as for general operation, link budgets were
prepared. First, upper bounds on expected performance were calculated using
pre-launch e.i.r.p. data. These data were about 1.5 dB better than the specified
performance for the transponders [42/52, West-Zone/East-Zone (Wz/E7)] and
the particular satellite involved (INTELSAT V-A, F-11). The upper pcrfo.rmal.lce
bounds assume only thermal noise contributions. Performance in the dtrec_tlon
of the participating carth stations was estimated from coverage pattem§' given
in the INTELSAT Earth Station Standards (1ESS) [9]. Perfect earth station an-

140-Mbit/s COPSK MODEM TEST RESULTS 77

TABLE 3. SATELLITE PARAMETERS FOR THE TRANSATLANTIC FIELD TESTS

PARAMETER VALK
Swellite INTELSAT V-A_ F-11, 332.5°E Longitude
Transponder Ch. 3-4 Zone Beam (42 + 52)
Up-Link Frequency 6050 MHz (RHCP)

DBown-Link Frequency 3825 MHz (LHCP)

tenna pointing was assumed. These link budgets are contained in the “Upper
Bound” column of Table 4.

Note that, at the desired operating point of the transponders, some consid-
erable suppression of up-link thermal noise (and other up-link impairments)
was expected. Because the transponders used TwTas, approximately 8.0-dB
small-signal suppression and 3.7-dB compression (based on actual TWTA
measurements [10] of large and small unmodulated signals) were assumed at
the operating point. Consequently the upper bound on one-way link perfor-
mance was cstablished as 24.2-dB F, /N, from the United States to Europe and
24.5-dB E/N , from Europe to the United States.

Having established the upper bounds, interference and other impairments
were mtroduced into the link budgets. For these budgets, satellite e.l.r.p. from
the TESS [11] was assumed, with slightly less satellite pattern advantage to
account for the locations of other earth stations relative 1o the satellite. An
allowance of 0.5 dB was introduced for earth station antenna pointing
tolerance.

The carrier-to-interference ratio (C/fj for ACT was taken as 30 dB, based on
earlier work [12] for a similar COPSK carrier in one adjacent transponder
bank. (A transponder bank consists of the two co-frequency hemi-beam tran-
sponders and the two co-frequency zonal-beam transponders.) An allowance
of 0.7 dB was made for adjacent satellitc interference, corresponding to
15 percent of the link noise (in accordance with CCTR Recommendation 523).

CCl was estimated by assuming three interfercnee entries, cach 30-dB down
from the two geographically isolated and one oppositely polarized transpon-
ders in the bank. An earth station antenna axial ratio of 1.06 was also as-
sumed. Therefore, the net C/f is 24.1 dB on both the up- and down-links.
Assuming a 60-MHz noise bandwidth, this equates to a co-channel C/f noise
density entry of 101.9 dB-Hz.

With the interference contributors given above, and using & more conserva-
tive value for satellite e.i.r.p. performance, the expected link performance is
an £, /N, of 16.5 10 16.7 dB, taking into account the small-signal suppression
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TABLE 4. LINK BUDGETS FOR 140-Mbit/s COPSK OP@ATION

UPPER BOUND
PARAMETER TO ELROPE TO USA TO EUROPE
Earth Station ¢.i.r.p. (dBW) 824 82.3 829
Up-Link Path Loss {(dB) 200.1 2000 200.1
Pointing Error (dB) — - (.3
Satellite G/T' (dB/K) .0 4.0 -4
Boltzmann's Constant ({BW/HzK)} -228.0 -228.6 -228.6
Up-Link Thermal (dB-Hz) 106.9 1069 106.9
Co-Channel [nt. (dB-Hz) - - 1oLy
Adjacent Chunnel Int. (dB-Hz) - - 107.8
Up-Link C/kT (dB-Hz) Transponder 106.9 106.9 99.9
Input
G, | m*(dB) 3.1 371 37.1
Operating Flux Density (dIBW/m 2} -80.6 -B0.6 -80.6
Satellite Flux Density (dBW/m?) <186 -78.6 -18.6
Input BackofT (dB) 2.0 20 20
CQutput Backoll (dB) 0.3 0.3 0.3
Sat. Saturation ¢.1.1.p. (dBW) 342 339 320
Operating e.ir.p. (dBW) 339 336 317
Intermodulation (dB-Hz) - -
Down-Link Path Loss (dB) 196.0 196.1 196.0
Peinting Error (dB) - - 0.5
Earth Station G/T (dB/K) 40.7 41.5 40.7
Down-Link Thermal {dB-Fz) 107.2 107.6 104.§
Co-Channel, Int. {(dB-Hz) — - 1(]].?
Adjacent Channel Int. (dB-Hz) - - 107.8
Down-Link C&T (dB-Hv) 1072 107.6 993
Up-Link C/AT (dB-Hz) Transponder 1112 1.2 102.9
Output
Net Link CH4T (dB-Hz) 105.7 106.0 97.7
Adj. Sat. and Terrestrial Int. (dB) - - 0.7
Available C/&T (dB-Hz) 105.7 6.0 97.0
24.2 245 15.5

Available Ep/N o (dB)

#For an INTELSAT V-A satellite at 332.5°E with zonal transponders.

NOMINAL EXPLECTLED

TO USA

828
200.0
0.5
4.0
-228.6
106.9
e
107.8
99.9

37.1
-80.6
-78.6

20
0.3

32.0

3.7
196.1

0.5

41.5
105.2
101.9
107.8

99.5
29

97.9

0.7
97.2
157
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and gain compression on the up-link, when signal noise and interference are
referred to the output of the transponder. To be conservative, slightly less
small-signal suppression (7.3 dB) and slightly more gain compression
(4.3 dB) than had been measured on a different space TWTA were assumed. The
link budgets for nominal expected operation are given in the “Nominal Ex-
pected” column of Table 4.

Using laboratory data obtained on the COPSK equipment (see Figure 4a),
and with the E,/N, expected for the link (including a quasi-linear TWTA Tep-
resenting an carth station HPA, and a second TWTa driven to 2.0-dB [BO), 4 BER
of about 5x 10® to8 x 10* was the expected clear-sky performance for
140-Mbit/s cOPSK with all four transponders in a bank handling the same type
of E,/N, signal. A margin of 0.5 to 1.0.dB to a BER of 1 x 107 appeared to be
available. Note that the link is primarily interference-limited, not thermal
notse-limited.

The analysis also showed that a 21- to 22-dB C/I is a good choice for in-
vestigating the effects of CCI on the overall link.

Earth station equalization and leopback testing

Figure 8 is a simplified block diagram typical of the setups used at each
earth station. Tndicated on the diagram are the interconnections between the
various pieces of earth terminal equipment, as well as the test equipment
configurations and signal paths used tor equalization and loopback testing.
Path A was used for back-to-back testing of the COPSK system BER, which was
performed upon arrival at the earth station to ensure proper equipment opera-
tion. The vane attenuator and powcer meter shown connected to the Hpa input
and outpul, respectively, were used to determine the HPA power transfer
characteristic and saturation point at each site.* During this procedure, the
vane attenualor was calibrated with respect to both HPa backoff and station
e.L.r.p. so that it would then be possible to set or confirm the station operation
point by simply reading the setting of the vane.

Up-link equalization was performed from the COPSK transmit output to the
diplexer input. The frequency response of the up-link was measured using a
microwave link analyzer (MLA) and a broadband down-converter, in accor-
dance with INTELSAT TDMA equalization procedures [5]. During equaliza-
ton, the HPA was operated well backed-off to ensure linear response. Fixed
and/or adjustable equalizers were added, as shown, to {latten the up-link

*The saturation peint was not measured at Pleurneur-Bodou, since lincar operation

during the test was ensured by virtue of the low loss between the HPA ouiput and the
anternna feed.
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Figure 8. Simplified Block Diagram of Earth Station Configuration for the Transatlantic Field Tests
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amplitude and group delay characteristics. At Roaring Creek, it was possible
to bring this response within the masks specified in Reference 4; however, due
in large part to the time constraints of the field tests, the responses at Goonhilly
and Pleumeur-Bodou were left slightly out-of-spec. In a similar manner, the
down-link was equalized from the diplexer output to the COPSK receive input.
After equalization, the Roaring Creek and Pleumeur-Bodou responses were
within the INTELSAT masks |4}, while the Goonhilly response was left out-
of-spec by u small amount, again because of scheduling considerations.
Station loopback BER testing was performed using path B* of Figure 8. For

this test, two HPA operating points were used, one well within the linear region
and the other correspending to that required for 2-dB 1BO of the satellite TWTA.
This second operating point was established by measuring TWTA saturation

while the satcllite was configured in a loopback mode. Table 5 lists the HPA
operating points measured. The lower backoft values {and thus higher HPA

drive levels) at Goonhilly are a result of the lower antenna gain at that site

(refer to Table 2). Nonlinear operation of the Goonhilly HPA is indicated by the

fact that a 3.6-dB change in the HPA input drive wus required in order to effect
a 2-dB change in the TWTA drive level. At Roaring Creek and Pleumeur-Bodou,
the corresponding changes in input drive were 2.2 and 2.0 dB, respectively.

TABLE 5. HPA OPERATING POINTS

SATELLITE TWTA SATELLITE TWTA

SATURATION 2-dB RO
EARTII HPA IR0 C.Lrp. HPA IBO e.irp.
STATION (dB) (dBW) (dB) (dBW)
Roaring Creck 9.5 85.9 1.7 83.9
Goonhilly 6.0 848 9.6 828
Pleumeur-Bodou

82.2 - 8.2

Figure 9 depicts the station loopback BER performance curves for Roaring
Creek, Goonhilly, and Pleumeur-Bodou. The performance compares favor-
ably with back-to-back measurements made on the COPSK system (Fig-
ure 3); and at Goonhilly, for (he linear HPA case, the performance is actually
better. This may be due to the difference in the amplitude and group delay
characteristics of the two configurations. When operated for TWTA saturation,

*At Goonhilly, it was not possible to connect the output of the test translator to the
low-noise amplifier (LNA) input due to the equipment arrangement at the antenna sitc.
Instead, a point accessible at the LNA output was used.
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however, the Goonhilly performance is degraded due to the nonlinear HPA
operating point discussed earlier. This effect can also be seen in the Roaring
Creek data, but to a lesser extent. The BER performance at Pleumeur-Bodou is
nearly identical at the two HPA operating points, indicating basically linear HPA
operation.

HPA spectral spreading

Observations were made at the antenna feed couplers at each site (see
Figure 8), with the HPA operating point set for satellite TWTA 2-dB IBO,* to
establish the amount of spectral regrowth experienced by the COPSK signals and
to verify that these signals were not violating INTELSAT requirements re-
garding OBEs [4]. The HPA output spectrum observed at Roaring Creek is shown
in Figure 10 and is typical of that seen at all three sites. In addition to spectral
regrowth, discrete frequency components are also visible due to the 1, 0
pattern used in the system preamble.

Based on the antenna elevation angle for each site (refer to Table 2), the
allowable signal power at 244 MHz from the center frequency of each signal
was calculated with respect to the resolution bandwidth used to observe the
oufput spectra (10 kHz for Roaring Creek and Pleumeur-Bodou; | MHz for
Goonbhilly) and is given in Table 6. From the known e.i.r.p. value correspond-
ing to each site’s spectrum, the spectral density of each signal was then
calculated at the +44-MHz specification point, assuming a signal bandwidth
of 60 MHz, and again relative to the resolution bandwidth of the particular
observation. The e.i.r.p. and calculated spectral density values are given in
Table 6, along with the margins relative to the INTELSAT specification. Tn
each case, the signal spectrum was within the specified limits.

Satellite loopback equalization and testing

A satellite loopback configuration was established at each earth station to
measure BER vs E,/N,_. Prior to making this measurement, additional equaliza-
tion was required in order to compensate for the output multiplex filter on-
board the spacecraft, in accordance with INTELSAT procedures. The charac-
teristics of this equalizer are specified by INTELSAT; no further adjustments
were made to the earth station equalization.**

*At Goonhilly, two observations were made at operating points cortesponding (o
satellite TWTA TBO values of 1.2 and 5.8 dB.
**At Goonhilly, an additional equalizer was added to compensate for the LNA and
associated wavcguide, which were not part of the station loopback (as previously
discussed).
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With the satellite equalizer in place, a frequency sweep of each satellite
loopback link was performed using the MLA, and the results were compared
with the INTELSAT satellite link response specifications [5). In each case,
the group delay responses did not meet the specifications at the band edges.
The specification calls for less than 15 ns of group delay distortion at £36 MHz.
At Roaring Creek, this value was 27 ns at the low band edge and 21 ns at the
high band edge. At Pleumeur-Bodou, only the low band edge did not meet
specitications and was approximately 17 ns. However, the center portions of
both group delay responses were quite flat over a large portion of the band. At
Goonhilly, the differential group delay was approximately 20 ns across the
band, and the responses indicated some type of interference, which was later
identified as relatively low cross-polarization isolation in the antenna feed.

Next, the optimum satellite TWTA operating point was determined by in-
jecting a fixed quantity of white noise into the receive signal at the down-
converter output to establish an arbitrary value of BER (approximately [ x 10
was used), and then varying the transmit e.i.r.p. with the vane attenuator so as
to minimize the BER. Figure 11 shows a plot of the BER vs the satellite TWTA

10 -5 [~ T T T T T ]
- PLEUMEUR-BODOU 7
GOONHILLY
0w
4 o106 -
i ROARING CREEK ]
107 __ 1 L | i I !

§ 4 3 2 1 0
SATELLITE TWTA IBO (dB)

Figure 11. BER vs Satellite TWTA Operating Point in Satellite Loopback
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ope_rating point for each station. Since the noise added at each station was
arbltrary‘ and the £,/N, was not measured, the absolute value of the dif‘f‘eren}
BER performance curves is not significant,

Based on these data, the satellite transponder operating point for each site
was selected. For Roaring Creek and Pleumeur-Bodou, a 2-dB 1BO was cho-
sen. partly as a result of discussions held with the various participants aurin
the.test plan development. Tt was decided that 2 dB should be used if lthe darﬁ
indicated that the optimum operating point was within 1 dB of the nominal
Z.-dB operating point of the INTELSAT TDMA system. At Goonhilly, the op-
nmum operating point was found 10 be 3-dB B0, and this value was ,used fgr
satellite loopback measurements. This larger value of backoff is presumed to
be due to the predominance of nonlinearity over thermal noise sincf; the HPA
at Gopnhi]]y is operating close to saturation. ’

With the optimuin satellite operating points established, the RER vs £ /N
was measured, and the results are presented in Figure 12. At Goonhillly ban((lj
P[eumcur—Bodou, the performance was initially degraded. However by plac-
Ing a transversal equalizer in the down-link (in addition 1o the f;qualizers
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Figure 12. Satellite Loopback Performance
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already present for station equalization), performance was significantly im-
proved in both cases. A similar effort at Roaring Creek resulted in only about
0.5 dB of improvement at a BER of 1 x 107,

It is unclear why the transversal equalizer had such a significant effect on
BER performance at Goonhilly and Pleumeur-Bodou. One possibility is that
the clock/data relationship within the copsK demodulator/decoder is being af-
fected by the satellite channel, and the transversal equalizer is compensating
for this effect. Further measurements will be necessary to characterize this
behavior. Note that the magnitude of improvement obtained with the transver-
sal equalizer in these field measurements is consistent with that experienced in
laboratory tests involving IF distortion, but in this case the source of the deg-
radation is unknown.

It is likely that the link to Goonhilly experienced significant down-link
interference because of relatively low polarization isolation in the feed. The
E,/N, performance did not approach the calculated upper bound nearly as
closely as it did at Roaring Creek. For instance, the mean £ /N, among the three
loopback and two transatlantic measurements made at Goonhilly was 19.2 dB;
whereas, the bounding link analysis had predicted an E/N,, of up to 24.2 dB.
In contrast, among the two loopback and two transatlantic measurements
made at Roaring Creek, the mean £,/N,, obtained was 24.8 dB, compared 10 a
predicted upper bound of 24.5 dB, and among the two loopback and two one-
way transatlantic measurements made at Pleumeur-Bodou, the mean F /N,
obtained was 24.4 dB compared to a predicted upper bound of 24.2 dB.

The values of E,/N, used in the above analyses are given in Table 7. It
was clearly possible to achieve E/N, values which would produce a BER
much lower than 1 x 10°7; however, a primary purpose of the field tests was

to demonstrate that 1x 107 could be achieved. The time available for the
tests was limited, and obtaining meaningful data at very low BERs (even at
140-Mbit/s) is difficult. Therefore, the E,/N, range over which measurements
were made was purposely limited by injecting noise on the receive side of the
links.

Transatlantic equalization and testing

After satellite loopback measurements were completed, the satellite was
reconfigured for transatlantic operation. During each phase of the field trial,
BER performance was measured with each earth station transmitting in turn,
and then with simultaneous transmission from both stations. Additionally, BER
performance was measured at Roaring Creek and Pleumeur-Bodou with CCI
added on the down-link.

140-Mbit/s COPSK MODEM TEST RESULTS §9

TABLE 7. VALUES OF LINK Ep, /N, EXPERIENCED DURING
THE COPSK FIELD TESTS

. LINK Eb an

) DA“TE o DESCRIPTION (dB)
3/14/88 RCK-GHY S 17.7 o
3/15/88 Satellite Loopback~-GHY 202
3/18/88 Sutellite Loopback-GHY 19.5
3/20/88 RCK-GHY 19.2
3722188 Satellite Loopback-GHY 19.4
5/16/88 Satellite Loopback—RCK 21.1
5/17/88 Satellite Loopback—RCK 26.3
5/18/88 PBED-RCK 26.6
5/19/88 PBD-RCK 25.1
5/16/88 Satellite .oopback—PBD 253
5/17/88 Satcllite Loopback-PBD 234
S/18/88% RCK-PBD (single-carrier transmission) 24,1
3/19/88 RCK--PBD (with PBD carrier transmitting) 22.6

5/19/88 RCK-PBD {single-carrier transmission) 24.7

.FlI’S[l, the optimum operating point for each transatlantic link was deter-
mined in a manner similar to that used for satellite loopback. BER V\;as then
measured WiFh a fixed amount of noise added on the down-link. The satellite
TWTA operating point was varied by changing the earth station e.LI.p. using
the vane attenuator. The optimum point for the Roaring Creek-to-Goonhill
link was 2-dB 180, while for the reverse link it was approximately 4-dB 1BO FO)I{'
thg link between Roaring Creek and Pleumeur-Bodou, the optimum operz;tin
point was 2.5-dB [BO, and for the reverse link it was 3 dB. It appears fron%
these c.iata that the HPA backoff required at Goonhilly, because of the rrladeot'f
regarding antenna size during the station design, was intluencing the BER, and
thus contributed to the selection of the optimum operating point. At Roz’trin
Creek .and Pleumeur-Bodou, the HPAs were nearly linear for the range of TW’[‘E
Operating points tested.

AS with satellite loopback resting, a satellite equalizer was added to the
statton down-link at all locations to compensate for the group delay distortion
of the.transponder output multiplex filter, in accordance with the INTELSAT
Satellite System Operating Guide for TbMaA/digital speech interpolation (DSI)
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operations 3]. No further adjustments were made to the earth station at Roar-
ing Creek. At Goonhilly and Pleumeur-Bodou, it was again necessary to use
the transversal equalizer to obtain satisfactory BER performance.

The amplitude and group delay responses from Goonhilly to Roaring Creek
are shown in Figure 13 at 14- and 2-dB 1BO of the satellite TWTA, and are
typical of those obtained from all sites. The responses are relatively flat over
most of the band, but do not quite meet the INTELSAT requirements at the
band ecdges. For the link response from Pleumeur-Bodou to Roaring Crecek,
the group delay again does not meet the specification at the band edges, but is
guite flat over most of the band. The Roaring Creek-to-Pleumeur-Bodou link
expericneed less group delay distortion at the band edges, and consequently
the response just met the INTELSAT requirements for [20-Mbil/s TDMA.

Transatlantic BER measurement results

The BER ws E,/N, performance carves for the Roaring Creek-Goonhilly
transatlantic link are shown in Figure 14a. As can be seen, BER performance
from Rearing Creek to Goonhilly was actually better than that observed over
the reverse link, even though it was necessary to add a transversal equalizer on
the Goonhilly down-link to achieve good performance, A transversal equal-
izer was also added at Roaring Creek: however, ne significant improvement
was observed and the equalizer was removed,

The value of interference introduced at Roaring Creck by the outgoing
140-Mbit/s COPSK transmission was measured 1o be a C/f of 31 dB. This is in
good agreement with the 30-dB figurc used in the link analysis for one
spatially isolated co-frequency transponder. The single simullaneous trans-
mission had little effect on the Goonhilly-to-Roaring Creek BER, as can be seen
in the figure.

The BER vs E,/N, performance curves for the Roaring Creek-to-Pleumeur-
Bodou transatlantic link with one-way and simultaneous transmission are
shown in Figure 14b. Transversal equalizers were employed for thesc
measurements at both locations. A BER of 4 x 107" was achicved on the Roaring
Creek-to-Pleumeur-Bodou link at an E /N, ol approximately 17 dB. It is
interesting to note that, as with the Goonhilly link, it was necessary to add the
transversal equalizer to obtain rcasonable performance; yet with the equalizer
in use, the performance was actually better than that of the reverse link.

Although it appears from the curves of Figure 14b that the simultaneous
transmission performance from Roaring Creek 10 Pleumeur-Bodou was supe-
rior to the one-way performance, the difference is actually the result of taking
the data for these curves on different days. As mentioned above, this is one

B o 140-Mbitfs COPSK MODEM TEST RESULTS 9]
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indication of the repeatability of these measurements from one day to the next.
To validate this, a single point was compared with one-way and simultaneous
transmission, and there was approximately ().1 dB of degradation for simulta-
- , ® neous transmission at 1 x 1077 BER.
i 4 2 The effects on BER performance of cCl added on the down-link at Pleumeur-
B o § Bodou were also measured. Figure |5 summarizes these data at C/f values of
1 5 18, 21, and 24 dB,
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channel performance was shown to be better than that obtained with uncoded
120-Mbit/s QPSK at comparable values of £, /N . Greater sensitivity to linear
slope, parabolic group delay distortion, and linear amplitude slope distortion
than that experienced with QPSK was demonstrated, but was effectively can-
celed out when a transversal equalizer was placed in the receive signal path.

During the field trials, a BER of 1 x 107 or better was achieved for transat-
lantic two-way operation in both phases of testing, at E,/N_ values ranging from
12.4 to 14.3 dB. Comparison with the expected nominal link performance
shows that more than 1-dB margin should be available for the link to a BER of
1 x 107, This is somewhat better than the performance of the (uncoded)
120-Mbit/s QPSK TDMA system currently in use. For the Roaring Creek-to-
Pleumeur-Bodou link, BER was measured down to 4 x 107, Compared to what
was actually observed during these tests (Table 7), the E /N, from the ex-
pected nominal link performance budgets (Table 4) seems quite conservative.
However, for the planning of service, a conservative approach is probably
warranted. The OBE characteristics of the COPSK signal were shown to be well
within INTELSAT specifications, even with an HPA operating in the nonlinear
region.

A transversal equalizer was required at both the Goonhilly and Pleumeur-
Bodou earth stations in order to obtain good performance; however, the rea-
son for this is unclear. It is possible that some characteristic of the INTELSAT
COPSK unit (as opposed to the ISS unit) requires a transversal equalizer when
operated over a satellite link, since this same unit required the equalizer at two
different earth stations.

Another important result of the field tests is the relatively stable perfor-
mance demonstrated by the COPSK system. IF loopback data taken at various
times during the field trials revealed almost identical performance.
After initial alignment at the earth stations, no adjustments were made to the
equipment at Roaring Creek and Goonhilly, and only one adjustment was
made to the INTELSAT modem after it was shipped from Goonhilly to
Pleumeur-Bodou,
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CTR Notes

Results of a 12-GHz radiometric site diversity
experiment at Adanta, Georgia

DB. V. Rocgers anp J, E. ALLNUTT

(Manuscript received May 2, 1990)

Introeduction

The increasing use of 14/11- and 14/12-GHz satellite communications
systems has highlighted the need for accurate prediction methods for estimat-
ing the path attenuation caused by rainfall. At frequencies above 10 GHz, rain
attenuation can cause unacceptable service outages on some paths. In regions
.whcre rain effects are severe, techniques for reducing the impact of rain
impairments will be required for some links. One such technique is site
diversity, wherein interconnected earth terminals are spaced sufficiently far
apart to reduce the probability of joint occurrence of intense tain on the
separate paths. Since many factors can affect the performance of such a
system, INTELSAT has sponsored a series of site diversity measurements
vwforldwide to study these effects. This note reports the results of a two-site site
diversity experiment conducted near Atlanta, Georgia, USA.

Experimental configuration

. Pgssive Dicke-switched radiometers operating at 12 GHz, along with
upping-bucket rain gauges, were deployed at two sites (Atlanta and Cobb
County, Georgia) separated by 37.5 km, as shown in Figure 1. The radiometers
and rain gauges were identical to those used in earlier INTELSAT experiments
and the same automatic and manual calibration procedures were employed | l]j

CODavid V. Rogers,‘ forrperly Manager of the Propagation Studies Department at
MSAT Laboratories, is currently with the Communications Research Center,
Department of Communications, Government of Canada.

Jeremy E. Allnutt is with the International Telecommunications itc Organi
tion (INTELSATS unications Satellite Organiza-
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Figure 1. Configuration of the 12-GHz Site Diversity Measurement Near
Atlanta, Georgia

The data were recorded locally on chart recorders, with time markers, and
were later digitized and automatically transferred 10 magnetic tape for com-
analysis.
Pu‘%l: c‘ilafd collection period covered the interval from April 1?79 through
October 1980, However, for a variety of reasons (including occasional equip-
ment malfunctions and a requirement to relocate some of the Cobb County
equipment midway through the measurement o accc_)mmodate another experi-
ment), joint operation of the two sites was not continuous (see Table 1). The
resulting impact on the statistics is discussed later. . '
Atlanta is located in the southern foothills of the Appalachian mountains at
a latitude of 33°39'N and longitude of 84°26' W. It is Charactcpzed by a
moderately severe rain climate, with an average annual rainfal'l, M, of 1,236 mm
and a convectivity ratio, B, of 0.30, where 3 is defined b}/ Rice and Holrgberg
[2]. The B factor is intended to correspond to the fractmn‘ of annual rainfall
contributed by convective (thunderstorm) activity. Tha.t is, on average, ;%0
percent of the annual rainfall accumulation at Atlanta 1s presumed to arise
from convective rain.

TagLE 1. DETAILS OF THE Data COLLECTION PERIGD

MEASURED
IIPMENT UP-TEIME
TOTAL EQUIF RAINFALL
(NORMALIZED
SITE RADIOMETER RAIN GAUGLE TO ANNUALY
(hr) (%) {hr) (%) (mim)
Atlanta 10,525 76 11,770 83 1,427
Cobb County 7,564 55 6,875 50 1,055

Joing Distribution 6,232 45 6,232 45
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Measurement resulis
RAIN RATE STATISTICS

The Rice-Holmberg rain rate model (2] is widely used to predict rain rate
statistics. Using the derived B value of 0.30 and the normalized annual rainfall
for the two sites (computed from the measured accumulations of Table 1),
rainfall rate statistics were predicted for each Tocation. In Figure 2, these
results are compared to the measured rain rate data. Within the accuracy limits
of the rain gauge the agreement is quite goed, which indicates that the several
(presumably random) data gaps did not appreciably alter the cumulative statis-
tics. A similar condition is assumed to prevail for the derived attenuation
statistics.

DERIVED ATTENUATION STATISTICS

Attenuation statistics were derived in the standard way, from the mea-
sured sky noise data, by applying the well-known relation

A=10log [T, /T,-TN (dB) (1)

where T, (K) is the equivalent temperature of the propagation medium (as-
sumed to be 280 K) and T, (K} is the measured sky noise temperature increase
caused by rain, which is obtained by normalizing to the nominal clear-sky
noise level prior Lo rain events. Noise samples were digitized at approximately
1-minute intervals (a sampling rate which has been found sufficient for annual
statistics). Due to logarithmic saturation, the accuracy of the attenuation val-
ues derived from equation (1) decreases as T, increases. The error in derived
attenuation is estimated to be within £0.5 dB for levels up to about 6 dB,
increasing to about +£1.0 dB for computed rain fades of 10 dB.

Cumulative distributions of attenuation for the individual paths and for the
diversity configuration (i.., the joint path statistics obtained by selecting the
lesser of the two single-path attenuations for each sample in the time series)
are displayed in Figure 3. These resuits are based on those periods when both
radiometers were operating simultaneously (a total of 6,232 hours).

The curves of Figure 3 can be converted to a useful performance criterion
called diversity gain |3], which is defined as the difference (in dB) between
the average single-site and joint attenuation distributions for a specified time
percentage. In Figure 4, the derived diversity gain is plotted vs the mean
single-site attenuation, as well as vs the diversity gain predicted using an em-
pirical model developed by Hodge (3], that predicted by the authors® model
(for CCIR rain zone M) (4], and the “ideal” diversity gain representing
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Figure 3. Measured Cumulative 12-GHz Anenuation Statistics for Atlanta,
Cobb County, and the Joint Distribution (41791080,
hased on joint experiment time only)

decorrelated fading on the two paths. Hodge's model is based on rmis curve
fits to a sequence of diversity parameters, and should replicate average diver-
sity gain behavior very well. Both predicted gains agree rather well with the
measured gain; however, a comparison of the measured and predicted gains
for many of the available data sets reveals that the performance of Hodge's
model is superior overall [5].

Diversity gain for a given location has been demonstrated to be relatively
insensitive to single-path fading characteristics, year-to-year variations in slant
path impairments, and the length of the cxperimental period [6]. Figure 4
should therefore represent nominal site diversity performance for the Atlanta
locale, The fact that the measured gain curve agrees well with Hodge's model,
based on empirical fitting to data, supports this conclusion.
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Figure 4. Measured and Predicted Diversity Gain vs Mean Single-Site
Attenuation

It is instructive to compare the observed diversity gain with corresponding
time percentages for the cumulative distributions of single-path attenuation of
Figure 3. For example, it can be deduced that diversity gain exceeds 1 dB only
for time percentages below about 0.2 percent (i.e., for 99.8 percent of the year,
the gain is expected to be less than 1 dB), although site diversity is not, of
course, designed for such relatively unimpaired time percentages. At smaller
time percentages, the gain is substantial (almost 3-dB gain for a single-site
attenuation of 5 dB). Because the dynamic range of radiometers is limited to
about 10 to 12 dB due to the saturation effect, it is not possible to deduce
diversity gain for higher fades. This limitation is common to much of the
available site diversity data, and presents a particular difficulty in the testing
of site diversity models. The joint attenuation never exceeded 5 dB during the
measurement period, and it would be reasonable to assume a fairly linear
extension of the measured gain curve of Figure 4 to higher attenuations.

Conclusions

Cumulative statistics for rain rate, single-site attenuation, and site diversity
attenuation have been presented for a 12-GHz radiometric measurement con-
ducted near Atlanta, Georgia. The diversity gain results are judged to be
representative for the measurement location and configuration, and agree well
with the predictions of an empirical site diversity model. Such results are
needed for the design of site diversity systems and the development of predic-
tive models.
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Since the last revision of the Geostationary Satellite Log in 1988, more
than 40 new satellites have been launched into geosynchronous orbit. Hun-
dreds more are in the planning stage, and industry analysts anticipate an
upturn in the number of satellites launched over the next 5 years [1],[2].

This increased activity is taking place in a more complex world environ-
ment—one marked by the proliferation of both rival operators and advanced
applications. Among the new satellites are the first separate systems autho-
rized to compete with INTELSAT, as well as some of the first privately
owned ventures to appear outside the United States. At the same time, markets
ancillary to the traditional telecommunications offerings in the Fixed Satellite
Service are developing as a result of additions such as direct broadcast satellites,
remote sensing, and commercial mobile satellite services. Indeed, the trend
toward hybridization of the Insat or Hispasat variety is blurring the customary
divisions among categories of spacecraft. These realities are reflected in the
updated Satellite Log, which covers all satellites in the geostationary arc.
Alternative uses and prospective relocations are noted where known, as are
details of system ownership.

Table 1 (see p. 108) lists in-orbit satellites through December 1989. Pro-
posed satellites are listed in Table 2 (see p. 156} at their currently planned
orbital positions. The primary source for both tables is the List of Geostation-
ary Space Stations [3] compiled by the International Frequency Registration
Board (IFRB). This has been supplemented with data from the IFRB’s weekly
circulars and other documents published by the Federal Communications
Commission [4]. Wherever possible, actual subsatellite longitude is derived
from NASA situation reports [5).[6], while a variety of secondary sources

Louis W, Kemp is a Research Analyst with COMSAT’s Intelsat Satcllite Services,
Marketing and Sales Support.
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were consulted to verify technical parameters and other information pertain-
ing to usage and operation [7]-[11].

Inevitably, reliance on the IFRB lists introduces distortions to the data.
Delays associated with the registration procedure contribute to a situation in
which satellites no longer operative—or in the case of planned systems, no
longer under consideration—are still in the 1TU process. For clarity, these
systems have been retained, but with their current status indicated in the
footnotes accompanying each table.

Table 3 (see p. 210) provides an index of the frequency codes used in
Tables 1 and 2. Bands of operation are those defined in the ‘Table of Frequency
Allocations contained in the ITU Radio Regulations. Several common abbre-
viations are used to denote categories of service, as follows:

EFSS Fixed Satellite Service
BSS Broadcasting Satellite Service
MSS Mobile Satellite Service

MMSS Maritime Mobile Satellite Service
LMSS Land Mobile Satellite Service
AMSS Aeronautical Mobile Satellite Service

RNS Radionavigation Satellite Service
SRS Space Research Service

EES Earth Exploration Service
MetSat Meteorological Satellite Service

The deployment and use of satellites in the geostationary orbit represents a
continuous series of changes, punctuated by new launches, reassignments, and
the passage of older satellites reaching the end of their stationkeeping life-
times. The tables below are intended to offer only a snapshot of that process
and may contain data that have already become outdated by the time of
publication. The author invites both comments and corrections and would
welcome additional information for future updates.
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Tasik 1. IN-ORBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR-END 1989

SUBSATEL1ITE

Lauxcn Datef

SERVICE
Freguency CODE

REGISTRATION

Lonaimune' INTERNATIONAL SATFLLITE COUNTRY OR Ur/Dowx-LINK Orart SrECLAL SECTION
(deg) CaTALOG NUMBER? DrSIGNATION ORGANIZATION (GHz) ParaETERS” Numpes
i 11 May 78 oTS" ESA FSS P 14363 IFRB; SOE

1978-44-A OTS-2 14/11.12a r, 35805 SPA-AAD/1194
10855 r, 35776
i 56
n -0.0523
5.6F 2 Apr 89 TELE-X Sweden, Norway ~ FSS.BSS £ 14361 [FRB: 5.0E
1989-27-A NOTELSAT 14a.17,200/ r, 33915 AR11/A/27/1535
15015 12¢,12d,12e,12f 1, 35658  ARIUC/733/1674
i 0l
o -0.0009
6.0E 11 Dec 88 SKYNET-4B UK FSSMSS P 14361 IFRB: 6.0E
1988-100-A 0.2.0.3a,0.3b, r, 35800 ARI11/A/22/1531
19687 8a,44/ 7, 35773 ARIT/CA83/1611
0.3a,0.3b,7b i 26 -ADDI1/1652
n -0.0009
7.0E 4 Aug 84 EUTELSAT 1-2 Eutelsat FS8S P 1436.1  IFRB: 13.0E
1984-81-A EUTELSAT [-F2 14a/11,12¢,12d r, 35813 SPA-AA/278/1426
15158 ECS 2 o 35758 SPA-AJ/328/1492
i 02 SPA-AJ/330/1492
n -0.0009  SPA-AJ/M433/1516
ARI1/C/445/1644
10.0E 21 o
1981;}62?}3 Eg¥gt§i¥ Il_—];ZS Eutelsat FSS P 1436.1 IFRB: 13.0E
loa, ECa LS : 14a/11,12¢ ¥, 35809 ART1/A/61/1578
3 S5
r, 35763  -ADDI/IS82
i 02 -ADD2/1589
n +0.0055  -ADD3/1593
ART1/C/078/1789
10.0E 43 5
?9?\8’15.{2(83]3 ;ﬁi};ggi; 21 ESA MetS.E‘lt,SRS,EES F 14363 IFRB: 10.0E
. Mép : - 2/1.61,1.6p,0.4g F, 35798 ARI1/A/414/1815
r, 35783 ARI11/C/1606/1892
i 1.0
no -0.0523
11.0E 18 Jan 277
]985-7-8;2 ég;‘l[";l(?;q‘/\ﬁ 27 USSR FSS P 14362 IFRB: 12.0E
Lesas 6b,14a/d4a,11 r, 35794 AR11/A/392/1799
Fy 35781 -CORR1/1822
i 27 ARITH/C/1593/1888
n -0.0137
13.0E 12857&,1;5'].; EETELSAT 1-4 Eutelsat FSS P 14361 IFRB: 16.0E
-78- JTELSAT I-F4 14a/11,12¢ r, 35952 ARLI/AR2 5
18351 ECS 4° ' " 3563 o
rp 35620 ARIL1/CI874/1737
i 0.0 ARI1/C/1080/1789
n +0.0055
5. ITE
5.6E :SSJ;I;:-?A EE}Etgii—l{F] Eutelsat FSS £ 14361 TFRB: 10.0
2] 14ar11l ¥, 35802 SPA-AA/229/1370
14128 ECS 1° ’
r, 35769 SPA-AJ/327/1492
i 0.1 SPA-A)/329/1492
a +0.0119  SPA-AJ/432/1516

ARI1/AMB0/1578
-ADD/1582
-ADD2/1589
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TaBLE 1. IN-OrBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR-EnD 1989

SERVICE
Frequency CoDe

RECISTRATION

SUBSATELLITE Launch DaTe/
LoNaITUpE" [NTERNATIONAL SATELLITE CouNTRY OR Up/Dowx-LINk ORrsIT SpECIAL SECTION
(deg) CaTaLoG NUMBER® DESIGNATION” ORGANIZATION (GHz) PARAMETERS NUMBERS
-ADD3/1593
AR11/C/230/1617
AR11/C/444/1644
19.2E 8 Feb 85 ARABSAT |-A8 Arab League FSS.BSS P 14361 IFRB: 19.0E
1985-15-A ARABSAT Fl 6b/2.5a,4a r, 35814 SPA2-3-AAST/1347
15560 ARABSAT 1 r, 35758 SPA-AA/210/1347
i 01 SPA-AJ/172/1388
a  +0.0055 RES33/C/1/1597
19.2E 11 Dec 88 GDL-6 Luxembourg— FSS8.BSS P 14361 [FRB: 19.2E
1988-109-B ASTRA 1A Societe 14a/i1 r, 35790 ARIT1/A/94/1594
19688 Europeene 7y 35783 -ADD1/1708
des Satellites i 0l -ADD2/1747
r -0.0009 ARI1/C/614/1657
ARI11/C/N1283/1827
21.0E 22 Jun 84 STATSIONAR-1¢” USSR F8S P 14373  1FRB: 23.0E
1984-63-A RADUGA 15 6a,6b,8a/4a,7b r, 35825 AR11/A/221/1686
15057 r, 35794 ARI11/A/239/1693
i 34 AR11/C/914/1750
n 02962 -CORRI/1812
AR11/C/916/1752
-CORR1/1756
-
21.4E 13 Dec 73 USGCSS PH2!® Us
1973-100-B  DSCS i1 F.4! Sarth " 30
06974 DSCS 1-B r 35778
OPS 9434 i! 102
n +0.0055
24 0E 5 Jun 89 DFES-1 West Germany ESS P 1436.1 IFRB: 23.5E
1989-41-B DFS KOPERNIKUS 142,30a/ r 35865 A
20041 , w35 R11/A/40/1556
I1.12¢,12d.20b  r, 35708  -ADDI/I611
i 0.1 -ADD2/1828
rn -0.0009  ARII/C/695/1760
-ADD1/1877
o igs{ﬂsg-sc igﬁggﬂ 11:-ng Arab League FSS,BSS P 14361 {FRB: 260F
15825 6b/2.5a,4a r, 35833 SPA23-AA/8/1347
r, 35740 SPA-AA/211/1347
i 0.1 SPA-AJN1T73/1388
rn -0.0009 RES33/C/2/1597
34.7E
?88(;3 581 ;TA%ESéoAr\JZ,;R-Ds USSR FSS P 14361  IFRB: 35.0E
19596 6u,6b.82/4a,7b  r, 35833  SPA-AA/340/1480
r, 35739 ARILI/C/29/1561
i 09 AR11/A/195/1675
ro +0.0055  ARI/C/1170/1796
-CORR1/1894
40.0E
?g;gfof;: f}g;’i";gONAR-IZ USSR Fss P 14363  IFRB: 40.0F
NT3 6b/4a r, 35799 SPA-AAR
11648 PR 71/1425
r, 35782 SPA-AJ/304/1469
i 75
rno -0.0523
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TaBLE 1. In-ORBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR-END 1989

(441

SERVICE
SUBSATELLITE Lacncy DaTs/ Frrguescy Cone REGISTRATION 8
LonGiTUDE! INTERNATIONAL SATELLITE COUNTRY OR Up/DownN-Lixk OrBIT SPECIAL SECTION 5
{deg) CATALOG NUMBER? DESIGNATION” ORGANIZATION (GHz) PARAMETERS NUMBERS 5
2
44.4E 25 Oct 86 STATSIONAR-D4 USSR FSS P 14360  IFRB: 450E 2
1986-82-A RADUGA 19 6a,6b,8a/4a,7b r, 35787  SPA-AA/54/1262 2
17046 r, 35783 SPA-AJ/112/1335 -
i 12 AR /A/196/1675 z
n +0.0184  ARILC/A171/1796 g
-CORR1/1894 =
i S
454E 15 Dec 89 STATSIONAR-D4 USSR FSS P 14360  IERB: 45.0E =
1989-98-A RADUGA 24 6a,6b.8a/4a,7h r, 35805  SPA-AA/154/1262 2
20367 r, 35763 SPA-Al/112/1335 b2
i 1.3 AR1/A/96/1675 Z
n +00317  ARIVC/171/1796 g
-CORR1/1894 'm
48.9E 21 jun 89 STATSIONAR-24 USSR FSS P 14364  IFRB: 49.0E ¥
1989-48-A RADUGA 1-1 6a,6b,8a/4a,7b r, 35815 ARIL/A/314/1740 Z
20083 r, 35763 -ADDI1/1798 P o
iol4 _ADD2/1826 LB
n -0.0651 AR11/A/411/1806 =
-CORR1/1822
ART1/C/1497/1878
50.4E 26 Dec 80 STATSIONAR-T2? USSR FSS,BSS P 14365  IFRB: 99.0E
1980-104-A EKRAN 6 6a,6b/4a r, 35819 SPAZ-3-AA/I/1426
12120 r, 35769 SPA2-3-AJ/7/1469
i
n -0.0972
52.7E 26 Jan 89 STATSIONAR-3 Intersputnik FSS P 14362  IFRB: 53.0E
1989-4-A GORIZONT 17 6b,14a%4a,11 v, 33789 SPA-AAM3/1197
19765 r, 35786 SPA-AA/IS0/1271
i 11 AR11/C/1114/1793
n 00137 ARI1/CA200/1809
53.1E 22 Apr 84 STATSIONAR-5% Intersputnik FSS P 14355  IFRB: 53.0E
1984-41-A GORIZONT ¢ 6b,14a/a,11 r, 35783 SPA-AA/93/1197
14940 r, 35766  SPA-AA/I50/1271
i 34 AR11/CI769/1678
n +0.1532  ARL11/C/R89/1743 a
-ADDI/1800 =
2z
55.2E 25 Cct 85 CSDRN ' USSR FSS.SRS P 14366  IFRB: 95.0E 5
1985-102-A COSMOS 1700 14b,141/11,13¢ v, 35811  SPA-AA/341/1484 -
16199 r, 35781  SPA-AA/342/1484 %
i 20 ARI1/C/69/1570 4
n 01220 s
o
56.0E 25 Aug 77 SIRIOP Ttaly FSS P 14366  IFRB: 15.0W z
1977-80-A SIRIO-1 17/11 r, 35862  SPA-AA/T31174 z
10294 r, 35728 SPA-AA/102/1204 b
i 59 SPA-AJ/65/1282 =
no-0.1100 E
=
574E 23 Nov 74 SKYNET-2B'? UK FSS§ P 14377 5
1974-94-A 8a/7b r, 35838 “
07547 r, 35798
i 90 =
o 04054 to
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SUBSATELLITE

Launca DaTe/

SERVICE
Frequency Cobk

REGISTRATION

0661 DNIEAS | ¥IHANAN 07 TNNTOA MTIATY TYIINHIAL LYSWNOD

Lo~ciruoe! INTERNATIONAL SATELLITE COUNTRY OR Up/Down-LINK OreiT SPECIAL SECTION
(deg) CaraLoc Numesr? DESIGNATION® ORGANIZATION (GHz) PARAMETERS” NUMBERS
59.5E 30 Oct 82 USGCSS PH2 INDOC us FSS P 14361  IFRB: 60.0E

1982-108-A DSCS ITF-15 8a/7b r, 35793  SPA-AA/140/1253
13636 r, 35777
i 38
n +0.0184
60.0E 27 Jan 89 INTELSATSA INDOCL'®  Intelsat FSS P 14361  IFRB: 60.0E
1989-6-A INTELSAT V-A IND 1 6b,14a/ r, 35804  AR1V/A/67/1580
19772 INTELSAT V-A F-15 4,11, r, 35769 ARLLAC/462/1646
12a,12¢c,12d" i 00
n  -0.0009
62.9E 28 Sep 82 INTELSATS5 INDOC1 Intelsat FSS,MMSS P 14360 IFRB: 63.0E
1982-97-A INTELSAT V IND 1 1.6b,6b,14a/ r, 35807  SPA-AA/134/1250
13595 INTELSAT MCS INDOC A 1.5b,4a,11'8 r, 35765  SPA-AI/58/1279
INTELSAT V F-5 i 00 SPA-AA/214/1348
r +0.0055 SPA-Al/176/1389
ARI/CI1095/1791
66.0E 19 Oct 83 INTELSATS INDOC4 Intelsat FSS.MMSS P 14361  IFRB: 66.0E
1983-105-A INTELSAT V IND 4 1.6b,6b,14a/ r, 335803  SPA-AA/253/1419
14421 INTELSAT MCS INDOC D 1.5b,4a,11" r, 35771 SPA-AA/275/1425
INTELSAT V F-7 i 00 SPA-AJ/353/1500
n -0.0073  SPA-AJ/375/1511
ARI1/C/857/1735
67.9E 9
f;sjlu-]:s fIA ISEERII?HAR-W USSR FSS,BSS P 14369  IFRB: 99.0E
12564 fia,6b/da r, 35846  SPA2-3-AA/10/1426
r, 35157 SPA2-3-Alf7/1469
i 68
a -0.1935
63.
bE o ISJ\%TSIONAR-ZUQ USSR FSS P 14361  IFRB: 70.0E
- UGA 12 6a.6b.8a/da7b  r, 35795  ARIV/A/316/]
13974 ' a 740
r, 35778  -CORRI/I760
i 45 AR11/A/387/1798
n -0.0009  -ADDI/1826
ARI1/C/1193/1804
-CORRI1/1822
AR11/C/1499/1878
69.
1B RN SRTA‘;TSIONARQO” USSR ESS P 14362  IFRB: 70.0E
- UGA 17 6a,6b,8a/da,7b 15792 AR
16250 i g Ta 11/A/316/1740
r, 35786  -CORRI/I1760
i 20 AR11/A/387/1798
n -0.0330 -ADDI/1826
ARL1/C/1193/1804
-CORR1/1822
AR11/C/1499/1878
70.0E ¢
A STATSIONAR-T2 USSR FSS,BSS P 14369  IFRB: 99.0F
14377 6a,6b/da r, 35807  SPA23-AA/10/1426
r, 35797  SPA2-3-Al/7/1469
i 49
n -0.1999
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TABLE 1. IN-ORBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR Year-Exp 1989

SERVICE
SUBSATELLITE Lauxcn DaTe/ FreqUurncy CopeE REGISTRATION
LonGITUDE' INTERNATIONAL SATELLITE CoOUNTRY OR Ur/DowN-LiNg QrBIT SPECIAL SECTION
(deg) CaTaLos NUuMBeR® DESIGNATION ORGANIZATION (GHz) PARAMETERS" NUMBERS
72.3E 4 May 79 FLTSATCOM INDOC Us FSS.MSS P 14361 1FRB: 720E
1979-38-A FLTSATCOM F-2 0.3a,84/0.3a,7b r, 35848  SPA-AA/R7/1186
11353 FLTSATCOM 2 r, 35723 SPA-AJ/169/1382
OPS 6392 i 6.1 ARI1/A/338/1762
n +0.0119
72.4E 10 Jun 76 MARISAT-INDOC™ UsS— FSS.MSS,MMSS P 14362  IFRB: 72.5E
1976-53-A MARISAT F-2 Comsat General 0.3a,1.6b,6b/ r, 33806  SPA-AAJI25/1237
D8R82 MARISAT 2 0.32,1.5b.4a% r, 35768  SPA-AA/I31/1243
i 67 SPA-AT/56/1277
n 00073 SPA-ANSII1277
72.7E 31 Aug 84 FLTSATCOM-A INDOC  US— FSSMSS P 14361 IFRB: 77.0E
1984-93-C SYNCOM IV-2 Hughes 0.3a,8a/0.32,7b r, 35792 ARIL/A/100/1605
15236 LEASESAT F-2 Communications Ty 3578} -ADD1/1652
LEASAT 2 i1 AR11/A/336/1762
n -0.0009 -ADDI1/1794
-ADD2/1802
74.2E 31 Aug 83 INSAT-1B India FS$.BSS, P 1436.1 IFRB; 74.0E
1983-89-B MetSat EES r, 35800  SPA-AA/208/1344
14318 04b6b/25ada 7, 35774 SPA-AN231/1429
i 00
n 00073
79.5E 2 Mar 84 STATSIONAR-13 USSR FSS
1984-22-A COSMOS 15402 P 14360  IFRB: 80.CE
14783 6b,14a/da,11 r, 35797  SPA-AA/2T6/1426
r, 35773 ARLU/CY598/1655
i 2.0 -ADD1/1737
n +0.0184  ARIV/ALTII707
-CORR1/1728
80.3E 18 A ARTI/C/1048/1779
. ug 88 STATSI - .
1988-71-A GORI;OO[\EI\JTAE)B Intersputnik FSS P 14362  [FRB: 80.0E
19397 6b, 14a/da,11 r, 35808  SPA-AA/276/1426
r, 35768  ARII/A/2711707
i 06 ARTLACI048/1779
S04 - n -0.0200  AR11/C/1124/1793
: ct 87 STATSI - S—_
1987 84-A COSMO(S)AIIQEEZIES frtersputnik PSS 14360 IFRB: 80.0E
18384 6b.14a/2a,11 r, 35805 SPA-AA/276/1426
r, 35763 ARIU/AR7L/1707
i 02 ARLI/C/1048/1779
n +0.0312  ARI/C/1124/1793
8LIE S Jul 89 STATSIONAR-13* USSR FSS
1979-62-A GORIZONT 2! P 14357  IFRB: 80.0E
11440 Sb/da r, 35788  SPA-AA/TE/1426
r, 35767  SPA-AJ/305/1469
i 7.8
n +0.1146
8178 17 May 82 STATSIONAR-{3° USSR FSS
1982-44-A COSMOS 1366 P 1436.1 IFRB: 80.0F
13177 tbida r, 35797 SPA-AAN276/1426
r, 35774 SPA-AIf310/1469
i 57 AR11/C/598/1655
n +0.0119 -ADDI/1737
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TaBLE 1. IN-ORBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR Year-EnD 1989
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SERVICE
SUBSATELLITE LauncH Date/ FregUENCY CODE REGISTRATION 8
Lonairups! INTERNATIONAL SATELLITE COUNTRY OR Ur/Down-LiNk OmBIT SPECIAL SECTION E
(deg) CaTALOG NUMBER? DESIGNATION DRGANIZATION (GHz) PARAMETERS” NUMBERS 2
B
84 5E 15 Feb 84 STATSIONAR-3 USSR FSS P 14361  IFRB: 85.0E E
1984-16-A RADUGA 14 6a,6b,8a/4a,7b r, 35810 SPA-AA/TIALTY g
14725 v, 35761  SPA-AI27/125% =
i 37 SPA-AA/155/1262 &
n +0.0119 SPA-AJ/113/1335 g
85.3E 19 Mar &7 STATSIONAR-DS USSR FSS P 14361 IFRB: 85.0E g
1087-28-A RADUGA 20 6a,6b,8a/4a,7b r, 35793 SPA-AA/155/1262 g
17611 r, 35779 SPA-A)N113/1335 g
i 13 AR11/AM97/1675 ]
n +0.0055  ARIVC/1172/1796 Z
“CORR1/1894 z
m
872E 9 Oct 81 STATSIONAR-3° USSR FSS P 14359 IFRB: 85.0F z
1981-102-A RADUGA 10 6a,6b,8a/4a,7b r, 35792 SPA-AA/TT1179 “
12897 r, 35771 SPA-AJ27/1251 2
i 6.5 SPA-AA/155/1262 &
+0.0633  SPA-AJ/113/1335 z
[=3
87.6E 7 Mar 88 CHINASAT-1 China FSS P 1436.1 IFRB: 87.3E ‘
1988-14-A DFH2-A] 6b/ta r, 35794  ARII/ARSS/1702 :
18922 PRC 22 r, 35778  -ADDL/1712 ‘
i 01 AR11/C1027/1778 |
n +0.0055
—— ]
88.0F 20 Sep 77 STATSIONAR-T?
1977 DA R USSR FSS,BSS P 14366  IFRB: 99.0E
10365 6a,6b/da r, 35967 SPAZ-3-AAR/1153
r, 35624
i 92
n -0.1165
89.7E 18 Nov 86 STATSIONAR-6 USSR
1986.90-4 GORIZONT 13 EES P 14363  IFRB: 90.0E
17083 14alta, 11 r, 35795 SPA-AA/08/1210
r» 35784 SPA-AJ30/1251
i 1.0 SPA-AA/151/1261
n -0.0394  SPA-AJ/36/1318
934K 21 1ul 88 NSATIC . ARIIAC/1116/1793
1988-63.A India FSS,BSS, P 14362  IFRB: 93.5E
19330 MetSat,EES ¥, 35790 AR]I/A/I.91/1673 5
0.4b,6b/2 53,44 r, 35784 -CORR1/1688 =
;oo AR11/C/851/1708 g
n 00073 LT
95.1E 26 Nov 87 CSDRNY USSR | 2
1987-96-A COSMOS 1897 FSS.SRS P 14361  IFRB: 950 N
18575 14b,14(/i113c 1, 35812 SPA-AA/341/1484 =
r, 35761  SPA-AA/342/1484 3
P00 ARIL/C69/1570 | &
06.2E S n -0.0009 f‘g
. 5 Jul 89 STATSIONAR-14 USSR 4
1989-52-A GORIZONT 18 rss P 143617 IFRB: 96.5E &
20107 6b,14afda,11 r, 35807  SPA-AAR72/1425 £
r, 35774 SPA-AN3D6/1469 =
i 13 ARI11/A/272/1707 5
a 00523 -CORRI/1728 o
ART1/C/1050/177%
ARI[1/C/1181/1802 =
b=




TABLE 1. IN-ORBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR-END 1989

071

0661 DNTHAS ‘1 JFFMN 07 ANOTOA MEIATYE TYOINHIAL LVSWOO

DOTALITELLYS AMVNOLLV.LS0FD ‘ALON 313

SERVICE
SUBSATELLITE Launcy Date/ FreQuency Cope REGISTRATION
Longrrupe! INTERNATIONAL SATELLITE CQUNTRY OR Up/Down-Lixk OrBIT SPECIAL SECTION
(deg) CaTALOG NUMBER? DESIGRATION" ORGANIZATION (GHz) PARAMETERS NUMBFRS
96.5E 15 Mar 82 STATSIONAR-14 USSR FSS P 14363  IFRB: 96.5E
1982-20-A GORIZONT 5 6b,14a/4a,11 r, 35933 SPA-AAf2T2/1425
13092 r, 35647 SPA-AJ/306/1469
i 61 ARVI/A/272/1707
n -0.0458 -CORR1/1728
ARI11/C/1050/1779
98.9E 6 May 88 STATSIONAR-T2 USSR FSS.BSS P 14362  IFRB: 99.0E
1988-36-A EKRAN 18 6a,6b/da r, 35793 SPA2-3-AA/10/1426
19090 r, 35784 SPA2-3-A)/7/1469
i 06
r o -0.0265
99.1E 8 Dec 88 STATSIONAR-TZ USSR FSS,BSS P 14360 IFRB: 99.0E
1988-108-A EKRAN 19 6a,6b/da r, 35792 SPA2-3-AA/10/1426
10683 r, 35776 SPA2-3-AJ/7/1469
i 09
n +0.0312
99.4E 27 Dec 87 STATSIONAR-T2 USSR FSS,BSS P 1436.1  IFRB: 99.0E
1987-109-A EKRAN 17 6a,6b/4a r, 35793 SPAZ-3-AA/10/1426
18715 r, 35777 SPA2-3-AJ/1/1469
i 0.2
n +0.0184
0O USSP R
99.7E 4 Sep 87 < R
A ;};ﬁg‘??“ T2 USSR gss,les P 14361  TFRB: 99.0E
18328 ,6b/4a r, 35804 SPA2-3-AA/I0/1426
r, 35767 SPA2-3-Al/7/1469
i 1.3
o +.0119
161.5E 1 Feb 86 STW-2% ine
1986104 PRC 18 China g;ia P 14358  IFRB: 103.0E
16526 ¥, 35785 ARI1/A/245/1695
r, 35776 -ADDi/1712
i 08 ARL1/C/1023/1777
n +0.0761
103.0E 11 May 87 STATSIONAR 21%
1987-40-A GORIZONT 14 . gssl4aj4ail L aar0r ARLIAAY
17969 , : r, 35792 AR11/A/243/1694
r, 35785 AR11/A/244/1694
i 28 AR11/CO05/1748
n -0.0265 -ADDI/1752
-ADDZ/1765
ARI11/C966/1766
108.1E 18 Jun 83 PALAPA-BI .
1983.50.C PALAPA Bl Indonesia gg/ia P 14363  IFRB: 108.0E
14134 r, 35792 SPA-AA/197/1319
r, 35787 SPA-AJ/185/1397
i 0.0
n o -0.0394
109.8E 12 Feb 86 BS-2 .
1986- 16.A BS.op Japan 1;2;.113225 P 14362  IFRB: 110.0E
16597 YURT 2B r, 35805  SPA-AA/305/1459
r, 35770 SPA-AAS362/1512
i 00 ARI1/C/10/1556
n -0.0137

1zl
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SERVICE
SUBSATELLITE LauscH Datr/ Frequency CopE REGISTRATION
Lonorrupe! INTERNATIONAL SATELLITE COUNTRY OR Up/Down-LiNK ORrBIT SPECIAL SECTION
(deg) CaraLoG NUMBER® DESIGNATION ORGANIZATION (GHz) PARAMETERS" NUMBERS
110.0E 23 Jan 84 BS-2 Japan FS8.BSS P 14364  IFRB: 110.0E
1984-5-A BS-2A 14a/12e r, 35800 SPA-AA/305/1459
14659 YURL2A™ r, 35782 SPA-AA/362/1512
i 06 ARI11/C/10/1556
n -0.0586
110.4E 22 Dec 88 CHINASAT-2 China FS8 P 14361 IFRB: 110.5E
1988-111-A DFH2-A2 6b/da r, 35788 AR11/A/256/1702
19710 PRC 25 ’, 35786 ARIVCN034/1778
i 01
n -0.0073
113.1E 20 Mar 87 PALAPA-B2 Indonesia FSS P 14362 IFRB: 113.0E
1987-29-A PALAPA B-2P 6b/da r, 35791 SPA-AA/I98/1319
17706 ry 35786 SPA-AJ/187/1397
P01 SPA-AJ/201/1407
n -0.0265
124.7E & May 85 TELECOM- 1B France FSS P 14346  IFRB: 5.0W
1985-35-B 6b,8a,14a/ r, 35767 SPA-AA/269/1425
15678 4a,7b,12¢,12d®  r, 35746  SPA-AJM472/1612
i 1.3 ARI11/C/128/1593
n +0.3843 -ADDI1/1619
AR11/C/186/1611

ARI1/C/391/1628

0661 DNFIAS ‘| YAHWNN 02 ANNTOA ATLATE TVIINHOAL LYSWOD)

Tl

127.6E

128.0E

128.0E

129.9E

131.9E

10 Dec 87
1987-100-A
18631

4 Feb 83
1983-6-A
13782

5 Aug 83
1983-81-A
14248

23 Feb 77
1977-14-A
09852

19 Feb 88
1988-12-A
18877

STATSIONAR-D6
RADUGA 21

CS-2A
SAKURA |

CS-2B
SAKURA 2

ET§-2%
KiKU 2

C5-3A
SAKURA 3A

USSR

Japan

Japan

Japan

Japan

FS§S
6a,6b,8a/4a,7b

FSS
6b,30a/
4a,20a,20b

FS8
6b,30a/
44,20a,20b

MetSat,SRS
2/0.1¢,1.7a

FS8
6b,30a/
4a,20a,20b

RS E R ] R IR

R

|

BN

1436.3
35793
35788
0.3
-0.0523

1436.1
35791
35781
1.8
+0.0055

1436.1
35791
35783
1.1
-0.0073

1436.1
35790
35783
8.0
-0.0009

1436.2
35793
35784
0.1
-0.0265

IFREB: 128.0E
ARI1/A/198/1675
AR11/A/247/1695
ARLLI/C/919/1753
ARI1/C/1173/17%6

IFRB: 132.0E7

SPA-AA/256/1421
SPA-AJ/323/1490
SPA-AJ/359/1505

IFRB: 136.0E**

SPA-AA/257/1421
SPA-AT/325/1490
SPA-AJ/368/1508

IFRB: 130.0E
SPA-AAM1N 194

IFRB: 132.0E
ARTI1/A/212/1680
ARII/C/1128/1794
-ADDI/1805
-CORRI/1810
-CORR2/1833
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SERVICE
SUBSATEILITE LauNcH DATE/ Frequency Cobe RecisTraTION
LongITune! INTERRATIONAL SATELLNE CouNTRY OR Up/Down-Ling Orerr SprciaL SEcTiON
(deg) Caracoc Numeer? DESIGNATION ORGANIZATION (GHz) PAraMEIERS" NUMBERS
13S.8E 27 Aug 87 ETS-5% Japan FSS,MMSS,AMSS P 14362  [FRB: 150.0E
1987-70-A EMSS-C 1.6b,1.6d.6/ r, 36010 ARL1/A/217/1685
18316 1,5b,1.5d,5a r, 35565 ARIIAC/920/1754
i 00 ARI1/C/923/1754
a -0.0137
135.9E 16 Sep 88 CS-3B Japan F§§ P 14362  IFRB: 136.0E
1988-86-A SAKURA 3B 6h,30a/ r, 35791 ARLL/A/213/1680
19508 4a,202,20h r, 35785 AR1L/C/1145/1794
i 0.0 -ADD1/1805
n -0.0201 -CORRI/1835
N 2 Ang 84 GMS.37! Japan MetSat,SRS.EES P 14362 IFRB: 140.0E
1984-80-A HIMAWARI 3 204,166,168 r, 35789 ARIV/A/S4/1563
15152 T 35787 ARIL/C/474/1648
i LG -ADDI/1887
n -0.0201
150.0E 6 Mar 89 ICSAT-1 Tapan— Ess P 14362 IFRB: 150.08
1989-20-A JC-SAT Japan 14a/12b,12¢,12d  r, 35792 ARILI/A/253/1700
10874 Communications r, 35784 ARU1/C/946/1763
Satellite i 00 -CORRI1/1813
n -0.0201 -CORR2/186(
-ADD1/186(}
154.0E 31 Dec 89 JCSAT-2 Japan— ESS§ P 1436.2 IFRB: 154.0E
199G-1-B JC-SAT 2 Japan 14a/12b,12¢,12d  r, 35794 ARI1/A/254/1700
20412 Communications r, 35782 ARII/C/I53/1763
Satellite i 00 -CORRI1/1813
n -0.0201 -CORRZ/1860
-ADD1/1860
154.0E 26 Nov 82 STATSIONAR-2’ USSR FS8 P 14738  IFRB: 35.0F
1982-113-A RADUGA 11 0a,6b.8a/4a,7b r, 36688 SPA-AA/T6/1179
13669 r, 36335 SPA-A)26/1251
i 4.7 SPA-AA/340/1480
n -94398  ARI11/C/29/1561
ARII/C/109/1578
156.0E 27 Nov 85 AUSSAT-2 Australia F585,BSS F 14362  IFRB: 156.0E
1985-109-C AUSSAT A2 14a/12b, r, 35793 SPA-AA/00/1456
16275 AUSSAT K-2 12¢,12d,12g,12h r, 35783 SPA-AA/3T3N575
i 0.0 ARI11/C/305/1624
n -0.0201
157.9E 5 Jun 89 SUPERBIRD-A Japan— FSS P 14361 IFRE: 158.0E
1989-41-A Space 14a,30a/ r, 35802 ARI11/A/340/1762
20040 Communications 12b,12¢,20a,20b r, 35768 ARI1/C/1303/1836
Corporation i 0.1 -CORR1/1865
n +0.0184
159.6E 5 Sep 89 GMS-160E™ Japan MetSa,SRS.EES P 1436.2"2 IFRB: 160.0E
1989-70-A GMS-4 2/0.4g,1.6f,1.6g r, 35854 SPA-AAIT2/1173
20217 rp 35720 ARI11/C/8/1555
i lLé -ADDI1/1887
n -0.0073  AR11/A/423/1821
-ADD1/1833

ARI1/C/1464/1875
-CORR1/1886

YA
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TabLE 1. IN-ORBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR-END 19
SERVICE A
FREGUENCY CODE REGISTRATION %
SUBSATELLITE Lauvncr DAt/ - COUNTRY OR Ur/Down-LINK ORBIT SPECIAL SECTION 2
LONGITUDE' INTERNATIONAL SATELUITE , _ (GH2) PARAMETERS” NUMBERS o
(deg) CATALOG NUMBER® DESIGNATION” ORGANIZATION L__r]]
9]
jas)
y F$S,BSS P 14362  IFRB: 160.0E z
160.0E 27 Aug 85 AUSSAT-1 Australia Laion r, 35795  SPA-AA/299/1456 8]
1985-76-B AUSAT Al 12¢12d,12g.12h 1, 35780  SPA-AA/3T2ISTS =
15993 AUSSATK-1 T i 00 ARI/C/296/1624 .
. i
n 00137 g
-
. FSS,BSS P 1436.1  IFRB: 164.0E g
164.0E 16 Sep 87 ADSSAT-3 Australia 14a/12b r, 35796 SPA-AA/301/1456 5
1987-78-A AUSSAT A3 12¢ m}zg,nh r, 35777  SPA-AA/374/1575 &
18350 AUSSAT K-3 ' i 0 ARL1/C/314/1624 R
a -0.0009 g
2
B m
1 MetSat,SRSEES P 14360  IFRB: 140.0E z
167.6E 14 Jul 77 GMS.-140E™" Japan 2/84g1,6f,1.6g r, 36139 SPA-AA/T2/1173 =
1977-65-A GMS-1 o . 35432 SPA-AJ/95/1329 z
10143 HIMAWARI 1 7 ;
n +0.0119 e
R
o
[=)
FS8,M5$ P 14362  TFRB: 172.0E
171.6E 31 Oct 80 FISAToOM wrac B 0.328x/0.327b  r, 35794  SPA-AA/S6/1186
1980-87-A FLTSATCOM F-1 o v 35781  SPA-AJ/167/1382
12046 FLTSATCOM 4 7 54
n -0.0137
- o
174.0E 15 Dec 81 INTELSATS PACI Intelsat Fss P 14362  IFRB: 174.0E
1981-119-A INTELSAT V PAC 1 6b,14a/4a,11 r, 35805  SPA-AA/254/1410 |
12994 INTELSAT V E-3 r, 35772 SPA AJ/376/1511
i 02 ‘
n -0.0265 ‘
175.28 21 Nov 79 USGCSS PH2 W PAC Us FSS P 14362  IFRB: 175.0E ‘
1979-98-A DSCS 11 F-13 8a/7b r, 35790 SPA-AJM03/1514
11621 DSCS 2-D r, 35785
OPS 9443 i 56
n 00137 ‘
176.1E 14 Oct 76 MARISAT-PACY Uus— FSSMSSMMSS P 14361 IFRB: 176.5E |
1976-101-A MARISAT F-3 Comsar General 0.3a,1.6b,6b/ r, 35791 SPA-AA/3/1101 ‘ A
09478 MARISAT 3 0.3a,1.5h,422' r, 35782 SPA-AA/6/110] =
i 82 SPA-AJ/25/1244 | &
n -0.0009 ‘ =
[»]
177.0E 23 May §1 INTELSATS PAC2 Intelsat FSS P 14362  IFRB; 177.0E 2
£981-50-4 INTELSAT V PAC 2 6b,14a/da,11 r, 35804  SPA-AA/225/1419 ‘ 2
12474 INTELSAT V F-| r, 35773 SPA-AL/377/1511 ‘ 5
P12 ARI1/A/R1/1588 S
n 00265 AR11/C/590/1652 =
-ADD1/1660 =
ART1/C/681/1668 ‘ 4
-ADDI/1802 s
-
177.5E 14 Dec 78 USGCSS PH2 W PAC2  US Fss P 14361  IFRB: 180.0E | &
1978-113-B DSCS Il F-12% 8a/7b r, 35792 ARII/A/405/1805 LB
11145 DSCS 2-C r, 35779 | @
OPS 0442 i 59 ‘
n +0.0119

Lzl
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TapLE 1. IN-ORBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR-ExD 1989

SERVICE A
SUBSATELLITE Launch Dare/ Frequescy ConE REGISTRATION g
LonNGITUDE! INTERNATTONAL SATELLITE COUNTRY DR Ue/Down-LINK ORBIT ) SPECIAL SECTION 2
(deg) CATALOG NUMRER® DESIGNATION ORGANIZATION (GHz) PARAMETERS NUMBERS =
1436.1 IFRB; 178.0E Z
1779E 20 Dec 81 MARECS PAC] ESA FSS.MMSS P z
1981-122-A MARECS PACOC 1 1.6b,6b/1.5b,da r, 35803 SPA-AA/219/1353 1:5
13010 MARECS A Ty 35773 SPA-AJ/241/1432 =
MAREC 1 i 32 .
n -0.0201 =
=
<
179.0E 29 Aug 85 FLTSATCOM-A' Us— FSS,MS8 P 14404 9
1985-76-D SYNCOM Iv-4* Hughes (0.3a,84/0.3a,7b r, 36519 §
15995 LEASESAT F-4 Communications rlfp 35233 E
LEASAT 4 i 03 ;
n -1.1502 Z
. Z
180.0E 3 Mar 84 INTELSATS PAC3 Intelsat FSS,MMSS P 1436.1 IFRB: 180.0E s
(180.0W) 1984-23-A INTELSAT V PAC 3 1.6b,6b,14a/ r, 35800 SPA-AA/255/1419 ;
14786 INTELSAT MCS PAC A 1.5b,4a,11'® v, 35774 SPA-AA/332/1476 3
INTELSAT V F-§8 i 00 SPA-AJ/455/1535 g
n -0.0073  SPA-AJ/469/1599 E
ARI11/C/082/1668 v
-ADD1/1805 =
ARI1/C/692/1669
ARIL/C/BS9/1735
183.9E 9 Feb 78 FLTSATCOM-A W PAC  US FSS,MSS P 14360 IFRB: 177.0W
(176.1W) 1978-16-A FLTSATCOM F-1 0.3a,8a/0.3a,7b r, 35793 AR11/A/99/1605

10669 FLTSATCOM 1 r, 35775 -ADDI/1652 ‘
OPS 6301 i 75 ARI1/A/335/1762 |
n +0.0312 -ADDI1/1794 i
185.4F 21 Nov 79 USGCSS PH2 W PAC-?®  US FSS P 14360  IFRB: 180.0E ‘
(1746W)  1979-98-B DSCS I F-14% 8a/7b r, 35792 ARII/A/405/1805
11622 DSCS 2-E r, 35777
OFS 9444 i 56
n o +0.0247
188.8E 29 Sep 88 TDRS WEST Us FSS,SRS P 14363  IFRB: 171.0W
(171.2W)  1988-91-B TDRS-3 2.1,6b,14/ r, 35798  SPA-AA/232/138] ‘
19548 TDRS-C 2,2.24a,13¢ r, 35781  ARL1/C/47/1568 ‘
i 0S -ADD1/1595 0
n o -0.0394 =
4
190.5E 17 Tan 86 STATSIONAR-D2 USSR FSS P 1426.1  IFRB: 170.0W 5
(169.5W)  1986-7-A RADUGA 18% 6a,6b,8a/4a,7b r, 35752 SPA-AA/156/1262 o
16497 r, 35427 SPA-AJ/114/1335 g
P20 AR11/A/194/1672 9
n +2.5290  ARIL/C/1169/1796 z
-CORR1/1894 ‘ g‘
g
191.0E 1 Aug 84 STATSIONAR-107 USSR F§S P 14363  IFRB: 170.0W Z
(169.0W)  1984-78-A GORIZONT 10 6b, 14a/4a,11 r, 35808  SPA-AA/97/1197 %
15144 r, 35772 SPA-ANS2/1276 &
TR SPA-AJ/64/1280 E
n o -0.0438 =
2129E 20 Oct 82 STATSIONAR-26 USSR FSS P 14356  IFRB: 1550W 3
(I47.1W)  1982-103-A GORIZONT 6% 6b,142/42,11 r, 35782 ARII/A/385/1797
13624 r, 35771 -ADDI/IS03 =
{53 -CORRI1/1813 -
n +0.1275  ARI1//1313/1836



TagLE 1. IN-ORBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR-END 1989

SUBSATELLITE

Launch Date/

SERVICE

Frequency Cong

REecIsTRATION

LoNGITUDE' [NTERNATIONAL SATELLITE COUNTRY OR UrDown-LiNk ORBIT SPECIAL SECTION
(deg) CataLoG Nimszr? DESIGNATION ORGANIZATION {GHz} PARAMETERS NUMBERS
217.0E 28 Oct 82 US SATCOM-5 US-— FS88 P 1436.1 IFRB: 143.0W
(143.0W) 1982-105-A RCA SATCOM 5 Alascom 6b/da r, 35788 ARI11/A/7/1524

13631 SATCOM V r, 35786 ARI11/C/414/1630
AURORA 1 i 0.0
n -0.0073
221.1E 1t Apr 83 US SATCOM I-R UsS— FSS P 14361 IFRB: 139.0W
(138.9W) 1983-30-A GE SATCOM 1-R RCA Americom®  6b/da r, 35793 ARL1/A/6/1524
13984 SATCOM F1R r, 35780 -ADD/1548
SATCOM IR i 00 ARI11/C/337/1625
n  -0.0009
223.9E 28 Apr 83 GOES WEST us MetSat,SRS,EES P 14360  IFRB: 135.0W
(136.1W) 1983-41-A GOES-6% 0.4b,2/ r, 35793  SPA-AA/28/1147
14050 0.4g,1.6f,1.6g r, 35779 SPA-AN367/1508
i 13
n  +0.0055
225.1E 30 Oct 82 USGCSS PH3 E PAC us FSS.MSS P 14361 IFRB: 135.0W
(134.9W) 1982-106-B DSCS I F-1 0.3a,81/0.3a,7b"! r, 35802 SPA-AA/248/1413
13637 DSCS [I-Al r, 35772 SPA-AJ/344/1499
PSCS 16 i 0.1 ARIE/C/405/1629
n -0.0073

225.9E
(134.1W)

228 9E
(131.1W)

229.1E
(130.9W)

229.9E
(130.1%)

2314E
(128.6W)

28 Jun 83
1983-65-A
14158

14 Dec 78
1978-113-A
11144

21 Nov 81
1981-114-A
12967

16 Jun 78
1978-62-A
10953

3 Nov 71
1971-95-B
05588

USASAT-11D

HUGHES GALAXY |

GALAXY I

USGCSS PH2 E PAC-2

DSCS I F-11
DSCS 2-B
OPS 9441

US SATCOM 3-R
GE SATCOM 3-R
SATCOM F3R
SATCOM IR

GOES WEST?

GOES-3%

USGCSS PH2!®
DSCS H F-2*!

Us—
Hughes
Communications

Us—
RCA Americom™

Us

us

FSS8
6b/da

FSS
Ba/7b

FSS
6b/da

MetSat,SRS,EES
0.4b,2/
04g,1.6f 1.6

FSS
8a/7b

1436.2
35789
35786
0.0
-0.0137

= o oy

1436.4
. 35801
35784
6.0
-0.0779

ER "

1436.1
35795
35779
0.1
-0.0073

B omT LY Yo

1436.2
35820
35756
6.1
-0.0201

q Yy

1435.1
35782
35751
10.7
+0.2559

- "'.‘;‘l n‘{ -]

IFRB: 134.0W
AR11/A/120/1615
ARTI/C/821/1696

IFRB: 130.0W
AR11/A/404/1805

IFRB: 131.0W

SPA-AA/329/1476
ARI1/C/347/1625
AR11/C/348/1625

IFRB: 135.0W
SPA-AA/28/1147
SPA-AI/367/1508
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TaBLE 1. IN-OrBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR-END 1989

SERVICE ;
SUBSATELLITE Launcs Dars/ Frequexcy Cone REGISTRATION 8 :
LoNGITUDE! INTERNATIONAL SATELLITE COUNTRY OR Ur/DownN-LINK OrsIT SPECIAL SECTION 5
(deg) CaTaLoG NUMBER? DESIGNATION" ORGANIZATION (GHz) PARAMETERS" NUMBERS :‘_’]
2323 27 Aug 85 ASC-1 Us— FSS P 14361  IFRB: 128.0W Z
(127.7W) 1985-76-C CONTEL ASC-1 American 6b,14a/4a,12a r, 3579 AR I/AS2021676 Q
15994 Satellite Co. r, 35776 AR11/A/301/1723 ;
i 00 -ADD1/1801 s
n -0.0055 AR1/C/1066/1784 =
ARI1/C/1106/1792 f
o
234.6E 22 Apr 76 SATCOM PHASE-3° NATO FSS P 1436.2  TFRB: 18.0W =
(125.4W) 1976-35-A NATO III-A 8a/7b r, 35806 SPA-AA/44/1247 %
08808 NATG 3A vy 35770 SPA-AJ/137/1355 =
i 74 é
n -0.0201 E
23498 19 Jun 85 USASAT-20A us— FSS§ P 1436.1 IFRB: 126.0W :
(125.1W) 1985-48-D TELSTAR 3D% AT&T 6b/da r, 35794 ARI1/A/304/1730 =
15826 TELSTAR 303 r, 35779 ARI1L/C/O68/1769 ;
i 0.0 Lo
n -0.0009 T E
(=3
237.0E 8 Sep 88 USASAT-10A us— FSS P 1436.1 IFRB: 122.0W
(123.0W) 1988-81-B STLC 2 Satellite 14a/12a r, 36008 AR11/ARI1567
19484 SBS-5 Transponder 7, 35566 ART1/A/10/1525
Leasing Corp.™ i 0l -ADDI1/1548
n -0.0073  ARL11/A/105/1609

ARIV/CI616/1658 |
AR11/C/883/1741 I
237.5E 9 Jun 82 WESTAR-5
. Us— Fss
(122.5W)  1982-58.A WU WESTAR 5 i L deves e mOW
Western Union™® 6b/4a
1982 U WES r, 35793 ARII/A/5/1524
v r, 35782 -ADDI/1548 ‘
i 00 AR11/C/284/1623 |
n -0.0137 |
239.6E 16 Qct 75 9 |
e 1975?100-;& ((}38]1;:2_]42 US MetSat,SRS,EES P 14368  IFRB: 1400W |
1975 0.4b,2/ r, 35802 SPA-AA/28/1147
0.4g,1.6f,1.6¢ r, 35797 |
i 89 |
n 0.1678 K
240.0E 23 May 84 SPACENET-1
2 Us— ESS Z
ooE ay ¢ P 14362  IFRB: 120. Z
( ) }2235491\ GTE SPACENET T GTE Spacenet 6b,14a/4a,12a r, 35794 ARIl/:\,%IOO(/]l‘;[ﬁ 5
r, 35781  -ADDI/NS548 | o
i 00 AR11/C/616/1658 | 8
n 00137 -ADDI/1682 L@
AR11/C/833/1699 | e
241.7E 8 Aug 85 STATSIONAR-9° 2
HUTE Bauds STATSIONAR USSR FS§ P 14353  IFRB: 45.0E =
1985~ 6a6b8adatb  r, 35777  SPA-AAM6/1197 | Z
r, 35764  SPA-AA/1S41262 5
P23 SPA-A}51/1276 =
n +0.2046 SPA-AJ/63/1280 | E
SPA-AJ/112/1335 3
ARI11/C/1472/1876 5
]

1341




TABLE 1. IN-ORBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR Year-Exp 1989

SUBSATELLITE

LauncH DATE/

COUNTRY OR

SERVICE
Frequency CoDE
Up/Down-LINk

ORrBIT

REGISTRATION
SPECIAL SECTION

ARI1L/C/1048/1779

DOTHLITIHLYS AYVNOILY.LSOAD “HION 31D

SEI

0661 ONIEDS ‘T dFTWNN 02 AWNTOA MHIATY TYIINHIHEL LYSWOD

vel

LonGiTupe! INTERNATIONAL SATELLITE
(deg) CaTaLoG NUMBER? DESIGNATION” ORGANIZATION {GHz) PARAMETERS” NUMBERS
2432E 27 Nov 85 MORELOS 2 Mexico FSS P 14361  IFRB: 116.5W
(116.8W) 1985-109-B MORELOS I 6b,14a/4a,12a r, 35792 AR11/A/30/1540
16274 MORELOS-B v, 35782 -ADDI/1555
i 00 AR11/CI387/1628
n -0.0073
245.1E 12 Nov 82 ANIK C-3 Canada— FSS,BSS P 14360 IFRB: 117.5W
(1149W)  1982-110-C TELESAT 5 Telesat Canada 14a/12a,12e r, 35790  SPA-AA/138/1252
13652 r, 35780  SPA-AY69/1302
i 00 SPA-AA/357/1500
n +0.0184 SPA-AJ450/1533
AR11/C/42/1567
AR1L/C/245/1620
AR11/C1447/1645
246.0B 16 Jun 77 GOES® us MetSat,SRS,EES P 14360  IFRB: 140.0W
(114.0W) 1977-48-A GOES-2! 0.4b,2/ r, 35813  SPA-AA/28/1147
10061 0.4g,1.6f,1.6g r, 35756
i 72
n +0.0247
246.6E 17 Jun 85 MORELOS 1 Mexico FSS P 14361  IFRB: 113.5W
(113.4W) 1985-48-B MORELOS I 6b,14a/4a,12a r, 35795 ARIL/A/28/1539
15824 MORELOS-A r, 35779  -ADDI/1S55
i 00
an  -0.0073
e oS O 40 ST O
248 4E 3 Nov 71 USGCSS PH2'
(1116W)  197195A  DSCS Il F-1" US o Bo1a363
05587 OPS 9431 r, 35803
r, 35776
i 108
n -0.0394
249.5E 9 Nov 84 ANIK D-2% —
(1105W)  1984-113-B  ANIK DI gzlf;fi?cmda ggfi P 14361  IFRB: 110.5W
15383 4 r, 35792 SPA-AA/IS8/1500
r, 35782 AR1V/C/TI6/1673
i 00 ARLI/C/960/1764
n -0.0073 -CORR1/1770
AR11/C/961/1764
-CORR1/1770
250.0E 18 Jun 83 ANIK C-2 _
A100W)  1983-59.B TELESAT 7 g:]rzifcmda 1;23,{13235 P 14361  IFRB: 110.0W
14133 . a,12e r, 35792 SPA-AA/138/1252
r, 35783 SPA-AI/347/1500
i 00 SPA-AT/451/1533
n -00137  SPA-AJ/466/1569
ART1/C/646/1666
-ADD1/1690
ARI1/CIT301674
-ADD1/1690
AR1H/C/829/1698
250.7E 21 Feb 85 STATSIONAR-13°
(1093W)  1985-16-A COSMOS 1629223 vk ESSM A
15574 14a/4z,11 r, 35779 SPA-AA/276/1426
r, 35749 ARL1/C/598/1655
i 28 -ADD1/1737
n +0.2880 ARI1V/ARTINI07
-CORR1/1728



TaBLE |, IN-ORBIT GECSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR-ExD 1989

DOTHLITIALYS AYYNOLLY.LSOTO HION 310

0661 ONINAS ‘| ATEWNN 02 INNTOA MITATY TYIINHIAL LYSIWQD

LET

SERVICE
SUBSATELLITE Lavnch Datef Frrguexcy ConE REGISTRATION
LoNGITCDE' INTERNATIONAL SATELLITE COUNTRY OR Ue/Down-Link OreIT SPRCIAL SECTION
(deg) CaraLoG NUMBER® DLSIGNATION ORGANIZATION (GHz) PARAMETERS” NUMBERS
252.7E 13 Apr 85 ANIK C-1 Canada— F55.BSS P 1436.0 IFRB: 107.5W
(107.3W) 1985-28-B Telesat Canada 14a/12a,12e r, 35862 SPA-AA/357/1500
15642 to 35779 SPA-AJ/434/1516
i 00 AR11/C/569/1649
n 04375 -ADDI/1665
ARI1/C/T28/1674
AR11/C/832/1698
-ADD1/1709
255.0E 28 Mar 86 GSTAR-2 US— FSS P 14362 IFREB: 105.0W
(105.0W) 1986-26-A GTE GSTAR2 GTE Spacenet 14a/12a r, 35794 ARI11/AN5/1525
16649 GSTAR-A2 r, 35781 -ADD1/1548
i 00 ARI1/C/1075/1784
n -0.0137
255.5E 26 Aug 82 ANIK D-1 Capnada— FS8S P 1436.1 IFRB: 104.5W
{104.5W) 1982-82-A ANIKDI Telesat Canada 6b/da r, 35797 SPA-AA/2TO/1426
13431 TELESAT 6 I 35776 SPA-AJ/427/1515
i 00 -ADD1/ 1664
n -00009  SPA-AJ/465/1568
ARIL/C/31/1565
AR1Y/C/A3/1567
-ADDI1/1612
AR11/C/105/1576
-ADDH1600
ARII1/C/151/1597
s T
ARI1/C/587/1651
ARI1/C/651/1666
255.6E 12 Apr &5 FLTSATCOM
-A EAST .
(104.4W)  1985-28-C PAC gi e F8S§,M5S P 14361  IFRB: 105.0W
15643 SYNCOM IV-3 Commmnication DRSe03aTb v, 3BT ARIIAWS/IG0S
LEASESAT F-3 ’ T 33127 -ADDI/1652
LEASAT 3 i07
n -0.0073
235.7E 5 Dec 86 FLTSATCOM-B
-B EAST
(1043W)  1986-96.A PAC us (I;S;S,MSS P 14361  IFRB: 100.0W
17181 FLTSATCOM E.7 0;’33";’ op 35863 ARI1/A/S0/156]
-4, 7, 20e,20f r, 35709 -ADD1/158&7
i 3.0
n +0.0055
257.0F 29 Apr 85 GSTAR-1 Us— Fss
(103.0W) 1985-35-A GTE GSTAR 1 GTE Spaceret Laa P 1436.2  IFRB: 103.0W
15677 GSTARLAL a r. 35859 AR11/A/14/1525
r, 35717 -ADDI/1548
i 00 ARII/C/10G73/1784
n -0.0201  AR1I/C/1074/1784
260.8E 15 Nov 80 USASAT-6A
3 : Us_.
(992W) 1980914  SBSF3 Sueie e Foassl IR 970w
12065 SBS. 1% pellte 14a/12a r, 35793 ARI1/A/34/1553
3 .
Systems™ ;'p 153780 ARI1/C/325/1624
n -0.0009
260.9E 24 Sep 81 USASAT-6C Us_ FSS
(99.1W) 1981-96-A SBS F1 A P 14361  TFRR: 95.0W
Satellite 14a/12a
12855 SBS.2% Business r, 35792 AR11/A/35/1553
3578
Systems™® r_r,, ISJS% ARI1/C331/1624
n -0.0137




TasLe 1. IN-OrBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEear-EnD 1989

SUBSATELLITE
1

Launca Date/

SERVICE
FreQUENCY CODE

COUNTRY OR Up/DowN-LINK

ORBIT

REGISTRATION
SPECIAL SECTION

LoNGITUDE INTERNATIONAL SATELLITE
(deg) CataLoG NUMBER? DESIGRNATION ORGANIZATION (GHz) ParaMmETERS" NUMBERS
261.1E 26 Feb 82 WESTAR-4 Us— FSS P 14362 IFRB: 99.0W
(98.9W) 1982-14-A WU WESTAR 4 Western Union*® 6b/da r, 35798 ARIL/A/AI524
13069 WESTAR IV . 35771 -ADDI1/1548
i 0.1 ARI11/CI272/1623
n -0.0137
262.5E 26 Feb 87 GOES EAST us MetSat,SRS,EES £ 1436.1 IFRB: 75.0W
(97.5W) 1987-22-A GOES-7% 0.1a,0.2,0.4b,2/ r, 35813 SPA-AA/28/1147
17561 0.4g,1.6f,1.6g 7, 35756 SPA-AJ/366/1508
i 00
n +00119
264.0E 28 Jul 83 TELSTAR-3A UsS— FSS P 14362  1FRB: 97.0W
(96.0W) 1983-77-A TELSTAR 3A AT&T 6b/da r, 35796 AR11/A/8/1524
14234 TELSTAR 301 r, 35779 -ADD1/1548
i 0.0 ARI11/C/BTH1738
n 00137
265.0F 1§ Nov 82 USASAT-6B Us— FSS P 14361 IFRB: 99.0W
(95.0W) 1982-110-B SBS F2 Satellite 14a/12a r, 35795 SPA-AA/124/1235
13651 SBS-3 Business r, 35779 SPA-AJ/61/1280
Systems* i 2.0
n -0.0073

266.5E
(93.5W)

267.0F
(93.0W)

268.9E
(91.1W)

269.0E
(91.0W)

272.9E
(87.1W)

274 98
{85.1W)

2! Sep 84
1984-101-A
15308

8 Sep B8
1988-81-A
19483

30 Aug 84
1984-93-B
15235

10 Aug 79
1979-72-A
11484

11 Mar 88
1988-18-A
18951

1 Sep 84
1984-93-D
15237

USASAT-12B
HUGHES GALAXY 3
GALAXY I

USASAT-16A
GSTAR-3
GTE GSTAR 3
GSTAR-A3

USASAT-9A
STLC 1
SBS-4

WESTAR-3
WU WESTAR 3
WESTAR 111

SPACENET-3
GTE SPACENET III
SPACENET 3R

USASAT-3C
TELSTAR 3C
TELSTAR 302

Us— FSS
Hughes 6b/da
Communications

Us— FSS5,AMSS
GTE Spacenet 1.6a,14a/12a™
us— FSS
Satellite 14a/12a
Business

Systems®

Us— F558
Western Union™ 6b/da

US— FS8,AMSS
GTE Spacenet 1.6a,6b,14a/

4a,12a%

us— FS§S$
AT&T 6b/da

B ]

P

rﬂ

E R

= e

SRR B

1436.1
35793
35780
0.0

-0.0009

1186.3!
36073
25414
19

1436.1
35791
35782
0.0
-0.0009

1436.2
35792
35783
15
-6.0137

1436.2
35790
35784
0.0
-0.0073

1436.0
35795
35778
0.0
-0.0009

IFRB: 93.5W
AR11/A/122/1615
ARITHC/824/1697

IFRB: 93.0W
AR11/A/222/1687
ARI1/C/998/1772

IFRE: 91.0W
ARI1/A/101/1609
AR11/C/B18/1696

IFRB: 91.0W

SPA-AA/3TN152
SPA-AJ/197/1406
SPA-AJ/198/1406

IFRB: 88.5W
AR11/A/13/1525
ARI11/C/834/1699

IFRB: 86.0W
ARI1/A/9/1524
ARLL/C/246/1620
AR11/C/1084/1790

0661 DNIYAS 1 YEHWAN 07 AWNTOA MELATY TYIINHDEL LYSWOD
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TaBLE 1. IN-ORBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR-END 1989

SERVICE
SUBSATELLITE Launch Date/ Frequency CoDE REGISTRATION
Longrruoe! INTERNATIONAL SATELLITE COUNTRY OR Ur/Downs-Livk ORBIT SPECIAL SECTION
(deg) CaTacoc NuMprr? DESIGNATION ORGANIZATION (GH7) ParavETERS NUMBERS
275.0E 12 Jan 86 USASATIC US— FSS P 14362 IFRB: 85.0W
{85.0W) 1986-3-B GE SATCOM K-1 RCA Americom™ 14a/12a r, 35794  ARI1L/A/103/1609
16482 SATCOM KU1 r, 35783 ARIT1/C/1052/1780
i 00 -CORR1/1922
n -0.0263
277.9E 16 Jan 82 USASAT-7B US— FSS P 14361 IFRB: 83.0W
(82.1W) 1982-4-A GE SATCOM 4 RCA Americom™  6b/da r, 35798 SPA-AA/327/1474
13035 SATCOM F4 r, 35776 ARI1/C/188/1612
SATCOM IV i 0.0 -ADD1/1626
n -0.0073
279.0E 28 Nov 85 USASAT-9D Us— FSS P 14362 IFRB: 81.0W
(81.0W) 1985-109-D GE SATCOM K-2 RCA Americom®™ 14a/12a r, 35794 ARIT1/A/04/1609
16276 SATCOM KU2 r, 35782 ARI1/C/1053/1780
i 0.0 -CORR1/1922
n o -0.0201
280.7E 5 Apr 83 TDRS CENTRAL Us FSS,SRS P 1440.6 IFRB: 79.0W
(79.3W) 1983-26-B TDRS-17 2.1,6b,14f/ r, 35882 SPA-AA/233/1381
13969 TDRS-A 2,2.2,4a,13c™ r, 35867  ARII/C/AB/1568
{ 36 ARI1/C/T73/1679
n -11310
284 0E 22 Jul 76 COMSTAR D-2%° Us— FSS P 1436.1  IFRB: 95.0W
(76.0W) 1976-73-A COMSTAR 2 Comsat General 6b/da r, 35789 SPA-AA/32/1152

0661 DONIUAS ‘1 J3dWNAN 07 TNNTOA MTIATYE TYDINHIAL LVSWOD

orl

284.0E
(76.0W)

286.0E
(74.0W)

286.5E
(73.5W)

287.3E
(72.2W)

2879E
(72.1W)

09047

21 Feb 81
1981-18-A
12309

22 Sep 83
1983-98-A
14365

5 Oct 80
1980-81-A
12003

i7 Jan 76
1976-4-A
08585

8 Sep 83
1983-94-A
14328

USASAT-12C
COMSTAR D-4%
COMSTAR 4

USASAT-7A
HUGHES GALAXY 2
GALAXY II

STATSIONAR-8?
RADUGA 7!

CTS 056
CAS-C

USASAT-8B

GE SATCOM 2-R
SATCOM F2ZR
SATCOM IIR

UsS—
Comsat General

Us—
Hughes
Communications

USSR

Canada

Us—
RCA Americom™

FSS
6b/da

F55
6b/da

FSS
6a,6b,8a/4a,7b

FSS§
14a/12a

FSS
6b/dy

r, 35786

P

438
-0.0137

EE

1436.1
35790
35786
32
-0.0201

= "-__a"! Pt -]

1436.2
35795
35780
0.0
-0.0137

BT w

1436.5
35765
35747
73

n +0.3907

Tt oat W

1436.2
35830
35746
9.4
-0.0201

L e

1436.2
35800
35774
0.0
-0.0073

= "":W ‘:‘{ v

SPA-AJT/40/1268

IFRB: 76.0W
ARILI/A/123/1615
ARLI/C/O07/1748
-CORR1/1785

IFRB: 74 OW
SPA-AA/312/1465
ARI1/C/812/1689
-ADDT/1710

IFREB:; 25.0W
SPA-AAMS1197
SPA-AJ/50/1276
SPA-AJ/62/1280
ARI11/A/246/1695
ARI1HC/918/1752

IFRB: 72.0W
ARI1/A/37/1533
ARL1/C/221N617

D0TALTIALYS AYVNOLLY.LSOTD HION HLD
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TABLE 1. IN-ORBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR-END 1989

SERVICE
SURBSATELLITE Launch Date/ FreqQueNCY CobDE REGISTRATION
LONGITUDE! INTERNATICNAL SATELLITE COUNTRY OR Up/Down-LINK ORBIT ) SPECIAL SECTION
{(deg) CaTALOG NUMBER? DESIGNATION ORGANIZATION {GHz} PARAMETERS NUMBERS
290.2E 28 Mar 86 SBTS A2% Brazil F5S P 14362  IFRB: 70.0W
(69.8W) 1986-26-B BRAZILSAT A2 ab/da r. 35819 AR11/A/16/1526
. 16650 SBTS 2 r, 35758 -ADD1/1558
i 0.1 ARI11/C/94/1576
n -0.0265 -ADDI1/1609
291.0E 10 Nov 84 USASAT-7C Us— FSS P 14362 IFRB: 53.0\/3\/525
(69.0W) 1984-114-A SPACENET-2 GTE Spacenet 6b,14a/da,12a r, 35827 AR11/A/11/1
15385 GTE SPACENET 11 r, 35748 -ADD1}1548
SPACENET 2 i 0.0 ARI11/C/835/1699
n -0.0137 -ADDI/1710
295.0E 8 Feb 85 SBTS A1Y Brazil F8S P 14362 IFRB: 65.0W
(65.0W) 1985-15-B BRAZILSAT Al 6b/da r, 35852 ARIT1/A/17/1526
' 15561 SBTS 1 T, 35724 -ADD1/1558
i 00 AR11/C/99/1576
n -0.0201 -ADDI1/1609
296.0E 22 May 81 GOES EAST? us MetSat,SRS,EES P 14359  IFRB: 75.0W
(64 -OW) 1981-49-A GOES-5* 0.4b,2/ r, 35790  SPA-AA/28/1147
s 12472 0.4g,1.6f1.6¢ r, 35780 SPA-AJ/366/1508
i 2.5
n +0.0184

300.0E
(60.0W)

307 .0E
(53.0W)

114 8E
(45.2W)

319.2E
(40.8W)

319.9E
(40.1W)

28 Jan 77
1977-5-A
09785

17 May 88
1988-40-A
19121

15 Jun 88
1988-51-C
19217

13 Mar 89
1989-21-B
19883

10 Jun 86
1986-44-A
16769

SATCOM PHASE-3B NATO
NATO I1I-B

NATO 3B

INTELSAT 5A CONT1 Intelsat
INTELSAT VA CONT 1
INTELSAT IBS 307E

INTELSAT V-A F-13

USASAT-131 US—
PANAMSAT [ Pan American
PAS | Satellite
TDRS EAST Us
TDRS-4
TDRS-D
STATSIONAR-25¢ USSR

GORIZONT 12

ESS
8a/7b

FSS

6b.14a/
4a,11,
12a,12¢,124"

FSS
6b,14a/4a,11,12a

FSS.5RS
2.1,6b,14f7
2,2.2.4a,13¢

FSS
6b,14a/da,11

P 14362
r. 35808
r, 35770
i 7.0

n -0.0330

P 1436.1
35793
35782
0.0
-0.0137

rﬂ
%
i
n

P 1436.1
r, 35798
r, 35775
00

n -0.0009

P 14322
r, 35737
r, 35682

i 03

n +0.9879

1436.1
35817
35758
1.5

P
rﬂ
™»
i

n -0.0137

IFRB: 60.0W
AR11/A/358/1773
-ADDI/1878

IFRB: 53.0W
ARIT/A/115/1609
-ADD1/1628
-ADD2/1638
AR1T1/A/128/1617
ARI1/C/674/1667
AR11/C/704/1673
-ADD1/1731

IFRB: 45.0W
ARI1/A/199/1675
ARI1/C/B66/1736

IFRB: 41.0W
SPA-AA31/1381
ART1/C/46/1568
ARI1/C/1183/1802

IFRB: 37.5W
AR11/A/384/1797
-ADD1/1803
-CORRI1/1813
AR11/C/1311/1836
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TaBLE 1. IN-ORBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR-END 1989

SERVICE
SUBSATELLITE Launch Datef FrEqurNcy Cone REGISTRATION
LonGrTone! INTERNATIONAL SATELLITE COUNTRY DR Ur/Down-LINK OrgIT SPECIAL SECTION
(deg) CATALOG NUMBER” DESIGNATION® ORGANIZATION (GHz) ParAMETERS NUMBERS
322.6E 27 Oct 89 INTELSAT6 335.5 Intelsat FSS P 14361 IFRB: 24.5W
(37.4W) 1989-87-A INTELSAT VI ATL | 6b,14a/4a,11 r, 35833 AR11/A/69/1584
20315 INTELSAT VI F-2°* r, 35740 ARIL/C/627/1658
i 01
a  -0.0009
325.5E 5 Mar 82 INTELSATS ATL4 Intelsat FSS P 14362  IFRB: 34.5W
(34.5W) 1082-17-A INTELSAT V ATL 4 6h, 14a/4a,11 r, 35802 SPA-AA/121/1232
13083 INTELSAT V F-4 r, 35777 SPA-AI/220/1418
i 02
n -0.0394
328 9E 27 Aug 89 BSB-1 UK— FSS.BSS P 14362 IFRB: 31.0W
(31.1W) 1989-67-A B5B-R1 British 142,17/ r, 35798 ARI1/A/23/1532
20193 MARCO POLCO | Satellite 12¢,12d,12e ta 35777 -CORRI1/1888
Broadcasting i Ol ARI11/A/26/1534
n 00137  ARII/C/173/1605
-ADD1/1635
-ADD2/1801
ARI1/C/181/1611
-ADD1/1655
-ADD2/1801
ARL1/C/731/1674
-CORRI1/1731
-ADDI1/1801

331.4E
(28.6W)

332.:5E
(27.5W)

333.9E
(26.1W)

334.7E
(25.3W)

335.5E
(24.5W)

12 May 77
1977-34-B
10001

29 Jun 85
1985-55-A
15873

10 Nov 84
1984-114-B
15386

14 Apr 89
1989-30-A
19928

22 Mar 85
1985-25-A
15629

USGCSS PH2 ATL?
DSCS I F-8
DSCS 2-A

INTELSATSA ATL2
INTELSAT VA ATL 2
INTELSAT V-A F -11

MARECS ATLI
MARECS ATL |
MARECS B2™

STATSIONAR-8
RADUGA 23

INTELSATSA ATL1
INTELSAT VA ATL 1
INTELSAT V-A F-10°%

Us

Intelsat

ESA

USSR

Intelsat

ESS
8a/7b

FS8
6b,14a/4a,11

FSS,MMSS
1.6b,6b/1.5h,4a

FSS
6a,6b,8a/4a4,7b

FSS
6b,14a/4z,11

1437.0
35817
35792
8.1
-0.2320

R ]

1436.2
35799
35778
0.0
-0.0265

B ]

P 14361
r, 35779

r, 35779

i 28

n o +0.0954

1436.3
35794
35786
12

n -0.0458

"'.\:‘1 E“! "3

"o

1436.2
35798
35778
0.0
-0.0201

~

T o

AR11/C12091815
-ADD1/1893

IFRRE: 12.0W
SPA-AA/128/1242
SPA-AJ/153/1373

IFRB: 27.5W
SPA-AA/335/1478
ARTI/C/13/1556
ARIL1/C/123/1592
AR11/C/815/1694

IFRB: 26.0W
SPA-AA/222/1353
SPA-AJ/244/1432

IFRB: 25.0W
SPA-AA/95/1197
SPA-AJ/50/1276
SPA-AJ/62/1280
ARIT1/A/246/1695
ARILI/C/O18/1752

IFRB: 24 5W
SPA-AAf334/1478
AR11/C/12/1556
ARI1/C/122/1592
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TabLE 1. IN-ORBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR-END 1989

SERVICE
SUBSATELLITE LauNCcH DAt/ FreQUENCY CODE REGISTRATION
LonGirupe! INTERNATIONAL SATELLITE COUNTRY OR Up/DrowN-LiNk O®BIT SPECIAL SECTION
(deg) CatALoG NUMBER? DESIGNATION® ORGANIZATION (GHz) PARAMETERS™ NUMBERS
335.5E 27 Oct 89 INTELSATG 335.5E Intelsat FSS P 14361 IFRB: 24.5W
(24.5W) INTELSAT VIATL 1 6b,tdafda 11 r, 35833 AR11/A769/1584
INTELSAT VI F-2% r, 35740  AR11/IC/627/1658
i 0l
n -0.0009
335.6E 28 Oct 87 STATSIONAR-8 USSR FSS P 14362  IFRB: 25.0W
(24.4W) 1987-91-A COSMOS 18947 6bida r, 35794  SPA-AAMS5/1197
18443 r, 35784 SPA-AT/50/1276
i 03 SPA-AJ/62/1280
n -0.0330
3384E 18 Jan 80 FLTSATCOM ATL us FSS.MSS P 14361 IFRB: 23.0W
(21.6W) 1980-4-A FLTSATCOM F-3 0.3a,82/0.3a,7b r, 35803 SPA-AA/84/1186
11669 FLTSATCOM 3 r, 35767 SPA-AJ/163/1382
QOPS 6393 i 56 SPA-AJ/164/1382
n +0.0184
338.6E 6 Dec 80 INTELSATS CONT4*!¢  Intelsat FS$ P 14373  IFRB: LOW
(21.4W) 1980-98-A INTELSAT V CONT 4 6b,14a/4a,11 r, 35819 ARI11/A/83/1588
12089 INTELSAT V F-2 r, 35802 AR11/C/593/1652
i 06
n -0.3091

139.8F
(20.2W)

340.8E
(19.2W)

340.8E
(19.2W)

340.9E
(19.1%)

14 Nov 84
1984-115-A
15391

28 Oct 88
[988-98-A
19621

8 Aug 89
1989-62-A
20168

12 Jul 89
1989-53-A
20122

SATCOM PHASE-3*
NATO LI-D
NATO 3D

TDF-1

TV-8AT 2

L-SAT
OLYMPUS 1%

NATO

France

West Germany

ESA

FSS8
8a/7b

FSS,BSS
1112

FSS,BSS,S5RS
20a2.2,12¢

FSS,BSS
13a,14a,
17,204,308/
[2¢,12e,12f,20b

1436.6
35952
35642
22
-0.1357

A

1436.2
35800
35775
0.0
-0.0137

qoee Y oy

P 14362
r, 35806
r, 35769

{ 00

n -0.0137

P 143627
r, 35799
r, 35776

i 00

n -0.0137

IFRB: 18.0W
SPA-AA/144/1247
SPA-AJ/137/1355

IFRB: 19.0W
AR11V/A/57/1570
AR11/C/107/1578
AR11/C/124/1592
AR11/C/142/1597
AR11/C/703/1670
ARI1/C/741/1674

IFRB: 19.0W
AR11/A/350/1767
-ADD1/1815
-CORR1/1881
ARI11/C/1500/1885

IFRB: 19.0W
SPA-AA/308/1463
SPA-AA/337/1479
ARI11/A/32/1544
ARI1/A/88/1590
ARI1/C/6/1554
AR11/C/124/1592
ARI11/C/174/1605
AR11/C/232/1619
ARI1/C/782/1682
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TabLE 1. IN-ORBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR-END 1989

SUBSATELLITE

Launch Date/

SERVICE
FreEQUENCY CODE

REGISTRATION
SPECIAL SECTION

LonGrTune! INTERNATIONAL SATELLITE COUNTRY OR Up/DownN-LINK ORBIT
(deg) CaTALOG NUMBER® DESIGNATION ORGANIZATION (GHz) PARAMETERS? NUMBERS
341.5E 19 May 83 INTELSATS ATL2 Intelsat FSS,MMSS P 14361 IFRB: 18.5W
(18.5W) 1983-47-A INTELSAT V ATL 2 1.6b,6b,14a/ r, 35802 SPA-AA/19/1232
14077 INTELSAT MCS ATL A 1.50,4a,11% r, 35773 SPA-AA/236/1388
[INTELSAT V F-6 i 00 SPA-AJ/175/1389
n -0.0137 SPA-AA/240/1390
SPA-AT/218/1418
ARI11/C/1094/1791
342.0E i9 Nov 78 SATCOM PHASE-3 NATO FSS P 14362 IFRB: 18.0W
(18.0W) 1978-106-A NATO III-C 8ar7b r, 35792 SPA-AA/144/1247
11115 NATO 3C r, 35783 SPA-AJ/137/1355
P4l
n -0.0137
344 4E 4 Apr 86 WSDRN®! USSR FS58,5RS P 14362  IFRB: 16.0W
(15.6W) 1986-27-A COSMOS 1738 14b,14111,13¢ r, 35826 SPA-AA/341/1484
16667 r, 35750 ARI1/C/67/1570
i 1.8
n -0.0201
344.5E 10 Nov 84 FLTSATCOM-A ATL UsS— FSSMS8 P 14362 TFRB: 15.0W
(15.0W) 1984-113-C SYNCOM IV-1 Hughes 0.33,8a/0.3a,7b r, 35873 AR11/A/97/1605
15384 LEASESAT F-1 Communications r, 35702 -ADD1/1652
LEASAT 1 i 09 ARI11/CAI00911775
n -0.0137
- PR oo ORI
345. 20
(145-91‘}% 137?.?77“6 MARISAT-ATL US— FSS MSSMMSS P 14362  IFRB: 15.0W
A MARISAT F-1 Comsat General 0.3a,1.6b,6b/ r, 35794 SPA-
08697 MARISAT 1 03 2 y APV
3a,1.5b,4a ry 35782 SPA-AA/T/1101
i 7.8 SPA-AJ33/1254
n -0.0201
345 5E 31 Mar 88 STATSIONAR-4 3 i
(145w 1088.28.3. GORIZONT 1S Intersputnik §]§Sl4aj4 P 14362  IFRB: 14.0W
19017 A a,11 r. 35790 SPA-AA/92/1197
r, 35784 ARI/C/T65/1677
i 0.3 AR11/CI8T5/1737
r -0.0073  AR11/C/1112/1793
ARI1/CN203/1809
346.3E 1 Aug 88 STATSE - i
(13.7w) 1988-g66-A COSl\fISO(;I\]lgﬁng ntersputat g:,i Pi362  IFRB: 14.0W
o a r, 35793 SPA-AA/92/1197
r, 35782 ARI1/C/165/1677
i 06 ARI11/C/875/1737
n 00137  AR11AC/1113/1793
ARI11/C/1204/1809
348.2E 30 Jun 83 STATSIONAR-11
(11.8W) 1983-66-A GORIZONT 7 - gl?iiaﬂla 11 » a0 Spa s
14160 X , r, 35808 SPA-AA/270/1425
r, 35766 SPA-AJ/303/1469
i 41 ARI11/A/269/1707
a -0.0073 -CORRI1/1728
ARII/C/8TT/1737
-CORR1/1743
ARL1/C964/1766
ARI1/C/1120/1793
ARI11/C/1201/1809
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Tabie 1. IN-ORBIT GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR-END 1989

SERVICE -
SUBSATELLITE Launce DATE/ FrEQUENCY CODE SREGIST‘;”C‘TOIZN g
Lonarrune! [NTERNATIONAL SATELLITE COUNTRY OR Ur/Down-LINK pAR(,::;Z:ERs“ PE(I:\}z;B:Rs 2
(deg) CaTALOG NUMBER? DESIGNATION ORGANIZATION (GHz) 5
3
=
.1 IFRB: 11.0W Z
349.0F 14 Jun 80 STATSIONAR- 11 USSR s F :I;gg[v)a P A AA2TON42S 5
(1L.0W)  1980-49-A GORIZONT 4 r 36236 SPA-AJ/303/1469 e
11841 ) ARIVC/BTINTIT f
n -6.0110 -CORRI/1743 m
ARI1/C/1120/1793 z
S
=
, IFRB: 10.0W =
349.2E 19 Jun 81 METEOSAT S2 ESA g}ftg?tl,sﬁlzsﬁis F ;:3342 ARLLA/AISISLS 2
(108W)  1981-57-A METEOSAT-2 R r 35783 ARIL/C/1607/1892 1
12544 i” 24 é
n 00265 S
3
X IFRB: 8.0W =
3520E 4 Aug 84 TELECOM-1A Franee 66,50, 144  35en SPAAARSYLLLS i
@®owW)  1984-%1-B 47b12¢,12¢% 1, 35781  SPA-AI/299/1461 z
15159 B i 00 SPA-AJ/361/1508 @
n -0.0073 SPA-AJ/387/1512 £
ARI1/C/1251593 =
-ADD1/1610
ARI11/C/184/1611
AR11/C/390/1628
|
354.9E 15 Jun 88 METEQSAT? ESA MetSat, SRS EES P 14363 IFRB: 0.0E i
(5.1W) 1988-51-A METEQOSAT-3 2/1.6f,1.6g,0.4g r. 35793 AR11/A/413/1815
19215 METEOSAT-P2 o 35787
i 04
n  -0.0458
357.2E 11 Mar 88 TELECOM-1C France FSS P 14362 IFRB: 3.0E
(2.8W) 1988-18-B 6b,8a,14a/ r, 35794 AR11/A/29/1539
18952 4a,7b,12¢,12d% r, 35781 -ADD1/1713
i 0.0 -CORR1/1730
n -00137  AR11/C/115/158%
-ADD1/1643
ARIL/CN31/15%94
-ADDI1/1643 g
AR11/C/157/1598 B
-ADD1/1643 &
—a
1]
359.0E 31 Dec 89 SKYNET-4A UK FSS,MSS F 14362 ARI1/A/21/1531] D
{1.OW) 1990-1-A 0.2,0.3a,0.3b, r, 35794 AR11/C/182/1611 g
20401 8a,44/ r, 35783 -ADDV/1652 4
0.3a,0.3b,7b i 33 -ADD2/1711 ;
n -0.0265 ARI11/C/588/1652 %
k™
359.0E 28 Sep 85 INTELSAT5A CONT4!'®  Intelsat FSS P 14362  IFRB: 1.0W z
{1.0W) 1985-87-A INTELSAT VA CONT 4 6b,14a/4a,11 r, 35799 AR11/A/1171609 4
16101 INTELSAT V-A F-12 r, 35775 -ADDI1/1628 E
i 00 -ADD2/1638 5
n -0.0073  ARI11/C/677/1668 m
R
' Satellite longitudes are those recorded in the current release of NASA's Geosynchronous Satellite Report. For satellites not
covered in that report, locations were compiled from the most recent secondary sources available. -
*International designations are assigned at the time of launch. Object catalog numbers are those used by NORAD, the U.S, Space ot

Command, and NASA.



3 IFRB satellite network names appear first, followed by common or alternate names. _ o

* P = period (min); r, = apogee (km); r, = perigee (km), i = inclination (deg); n = drift (Fieg/day). Negatl':fe 7 mdl.catesi wes.tward and
positive » indicates eastward drift. Unless otherwise noted, basic elements are compiled from NASA’s Sarellite Situation Report
for June 30, 1989. S . _

50rbital Test Satellite. An experimental precursor to the Eutelsat ECS series, OTS-2 is currently maintained in geostationary orbit by

of solar sailing to test subsystem performance.

6 .[Slfc?rlzlsy after its deplgyrnent in theylate SLpllTlmel' of 1988, BCS 5 was positioried at 10°E. This freed ECS _4, which had beeg at that
location, to move to 13°E where it assumed traffic from ECS 1. The latter was then moved to a ncw.orbltal location a 16°E.

7 Gorizont 11 was initially deployed at Statsionar-5 (53°E), but is currently at Statsionar-27. It is believed to be carrying Ku-band
transponders, although no Loutch payload has been registered at this location. ' ’

8 In October 1989, Arabsat agreed to lease 12 transponders on its 1-B satellite to the Indian goyernment. As a result, the sye"?tem 8
existing traffic is being transferred to Arabsat 1-A, which had functioned previously as an in-orbit spare. In November it was
announced that both satellites would be put into inclined orbit for extended use with the COMSAT Maneuver.

? Satellite not currently on-station.

10 Registration information unavailable.

1 Believed to be inoperative.

12 Basic elements compiled from NASA's Satellite Siruation Report for September 30, 1989. . .

13 Gorizont 9 was initially deployed at Statsionar-14 (96.5°E) and subsequently relocated to Statsionar-5 (53°E).

14 The orbital location 95°F has been established as the central station in the Soviet Satellite Data Relay Network. Cosmos 1790, now
at 55.2°F, was previously at that position and was reported to be transmitting messages from ground control center to the Mir Space
Station in 1986. At this time, it is thought to be inoperative.

!5 Experimental Ku-band communications satellite. N .

i6 A1 60°E, INTELSAT V-A F-15 replaces INTELSAT V-A F-12, which was previously at that position and.whlch has beep reloca?cd
to 1°W. At the latter location, F-12 has in tumn replaced INTELSAT V F-2, which came to the end of its normal stationkeeping
lifetime in September 1989. . N

17 INTELSAT V-A F-13 and F-15 each carry Ku-band spot beams designed to enhance their provision of 1BS.

I8 INTELSAT V F-5, F-6, F-7, and F-8 each carry a maritime communications subsystern (MCS.) for lease by Inmarsat. L-band
signals from shipboard terminals are converted to C-band frequencies for relay to coast earth sFatmns. . '

¥ Raduga 17 was initially deployed at Statsionar-D3 (35°E) and subsequently relocated to Statsionar-20 (70°E). It appears to have
been replaced at its previous position by Raduga 22, launched in 1988.
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%0 Serves as an in-orbit spare for the Inmarsat system.

! The Marisat satellites’ UHF channels were leased to the U.S. Navy under the Gapsat program from 1973 until the successful
deployment of the first FLTSATCOM satellites, and intermittently thereafter. More recently, the American Mobile Satellite
Company in the U.S. and Telesat Mobile in Canada have propased to purchase the unused capacity on Marisat F-1 on a temporary
basis to provide commercial mobile satellite services on the North American continent.

 Designation uncertain, but believed to be functionally equivalent io a Gorizont. In the past, emissions have also been detected in

Ku-band, indicating the presence of a Louich transponder on board Cosmos 1540, 1629, and 1888. Currently, only Cosmos 1888,
1894, and 1961 appear to be in operation.

23 Shiyan Tongxin Weixing. Experimental version of the DFH2 series domsats.

* (Gorizont 14 was initially deployed at Statsionar-7 (140°E} and subsequentty relocated to Statsionar-21 (103°E).

B 1In early 1989, NHK purchased a spare DBS satellite from GE Astro-Space for $130 million, including in-orbit delivery. Originally
built for COMSAT's Satellite Televiston Corporation, the spacecraft was renamed BS-2X and was intended to serve as a backup for
BS-2B, which will be nearing the end of its operational lifetime in 1991. BS-2X was subsequently destroyed in an abortive Ariane
launch as this log was being compiled, on February 22, 1990. NHK is reportedly seeking a replacement.

?6 Experimental satellite with only one active transponder.

7 Telecom 1B, previously positioned at 5°W, suffered a malfunction of its on-board attitude control system in January 1988.
Although now partially stabilized, it is still not operational.

28 The X-band transponder is operated by the French Ministry of Defense for the Syracuse network of military communications.

#(S-2A and CS-2B were removed from their original orbital positions in 1988 and replaced by second-generation CS-3 satellites,

3 Engineering Test Satellite. An experimental satellite constructed by NASDA, ETS-5 incorporates a separate maritime mobile
satellite project developed by the Japanese Ministry of Transportation. In addition, it carries an aeronautical mobile satellite
payload {AMEX) operating at both C- and L-band frequencies.

sk Geostationary Meteorological Satellite System.

2 INTELSAT V F-3 served as Intelsat’s Atlantic Ocean Region contingency spare at 53°W until May 1988, when it was replaced at
that location by INTELSAT V-A F-13.

3 DSCS I F-12 was originally deployed at approximately 60°F and was until recently operated at that position.

M Leasesat F-4 may have been intended to assume the orbital position registered for FLTSATCOM-A W PAC (177°W). However, it

was rendered inoperative by a failure of its communications payload which occurred shortly after it reached geosynchronous orbit.
3 DSCS 11 F-14 was identified at the time of launch as an in-orbit spare.
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3 Raduga 18 was initially deployed at Statsionar-8 (25°W) and subsequently relocated to Statsionar-D2 (170°W).

37 Gorizont 10 was initially deployed at Statsionar-13 (80°E) and subsequently relocated to Statsionar-10 {170°W).

3 Gorizont 6 was initially deployed at Statsionar-7 (140°E). Its closest current station is Statsionar-6.

¥ Acquired by General Electric and renamed GE American Communications.

**Disabled by failure of on-board imaging system in early 1985. Not operational.

4 The DSCS III series of satellites carries an AFSATCOM single-channel UHF transponder in addition to the normal X-band
package.

%2 partially operational.

43 The FCC has authorized AT&T to relocate Telstar 3D to 123°W,

# Acquired by Hughes Communications in July 1989.

45 All Westar satellites were acquired by Hughes Communications in 1988.

# Telesat Canada plans to relocate Anik-D2 to 111°W by year-end 1990.

47 Thic satellite is believed to be FLTSATCOM F-7, the first of a series of advanced payloads carrying an experimental EHF channel
in addition to the UHF and X-band channels carried on previons FLTSATCOM satellites. Two other satellites in the series—F-6
and F-8—were scheduled to be brought into service in 1987 but were either destroyed or damaged on the launch pad.

48 GRS-1 and SBS-2 are currently collocated at approximately 99°W. COMSAT has received temporary authority from the FCC to
operate these satellites in an inclined orbit by means of the COMSAT Maneuver. It has also been granted permission to move SBS-
1 to 97°W, pending a ruling on its request to permanently relocate both satellites to T6OW.

49 When Satellite Business Systems was dissolved in 1983, three of its in-orbit satellites—SBS-1, 3BS-2, and SBS-3-—were acquired
by MCL A fourth, SBS-4, was purchased by IBM’s subsidiary Satellite Transponder Leasing Corp. Subsequently, in 1987 and
1988, MCI transferred both SBS-1 and SBS-2 to Comsat General, and in July 1989 control of SBS-4 went to Hughes Communica-
tions when the latter acquired STLC from IBM.

50 GOES-7 was originally deployed at the position reserved for GOES EAST (75°W). However, since the failure of GOES-6 it has
become the only fully operational weather satellile available to NOAA and is occasionally relocated in order to maximize its
coverage.

51 GSTAR-3 experienced an apogee kick motor failure following launch and was not raised into geostationary orbit until November
1989. Its expected lifetime has been reduced to 5 years.

52 (38 TAR-3 {Geostar R02) and GTE Spacenet 3R (Geostar RO1) each carry L-band antennas with receive-only capability for interim
reception of signals from Geostar mobile transmitters. These RDSS signals are converted to Ku-band for down-link.

0661 DNIUdS ‘T HIFWAN 07 JNNTT0A MAIATE TYIINHDAL LYSWOD

TDRS-1 was originally deployed in the position reserved for TDRS EAS
| T, but was replaced by TDRS-4 i 1 i

o been relocated and will be maintained in operation as an in-orbit spare. b ’ ey 1989 Tt has since
o S-band antenna believed to be inoperative.

1(.)frlﬁlnal1ybt:let]])lc:)yetil] at 9}!15°W, Comstar D-2 has been collocated with Comstar D-4 at 76°W. Beyond their nominal mission

ifetimes, both satellites have b in incli i i intai i i

poumes | e been placed in inclined orbit and are being maintained in operation by means of the COMSAT
56 - : : et

Cor'_nmumcauons Te?hnology Satellite or Cooperative Applications Satellite. An experimental Ku-band satellite, CTS was a jeint

project of the Canadian Department of Communications and NASA. Not operational ’
o P . perational.

Sistema Braziliana de Telecomunicacoes por Satellite.

53 . . o
By [)t‘ll f[er a[ p = p
A |99“, a nit1 tests ]la\r‘e }En Comy eted, ]]\] IELSA] VI | 2 W]l] be < UCated O
N I fr m 1ts tem Olaly SlOt at 322 E to

59
Inmarsat has announced plans to establish a fourth "o i ion." it wi
arsat ha peration region." As a result, it will rel
) begiming in Tate Sentener 1000, £ will relocate Marecs B2 from 26°W to 55°W
o “}f(penmenta.l sat.cillte carrying payl.oads for DBS, Ku- and Ka-band communications, and propagation testing,.
o estern station in the Soviet Satellite Data Relay Network.
Meteosat-2 ceased routine operations in August 1988 when it was replaced by Meteosat-3. The latter will in turn be replaced by

MOP-1 as primary sa'telli_te in the Meteosat Operational System, although it will remain in use as an in-orbit spare and its laser-
based clock synchronization retroreflector will continue to operate.

ps1
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TaBLE 2. PLANNED GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEArR-END 1989

SERVICE

9¢]

]
) Frequency CODE PEriop oF <
SUBSATELLITE . =
LoNGITUDE! In-Uss SATELLITE COUNTRY OR Up/DowN-LINK VaLDITY® SPECIAL Sﬁcuo.\ ; g
(deg) DaTe’ DrsienATION ORGANTZATION (GHz) (yn) Numgers 3
z
1.0E 31 Aug 87  GDL-5 Luxembourg— FS$.BSS 25 AR11/A/M3/1594 5
ASTRA® Societe 13a,14a/11 -ADDL/1730 j =
Europeene -ADD2/1747 =
des Sateilites -ADD3/1841 %
AR11/C/612/1657 g
-
<
05 =
ATSIONAR.229 USSR FSS 20 ARLI/AM10/18
1.0E 31 Dec 92 ST oo/ "CORRI/1822 %
[
790 ot
.15 USSR FSS,.M58 20 AR11/A/372/1790 z
OB L Jun 92 TOR 43 ,44/20b.20F AR 1/C/1418/1862 s
[ve]
e
: 11/A/375/1793 el
VOLNA-21 USSR MSS 20 AR/ =
10E 1 Jun 52 0.32.0.3b/0.3a ART1/C/1581/1887 >
=
5 France FSS.SRS 1 AR11/A/326/1745 zZ
3.0E 30 Sep 91 TELECOM-2C A T ADDINTT2 2
2.2,4a,7b,12¢,12d -ADD2/1798 £
AR11/C/1103/1792 i
AR11/C/1166/1793
AR11/CN331/1836
1837
TAR 137 us MSS,SRS 20 AR11/AM54/
4.0E Lim9L  MILS 0.3a.1.7b.44/ ARL1/C/1549/1885
0.3a,2.2,20f
5.0E 1 Jun 92 TOR-19 USSR FSS.MSS 20 ART1/A/390/1798
43,44/20b,20f ART1/C/1492/1878
7.0E 31 Dec 87 F-SAT 1° France FS8,SRS 10 ARI1/A/T9/1587
2,6b,30a/ AR11/CI564/1649
2.2,4a,20b ARI1/C/568/1649
7.0E 28 Feb 94 EUTELSAT 2-7E Eutelsat FSS.MSS,MMSS,AMSS 20 AR I/A/305/1732
EUTELSAT II-F4 1.6b.1.6c,1.6d,1da/ -ADD1/1766
1.5b,1.5¢,1.5d, -ADD2/1782
11.12¢,128° -ADD3/189%4
ARI1/C/1205/1809
-ADD1/1882
[}
8.0E 30 Aug 90  STATSIONAR-18° USSR FSS 20 AR11/A/220/16%6 =
6b/da ART/C/911/1749 2
-ADD1/1756 =
-ADD2/1877 o
g
3.0E 10 Aug96  TOR-8 USSR FSS,MSS 20 ARZI/A/285/1710 4
43,44/200,20f AR11/C/1361/1851 S
=]
8.0F 15 Qct 90 VOLNA-15 USSR MSS,AMSS 20 ARI1/A/241/1693 E
0.3a,0.3b,1.6d/ AR11/C/983/1769 B
0.3a,1.5d -CORR1/1812 5
10.0E 31 Dec 88 APEX'Y France FSS.SRS 10 AR11/A/62/1578 E
2,6b,30a/ -ADDI1/1611 2
2.2,42,200,39.82a -ADD2/1716 5
-ADD31730 Pa
ARI11/C/388/1628

ARITI/C/479/1648
AR11/C/582/1651

LS1
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SERVICE
SUBSATELLITE Frequency Cope PERIOD OF
LoNGITups! In-Uss SATELLITE CouxTRY DR Up/Down-Ling Vaurry® SPECTAL SECTION
(deg) DaTe? DESIGNATION” ORGANIZATION (GHz) (y1) NUMBERS
L0.0E 28 Feb 94 EUTELSAT 2-10E Eutelsat FS8MSS8 MMSS AMSS 20 AR11/A/349/1766
EUTELSAT II-F2 1.6b,}.6c,1.6d,14a/ -ADD1/1766
1.5b,1.5¢,1.5d, -ADDR2/1782
11,12¢,12d° -ADD3/1894
AR11/C/1206/1809
-ADDI1/1882
12.0E 31 Dec 84 PROGNOQZ-2" USSR SRS,EES 20 SPA-AA/317/1471
322 SPA-AL/411/1315
AR11/C/1562/1880
12.0E 1 Jun 92 STATSIONAR-27° USSR FSS 20 AR11/A/392/1799
6b/da -CORR1/1822
AR11/C/1593/1888
12.0E 1 Jun 92 TOR-18 USSR FSS,MSS8 20 AR 1/A/389/1798
43,44/20b,20f ARI11/C/1479/1877
12.0B 1 Jun 92 VOLNA-27 USSR MSS 20 AR1V1/A/378/1793
0.35,0.3b/0.3a ARI1/C/1590/1887
13.0E 28 Feb 94 EUTELSAT 2-13E Eutelsat FSS,MS5.MMSS,AMSS 20 ARI1/A/306/1732
EUTELSAT II-F1 1.6b,1.6¢,1.6d,14a/ -ADD1/1766
1.5b,1.5¢,1.5d, -ADD2/1782
11,12¢,12d° -ADD3/1894
AR1Y/C/1207/1809
-ADI /1882
13.0E
31 Dec 87 ITALSAT Faly FS8,SRS 7 AR11/A/157/1633
2.300,48/20b,3012 ARIVC/TTHI6T9
ARI1/C/827/1697
15.0E 30 Apr 92 ZENON-B France FSS,AMSS,SRS 10 AR11/A/364/1781
1.6d,2,6b/
1.5d,2.24a
15.0E 31 Jul 87 AMS-1 Israel ESS 10 ARI11/A/39/1554
6b,14a/da,11 -ADDI/1563
AR11/C/816/1695
-ADDLU/1708
-ADD/1803
15.0E 31 Jul 87 AMS-2 Israel FSS 10 AR11/A/39/1554
6b.14a/4a,11 -ADD /1563
AR11/C/817/1695
-ADD1/1708
-ADD2/1803
15.0E " 6
31 Dec 90 STATSIONAR-23 USSR FSS 20 ARI1/A/318/1740
8b/a -CORRI/1760
ARIT1/C/1195/1804
15, -
S5.0E 31 Dec 90 TOR-12 USSR F5S8,MSS 20 ARI11/A/309/1736
43,44/20b,20f AR11/C/1444/1872
15. -
S5.0E 1 Jun 92 VOLNA-23 USSR MSS 20 ARI11/A/376/1793
0.32,0.3b/.3a AR11/C/1584/1887
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SERVICE
SUBSATELLITE Freguency Conk Prriop oF 8
LoNGITUDE' In-Use SATELLITE CouxTRY OR Up/Down-LINK VaLpiry* SeeclaL SECTION : §
(deg) DaTt? DESIGNATION” ORGANIZATION (GHz) tyr) INUMBERS g
16.0E 28 Feb 94 EUTELSAT 2-16E Eutelsat FSS,MSS MMSS, AMSS 20 ARTI/A/ATE/ 1861 Z
EUTELSAT 11-F3 1.6b,1.6¢,1.6d,14a/ -ADD1/1894 Q
1.5b.1.5¢,1.5d. AR 1/A/479/1861 -
11,12¢,12d° 9;
s
16.0E 10871 SICRAL-1A! Ttaly F$S,MSS 8 AR11/A/44/1557 f
0.3h,8a, 142,44/ -ADDI1/1588 S
0.32,7b,12¢,12d,20f -ADD2/1652 |5
m
17.0E 30 Apr 92 SABS' Saudi Arabia FSS,BSS 20 ARILI/A/353/1768 k2
14a,14b/11,12e,12f -ADDI/1801 z
z
o
17.0E 17 Apr 93 SABS 121 Saudi Arabia FSS,BSS 20 ARI1/A/125/1616 L m
14a,14b/11,12e,12f ARII/C/1212/1815 T
-CORRI1/1830 v
-CORR2/1862 2
Q
19.0E 30 Apr 92 ZENON-C France FSS,AMSS, SRS 10 AR11/A/365/1781 3
1.6d,2,14a/ >
1.5d,2.2,11
19.0E 1 Mar 93 TOR-26 USSR FSS.MSS 20 ARI1/A/459/1839
43 44/20b,20f
19.0E 1 Feb 91 MILSTAR 97 Us MSS,SRS 20 ARIL1/A/450/1837
0.3a,1.7b,44/ ARI11/C/1533/1885
—
0.3a,2.2,20f
19.2E 3 Mar 90 GDL-7 Luxembourg— FSS,BSS 20 AR11/A/472/1860
ASTRA |B'® Seciete 14a/11
Europeene
des Satellites
21.0E 30 Apr 93 BABYLONSAT-3 Iraq FSS 20 ARI1/A/441/1832
14a/11 -ADD1/1875
22.0B 19871 SICRAL-1B* Italy FSS.MSS 8 ARI1/A/45/1557
0.3b,84, 14a,44/ -ADIM/1588
0.3a,7b,12c,12d,20f -ADD2/1652
]
23.0F 1 Aug 90 STATSIONAR-19 USSR FSS$ 20 ARI1/A221/1686 =
6a,6b/4a" AR11/C/916/1752 Z
-CORR1/1756 =
o
230E 1 Aug 90 TOR-7 USSR FSS,MSS 20 ARIL1/A/284/1710 @
43,44/20b,20f AR11/C/1356/1851 @
o
-
23.0E 15 Qct 90 VOLNA-17 USSR MSS,AMSS 20 ARI/A/242/1693 ;
0.33,0.3b,1.6d/ ARI1/C/986/1769 >
0.3a,1.5d -CORRI1/1812 =
vl
=
26.0E 30 Apr 91 ZOHREH-2 Tran FSS 20 ARI1/A297/1719 E
14a/11 -ADD1/1728 E
-ADD2/1776 =
AR11/C/1235/1818 5
)
27.0E 1 Jun 92 TOR-20 USSR FS$5,MSS 20 ARI1/A/391/1798
43,44,20b,20f ART1/C/1484/1877
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SeErRvICE
SUBSATELLITE Freguency Copg PERIOD OF 8
LongiTupe! In-Use SATELLITE COUNTRY OR Ur/Down-Link Vaupry? SPECIAL SECTION 5
(deg) Date? DESIGNATION ORGANIZATION (GHz}) (yr) NUMBERS E
8
28.5E 30 Nov 89 DFSs-2 West Germany FS5.SRS 10 ARI11/AM1/1556 : E
DFS KOPERNIKUS 2,13a,14a,30a/ -ADDI1/1611 P9
2.2,11,12¢,12d,20b -ADD2/1828 ;
AR11/C/698/1670 =
-ADD1/1877 m
=
30.0E 30 Apr 93 BABYLONSAT-1 Traq FSS 20 AR11/A/439/1832 é
14a/11 -ADD1/1875 %
m
30.0E 1 Mar 91 MILSTAR 107 us MSS,SRS 20 AR11/A/451/1837 =
0.3a,1.7b,44/ ARIT1/C/1537/1885 Z
0.3a,2.2,20f 5
o
31.0E 1 Jan 91 ARABSAT 1-C Arab League FSS,BSS 10 ARI1/A/345/1764 -
ARABSAT F3 6b/da ARIL/C/1366/1854 v
-CORR1/1875 . ;
L
32.0E 31 Dec 87 VIDEOSAT-1® France FSS.SRS 10 AR 1/A/80/1588 2
2.14/2.2,12¢,12d ARI11/C/574/1650 2
AR11/C/580/1650
32.0E 31 Jul 92 TOR-21 USSR FSS,MSS 20 ARI1/A/M16/1815
43,44/20b,20f AR11/C/1568/1886
33.5E 31 Dec 90 DFS-5 West Germany FSS,SRS 10 AR11/A/465/1840
DFS KOPERNIKUS 2,13a,14a,300/ -ADD1/1871
2.2,11,12¢,12d,20b
34.0E 30 Apr 91 ZOHREH-1 Iran ESS 20 ARTU/AR96/1719
14a/11 -ADD1/1728
-ADD2/1776
ARI1/CA224/1818
35.0E 31 Dec 84 PROGNOZ-3"! USSR SRS.EES 20 SPA-AA/RIR/1471
322 SPA-AJM12/1515
35.0E 1 Aug 90 TOR-2 USSR FSS,MSS 20 AR11/A/279/1710
43,44/20b.20f ARI11/C/1299/1832 q
=
35.0E 31 Oct ¥ VOLNA-11 USSR MSS,AMSS 20 ARL1/A/150/1631 %
0.3a,0.3b,1.6d/ -ADDI1/1677 =
0.3a,1.5d ARIHC/977/1769 a
m
36.0E 28 Feb 94 EUTELSAT 2-36E Eutelsat FSS.MSS,MMSS AMSS 20 ARIL/ARBGTINTI2 %
EUTELSAT II-F5 1.6b,1.6c,1.6d,14a/ -ADD1/1766 ;
1.5b,1.5¢,1.5d, -ADD2/1782 %
11,12¢,028° ARI1/C/T1208/1809 Z
-ADD1/1882 =
4
38.0E 31 Dec 91 PAKSAT-1 Pakistan FSS,BSS MetSat 15 ARI1/A/S0/1592 E
0.4b,14a,14b/ -ADD1/1649 =
11,12b,12c.12d, -ADD2/1715 =
12g.12h'® ART1/C/1367/1858 P B
-CORRI1/1870 Lo
40.0E 10 May 84 STATSIONAR-12 USSR FsS 20 SPA-AA/2T1/1425 =
6b/da ARIL/CI818/1737 W

ARI1/C/1122/1793
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SERVICE "
SUBSATELLITE Freguency Copr PerioD oF .o
Loxgrrune! Ix-Use SATELLITE COUNTRY OR Up/DowN-LiNk Vavmorry* SPECIAL SECTION §
(deg) Date? DEsIGNATION ORGANIZATION (GHz) (yn) NUMBERS 3
40.0E 31 Jul 92 TOR-22 USSR FSS,MSS 20 ART1/A/417/1815 Z
43,44/20b,20f ARI1/C/1563/1886 G
r
=
41.0E 30 Tul 92 ZOHREH-4 Iran FSS 20 AR11/A/394/1800 T
14a/11 =
S
«t
41.0E 31 Dec 92 PAKSAT-2 Pakistan F5S,BSS MetSat 15 ARI11/A/91/1692 S
0.4b,14a,14b/ -ADDI1/1649 =
11,12b,12¢,12d, _ADD/1715 g
12g,12h'® =
&
45.0F 31 Jul 92 STATSIONAR-9A USSR ESS 20 AR11/A/402/1803 2
6b/da a
45.0E 1 Aug 90 TOR-3 USSR FSS,MSS 20 ARI11/A/280/1710 w
43,44/20b,20f ARTH/C/1336/1839 : ;
]
45.0E 1980" VOLNA-3 USSR MSS MMSS,AMSS 20 SPA-AA/171/1286 2
0.3b,1.6b,1.6¢,1.6d/ SPA-AJ/98/1329 =1
0.3a,1.5b,1.5¢,1.5d
45,0E 1 Dec 90 VOLNA-3M USSR MMSS 20 ARI1 1/A/249/1697
1.6b/1.5b -CORRI/1715
ARL1/C/1398/1861
o ]
470E 30 Apr 9l ZOHREH-3 Iran FSS 20 ARI11/A/298/1719
14a/11 -ADD1/1728
-ADD2/1776
ARI1/C/1246/181%
49,0 1Tun 92 TOR-16 USSR FS8.MSS 20 ARI/A/373/1790
43,44/200,20f AR11/CI1454/1872
51.0E 30 Apr 93 BABYLONSAT-2 lrag FSS 20 AR11/A/440/1832
14a/11 -ADDI/1875
53.0E 31 Jut 90 SKYNET-4C" UK FSS.MSS 10 AR]1/A/84/1588
0.32,82,44/0.3a,7b -ADD1/1597
ARI11/C/R67/1737 q
=
33.0E 1 Sep 90 MORE-53 USSR F58,MMSS 15 ARI1/A/185/1662 Z
1.6b,6b/1.5b 4a ARIL/C/1088/1791 =
-CORR1/1883 ;,_5
o
53.0E 31 Jul 92 TOR-23 USSR F$S,MSS 20 ARI11/A/418/1815 2
43 ,44/20b,20f ARI11/CI1573/1886 el
C
53.0E 1980 VOLNA-4 USSR MSS,MMSS,AMSS NA SPA-AA/1T72/1286 gZ;
1.6b,1.6¢,1.6d/ SPA-AJ/99/1329 -
1.5b,1.5¢,1.5d g
=
55.0F 1 Sep 90 MILSTAR &7 us MSS,SRS 20 AR11/A/445/1837 =
0.38,1.7b,44/ ARI1/C/1513/1885 =
0.32,2.2,20¢ 5
[»]
57.0E 30 Jun 93 USGCSS PH3 INDOC2 Us FSS.SRS 10 AR11/A/490/1875
DSCS I 1.7b,82/2.2,7h
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SERVICE -
SUBSATELLITE Freouency Cope Pereop of i 2
4 e
Loncriupe'  In-Use SATELLITE COUNTRY OR Up/DowN-LINk VALIDITY SPE;;AL S%m o 4
{deg) Dare’ DESIGNATION ORGANIZATION (GHz) oo e 51
[¥]
-
. USSR F58,MSS 20 AR11/A310/1736 Z
58.08 3 Decs0  TOR-13 43.44/20b,20F ARI1/C/1413/1862 g
=
[ea]
60.0E 31Dec 89  USGCSS PH3 INDOC Us FSS.5RS 10 AR11/A/Z67/1706 2
7b,82/2.2,7b -ADD1/1730 &
DSCS 11 1.7b,82i2.2, %
AR11/C/413/1629 z
ARI11/C/1219/1816 S
-CORR1/1842 g
[vs}
[35]
60.0E 10ct90  INTELSATG 60E Intelsat FSS 15 iﬁ;géﬁgﬁ 15‘2;‘8 =
INTELSAT VIIND 1 6b,L4a/da, L1 S
INTELSAT VI F-5 -ADD1/1713 g
AR11/C/1624/1905 =
0 o
61.5E 1 Nov 92 ACS-7% Us MSS,AMSS 15 AR11/A/398/180 2
1.6¢,1.6a8/1.5¢,1.5d 2
(=]
i USSR FS5.MSS 20 ARI11/A/419/1815 s
62.0E oz TOR-24 43,44/20b,20F ARI1/C/1595/1890 =
63.0E I Nov90  INTELSATS 63E Inelsat FSS o 15 KEH%E% 1};’3?9
. 6b,14a/da,
INTELSAT VI F-4 CCORRL/1841
-CORR2/1853
64.5E 1 Jul 89 INMARSAT IOR Inmarsat F55.M55,MMSS,AMSS 15 ARI1/A/178/1644
INMARSAT II* 1.6b,1.6¢,1.6d,6b/ -ADD1/1760
1.5b,1.5¢,1.5d.4a AR11/C/846/1706
-ADD1/1784
65.0E 31 Jul 92 TOR-23 USSR FSS,MS$ 20 AR1H/A/420/1815
43,44/20b,20f AR11/CH600/1890
66.5E 31Jan90  INMARSAT IOR2 Inmarsat FSS,MSS,MMSS,AMSS 15 ARI11/A7293/1713
INMARSAT 11°! 1.6b,1.6¢,1.6d,6h/ -ADDI/1760
1.5b,1.5¢,1.5d,4a
69.0E 31Dec90  TOR-14 USSR FSS,MSS 20 AR11/A/311/1736
43,4420, 20f AR11/C/1449/1872 'q
=
70.0E 1 Jun 92 TOR-17 USSR FSS,MSS 20 ARI/A/37/1790 g
43,44/20b,20f ARLL/CH1474/1877 =
Q)
70.0E 1 Jun 92 VOLNA-19 USSR MSS 20 ARI11/A/374/1793 &
0.34,0.3b/0.3a ARI1/C/1578/1887 ‘ﬁ
-
7008 1 Nov 91 USASAT-13N Us- FSS 10 ARI11/A/344/1763 S
CELESTAR 2 McCaw Space 14a/11,12¢,12d AR11/C/1438/1871 >
Technologies™ -ADDI1/1900 ~
wr
=
72.0E 1 Jan 88 FLTSATCOM-B Us MSS 10 ARI1/A37/1762 S
INDOC? 44120F -ADD1/1794 g
-ADDY/1802 =
=
o
74.0E 31 Jul 90 INSAT-2C India FSS,BSS, 20 ARL1/AR262/1702 &
MetSat.EES ART1A/1083/1789
{1.4b,6b/4a,4b -CORR1/1804
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SERVICE
SUBSATELLITE FreQuENCY CoDE PLRIOD OF 8
LoNaITune! In-Use SATELLITE COUNTRY OR Up/DowxN-Link VaLmry SpECIAL SECTION LZ,
(deg) Date’ DrsiaNaTon’ ORGANIZATION (GHz) (yr) NUMBERS 5
o
a
76.0E 2 Jul 94 GOMS™ USSR FSS MetSai 20 AR11/AS205/1678 | Z
0.4b.8d,30a/7b,20b -ADDI1/1712 .
ARIL1/CN277/1825 =
m
-
76.0E 31 Dec 90 GOMS-M?* USSR FS5S.MetSat, SRS, EES 15 AR11/A/425/1822 =
0.4b,2,2.1,8d,30a/ i
0.4g,1 6f,1.6g,7b,20b <
=
77.0E 17 Qct 89 CSSRD-2% USSR FSS,SRS 20 ARI/A/188/1672 £
14b,141/11.12¢,13¢ -CORR1/1711 =
Z,
c
80.0E 30 Dec 82 POTOK-2% USSR FSS 15 SPA-AA/345/1485 |5
4bt4a AR11/C/22/1558 | @
80.0E 31 Oct 88 PROGNOZ-4'! USSR SRS.EES 20 SPA-AA/319/1471 | 2
322 SPA-AJ/413/1515 LA
ARI11/CI742/1675 P4
T
L
81.5E 1 Mar 94 FOTON-2 USSR FSS 10 ARI/AS236/1692 =
6b/4b ARTLUCHIO15/1776
-CORR1/1790
-CORR2/1881 :
§3.0F 31 Jan 89 INSAT-1D7 India FSS,BSS, 15 ARI1/A/126/1617
MetSat,EES -ADD1/1636
0.4b.6b/2 50,42 -ADD/1671
ARI 1/C/860/1735
83.0F 31 Jan 90 INSAT-2A India FSS.BSS, 20 AR11/A/260/1702
MetSat, EES ARI1/C/1081/1789
00.4b,6b/4a 4b -CORR1/1804
85.0E 1 Aug 90 TOR-4 USSR FSS.MSS 20 ARI11/A/281/1710
43.44/20b.20f ARI11/C/1341/1839 ;
!
85.0E 198013 VOLNA-5 USSR MSS MMSS, AMSS 20 SPA-AA/L73/1286
0.3b,1.6b,1.6¢,1.6d/ SPA-AJ/100/1329
0.3a,1.5b,1.5¢,1.5d
85.0E 1 Dec 90 VOLNA-5M USSR MMSS 20 ARI1/A/250/1697 5
1.6b/1,5b -CORRI/1715 L&
AR11/C1400/1861 =
87.5E 15 Dec 92 DFH-3-0C China FSS 10 AR11/A/470/1850 o
Ebida -ADDI/1875 i
]
!
90.0E I Sep 90 MORE-90 USSR F55.MMSS 15 ART1/A/184/1662 i3
1.6b,6b/1.5b 42 ARI/C/1090/1791 g
-CORR1/1883 =
| =
90.0E 1 0ct 90 MILSTAR 57 Us MSS,5RS 20 ARI1/A/446/1837 4
0.3a,1.7b,44/ ART1/C/1517/18%5 =
0.3a,2.2,20f =
=
93.5E 31 Mar 90 INSAT-2B India FSS,BSS, 20 ARI/A261/1702 =
MetSat,EES AR11/C/1082/1789 s
0.4b,6b/4a,4b -CORRI1/1804 \

691



TARLE 2. PLANNED GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR-END 1989

0661 DNIEAS ‘1 JFHION 02 ANNTOA MATATY TYOINHIAL LYSWOD

SERVICE
SUBSATELLITE FrequEncY CODE PERIOD OF
LongiTupe! In-Use SATELLITE COUNTRY OR Up/Down-Link VaLmimy? SPECIAL SECTION
(deg) DaTe? DESIGNATION® ORGANIZATION (GHz) (yr) NUMBERS
98.0E 15Mar89  CHINASAT-3 China FS$ Y ARI11/A/257/1703
DFH2-A3 6b/da -ADDI1/1712
ARI11/CA039%/1778
103.0E 15Jun92  DFH-3-0B China FSS 10 AR! I/A/469/1850
6blda -ADD1/1875
105.0E  31Aug92  FY-2A China FSS,SRS, 15 ARIV/A/MO2/187T
FENG YUN-2A MetSat,EES
0.4b,2,6b/0.4g,
1.6f,1.6g,1.7a,4a
105.5E 1 Apr 90 ASIASAT-C UK- F588 12 ARI1/A/493/1877
ASIASAT 1 Asia Satellite 6h/da AR11/C/1614/1899
Telecommunications™®
105.5E 1 Nov 9¢ TONGASAT C-5 Tonga— F88 20 AR11/A/460/1840
Friendly Islands 6bida -CORR1/1892
Satetlite AR1Y/CA627/1908
Communications®
110.0E 1 Aug 90 BS-3 Japan FS58,BSS, SRS 20 AR11/A/3341750
YURI 3 2,14a/ -ADD1/1762
2.2,12¢,12g,12h ARI1/C/1424/1864
115.5E I Nov 90 TONGASAT C-6 Tonga-— 3 20 AR11/A/461/1840
Friem?ly Isiands 6b/da -CORR1/1892
Satellite ARI11/C/1628/1908
Communications®®
[16.0E 30 Sep 90 ASIASAT-B UK~ FSS 12 AR11/A/481/1861
Asia Satellite 6b/4a AR11/C/1611/1899
Telecommunications®
118.0E 30 Jun 89 PALAPA-B3* Indonesia FS8S 10 ARI11/A/157/1637
PALAPA B-3 6h/da ARI1/C1654/1666
121.5E 1 Nov 90 TONGASAT C-7 Tonga— FSS 20 AR11/A/462/1840
Frtenc:ﬂy Islands 6bida -CORR1/1892
Satellite AR11/C/1629/1908
Communications®®
122.0E 1 Sep 90 ASTASAT-A UK~ FS8S§ 12 AR11/A/480/1861
Asia Satellite 6b/da ARI1/CA608/1899
Telecommunications’
125.0E 15 Dec 91 DFH-3-0A China FSS§ 10 ARI1/A/46R/1850
6b/da -ADDI1/1875
128.0E 1 Aug 90 TOR-6 USSR FESSMSS 20 AR11/A/283/1710
43,44/200,20f ARI1/C/1315/1838
128.0E 31 Oct 90 VOLNA-O USSR MSS,AMSS 20 ARI11/A/149/163}
0.3a,0.3b,1.64/ -ADD1/1677
0.3a,1.5d ARI1/C/974/1769
-CORR1/1892
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SERVICE
SUBSATELLITE Frequency Capk PERIOD ©F
Loxgitune! IN-Usk SATELLITE COUNTRY OR Ur/Dowa-Ling Vaummy! SPECIAL STCTION
(deg) DATE DrsiGNaTION ORGANIZATION {GHz) (y1) NUMBERS
128.0E 1 Dec 90 VOLNA-9M USSR MMSS 20 AR11/AS251/1697
1.6b/1.5b AR11/C/1402/1861
130.0E 1 Jul 90 PROGNOZ-5'! USSR SRS EES 20 ARIVARTSINTHIO
322 AR11/C/938/1763
130.0E 1 Nov 92 TONGASAT AP-1 Tenga— FS§ 20 AR11/A/512/1893
Friendly Islands Gofda ARLVCHT20/1941
Satellite
Communications®”
130.0E 1 Aug 90 TOR-10 USSR FSS,M58 20 ARTI/A90/1711
43,44/20b,20¢ ARI11/CA1320/1838
131 0E 1 Nov 90 TONGASAT C-8 Tonga— FSS 20 AR11/A/463/1840
Friendly Islands Gb/da -CORRI1/1892
Satellite
Communications®
133.0E 1 Dec 90 MILSTAR 7’ us MSS.5RS 20 ARI/AMA48/1837
0.3a,1.7b.44/ ARLI/C/152571885
0.3a,2.2,20f
124.0F 1 Nov 42 TONGASAT AP-2 Tonga- FSS 20 ARI1/A/S13/1893
Friendly Islands 6b/da AR11/CH1721/1941
Satellite
Communications™
—
134.0E 1 Sep 92 ACS-6™
ep CS-6 us MSS,AMSS 15 ARITI1/A/397/1800
1.6¢.1.6d/1.5¢,1.5d
140.0E 1 Sep 90 14 H
ep MORE-140 USSR FSS,MMSS 15 ART1/A/186/1662
1.6b,6b/1.5b 42 ARI/C/1092/1791
-CORR1/1883
138.0E | Noy 92 3 - 4 4
oy ¢ TONGASAT AP-3 T(?ngdﬂ ‘ FSS 20 AR11/A/514/1893
Friendly [slands 6bida ARL1/C/1722/1941
Satellite
Communications™?
142.5E 1 Nov 92 y -~
ov TONGASAT AP-4 To.nga—v . FS8S 20 ARI11/A/515/1893
Fnen(.ily Islands 6b/da AR11/C/1723/1941
Satellite
Communications®®
145.0E 31 Dec 87 S - ) 5
ec STATSIONAR-16 USSR FSS 20 ARII/AST6/1586
6b/4a -ADD1/1593
ARI11/C/849/1707
ARIL/C/1126/1793
148.0E 1 Nov 93 ; _
&3 TONGASAT AP-5 anga— FS5 20 ARII/A/Z16/1893
Frler@y Islands 6b/da ARV 72471941
Satellite
Communications™
150.0E 1A 1 7 .
ug 9 MILSTAR 15 us MSS,SRS 20 ARIU/A/A56/1837
0.3a,1.7b,44/ ARLI/C/1557/1885
0.3a,2.2,20f
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TABLE 2. PLANNED GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR-END 1989
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SERVICE o
) Frequency CoDE PERIOD OF =
SES:);T:&;;E In-Use SATELLITE COUNTRY OR Up/Down-LINK VaLmrry? SPECIAL Sét‘no.w ;E
(deg) DaTs” DESIGNATION® ORGANIZATION (GHz) D) Numsers 5
9]
IS10E  1Nov94  TONGASAT AP-8 Tonga- FSS 20 ARLL/A/S19/1893 -
' Friendly Islands 6bida AR1V/C1727/1941 g
Satellite =
Communications™ 2
fes|
5 RS 20 AR11/A/452/1837 2
1520E 1 Aproi MILSTAR 11 Us 81;5 '15_;71,,44; ARIL/C/1541/1885 s
0.3a,2.2,20f %
m
ASAT AP-7 Tonga-— FS$ 20 AR11/A/518/1893 =
134.0E I Nov 84 TONG Fricidly Tslands ob/da AR11/C/1726/1941 é
Satellite E
Communications®® i
) i FSS,BSS,AMSS,SRS 15 ARI11/A/361/1779 rn
156.0E 29 Feb 92 AUSSAT B2 Australia P SADDI/1790 é
1.5d,12b,1 2c, AR11/A/356/1772 &
12d,12g,12h,31% -ADD1/1880 2
-ADD2/1894 2
ARI11/A/3B0/1796
AR11/A/435/1828
-ADD1/1894
ARI11/A437/1830
ARI1/A/495/1878
-CORR1/1900
157.0E i Nov 93 TONGASAT AP-6 Tonga- FSS 20 AR11/A/517/1893
Friendly Islands 6b/da ARIIAC/1725/1941
Satellite
Communications®?
160.0E 1 May 92 ACSAT-1% Australia FS$ 15 AR11/A/393/1799
8a/7b
160.0E 29 Feb 92 AUSSAT BI Australia FSS,BSS,AMSS,SRS 15 AR11/A/360/1779
1.6a,1.6d,14a/ -ADD1/1790
1.5d,12b,12¢, ARI11/A/35511772
12d,12g,12h,31% -ADDI1/1880
-ADD2/1894
ARI11/A/379/1796 o
ARI1/A/434/1828 =
-ADD1/1894 2
AR11/A/M36/1830 o
AR11/A/494/1878 o
-CORR1/1900 z
v
160.0E 1 Dec 92 TONGASAT C-3 Tonga— FSS 20 AR11/A/432/1828 E
Friendly Tslands 6b/da AR11/C/1719/1940 _ g
Satellite -CORRI/1950 >
Communications®? z
[75]
I
162.0E 1 jun 89 SUPERRIRD-B* Japan— FsS 13 AR11/A/341/1762 =
Space 144,300/ ARI1/C/1307/1836 E
Communications 12b,12¢,20a,20b -CORR1/1865 =
Corporation =
]
164.0E 31 Dec 92 TONGASAT C-2 Tonga— F$$ 20 ARI11/A/431/1828
Friendly Islands 6b/da ARI11/C/1718/1940 S
Satellite -CORR1/1950 v

Communications?®




TABLE 2. PLANNED GEOSTATIONARY COMMUNICATIONS SATELLITES FOR Year-Enp 1989

SERVICE
SUBSATELLITE Frrguexcy Cope PERIOD OF
LONGITUDE' In-Use SATELLITE COUNTRY OR Ue/Down-LiNk Varoy? SPECIAL SECTION
(deg) Date? DESIGRATION ORGANIZATION (GHz) (vr) NUMBERS
166.0E 1 Jun 94 GOMS-2% USSR FS$5 MetSat,SRS.EES 20 AR11/AS207/1578
0.4b,2,2.1,84,30a/ -ADDI/1T712
0.4g,1.6f,1.6g,7b,20b ARI1/C/1281/1825
-CORRI1/1894
166.0E 31 Dec 89 GOMS-2M* USSR FSS MetSat,SRS,EES 15 ARI1/A/427/1822
0.4b,2,2.1,8d,304/
0.4g,1.6f.1.6¢£.7b.20b
166.0E 1Jul 90 PROGNOZ-6" USSR SRS,EES 20 ARIL1/A/276/1709
3/2.2 ARI/C/940/1763
167.0E 17 Qct 89 VSSRD-2% USSR ESS,SRS 20 ARI1/A/18711672
140, 14£/11,12¢,13¢
167.45E 30 Jun 91 PACSTAR-1 Papua New Guinea—  FSS.AMSS 20 ARI/A/200/1676
PACSTAR A-1 Pacific Satellite™ 1.6d,6b,14a/ AR11/A/331/1749
1.5d,4a,5a,12a,12b,12¢ -ADDI1/1783
AR1TC/ 11791801
-CORRI1/1828
-CORR2/1850)}
ARI11/C/1432/1866
170.0E 1 Oct 91 USASAT-13M uUs- FSS 10 AR1I1/A/343/1763
CELESTAR 1 McCaw Space 14a/12a,12¢,12d ARI11/C/1436/1871
Technologies™ -ADDI/1900
170.75E ; -
5 1 Nov 91 TONGASAT C-1 T(?nga— ESS 20 AR11/A/430/1828
Fnenc.lly Islands 6b/da AR11/C/1717/1940
Saellite y -CORR1/1950
Communications™
171. &20
OE 1 Jul 92 ACS-5 Us MS5,AMSS 15 ARI1/A/396/1800
1.6¢,1.6d/1.5¢,1,5d
172.0E J g _
31 Dec 86 ]-WL-EE?:;CA%I;!\ B Us MSS iy ARITI/A/SL/1561
44.20f -ADDI1/1587
175.0E 31
Dec 89 ggGCSS PH3 W PAC us F5S5,5RS 10 AR1/A266/1706
SCS I 1.7b,83/2,2,7b -ADDI/1730
ARI11/C/A09/1629
AR11/C/1216/1816
-CORR1/1842
ARIL/C/1222/1817
-CORR1/1842
177. 147
5E 1Jul 91l MILSTAR 14 us MSS,SRS 20 ARII/A/455/1837
0.3a,1.7h,44/ AR11/C/1553/1885
0.3a,2.2,201
179.5E 31 Oct 89 INMARSAT Pg)]R-I Enmarsat FSS MSS MMSS. AMSS 15 ART1/A/329/1747
INMARSAT II 1.6b,1.6¢,1.6d,6b/
1.5b,1.5¢,1.5d.4a
180.0E
31 Dec 92 USGCSS PH3 W PAC-2 us FSS,SRS 10 ARI11/A/408/1806
DSCS III 1.7b,8a/2.2,7h
182.0E ] .
(17E.0W) 1 Jul 90 giﬁ;Ar?I; US— ‘ FSS 10 ARI11/A264/1703
| i - Financial bb/4a ARIL1/C/945/1763

Satellite™
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8LT

SERVICE
SUBSATELLITE Frequency CoDE PeRIOD OF 8
Lonariune!' IN-Usk SATELLITE COUNTRY OR Up/Down-LiNk Varmmy? SPECIAL SECTION Y
(deg) DaTE? DESIGNATION ORGANIZATION (GHz) (yr) NUMBERS :
%
185.0E 30 Jun 91 PACSTAR-2 Papua New Guinea-  FSS,AMSS 20 AR11/A/2011676 E
(175.0W) PACSTAR A2 Pacific Satellite®* 1.6d,6b.14a/ AR11AC/1180/1801 g
1.5d,4a,5a,12a,12b,i2c -CORR1/1804 -
-CORR2/1828 &
!
187.5E 31 Dec 92 TONGASAT C-4 Tonga— FSS 20 AR11/A/433/1828 f
(172.5W) Friendly Islands 6b/da AR11/C/1697/1928 o
Satellite -CORR1/1952 E
Communications®* E
[
=
189.0E 4 Aug 88 TDRS 171W uUs SRS 15 AR11/A/474/1860 z
(171.0W) 2,14£/2.2,13¢ -CORR1/1903% 2
o
-]
189.0E 1 Apr 89 USASAT-14EY uUs FSS 10 AR11/A/421/1815 =
(171.0W) 6b/da ARIT/C/1710/1936 L w
~
190.0E 31 Jul 92 STATSIONAR-10AS USSR FSS 20 AR11/A/403/1803 Z
(170.0W) 6b/da %
190.0E 1 Aug 90 TOR-5 USSR FS§,MSS 20 AR11/A282/1710
(170.0W) 43,44/20b,20f AR11/CH1351/1851
190.0E 1980" VOLNA-7 USSR MSS,MMSS,AMSS 20 SPA-AA/175/1286
(170.0W) 0.3b,1.6b,1.6¢,1.6d/ SPA-AJ/102/1329
0.3a,1.5b,1.5¢,1.5d
190.5E 1 Jun 90 FOTON-3 USSR F5§ 10 AR11/A/2371692
(169.5W) 6h/db
13 26
192.0E Dec 1983 POTOK-3 USSR FSS 10 SPA-AA/346/1485
(168,0W) 4btda
195. ;
(122 {())l;:v 1 Sep 91 USASAT-13L Us— . FSS 10 AR11/A/354/1770
O0W) CCC-1 Columbia 14a/11,12a
Communications®
11
(210 519.0(}]3W) 1 Jul 90 PROGNOZ-7 USSR SRS,EES 20 ARIL/AR277/1709
: 322 ARI11/C/942/1763
&gg.gl‘sv ) 31 Dec 89 STATSIONAR-26 USSR Fs§ 20 AR11/A/385/1797 A
. 6b/da -ADD1/1803 =
-CORR1/1813 F
AR11/C/1313/1836 =
7 o
(ﬂ"gg]\iv ) 1 May 91 MILSTAR 12 us MSS.SRS 20 ARI11/A/453/1837 ey
. 0.3a,1.7b,44/ ARI11/C/1545/1885 9
0.3a,2.2,20f ;
D
13 39 .
2141;:?)]5 Jun 1985 AMIGO-2 Mexico FS5,BSS 10 RES33/A/2/1560 E
(146.0W) 17.20a/12f,12¢ Z
w
45 >
(ﬂé.g}‘aw ) 15 Nov 90 USASAT-20C Us FS58 10 ARI1/A/259/1702 §
X 6b/4a AR11/C/970/1769 c
...]
215.0E 30 Jun 92 MORELOS 4 Mexico FSS§ 10 =
AR11/A/467/1840
(145.0W) MORELOQS IV 6b,14a/da,12a 3
i l i.g}\av 1 Dec 90 VOLNA-2IM USSR MMSS,AMSS 20 AR11/A/252/1697 =
(145.0W) 1.6h,1,6d/1.5b,1.5d A=




TABLE 2. PLANNED GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR-END 1989
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SERVICE. -
Freguency CoDE PERIOD OF o]
SUBSATELLITE 4 iy . Z
LoNGrrune! In-Use SATELLITE CouNTRY OR Ur/Down-Ling VALIDITY SPE(_I\;A-I; ij:‘::‘leox 2
(deg) Date? DESIGNATION ORGANIZATION (GHz) {yr) UMBERS 5
@]
jou)
215.0E 31 Dec 84 FLTSATCOM-A PAC Us- F$5.MS8 10 ARI1/A/181/1652 %
(145.0W) SYNCOM TV-5* Hughes 0.3a,82/0.3a,7b e
LEASESAT F-5 Communications ;’E
LEASAT 5 2
m
E-
219.0E 30 Jun 92 MORELOS 3 Mexico FSS 10 AR 1/A/466/1840 <
(141.0W) MORELOS I1I 6b,14a/4a,12a g
Z
220.0E 31 Dec 89 USASAT-17C* Us FSS 10 :g} :iggggjf ; g,gz =
(140.0W) tb/4a Z
221.0E 199313 ACS-3A% Us- MSS,AMSS 15 ?3
{139.0W) AMSC-3 American Mobile 1.6¢,1.6d/1.5¢,1.5d =
Satellite™ -
[72]
2
221.0E May 1991 USASAT® us- FSS 10 |2
(139.0W) GE SATCOM C-5 Alascom® 6blda &
AURORA IT* £
223.0E 31 Dec 89 USASAT-17BY UsS— FSS 10 ARI1/A/227/1687
{137.0W) GE SATCOM €-1% GE Americom 6b/da
2240E Jun 19857 AMIGO-1¥ Mexico FSS.BSS 10 RES32/A/1/1560
(1%6:OW) 17.20a/12f,12¢
224.0E 31 Jan 90 USASAT-16D% Us FSS 1 ARI1/A/225/1687
(136.0W) 14a/12a AR11/C/1000/1772
225.0F 31 Aug 93 USASAT-21A Us- FSS 10 ARI11/A/483/1864
{135.0W) GE SATCOM C-4 GE Americom 6b/da -ADD1/1883
-CORR1/1935
225.0E 1 Jun 83 USGCSS PH3 E PAC Us FSS.SRS 10 SPA-AA/349/1493
(135.0W) DSCS I 1.7b,8a/2.2,7b SPA-AJ/344/1499
ARL1/CI405/1629
226.0E 31 Jan 90 USASAT-16C Us— FSS 10 ARI11/A/224/1687
(134.0W) COMSTAR K-2°° Comsat General 14a/12a AR1L/C/1064/1783
COMGEN-B A
=
227.0E 19 Apr94 USASAT-22A Us— FSS iz ARI1/A/536/1903 Z
(133.0W) GALAXY IR Hughes 6b/da AR11/C/1777 =
Communications ARI/C/1778-1779 o
[yl
o
228.0E 15 Mar 87 USASAT-11C US- FSS 10 ARI/A/111/1609 ot
(132.0W) WESTAR-B”! Western Union 14a/12a ARTI/C/1063/1782 g
c
2z
229.0E 1 Apr 96 USASAT-23B Us- FSS 12 ARI1/A/640/1946 &
(13L.OW) GALAXY B-R* Hughes 14a/12a =
Communications E
m
229.0E 31 Dec 94 USASAT-22HY uUs F55 12 AR11/A/600/1920 E
{131.0W) 6b/da -CORR1/1945 3
Z
(o]
230.0E 15 Jun 87 USASAT-10D US- FSS 20 AR 1/A/108/1609 =
(130.0W) GALAXY-B™ Hughes 14a/12a ARIL/CI1057/1781
GALAXY K-2 Communications

181
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SERVICE -
SUBSATELLITE FreqUENCY CODE PERIOD OF %
LoNGITUDE' In-Use SATELLITE COUNTRY CR Usp/Down-LiNk VaLmiry? SPECIAL SECTION ;,
(deg) Date DESIGNATION® ORGANIZATION (GHz) (yr) NUMBERS :];
5
230.0E 10 Sep 90 ACS-3% Us AMSS 15 ARI1/A/303/1723 z
(130.0W) 1.6d/1.5d ARLL/C/T110/1792 3
=
230.0E 31 Dec 92 USGCSS PH3 E PAC-2 Us FSS,SRS 10 AR11/A/407/1806 E
(130.0W) DSCS Il 1.7b,8a/2.2,7b g
<
230.0F 15 Jun 92 USRDSS WEST* us- FSS.AMSS.Radiolocation 10 AR11/A/176/1641 e
{130.0W) GEOSTAR 53 Geostar 1.6a,6b/2.4,5a -ADDI/1673 <
-ADD2/1780 5
=
231.0E 18 Jul 94 USASAT-24A Us- FSS 10 ARTI/A/STTI912 =
(129.0W) CONTELSAT-2 Contel ASC 6b,14a/4a,12a %
~
233.0E 1993" USASAT-24G* Us- FSS 10 =
(127.0W) SPOTNET-2 National Exchange  6b,14a/4a,12a v
NEXSAT-2 Satellite™ ;
o
234.0E 15 Sep 87 USASAT-10C Us- FSS 20 AR1/A/107/1609 g
(126.0W) MMC-2 Martin Marietta® 14a/12a ARI11/C/989/1769 S
235.0E 19 Apr 94 USASAT-22B Us- FSS 12 AR11/A/537/1003
(125.0W) GALAXY V-W Hughes 6bida ARI1/C/1780
Communications AR11/C/M1781-1782
235.0E 18 Jul 94 USASAT-23E Us- FSS 10 AR11/A/576/1912
(125.0W} GTE GSTAR 4 GTE Spacenet 14a/12a ARL1/CIT72
ARL/CI17T73
236.0E 1 Nov 88 USASAT-10B Us- FSS 10 AR11/A/106/1600
(124.0W) EXPRESSTAR B Federal Express™ 14a/12a ARI1/C/1054/1781
-CORRI1/1811
239.0E 18 Jul 94 USASAT-23C US— PSS 10 ARLI/A/S7S/1912
(121.0W) GTE GSTAR IR GTE Spacenet 14a/12a AR 1/C/1759
ARI1/CN760
240.0E 1 Nov 90 MILSTAR 67 Us MSS SRS 20 ARI11/A/M447/1837
(120.0%) 0.3a,1.7b 44/ AR11/C/1522/1885
0.3a,2.2,20f -
&
249 5E 1 Dec 90 ANIK E-B¥ Canada— FSS 12 AR11/AR23/1744 Z
(110.5W) TELESAT E-B Telesat Canada 6b.14a/4a,12a -ADDI1/1765 o
AR11/C/1293/1832 o
-CORR1/1861 @
|75
=
252.7E 1 May 90 ANIK E-AY Canada- F58 12 ARI11/A/322/1744 5
(107.3W) TELESAT E-A Telesat Canada 6b, 14a/4a,12a -ADD1/1765 g
ARI11/C/1291/1832 z
-CORR1/1861 <
ol
>
253.5E S Oct 89 MSAT® Canada- MSS,LMSS,MMSS, 10 AR11/A/55/1563 =
(106.5W} Telesat Mobile™ AMSS, SRS -ADD1/1572 £
0.8,1.6b,1.6¢,1.6d,2/ _ADD/1611 =
0.8,1.5b,1.5¢,1.5d,2.2 -ADD3/1721 é
ARI11/A00/1723
-CORR1/1731
AR11/C/936/1761

-CORR1/1821

€81
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SERVICE
SUBSATELLITE Frequency CoDE PERiOD OF 8
LoNGITUDR' Ix-Use SATELLITE COUNTRY OR Ur/DowN-LINK VaLprry?t SPECIAL SECTION E
(deg) Date? DESIGNATION” ORGANIZATION (GH7) (yr) NUMBERS 5
E
254.0E 31 Jul 92 SIMON BOLIVAR 1 ASETAY FSS 10 AR11/A/422/1817 2
{106.0W) CONDOR 1*! 6bida -CORRI1/1861 3
&
257.0E 18 Jul 94 USASAT-248 Us- FS$ 10 AR11/A/578/1912 E
(103.0W) SPACENET-1R GTE Spacenet 6b, 14a/4a,12a ARLL/C/1761 5
GTE SPACENET TR AR11/C/1762-1763 ﬁ
o
259.0E 1 Jul $0 USASAT-16B Us- F58 10 ARII/A/223/1687 =
(101.0W) USASAT-17A Ford Aerospace 6b, 14a/4a,12a AR11/A/226/1687 z
FORDSTAR 1 Satellite Services® AR11/C/999/1772 ]
FORDSAT I ARL1/C/931/1755 Z
PE
259.0E 18 Jul 94 USASAT-24C Us- FSS 10 AR!1/A/579/1912 ; E
(101.0W) CONTELSAT-1 Contel ASC 6b,14a/4a,12a | =
|
%]
259.0E 199313 ACS-1AY US- MSS,AMSS 15 2
(101.0W) AMSC-2 American Mobile 1.6¢,1.6d/1.5¢,1.5d i %
Satellite™ 2
=
260.0E 10 Sep 90 ACS-1% Us AMSS 15 ARI1/A301/1723
(100.0W) 1.6d4/1.5d -ADD1/180]
ART1/C/1106/1792
260.0E 15 Jul 90 USRDSS CENTRAL™ Us- F58,AMSS,Radiolocation 10 AR11/A/175/1641
{100.0W) GEOSTAR 82 Geostar 1.6a,6b/2.4,5a -ADDI1/1663
-ADD2/1780
260.0F 10 Aug 89  ACTS®
(100.0W) g us FSS 10 ARI1/A/321/1744 i
30a/20b -ADD1/1753 ;
261.0E 19 Apr 94 USASAT-22C Us '
- FSS 12 AR 1/A/538/1903
(99.0W) GALAXY IV-R Hughes . 6b/da ARI1/C/1783 -
Communicaticns ARLI/C/1784-1785
261.0F 19 Apr 94 USASAT-23D% Us
S- ESS 12 AR11/A/605/1921
(99.0W) GALAXY A-R* Hughes 14a/12a
Communications .
|
|
263.0E 30 Apr 89 STSC-2
©7.0W) P Cuba EsS 10 AR11/A/68/1706 '
bbiaa -ADDI1/1723
263.0E 19 Apr 94 USASAT-24D Us a
- FSS 10 AR11/A/542/1903 =
(97.0W) TELSTAR 401 AT&T 6b.14a/4a,12a ) | Z
o<
265.0E 19 Apr 94 USASAT-22D uUs o
- FSS 12 AR 1/A/539/1903 -
(95.0W) GALAXY 1I-R Hughes bida - Lo
Communications i 2
%
267.0E 1 Jul 90 USASAT-12D - 2
(93.0W) USASAT-16A s ‘ ESS 10 ARI1/A/124/1615 S
Ford Aerospace 6b,14a/4a,12a AR11/A/221/1687 z
FORDSTAR 1 Satellite Services® AR11/C/998/1772 2
FORDSAT [ ‘ P
=
13 ;I
AOwW) SPOTNET-1 National Exchange 6b,14a/4a,12a i3
NEXSAT-1 Satellite™ =
-
269.0E 15 Apr 88 WESTAR 6-8% _ “
91.0W) WESTAR VIS Us F8$ 10 AR11/A/299/1722
Hughes 6bida AR11/C/962/1765 -
GALAXY VI Communications . ®
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SERVICE
SUBSATELLITE FreqUeNncY COnE PericD oF 8
LONGITUDE! In-Use SATELLITE COUNTRY OR Ur/Down-LiNg VaLiiry? SPECIAL SECTION %
{deg) DATE? DESIGNATION® ORCANTZATION (GHz) ) NUMBERS =
270.0E 1 Jur 90 MILSTAR 17 Us MSS,SRS 20 ARI1/A/442/1837 Z
(90.0W) 0.3a,1.7b,44/ AR11/C/1501/1885 ¥)
0.3a,2.2,20f :
Z
271.0E 19 Apr 94 USASAT-24E Us-— FSS 10 AR11/A/543/1903 =
(89.0W) TELSTAR 402 AT&T 6b,14a/4a,12a ﬁ
=
271.0E 30 Jun 90 SIMON BOLIVAR-B ASETA® FSS 10 ARI1/A/209/1679 é
(89.0W) CONDOR-B% 6b/da -CORRI1/1861 5
b2
275.0F 25 Jun 94 NAHUEL-2% Argentina FSS 10 AR11/A/204/1677 P2
{85.0W) 6b,14a/4a,12a -CORR1/1881 ES
m
=
277.0E Mar 1988'*  STSC-1 Cuba FSS 10 ARI1/A/58/1578 -
(83.0W) 6b/4a g
277.0E 31 Dec 86 USASAT-7D Us- FSS 10 ARI1/A/12/1525 Z
(83.0W) ASC-2% Contel ASC 6b.14a/4a,12a -ADD1/1548 g
CONTEL ASC-2 AR11/CI257/1623 S
279.0E 19 Apr 94 USASAT-22F% us- FSS 12 AR11/A/541/1903
(81.0W) GALAXY V-E Hughes 6b/da -CORR1/1935
Communications
280.0E 25 Jun 94 NAHUEL-1% Argentina FSS 10 AR11/A/203/1677
{80.0W) &b, 14a/da,12a -CORR1/1881
278 91 .(())\1; 31 Jan 87 TDRS-C2 Us SRS 15 AR11/A/265/1704
(79.0W) 2,14£2.2,13¢ -ADD1/1713
27891 .(;)\1; 15 Mar 87 USASAT-11A Us- o FsS 10 AR11/A/109/1609
(79.0W) MMC-1 Martin Marietta 14a/12a ARI1/C/991/1769
2;3 91 é)‘l;r 19 Apr 94 USASAT-24F us- FSS 12 AR11/A/544/1903
(79.0W) GE SATCOM H-1 GE Americom 6b,14a/a,122 ARI1/C/1704/1929
SATCOM HYBRID-1
{2’?7255&) ) 30 Jun 90 SIMON BOIEIIVAR-A ASETA® FSS 10 ARI11/AS208/1679
- CONDOR-A 8bida -CORRI1/1861
283.0F 1 Feb 89 USASAT-11B US- FSS 10
ARI/A/110/1609
(77.0W) EXPRESSTAR A Federal Express™ 14a/12a ARL1/C/1060/1782 ‘ 5
4
67 : =)
284.6E 1 Mar 93 COLOMBIA 1A Colombia Fs§ 10 ARI11/A/428/1825 =
{73.4W) 6bda =
rC_‘)
a7 . o
?%zif‘li 31 Jul 86 SATCOL-1A Colombia ESS 10 SPA-AA/338/1479 @
AW) 6b/da ARI1/C/79/1573 et
-ADD1/1587 g
T
67 .
?;‘;‘f\% 31 Jul 86 SATCOL-1B Colombia FSS 10 SPA-AA/338/1470 Z
AW) 6b/da ARIVC/B/1573 ¢
_ADDI/1587 E
c
285.0E 1 Mar 93 COLOMBIA 27 Colombia FS8 10 ARI1/A/429/1825 !
(75.0W) 6bida c
]
2?55.{5)\5 31 Jul 86 SATCOL-29 Celombia FSS 10 SPA-AA/338/1479
(75.0W) 6b/4a SPA-AJ/128/1343

AR11/C/R1/1573

L81
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SERVICE -
SUBSATELLITE Freguescy Cong PrrIOD Oi i 2
LONGITCDE' Ix-Usk SATELLITE COUNTRY OR Ur/Down-Lixk VALIDITY SPECIAL SECTION _ ;
(deg) Dare” DESIGNATION” ORGANIZATION {GHz) (yr) NUMBERS :
285.0E 31 Jun 90 USASAT-18A us— FS§S 10 ARI1/A/230/1687 . %
{75.0W) COMSTAR K-1% Comsat General 14a/12a AR11/C/1002/1773 <
COMGEN-A =
T
D=
286.0F 19 Apr94 USASAT-22E Us— FSS 12 ARI1/A/540/1903 g
(74.0W) GALAXY II-R Hughes 6brda =
Communications e
g
287.0E 1 Jan 90 USASAT-I8B Us- FSS 10 ARI1/A/231/1687 S
(73.0W) WESTAR-A™! Western Union 14a/12a AR 1/CA004/1773 g
£
288.0E 9 Sep 89 USASAT-15B Us— FSS 10 ARI1/A/163/1637 z
{72.0W) STLC 3 Sateliite 14a/12a -ADDI/1673 m
SBS.6 Transponder ARI1/C/993/1770 =
Leasing Corp.%® E
PE
288.0E 30 Jun 90 SIMON BOLIVAR-C ASETA® FSS 10 ARIL/A210/1679 &
(12.0W) CONDOR-C” 6bida -CORR1/1861 B
2%8.0F 10 Sep 90 ACS-2% uUs AMSS 15 ARI1/A/302/1723
(72.0W) 1.6d/1.5d ARIL/C/L108/1792
289.0E 31 Jan 90 USASAT-18C us- FSS 20 AR11/A/232/1687
(71.0W) GALAXY-A™ Hughes 14a/12a ARL1/CN005/1773
GALAXY K-1 Comrmunications
290.0E 31 Dec 89 SATS-1 Brazil ESS 7 AR11/A/399/1802
(70.0W) 6b/4a AR11/C/1461/1874
290.0E 31 Dec 86 FLTSATCOM-B us MSS§ 10 ARL1/A/M9/1561
(70.0W) W ATL? 44/20f -ADDI1/1587
290.0E 15 Jul 91 USRDSS EAST™ Us- FS$S$,AMSS Radiolocation 10 ARI/A/174/164]
(70.0W) GEOSTAR S1 Geostar 1.6a,6b/2.4,53 -ADD1/1673
-ADD2/1780
291 0E 1 Apr 96 USASAT-24HY Us FSS 10 ARI1/A/643/1947
(69.0W) 6b,14a/4a,12a
292.0E | Jan 91 MILSTAR 8’ us MSS,SRS 20 AR11/A/449/1837 A
{68.0W) 0.3a,1.7b 44/ ARI11/C/1529/1885 =
0.3a,2.2,20f Z
=
293.0E 3 Apr §7 USASAT-15D% Us- FSS 10 ARI1/A/165/1637 : :
(67.0W) GE SATCOM K-3 GE Americom 14a/12a -ADD1/1673 %
SATCOM KU3 AR11/CA997/1770 4
-
293.0E 1Jan 86 USASAT-8A™ Us- Fss 10 AR11/A/36/1553 8
(67.0W) GE SATCOM (-6 GE Americom 6b/da AR11/C/394/1629 z
=
-
205.0E 31 Dec 89 SATS-2 Brazil FSS 7 ARI11/A/400/1802 4
(65.0W) 6b/4a ARL1/C/1462/1874 . E
=
295.0E 30 Jun 92 SBTS B2 Brazil FSS 15 ARI1/A/367/1785 =
(63.0W) BRAZILSAT B2 6bi4a -ADDI1/1796 5
Q
2935 0E 30 Jun 92 SBTS C2 Brazil FSS 15 ARI1/A/369/1785
(65.0W) BRAZILSAT C2 14a/12a -CORRI/1796

68T
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SERVICE
SUBSATELLITE FrEQUENCY CoDE PERIOD OF 8
LONGITUDE Tn-Use SATELLITE COUNTRY OR Up/Down-Livk VaLipiry! SPECIAL SECTION E
(deg) Date? DESIGNATION? ORGANIZATION (GHz) (yr) NUMBERS ::]
z
296.0E 30 Nov 50 USASAT-14D"! us- FS§ 10 ART1/A/61/1637 2
(64.0W) USASAT-15C Contel ASC 6b,14a/4a,12a ARI1/A/164/1637 o
ASC-3 -ADD1/1673 c
CONTEL ASC-3 ARI11/C/930/1755 f
AR 1/C/996/1770 E
298.0E 30 Jun 89 USASAT-14C™° Us- FSS 10 AR11/A/160/1637 §
(62.0W) GE SATCOM C-7 GE Americom 6b/da ART1/C/929/1755 g
Pom
208 0E 11 Aug90  TDRS 62W us SRS 15 ARI/A/473/1860 =
(62.0W) 2,14£/2.2,13¢ Z
=z
208.0F 1 Nov 94 ACS-2A Us- MSS,AMSS 15 ARI/A/603/1920 E
(62.0W) AMSC-1 American Mobile 1.6¢,1.6d/ -
Satellite™ 1.5¢,1.5d @
~
209.0E 30 Jun 92 SBTS B3 Brazil FSS 15 AR11/A/368/1785 E
(61.0W) BRAZILSAT B3 6b/da -ADD1/1796 %
(=]
299.0E 30 Jun 92 SBTS C3 Brazil FSS 15 AR11/AS3T0/785
(61.0W) BRAZILSAT C3 14a/12a -CORR1/1796
300.0E 31 Dec 88 USASAT-15AY Us FSS 10 AR11/AN62/1637
(60.0W) 14a/12a -ADDI/1673
300.0E 25 Jun 94 USASAT-26H" uUs FSS 15 ARI1/A/570/1911
(60.0W) 14a/11,12a,12¢,12d
300.0E 25 Jun 94 USASAT-25H% uUs FSS 15 AR11/A/562/1911
302.0E 15May 93  USASAT-13E us— F$$ 10 AR11/A/36/1620
(58.0W) ISi-2 International 14a/11,12a,12¢,12d AR11/C/702/1670
Satellite, Inc.”? -CORR1/1945
302.0E 20 Jun 94 USASAT-26GY Us FSS 15 AR11/A/569/1911
{58.0W) 14a/11,12a,12¢,12d
302.0E 20 Jun 94 USASAT-25GY us FSS 15 AR11/A/561/1911
(58.0W) 6éb/da :Su
'z
303.0E 30 Sep 87 USASAT-13H™ Us FSS 10 AR11/ANTT1643 ?g
(57.0W) 6bida,11 o
]
=
304.0E 15May 93  USASAT-13D Us- FSS 10 AR11/A/135/1620 “
(56.0W) ISI-1 International 14a/11,12a,12¢,12d ARI1/C/701/1670 2
Satellite, Inc.”? -CORR1/1945 =
r
-
304.0E 15 Jun 94 USASAT-26F" Us FSS 15 ARI11/A/568/1911 V2
(56.0W) 14a/11,12a,12¢,12d 4
2
m
304.0E 15 Jun 94 USASAT-25F Us FSS 15 ARIT1/A/560/1911 =
(56.0W) 6hida =
=
=]
305.0E 31 Mar 89 INMARSAT AOR Inmarsat FSS,MSS,MMSS,AMSS 15 ARI11/A/328/1747 &
(55.0W) “WEST 1.6b,1.6c,1.6d,6b/
INMARSAT II*! 1.5b,1.5¢,1.5d,2a

ol
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SERVICE A
SUBSATELLITE Freqguency Cobe PERIOD OF &
LONGITUDE! In-Uske SATELLITE COUNTRY OR UrDows-[LINK VaLiiry? SPECIAL SECTION é
{deg) Dare? DESIGNATION ORGANIZATION (GHz) (y7) NUMBERS 3
g
305.0E 31 Dec 88 USASAT-14BY Us FSs 10 ART1/A/159/1637 Z
(55.0%) 6b/da g
-]
305.5E 31 Jul 89 MARECS ATL4 ESA FSS.MMSS 10 AR11/A/477/1860 g
(54.5W} 1.6b,6b/1.5b,42 -ADD1/1889 g
<
307.0E 1 Jan 93 INTELSAT®6 307E Intelsat FSS 15 AR11/A/286/1711 =
{53.0W) 6b.14a/4a,11 -ADD1/1724 o
ARIL1/C/1270/1821 S
-CORR1/1841 =
&
307.5E 31 Dec 86 USGCSS PH3 W ATL Us FSS,SRS i0 ARIT1/A/173/1639 2
(52.5W) DSCS 111 1.7b,8a4/2.2,7b -ADD1/1730 o
AR11/C/904/1746 s
-CORRI1/1835 %
AR11/C/1018/1777 ;
Q
310.0E 1 May 93 USASAT-13C US- FSS 10 ARI1/A/134/1618 2
(50.0W) Orion Satellite™ 14a/11 ARI1AC/TARI16TS <
-CORR1/1945
310.0E | Feb 93 INTELSAT®6 310E Intelsat F$$ 15 ARI1/A287/1711
(50.0W) 6b,14a/4a,11 -ADD1/1724
AR1I1/C/1271/1821
-CORRI1/1841
313.0E 1 May 93 USASAT-13B Us- i FS5 10 ARI1/A/133/1618
(47.0W) ORION-2 Orion Satellite™ 14a/11,12a,12¢.12d -ADD1/1716
AP3O/ASIG/ 1722
-ADD1/1940
ARL/C/747/1675
ARI1V/C/1712/1939
313.0E 1 Aug 90 USASAT-13] Us- Fs§ 10 AR11/A/263/1703
{47.0W) FINANSAT-1 Financial 6b/da ARI11/C/944/1763
Satellite™
313.0F 10 Jun 94 USASAT-26E" Us FS8 15 ARIT1/A/567/1911
(47.0W) 14a/t1,12a,12¢,12d
f
313.0E 10 Jun 94 USASAT-25E" Us FSS§ 15 AR11/A/559/1911 =
(47.0W) 6bida 3
—
m
315.0E 1 Jan 89 USASAT-13F" Us FSS 10 ARI1/A/154/1635 a
(45.0%) 14a/11,12a,12¢,12d -ADDI1/1714 g
AR11/C/755/1676 =
ARI1/C/1423/1864 2
3
315.0E 5 Jun 94 USASAT-26D% us FSS 15 AR11/A/566/1911 §
(45.0W) 14a/11,12a,12¢,12d «
v
-
315.0E 5 Jun 94 USASAT-25D%7 us FSS 15 ART1/A/558/1911 E,]
{45.0W) 6bta E
-
m
316.5E 1 Jun 88 VIDEQSAT-3* France FS5,5RS 10 AR11/A/148/1631 =
(13.5W) 2. 14a/ -ADDI1/1638 “
2.2,12a,12b,12¢,12d AR11/C/766/1678

€6l
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SERVICE A
SUBSATELLITE FreqQuENcY CoDE PERIOD OF 2
[.oNGITUDE! In-Use SATELLITE COUNTRY OR Us/Down-LINK Varmrry? SPECIAL SECTION ;
(deg) Date? DESIGNATION” ORGANIZATION (GHz) (yr) NUMBERS j
117.0E 1 Jun 88 USASAT-13G Us- FS$$ 10 AR1I/A/135/1635 Z
(43.0W) PANAMSAT 11 Pan American 14a/11,12a,12¢,12d AR 1/CT56/1676 0
PAS 2 Satellite ;
(o3}
Lo
317.0E 30 May 94 USASAT-26CY Us FSS 15 ARI1/A/565/1911 g
(43.0W) 14a/11,12a,12¢,12d 2
=
317.0E 30 May 94 USASAT-25C% uUs FSS 15 AR11/A/557/1911 2
/4
(43.0W) 6bda §
3175E 31 Dec 86 USGCSS PH3 MID-ATL  US F5%.5RS 10 ARI11/A/140/1622 Z
(42.5W) DSCS 111 1.7b,8a/2.2,7b -ADD1/1638 £
_ADD2/1730 o
319.0E 1 Dec 89 USASAT-14AY Us F8$ 10 AR11/A/158/1637 @
(41.0W) 6b/da -ADDI/1815 ;
AR11/C/891/1743 &
-ADD1/1936 =
£
319.0E 25 May 94 USASAT-26B¥ Us FSS 15 ARI11/A/564/1911
(41.0W) 14a/11,12a,12¢,12d
319.0E 25 May 94 USASAT-25BY uUs F58 15 ARI1/A/556/1911
(A1.0W) ob/4a
322.5E 31 Dec 87 VIDEOSAT-2* France FSS,SRS 10 AR11/A/86/1508
(37.5W) 2.14af -ADD1/1630
2.2,12a,12b,12¢,12d ARI11/C/57511650
ARI11/C/T27/1673
-CORRI1/1678
322.5E 20May 94  USASAT-26AY Us FSS 15 ARI1/A/563/1911
(37.5W) 14a/11,12a,12¢,12d
3225E 20 May 94 USASAT25A% Us FSS 15 AR11/A/555/1911
(37.5W) Gbida
32258 31 Dec 89 STATSIONAR-25 USSR FSS 20 ARI11/A/38411797
(37.5W) 6b/da -ADDI1/1803 q
ARI1/C/1311/1836 =
'z
L@
322 5E 1 May 93 USASAT-13A Us— FSS 10 ARI11/A/132/1618 =
(37.5W) ORION-1 Orion Satellite™ 14a/11,12a,12¢,12d -ADD1/1716 o
APASIS/1722 o
-ADD1/1940 @
AR11/C/146/1675 L E
ARLI/C/711/1939 S
=
12558 15 Qct 91 INTELSAT6 325.5E Intelsat FSS 15 AR11/A/288/1711 Z
(34.5W) INTELSAT V1F-1 6b,14a/4a,11 -ADD1/1724 4
AR11/C/1272/1821 B
-CORR1/1841 &
m
326.0E 30 Nov 88 INMARSAT AOR Inmarsat F$8,MSS MMSS,AMSS 15 AR11/A/351/1767 g
(34.0W) -CENT 1A 1.6b,1.6c,1.6d,6b/ @
INMARSAT I1*!

1.5b,1.5¢,1.5d,4a
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SERVICE .
SUBSATELLITE Frequency CoDE PERIOD OF | 8
LonoiTupe! In-Use SATELLITE COUNTRY OR Up/Down-LINK Vavomy? SPECIAL SECTION ! E
{deg) Darte? DESIGNATION ORGANIZATION (GHz) (yr) NUMBERS :f]
E
327.0E 30 Nov 91 SKYNET-4D UK FS§,MSS 10 AR11/A/333/1749 2
(33.0W) 0).3a,82,44/0.32,7b e
s
327.5E 31 Jul 89 MARECS ATL3 ESA F55,MMSS 10 AR11/A/476/1860 E
(32.5W) 1.6b,6b/1.5b,4a -ADD1/1889 | E
328.0E 30 Nov 88  INMARSAT AOR Inmarsat FSS,MSS,MMSS, AMSS 15 AR11/Af35211767 §
(32.0W) -CENT 2A 1.6b,1.6¢,1.6d,6b/ g
INMARSAT 11 1.5b,1.5¢.1.5d,4a z
b
=
329.0E 1 Dec 91 HISPASAT-17 Spain FSS,BSS 20 AR11/A/M487/1871 z
(31.0W) 8a,13a,14a/ _ADD1/1929 2
7b,11,122,12¢,12d ARI1/C/1707/1936 o
12e,12f,12g =
1]
329.0B 31 Mar90  EIRESAT-I Ireland- FSS.BSS 15 ARI11/A/182/1656 2
(31.0W) Atlantic Satellites”  13a,17/11 -ADD1/1794 E3
-ADD2/1803 3
AR11/C/1349/1850 =
132.5E 1 Jul 90 INTELSAT6 332.5E7° Intelsat FSS 15 AR11/A/70/1584
(27.5W) INTELSAT VI F-3 6b,14a/da,11 AR 1/Ci628/1658
-ADD1/1713
3331.5E 30 -D1°
e Jun 88 STATSIONAR-DI1 USSR FSS 20 AR11/A/193/1675
’ 6b/da AR11/C/1168/1796
333.5E 1 N
(26, 5W) Aug90  TOR-1 USSR F$S.MSS 20 AR11/A/278/1710
: 43,44/20b,20F AR11/C/1295/1832
(3232.8\12 : 31 Aug 88 INé\f[ARSAT AOR Inmarsat FSS,MS5 MMSS, AMSS 15 AR1I/A/152/1634
. 1 [;JI\/]IEEI:SAT o 1.6b,1.6¢,1.6d,60/ -ADD1/1760
1.5b,1.5¢,1.5d,4a AR11/C/343/1706
-ADD1/1784
135.08 1 Aug 9 -
e ug 90 TOR-9 USSR FSS,MSS 20 AR11/A/289/1711
. 43 44/20b,20f ARI1/C/1440/1872
335.0E M N a
250w) ardl  VOLNA-1A USSR MSS,AMSS 20 ARL1/A291/1712 =
| 0.34,0.3b.1.6d/ -CORRI/1812 z
0.3a,1.5d g
=
335.0E 1D a Q
35.0W) e VOLNA-IM USSR MMSS 20 AR11/AL248/1697 &
- 1.6b/1.5b -CORR1/1715 @
AR11/C/1396/1861 o
-CORRI1/1872 ;
>
(323:"(?\5’ , 31 Dec 88 lN(]?flEARSAT AOR Inmarsat FS§,MSS,MMSS,AMSS 15 ARI1/A/292/1713 z
. CENT2 1.6b,1.6¢,1.6d,6b/ -ADDI/1760 Z
INMARSAT II 1.5b.1.5¢.1.5d,4a =
-
336.0E LD o =
A oc 84 PROGNOZ- USSR SRS.EES 20 SPA-AA/316/1471 =
3022 SPA-AJ/410/1515 5
ARI1/C/1561/1886 Fa
337.0E ; A
(23.0W) 3 bec s P;;;rfﬁ? TCOM-B EAST Us MSS 10 AR 1/A/48/1561 |2
. 44/20¢ -ADD1/1587 =
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SERVICE ;
SUBSATELLITE Frequexcy Cone PerioD OF ! 8
LonGriupe! Ix-Use SATELLITE COUNTRY OR Up/DowN-LiNk VaLity? SPECIAL SECTION %
(deg) Date? DEsIGNATION’ ORGANIZATION (GHz) (yr) INUMBERS !
g
2
338.5E | Tan 92 INTELSAT K™ intelsat FSS,BSS 15 AR11/A/614/1923 z
(21.5W) 14a/11,12a,12¢,124, €
12e,12f,12¢ -
2
340.0E 31 Jan 89 GDL-4 Luxembourg— F58.BSS 25 AR11/AK2/1594 =]
(20.0W) ASTRA® Societe 6b,14a/11 -ADD1/1747 f
Europeene -ADD2/1802 9
des Satellites -ADD3/1841 =
ARI1/CI610/1 637 g
-CORR1/1744 =
z
340,0E 1 May 92 ACS-420 uUs MSS,AMSS 15 AR11/A/395/1800 . Z
(20.0W) 1.6¢c,1.6d/1.5¢,1.5d o
341 ,0E 31 Dec 88 TDE-2 France FS$8,BSS.SRS 10 ARI/A/216/1684 @
(19.0W) 2,11,17/2.2,12f AR1T1/C/1346/1839 E
[»]
341.0E 31 Mar 91 SARIT™ ltaly FS$5,BSS,SRS 7 SPA-AA/371/1457 L
(19.0W) 2,13a,30a/2.2,20b AR11/A/294/1716 <
ARLI/C/1334/1838
341.0E 19861 LUX-SAT® Luxembeurg FSS,BSS 10 AR11/A/20/1529
(19.0W) 17,20a/12e,12f
341.0E 1986 SUIL-19W/1% Switzerland FS8,BSS.SRS 10 SPA-AA/356/1500
(19.0%W) HELVESAT | 2.20a/12e,12f
342.0E 1 Jul 90 GOMS-1M* USSR FSS,MetSat,SRS,EES 15 ARI1/AM26/1822
(18.0W} 0.4b,2,2.1,8d,30a/
0.4g,1.6f,1.6g,7b,20b
3422E 1 Sep 90 SATCOM-4 NATO FSS,MSS 20 AR11/A/342/1762
(17.8W) 0.3a,82,44/0.3a,7b AR11/C/1288/1832
-CORR1/1852
344.0E 1 Aug 92 ZSSRD-2% USSR FSS,5RS 20 AR11/A/189/1672
(16.0W) 14b,141/11,12¢,13¢ -CORR1/1711
ARTI/C/880/1740
-CORR1/1881
344.08 1 Ang 90 MILSTAR 37 Us MSS.5RS 20 ARI1/A/444/1837 A
(16.0W) 0.3a,1.7b,44/ ARI11/C/1509/1885 =
0.3a,2.2.20f Z
;1
345.0E 1 Aug 88 INMARSAT AOR-EAST  Inmarsat FS8,MS8,MMSS,AMSS 15 ARI11/A/153/1634 o
{15.0W) INMARSAT II”' 1.6b,1.6¢,1.6d,6b/ -ADD1/1760 &
1.5b,1.5¢,1.5d,44 AR11/C/840/1706 4
-ADDI/1784 z
-CORR1/1883 S
-
345.0E I Jun 90 FOTON-1 USSR FSS 10 ARI11/A/235/1692 2
{15.0W) 6b/dh 2
for |
m
346.0E 2 Jul 94 GOMS-1%# USSR FSS MetSat, SRS, EES 20 AR11/A206/1578 E
(14.0W) 0.4b,2.2.1,8d,30a/ -ADD1/1712 =
0.4g,1.6f,1.62,7b,20b ARI1/CH273/1825 5
-CORR1/1894 Pe
346.0E 1 Sep 90 MORE-14 USSR FSS,MMSS 15 ARI1/A/183/1662 2
(14.0W) 1.6b,6b/1.5b,9a ARI1/CN1086/1791 o

-CORR1/1883




TABLE 2. PLANNED GEOSTATIONARY COMMUNICATIONS SATELLITES FOR YEAR-END 1989

00z

SERVICE -
SUBSATELLITE Frequexcy Cone Periop oF 2
IfzsglnDEl Ix-Use SATELLITE COUNTRY OR Up/Down-LixNk Varmiry? SPECIAL SECTION 2
(deg) DATE DESIGNATION ORGANIZATION (GHz) (yr) NuUMBERS } %
9]
T
10 SPA-AA/LTH/1286 Z
1930" VOLNA-2 USSR MSS MMSS, AMSS =
?144? g&f) 1.6b,1.6¢,1.6d/ SPA-AJ/97/1329 E
' 1.59.1.5¢,1.5d 2
2
1% USSR F$s 15 SPA-AA/344/1485 =5
e 30 ee 2 FoTort 4blda AR11/C/18/1557 ﬁ
{13.5W) :
348.0E 31 Jul 84 USGCSS PH3 ATL us FS3,SRS 10 SPA-AA/25011412 <
' DSCS 111 1.7b,8/2.2,7b SPA-AA351/149: 2
(20w SPA-AJf287/1451 o
ARIL1/C/A03/1629 Z
g
=
- # France FSS,SRS 10 AR11/A/73/1586 =
3498\% 3 Dees? et 2,14a,30a/ AR11/C/466/1647 | -
o 2.2,12¢,12d,20b ‘ E
z
? 7 Us MSS,SRS 20 AR11/A/443/1837 &
o 2o MILSTAR 0.32,1.7b,44/ AR11/C/1505/1885 o
(9.0W) 32,1.7b.44 z
0.3a,2.2,20f
- France F55.5RS 10 AR11/A/324/1745
352'(?\% 0 sep ¥t TELBCOME2A 2,6b,8a,14a/ -ADDI/ET72
GO 2.2,4a,70,12¢,12d AR11/C/097/1792
AR1L/C/H162/1795
ARI/C/1325/1839
352.0E 30 Apr 92 ZENON-A France FSS,AMSS.SRS 10 ARI1/A/363/1781
(8.0W) 1.6d.2,14af
1.5d,2.2,11
355.0E 30 Sep 91 TELECOM-2B France F5S,SRS 10 AR11/A/325/1745
GOW) 2,6b,8a,14a/ -ADDI1/1772
22,4a,7b,12¢,12d AR11/C/1100/1792
AR11/C1164/1795
AR11/C/N328/1839
357.0E 31 Dec 90 TOR-11 USSR F5S,MSS 20 ARI11/A308/1736
(3.0W) 43 44/20b,20F AR11/C/1408/1862

! Satellite longitudes are those recorded in the J uly 1989 release of the IFRB’s List of Geostationary Space Stations.

? In-use dates are taken from the notifying administration’s most recent IFRB filing and do not necessarily indicate the date of
launch,

? IFRB satellite network names appear first, followed by common or alternate names.

* Period of validity refers to the number of years for which frequency assignments are to be in use.

% SES officials announced in January 1990 that procurement of a third Astra satellite is a “strong possibility.” It would be located at
either 1°E or 20°W,

% An X-band (Gals) payload has also been registered at this location, suggesting that the station is intended for a Raduga satellite.

7 The Milstar satellites, originally intended for deployment in both geosynchronous and highly inclined polar orbits, are designed to
combine the functions of proposed follow-on satellites for the FLTSATCOM and AFSATCOM programs. Lockheed Corporation
is the prime contractor for the series.

¥ First announced in 1983, F-Sat and Videosat are each designed to provide for fixed satellite traffic between France and its overseas
departments. Neither project has received much publicity in recent years and some sources suggest that they have since been
superseded by the Telecom IT series.

? Butelsat announced in 1989 that it is considering modifying some of its second-generation satellites to operate a pan-European land
mobile satellite service in the L-band.

19 Apex is intended to transmit television and telephony signals between France and its overseas departments, as well as part of the
African continent, In addition to its C- and Ka-band transponder, it will carry three beacons in the 20-, 40-, and 80-GHz frequency
ranges for conducting propagation experiments.
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Wprognoz, or “Forecast,” is & remote-sensing satellite designed to study atmospheric processes and monitor the depletion of natural
resources. Earlier satellites in this series collected data on solar radiation and were launched into highly eccentric orbits.

12 Iy addition to its Ka-band payload for domestic telecommunications, Italsat will be equipped to carry out propagation experiments
in the 40/50-GHz range. It is currently scheduled for launch in September 1990.

13 No other date given.

" The Sicral network is designed to offer coverage of ali ltalian territories, including Italian flag ships in the Mediterranean and the
North Atlantic.

15 gaudi Arabian Broadcasting Satellitle System. Intended to provide DBS and to facilitate networking among medium-wave
broadcasting stations.

' 1 June 1989, SES acquired a GE 5000 satellite that was originally built for Crimson Satellite Associates, GE’s failed joint venture
with HBO. Renamed Astra 1B, it will be collocated with the in-orbit Astra 1A.

Y Transmits in the earth-to-space direction in the 5.725- to 6.275-GHz frequency band.

# In addition to telephony and television broadcasting services, Paksat-1 and Paksat-2 will be used to collect meteorological and
hvdrological data.

19 According to the British Ministry of Defense, Skynet 4C is to serve as an in-orbit spare for the system’s eperational satellites at 6°E
and 1°W. In the event of a failure of either Skynet 4A or 4B, it would be relocated to one of the latter positions.

20 Orbital positions at 61.5°E, 134°E, 171°E, 130°W, 100°W, 72°W, and 20°W have been designated for a U.S.-based mobile satellite
system. A global AMSS network, composed of six operational sateltites and an in-orbit spare, was proposed by Aeronautical
Radio, Inc. {Arinc} in 1987. The so-called AvSat system would have occupied similar locations but would have utilized both C-
and L-band frequencies, The FCC subsequently rejected Arine’s application, in part because it conflicted with the commission’s
previously announced frequency aliocation plan, and in part because Arine failed to demonstrate adequate financial backing. Some
of the ACS slots have since been assigned to American Mobile Satellite Corporation (sec Footnote 44).

21 The INMARSAT 11 launch schedule has been revised several times, with the result that launch options originally secured with
Arianespace for 1989 were never used. Current plans call for the first INMARSAT II satellite to be launched in June 1990, and the
second in February 1991. Flight numbers had not been assigned at the time of publication.

22 McCaw Space Technologies filed an application with the FCC in 1986 for an international separate satellite system consisting of
two in-orbit satellite serving India, China, Southeast Asia, and the Pacific Rim. The Celestar network would provide Ku-band
capacity for transpacific communications and would offer connections to the TPC-3 fiber optic cable.
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%3 Possibly reserved for FLTSATCOM F-6 or F-8, which were destroyed in launch pad accidents (see Table 1, Footnote 46). These
satellites were each equipped with an experimental EHF transponder and were thought to be precursors to the Milstar series.

#* Intended to join the U.S. GOES and Japanese GMS satellites as part of the World Meteorological Organization's World Weather
Watch Program, the first of the GOMS satellites was originally scheduled for deployment in the early 1980s. Introduction of the
series has since been delayed several times.

B The Soviet SSRD system is designed to retransmit space research data by means of low earth orbit satellites known as subscribers.
The latter are to be amranged in three regional networks, each served by a geostationary repeater satellite located at central
(CSSRD), western (ZSSRD), and eastern (VSSRD) orbital stations.

 Designed to facilitate the transmission of digital data between central and peripheral earth stations, the Potok system has been
registered for nearly a decade. It has yet to be officially implemented, although observers speculate that several of the recent
geostationary Cosmos satellites may have functioned as experimental Potok prototypes.

27 Insat-1D was to have been launched in July 1989, but was damaged by a crane while still on the launch pad. It has been returned to
its manufacturer, Ford Aerospace, for repairs and will be rescheduled for launch in 1990.

% Asia Satellite Telecommunications is 4 joint venture company owned by Cable & Wireless, Hutchison Whampoa, and the China
International Trust (CITIC). It is intended to provide domestic telecommunications, television programming distribution, and
private network services for the countries of Southeast Asia, South Korea, Taiwan, and China. Current plans envision the use of
one in-orbit satellite, the refurbished Westar VI, which is scheduled for launch in April 1990. AsiaSat has applied for three orbital
positions—105.5°E, 116°E, and 122°E—although company officials have indicated a preference for 105.5°E.

A private company formed at the behest of the Tongan government, Friendly Islands Satellite Communications has reserved 16
arbital slots over the Pacific. A company spokesman has predicted that four of these will be occupied by Tongan domestic satellites
by 1993, while the remaining slots may be lcased to operators of separate satellite systems such as Finansat or Pacstar.

3 palapa B-3 will be preceded at this location by Palapa B-2R, which was successfully launched into orbit as this table was being
compiled, on April 13, 1990. Palapa B-2R was originally launched in 1984 as B-2, but failed to achieve geosynchronous orbit. It
was subsequently recovered by the Space Shuttle, refurbished, and repurchased by the Indonesian government.

31 The second-generation Aussat B satellites will carry several specialized payleads in addition to their standard Ku-band package.
These include an L-band transponder for mobile satellite services, an experimental Ka-band beacon, and a retroreflector mirror for
ranging experiments. Additionally, as many as eight transponders on each satellite can be reconfigured to provide coverage of New
Zealand.

3 ACSAT is intended to provide government communications services.
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i i i ing it
33 Quperbird-B, launched February 22, 1990, as this table was being compiled, was destroyed when1 'the ‘:r'la?-et .:Olcgkge]t carrying
ex p]oded %hc!}rtly after lift-off. A replacement is under construction and is tentatively SCthl.llEdI for launch in ‘?ed Pacs.t  system
M Paliziﬁc S;ﬂellite Inc., is owned principally by PacifiCorp subsidiary TRT Telecom.rgurélcano?s. Its %ré)sp;spapua o Guineé
) bybri ites ing i - -bands, is intended to provide domestic servi
f two hybrid satellites operating in the C- and Ku bfm s . . : P o Guines
Zﬁdmlz)?]izf (ijsland nztions in the Pacific Basin. By incorporating high-power spot beams mto‘ its satel‘!ueL dgmin{r;z ! :5; -
facilitate th::: use of smaller earth stations, including VSATSs. In addition, the Pacstar payload will carry an L-ban P
’ - . N . . . F. at
3 grsir?all conceived as a global network linking banks and other financial institutions in the U.S., Europc}:}, and :;Aszliab,] ;h::ia ;?gn;"r
systgem W{Juld consist of two C-band satellites. Each would utilize spread-spectrum }:echnok;gy;sd W]OUI:areeifgmions ey [imé
: iti izati inancial Satellite Corporation has received two 1-y 8
Granted a conditionat authorization by the FCC, Fl'[]dnCI-a ~ . re
lir;ait set for demonstrating permanent financial qualifications. In January 1990 it requested a third extension
36 Cancels information contained in preceding advance publication.

(:()lul“bla ommunication ( orporation has rece \‘ed cQ 1dit ()Ildl authorzatior from dle I C(: o CStathh ‘\eparate EVR] tem
Q0 4 5
C m 8 ys, S h

i 3 i his location. In a
i i i ine s . It has yet to place a contract for a satellite at t
iding Ku-hand capacity and transpacific private line services . ‘ . l N
]:fl:'l(;‘;tl:cjl”:igcvefopment ilr’l) 198}]9, Columbia became the highest bidder for the right to lease excess C-band transponders on
TDRS satellites.

i i St i - band.

3 igo 8 ites are intended to provide domestic DBS in the 14/12 GH? o .

Th? Am]go Sa‘felh[es o f ! by its Aurora I satellite, this location was relinquished by that operator in 1988 when
4 Originally assigned to Alascom for use by

i the Lt i ’ is table was being compiled in January £990. It is
4l The fifth and final satellite in the Leasat series, Syncom IV-5, was launched as this a eF\.}/— o o (%OM piled in Janua

intended to serve the Pacific Ocean Region and may be ealtmarked to replace]?he Zlg-m;éocaﬁon e eliosshed by that operator in
42 Originally assigned to Hughes Communications for use by its Galaxy IV satellite, this g

B e oy memcned it the 1FRB blication information was still not available.
43 This network is newly registered with the IFRB. As of year.—end 1939, advance public tion & o s et in
4 A consortium of eight U.S. companies, the American Mobile Satellite Corporation was ma :3 necessary h)'z e Pl s decision

19?(; tt) license only one mobile satellite system. This decision was based on the commission’s concemsft];t t g. e?(duali plicam&

allocated to MSS was insufficient and could not be equitably divided among what were then a total o indivi pp
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Eight of these original applicants—Hughes Communications, McCaw Space Technologies, MTel, Mobile Satellite Corporation,
North American Mobile Satellite, Satellite Maobile Telephone Company, Skylink, and Transit Communications—contributed $5
million each to finance the corporation’s startup costs. AMSC’s network will consist of three in-orbit satellites, the first of which is
scheduled for launch in late 1993. The consortium plans to offer a variety of thin-route and mobile communications services, and
the system will be operated in conjunction with Telesat Canada’s MSAT program 1o ensure continental coverage.

* Alascom’s follow-on satellite will be operated by GE Americom, with the latter marketing 10 of 24 transponders.

* In its November 1988 Domsat Order, the FCC assigned Aurora Il to 137°W and GE’s Satcom C-1 to 139°W. Both operators
subsequently requested to exchange orbital locations and this was authorized in January 1990,

' The network name USASAT-17R was previously associated with the proposed GTE Spacenet 4, which has since been withdrawn.
This orbital slot is now assigned 1o GE Americom, and a new designation is expected from the IFRB.

G Designated as an in-orbit spare for GE’s Satcom fleet.

* This location was originally assigned to GTE Spacenet for use by its GStar I satellite (launched September 8, 1988), but was
subsequently relinquished by that operator when GStar TIT was reassigned to 93°W.

* A proposed domestic satellite system for the provision of Ku-band services, the Comstar K program was authorized by the FCC in
1985 to occupy orbital positions at 75°W and 134°W. The operator has since relinquished these assignments.

31 Western Union’s planned Ku-band system, consisting of two in-orbit satellites, has been cancelled. The existing Westar fleet was
purchased by Hughes Communications in 1988,

*? Hughes Communications was authorized by the FCC in 1985 1o construct and launch twoe Ku-band satellites, to be launched at
71°W and [30°W. Hughes allowed these autherizations to lapse and instead sought permission to place its satellites at 99°W and
131°W. The changes were approved by the FCC in its 1988 Domsat Order.

** The orbital locations 70°W, 100°W, and 130°W have been designated by the FCC for the United States Radiodetermination
Sateltite System. Geostar Corporation, which is currently offering its radiolocation and navigational services through the use of
leased transponders on-board the in-orbit GStar III and GTE Spacenct 3R satellites, has applied for use of these slots for its
proposed RDSS network. Geostar’s Systern 3.0 dedicated satellites will broadcast a continuous timing and interrogation signal
from the operator’s central earth station. These signals will in turn be encoded and retransmitted by individual mobile transceivers
for relay back to the earth station via each of the three operational satellites, thus allowing for an accurate position fix.

3* National Exchange, Inc., owned primarily by the Burlington Northern Railroad, has been authorized by the FCC to operate two
hybrid satellites. The Spotnet communications package incorporates multiple spot beam coverage patterns, reuse of orbital
frequencies, and high e.i.r.p. ratings to maximize its compatibility with small customer-premise earth stations.
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()Ile 0l sC pr } \ { & i i Ma[‘l ta Communic t.DI]S SyS[EmS had
’ ) | O s 10 1y fol ]:CC appr val in l ~ Martin ! ' ‘ .
Veral ospective d msat Operat()r; [{ app T Y 98 '5. ; ! (.’:t N an ‘
1 t ded to (}perat(: anet Ork fhlgh—po er sat ]H[E in the KU- ilnd for the prov S1on Of Spﬂ(.,lahzed busincss com
nien: W [8) W < 8 0 5 TUTCcations ar (l
[)I i vate net rks. It later ﬂ.bandoned the venture, ) ) ] o ,
|11€ EXpIeSWSOtdI SyStCiIl as dEV-Sed ill the eal rl 19805 to pl(rvide a \Jarlety of electronic mal], faCSImllee a“d other hlEh Spe’Cd‘ data
{ d‘ . —_ we| dco Vi ndf: ! h d. e Zapmall I lle new COUrier Ser vices Suffered from a ]aCk Of consumer
i 1 b eacC i 1 e frade narm .
communicatons md.rk collecti Ely

i i 5 C lled the project. . . ) _
interest, and in 1987 Federal Express cance . ct. ] s intended to seplace the in-orbit Anik C
57 The Anik E series comprises two hybrid satellites operating in both C- and Ku bands. It is in

AT e i i d in 1983, It was originally designed to provide rural
38 The MSAT system, operating at UHF and EHF frequenc:les_, was .flrst propose T O L b pagtond
telephone links and land and maritime mobile communications via transportablt.z eartl sta . d,bmh Corhpanies 0 payiond
D dded to incorporate AMSS. The program is being developed in cooperation \Iml"l A.MSC, an Ih companies e
vthjsuz:asts for Proposals for their respective satellites. In the interim, they plan to Dofter initial fl?gil;eAs #;z%ssgadﬁci iy,
fro?n Ingnarsat, including transponders on Marisat F-1 (14.0°W), Marecs B?l_(IZlS.’lt E;V;]; ;1;1: Iﬁle e ed by
9 Fifty percent of Telesat Mobile’s stock 1s (ane\c)i1 by 1;sjparent C9$Z§?$q 1 zdels;z; Semad .
P . ., Cable & Wireless, and a bloc of Japanese 1 S - Ttoh. o
The A P_ﬂc_lﬁc o S ication Undertakings of the Andean Sub-Regional Agrecmer}t (ASETA) is a joint body
% The Association of State Telecommunica : e uad oporating  regions
created by the nations of Belivia, Colombia, Ecuador, Peru, and Venezuella. IF is cntru§te W
satellite system for the provision of domestic and transborder lelecommumcauons services.

&l ignati s officially changed in 1988 to Simon Bolivar. ‘ . ‘ -
Fod A Cond(')r Servi C ‘ ation {FASSC), a subsidiary of Ford Motor Compary, was Lreat.ecl in 1983 and recm‘v.e
e e e 3 yon lorpor build and launch a pair of hybrid satellites. The Fordstar satellites, based on the design

1zati FCC 2 years later to build an E ! . base e
aml;o?lattll?n ‘i;)'rl?Etll_.ngT v ieries were to have been launched in 1987 and were intended to [l)ln;wdé: bcapalfléint;?;u za[titsnnm
nowsgatheri | | iali applicati ithou ord bega

i istributi 5 lized applications. But a g .

5 i deo distribution, VSAT networks, and other specia . . on in
rllg\ggg;t:eriz'ge’c‘tqla‘;cd behind schedule. Following speculation that FASSC had f:allcd LQ generate much interest among poten
end 1]"&6!’5 pthé division was sold to AT&T, which had expressed a desire to obtain its orbital slot.s. tended 1o develop 2 satelie

need icati hnology Satellite. Sponsored by NASA, the ACTS program is inte 1o p a satel

e O mons of an e incipal i i i ist of on-board switching capabilities and
compatible with the demands of an intelligent network. Its principal innovations will consist o

the use of multiple spot beams in flexible “scanning” configurations.
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8 Westar VI was acquired by Hughes Communications in 1988, together with the rest of the Westar fleet. Tt will be added to the
Hughes Galaxy network and has been renamed. Launch is tentatively scheduled for June 1990.
% Argentina’s Nahuel network, consist

speed data transmissions.

% Contel ASC-2 was constructed by RCA between 1983 and 1984 under Contel’s initial order for two satellites. It had been slated to
be brought into service shortly after the deployment of ASC-1, but the launch date was indefinitely postponed as a result of the
Challenger disaster. In 19%8, the satellite’s initial assignment of 81°W was changed to 83°W. Contcl appealed the decision,
requesting reassignment to 99°W, but the FCC denied that petition. In 1989, Contel again requested reassignment, this time to
101°W—a slot assigned to its proposed follow-on, Contelsat-1.

%7 Since 1982, the Colombian government has intermittently discussed the possibility of establishing a domestic sateliite system.
Under the original Satcol proposal, it went so far as to solicit bids for three spacecraft, but never placed a contract. That project, iike
the more recent “Colombia” satellites which have bean registered at the same orbital locations. has been postponed indefinitely.
Colombia is instead cooperating with other Andean governments in the establishment of ASETA’s proposed regional satellite
network.

% Pending FCC approval, ownership of all STLC satellites, including SBS VI (tentatively scheduled for launch in 1991), will pass to
Hughes Communications as a result of the latter’s offer to acquire the IBM subsidiary in 1989,

% GE Americom, which was authorized to deploy its Satcom K-3 satellite at 67°W, relinquished this assignment in 1989. This action
followed an unsuccessful attempt to secure FCC approval for modifications 1o both K-3 and the ground spare, K-4, so as to offer
high-power services (inctuding domestic DBS) through Crimson Associates, GE’s joint venture with HBO, In denying GE

Americom’s petition, which was opposed by neighboring domsat operators, the FCC created a special bifurcated high-power-
density arc with eastern (75°W-79°W) and western (132°W—1 36°W) segments,

® GE Americom has not pursued its predecessor RCA’s plans for a Satcom C-6 and Satcom C-7.1th
for these satellites,

" Contel has relinquished its assignment at 64°W. Its proposed ASC-3
Contelsat-2,

2 International Satellite, Inc.,
satellite systern. It has since

ing of two in-orbit satellites, is intended to provide domestic services, including DBS and low-

as relinquished its assignments
satellite has been superseded by the follow-on Contelsat-1 and

received conditional authorization from the FCC in 1985 to begin work on its proposed separate
been granted two extensions and is secking a third. ISU's original plans envisioned a network of two in-
orbit satellites, cach with spot beams covering CONUS and the major western European countries. The design is intended to
facititate the use of customer-premise earth stations for the transmission of video programming and high-speed data communica-
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tions and would ensure single-hop capability between any point in the U.S. and terminals in Europe. The company is a partnership
between TRT Telecommunications and other smaller investors, including Satellite Syndicated Systems and Kansas City Southern
Industries.

3 Originally assigned to PanAmSat, the orbital position 56°W has been abandoned by that operator in favor of 43°W.

74 Orion Satellite, a subsidiary of Orion Network Systems and the first of several start-up ventures to apply for FCC authorization as
a separate system, completed the Intelsat coordination process in July 1989. It has since finalized a contract for two satellites with
British Aerospace, a minority shareholder. The operator intends to offer private line services, including teleconferencing, facsimile,
and high-speed data communications, beginning in 1992. It has also discussed the possibility of offering leased domestic services
to several West African countries. Although at one time Orion was considering a network of three satellites at 37.5°W, 47°W, and
50°W, it does not currently intend to deploy a satellite at the latter location.

75 Originally assigned to Cygnus Satellite Corporation, an early U.S. applicant for separate system licensing, the orbital location
45°W was relinquished by that operator when it was acquired by PanAmSat in 1987, Also in the course of that acquisition,
PanAmSat gained the rights to Cygnus’ assignment at 43°W—the position currently proposed for its second satellite, PAS-2.

7 The Hispasat network is based on a design incorporating multiple payloads. It will offer DBS capabilities in addition to providing
long-distance telephony and television distribution services. The presence of an X-band transponder indicates future military
applications as well. Although only advance publication data were available for Hispasat-] at the time of compilation, the Hispasat
system will ultimately consist of two in-orbit satellites.

7 Atlantic Satellites Ltd., owned principally by Hughes Communications, is licensed by the Irish government to build and operaie a
system capable of providing DBS services to the U.K. and Western Europe. It is also considering transatlantic private line services
in the fixed satellite service.

78 INTELSAT VI F-3 was launched on March 14, 1990, as this table was being compiled, but was stranded in low earth orbit after the
Martin Marietta booster rocket on which it was mounted failed to properly disengage. The satellite was not damaged, although
some of its stationkeeping fuel was expended in subsequent maneuvers intended to free it from its booster and raise it to a higher
orbit. Plans are being considered to retrieve it using the Space Shuttle.

7 INTELSAT K, the organization’s first all-Ku-band satellite and the first Intelsat satellite to be purchased off the shelf without
design competition, was acquired from GE Astro-Space in June 1989, It was originally built as Satcom K4 and was intended for use
by the now-defunct Crimson Associates. After modifications, it will be collocated at 338.5°E with INTELSAT V F-6, currently
located at 341.5°E. INTELSAT K will primarily handle video and business communications and is considered a precursor to the
planned INTELSAT VII series. ITU registration information was not available at the fime of publication.
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N Olympus 1 and “_““ carry additional transponders for data communications ¢ "
Luxembqurg’s first foray inte the DBS market, the Luxsat as
broadeasting into neighboring countries. It was intended to com

Sarit is expected to be modeled after

ptl“ojetfthv;as centered around a high-power satellite capable of
. : . ete with France’ ’s
" 1;[ v\]fas attJa‘nd?)ned in 1983 in favor of the medium-power GDL Eyslem now beiigs :ﬁizzdbyseg;}emany Y Sanenorks, bu
elvesat is the project devised by Switzerland for its ow i '
n DBS sys 3
would probably be msed 10 develon 1o system. Few details are known about the program, although it

f T broadcasting capabilities for the Swiss B casting C oration. The Swiss

: L ' ! ! £ road ting rpor: i 158

government solicited pI‘OpOSdlS from satellite manufacturers in 1986 for the purpose of conducting 351:6331b:l)1ty Stlﬂl l °
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TaBLE 3. FreoueENCY CODES FOR ALLOCATED BaNDS, SERVICES, AND ITU

Cope

{.1a
0.1k
0.1c
0.1d
0.1e
0.1f
0.lg
0.1h
0.2
0.3a
0.3b
0.3¢
0.4a
0.4b

0.4c
0.4d
(.4e
0.4f
0.4g

0.4h
0.6

0.7
0.8
09
1.2a
1.2b

1.5a
1.5b
1.5¢
1.5d

REGIONS
ALLOCATED
LINK DIRECTION FreQuENCY BanD
SERVICE ITU Recion' (GHz)

MSS? Up’l, 2,3 0.12145 —  0.12155
AMSS (secty Upl,2,3 Down 1,2, 3 0.117975 - 0.137
MetSat®, SRS® Down’l, 2, 3 0136 - 0.138
SRS (sec} Down 1% 2,3 0,138 - (.1436
SRS Down I, 2,3 0.1436 - 0.14365
SRS (sec) Down 1%, 2, 3 0.14365 —  0.144
RNS? Down 1, 2,3 0.1499 - 0.15005
SRS Down 31 0174 - 0.184
MSS uptl, 2,3 0.24295 —  0.24303
MSS Upl, 2,3 Down 1,2,3 0235 - 0322
MSS Upl,2,3 Down 1, 2,3 03354 - 0.3999
RNS Down 1,2, 3 0.3999 — 040005
MetSat, SRS Down 1,2,3 040015 -  0.401
MetSat (sec) Upl,2,3 0.401 - 0403
EES'! (sec)

LMSS, MMSS up 27 04055 - 0406
MSS Up*1,2.3 0406 — 04061
LMSS, MMSS up 2% 04061 - 0410
SRS Upl, 2,3 0450 - 0460
MetSat (sec)'” Down |, 2,3 0460 — 0470
EES (sec}

SRS Down 3lv 0470 - 0485
LMSS (sec) Up 2 0608 - 0614
MMSS (sec)

BSS (CR'} Down 1, 2,3 0620 ~— 0.790
LMSS!S, MMSS" Up1'%,2,3 Down 11,23 0.806 - 0.890
LMSS'S, MMSS'S Up 1'%, 3 Down 1%, 3 0942 - (1.960

RNS Downl, 2,3 1,215 -  1.260

SRS (sec) Passive 1,2, 3 1.215 - 1.300

EES (sec)

SRS (sec) Passive 1,2, 3 1.370 ~ L4400

EES (sec)

EES (sec) Passive 1,2, 3 1.525 - 1530

MMSS Down'’1,2, 3 1530 - 1.544

MSS Down'#1,2,3 1544  —  1.545

AMSS pown'’1,2, 3 1545 - 1559
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TABLE 3. FREQUENCY CODES FOR ALLOCATED Banbs, SERvICES, aND ITU

Cobe

SERVICE

1.5e
1.6a
1.6b
l.6c
1.6d
1.6e
1.6f
1.6g
1.7a
1.7b
1.7¢

2.1
2.2
2.4
2.5a
2.5b
2.5¢
2.6a

2.6b
2.6c
2.6d

4a
4b
4c

4d
Sa
5b

6a
ob
Ta

RNS
AMSS
MMSS
MSS
AMSS
SRS
MetSat
MetSat, EES
SRS
SRS
MetSat
SRS, EES
SRS
SRS
Radiolocation
BSS (CR)
FSS
FSS
SRS (sec)
EES (sec)
SRS {sec)
FSS
SRS, EES
SRS (sec)
EES (sec)
FSS
FSS8
SRS (sec)
EES (sec)
SRS {sec)
AMSS
SRS (sec)
EES {sec)
ESS
FSS
SRS

REGIONS (CONT'D)

LNk DireCTION

ITU Recion’
Down 1,23
Up 1,23 Down 1,2,3
Up 12,3
Up®1,2 3
Up'1,2.3
Passive 1,2,3
Down 1,2,3
Down 1,2, 3
Down 3%
Up 2,35
Up*1,2,3 Down®1, 2, 3
Up 1,2,3 Down 1,23
Up 1,2,3
Down 1,2,3
Passive 1,2, 3
Down 1,2,3
Down®* 2,3
Down® 2
Passive 1,2,3
Passive 1,2,3
Up® 2.3 Down?? 2
Passive 1,2, 3
Passive 1,2, 3
Down 1,2, 3
Down®l, 2, 3
Passive 1,2,3
Passive 1,2, 3
Up 1,2,3 Down 1,2, 3

Passive 1,2, 3

Up 1
Up*1, 2,3
Up 1,2,3

ALLOCATED
FrREQUENCY BARD

1.559
1.610
1.6265
1.6455
I.6465
1.6605
1.670
L.690
1.70¢
1.750
[.770
2.025
2.110
2.200
2,450
2.500
2.500
2.535
2.640

2.655
2.655
2,690
3100

3.400
4.500
4.950

4.990
5.000
5.250

5725
5.850
7.145

{GHz»)

1.61(}
1.6265
t.6435
1.6465
1.6605
1.6684
1.6590
1,710
L.710
1.850
1.790
2110
2,120
2360
2.500
2.6%0
2.535
2,655
2.655

2,690
2.690
2700
3.400

4.200
4.800
4.990

5.000
5.250
5.350

5.850
7.075
7.235
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TaAglE 3. FrEQUENCY CODES #OR ALLOCATED BANDS, SERVICES, AND ITU TasLE 3. FREQUENCY CODES FOR ALLOCATED Banps, SErvicEs, anp [TU
REGIONS (CONT'D) REGIONS (CONT'D)

o ALIDCATED T AI_LOC_ML; T
Lixk DIRECTION Freourncy Baxp Ling DirecTION FREQUENCY BanD
Conn SERVICE. ITU Rrcion' (GHz) Copp SERvICE ITU Regiox! (GHz)
7b F5S Down 1,2,3 7350 - 7750 20a FsS Up®i, 2,3 Down 1,2,3 17700 - 18100
7c MSS Down 1,2,3 7250 -~ 1375 20b FSS§ Down 1,2,3 18.100 - 21.200
Ra FSS Up 1,23 7.900 - 8400 20c MetSat Down 1,2, 3 18.100 18300
8h MSS Up §,2,3 7O00 - 8025 204 SRS (sec)™ Passive 1,2,3 18600 - 18300
8¢ EES (sec)” Down 1,2,3 8025 -~ 8400 EES (sec)™
8d MetSat up 1,2,3 8175 - 8215 e MSS (sec) Down 1,2, 3 19700~ 20200
ge SRS Down 1,2,3 8400 - 8500 20t MSS Down [,2,3 20200 - 21.200
&f SRS (sec) Passive 1,2,3 8550 - 8650 21 SRS, EES Passive 1, 2,3 21.200 - 21400
EES (se0) 22 SRS, EES Passive 1,2, 3 22210 - 22,500
9a SRS (sec) Passive 1,2.3 9.500 - 9.800 23 BSS Down 2,3 22,500 - 23.000
EES (sec} 24 SRS, EES Passive 1,2, 3 23600 - 24000
9b MetSat (sec) Down 1,2,3 9975 - 10.025 27 FSS Up 2,3 27000~ 27.500
10 SRS, EES Passive 1,2.3 10600 — 10.700 30 FSS Up 1,2.3 27500 - 31.000
iy FSS Up 17 Down? 177, 2,3 10700 - 11.700 30b MSS (sec) Up 1,2,3 29500 - 30,000
122 FSS Down 2% 11700 - 12300 30c MSS Up 1,2,3 30000 - 31.000
12b FSS Down 3% 12200 - 12500 31 SRS, EES Passive 1,2, 3 31300 - 31.800
12¢ FSS Up1 Down 1, 3 12500 - 12700 33 FS§ Down 3% 31800 _ 33.800
12d FS$S Upl,2 Down 1, 3 12,700 - 12750 36 SRS, EES Passive 1,2,3 36.000 —  37.000
12¢  BSS Down [, 2%%3 11700 - 12.200 o ESS Up 3% 37000 - 36.000
12f BSS Down |, 2% 12200 - 12500 39 FSS$ Down 1,2, 3 37500 - 40.500
12g BSS Down 2%, 3% 12500 - 12700 40 MSS Down 1,2, 3 39500 - 40.500
12h BSS Down 3 127000 — 12750 42 BSS Down 1,2, 3 40500 42500
132 FSS up*L,2.3 12750 - 13.250 43 FSS Up 1,23 42500 — 43500
13b SRS (s¢¢) Up 1,2.3 13250 - 13.400 44 MSS, RNS Up I,2,3 Down 1,23 43500 — 47.000
13c SRS (sec) Passive 1,2, 3 13.400 - 14.000 48 ESs Up £,2,3 47.200 - 50200
EES (sec) 50a SRS, EES Passive 1,2.3 50200 —  50.400
14a  ESS Up™L, 2, 3 14000 - 14500 30b FSS Up 1,23 50400~ 51.400
14b ESS UP321, 2,3 14.500 - 14.800 50¢ MBSS (sec) Up 1,2,3 50,400 — 51400
l4c LMSS (sec) Up 1,23 14000 - 14500 58 SRS, EES Passive 1,2, 3 51400 - 59.000
i4d  RNS (sec) Down 1,2, 3 14300 - 14400 65 SRS,EES Passive 1,2, 3 64000~ 66.000
14e SRS (sec) pown 1,2,3 14800 - 14470 66 MSS, RNS Up 1.2,3 Down 1,2, 3 66.000  — 71000
14f SRS (sec) Passive 1,2,3 14800 - 15350 72a MSS Up 1,23 TLO0C — 74.000
15a EES (sec) Passive 1,2, 3 15200 - 15350 726  FSS Up 1,2,3 71000 -~ 75500
L5t SRS, EES Passive 1,2.3 15350 — 15400 824 FSS Down 1,2,3 8LO0DO  _  R4.000
15¢ AMSS Up 1,2,3 Down 1,2,3 15400 - 15700 82b MSss Down 1,2,3 81.000 - 84000
17 FSS up*t, 2.3 17.300 - 17700 84 BSS Down 1,2, 3 84000 —~ 86.000
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! Numbers placed after the link direction refer to the ITU Regions for which the
allocation applies.

?In all cases, MSS includes LMSS, MMSS, and AMSS,

3 For emissions of emergency position—indicating radiobeacons only. See foctnote
592 in the ITU Table of Frequency Allocations. (All footnotes cited hereafter refer

to this publication.}
*sec = secondary allocation.
3 Meteorological Satellite Service.

% Space Research Service.
7 The band 0.136-0.137 was allocated to the Meteorological Satellite Service and the

Space Research Service on a primary basis only until January I, 1990. Afier that
date it is allocated to those services on a secondary basis (fn. 595).

% In Region 1, the bands 0.138-0.1436 and 0.14365-0.144 are allocated to the Space
Research Service on a secondary basis only in the following countries: West Ger-
many, Austria, Belgium, France, Israel, Italy Liechtenstein, Luxembourg, the UK.,
Sweden, Switzerland, and Czechoslovakia (fn. 600).

9 Radionavigation Satellite Service.

19 China only (fns. 619 and 673).

"' Earth Exploration Satellite Service.

12 Canada only (fn. 648).
12 Allocation to the Meteorological Satellite Service is on a primary basis in the

following countries: Afghanistan, Bulgaria, China, Cuba, Hungary, Japan, Mongolia,
Poland, Czechoslovakia, and the USSR (fn. 672).

14 CR = community reception, TV only {fns. 693 and 757).

15 Use of these services in the designated bands is limited to operation within national
boundaries (fns. 699, 700, and 701}.

16 Norway and Sweden only (fn. 699).

17 The allocation to the Maritime Mobile Satellite Service in the band 1.530-1.535

became effective January 1, 1990 (fn. 720).
18 Jse of this service in the designated band is limited to distress and safety operations

(fn. 728).

19 Transmissions in the bands 1.545-1.559 and 1.6465-1.6605 from terresirial acro-
nautical stations directly to aircraft stations are also authorized when such transmis-
sions are used to extend or supplement the satellite-to-aircraft links (fn. 729).

2 [ndia, Indonesia, Japan, and Thailand only (fn. 743).

21 Afghanistan, Australia, India, Indonesia, Japan, and Thailand only (fn. 745).

2 Bulgaria, Cuba, Hungary, Mali, Mongolia, Poland, East Germany, Roumania,
Czechoslovakia, and the USSR only (fn. 746).

23 Jse of this service in the designated bands is limited (o national and regional systems
(fn. 761).

2 {Jse of this band is subject, in whole or in part, to the provisions and associated plan
of national allotments as adopted by the Second Session of the World Administra-
tive Radio Conference on the “Use of the Geostationary Satellite Orbit and the

Planning of Space Services Utilizing It.”

CTR NOTE: GEOSTATIONARY SATELLITE LOG 215

25
Allocation to the Earth Ex i
. ploration Satellite Service i i is i
S ‘ ! iCE IS on a primary basis i
pos ((:Ia;n I;he fgi?owmg countries: Bangladesh, Benin, Cameroon CyhindaS 1:]:: gegtml;
e ][a]i,puja [;Z;]th; Ivoryfgast, Egypt, France, Guinea, Uppf;r Volta, Indiaelnrz::
. . - kenya, Libya, Mali, Ni aki alia, Sudan,
» iﬁeder}, Tanzania, Zaire, and Zambia (fn, ;SgIeSr), elkisan, Sencgal, Somati, Sudan.
0 : ice is on
Coun(izriit;‘)'n ];c;];hiz Sp‘;ce R[csLearch Service is on a secondary basis in the following
s m, Israel, sia, Si :
S uxembourg, Malaysia, Singapore, and Sri Lanka (fn.

2 f H
7 U vi N .R . .
s¢ of this Service in egion |1 18 ]l nited to ee([el lin 5 I()I € L8] tl
( ) g k th Br i CdS[lng

28
Use of this service in the desi i
. E signated bands i is limi i
) regional systems (i 5 nds in Region 2 is limited to national and sub-
Usg of this service in the designated bands in
" regional systems (fn, 845).
I R 1 e H
lx; 75%0;1 Ii trii;ljsponders on satellites in the Fixed Satellite Service in the band
Su;:h tm.mm?;;;zz l:eu;s‘ed.fo; transmissions in the Broadcasting Satellite Servi;:
s s tmited to 3 i i -
) chanel (tn S O 4 maximum e.dr.p. of 53 dBW per television
' Use n.f this service in the designated bands in
\ reception (fn, 847), k
- F oo M
f(())rr }:e(z;lr;tnle_s ]?ut?lde of Europe and for Malta, the band 14.5-14.8 is reserved solel
s alwrbem sdror lhe.Broadcasting Satellite Service. Similarly, the band 145—012'35/
e S use f(){' this purpose, subject to coordination with other net in th
“ lee atellite Service (fns. 858 and 863) works n e
se of the band 17.3-18.1 is limit '.
. . NIt ed
y Service (fn. 869). 10 feeder
; Allocatim'.] to the Space Research Service and the E
N 18 0N a primary basis in Region 2.
* Japan only (fns. 892 and 899),

Region 3 is limited to national and sub-

Region 3 is limited to community

links for the Broadcasting Satellite

arth Exploration Satcllite Service



220 COMSAT TECHNICAL REVIEW YOLUME 20 NUMRBER §, SPRING 1990

operacién de un conmutador delantero/trasero. Las memorias intermedias basculantes
proporcionan la separacién de las distintas velocidades para cada corriente de datos
entrantes, y los bitios de justificacidn compensan las variaciones debidas al corrimiento
Doppler y la variacién del oscilador local. Las corrientes del multiplejador por
distribucién en el tiempo (TDM) consisten en una palabra (nica de sincronizacidn para
sincronizar las tramas, y las palabras de control asociadas a cada rdfaga de datos para
identificar 1a presencia o auscncia de un bitio de justificacion. Se describen trayectos
de datos redundantes para las corrientes de datos de ida y de retorno,

Pruebas de laboeratorio y ensayos de campe
transatldanticos con un modem COPSK de
140 Mbitios/s

D. H. LAYER, J. M. KaPPES Y C. B, COTNER
Abstraclto

Se presentan los resultados de las prucbas de laboratorio y los ensayos de campo
fransatldnticos realizados con un médem de modulacidn por desplazamiento de fase
actal (COPSK) codificada a una velocidad de informacién de 140 Mbitios/s. Las
pruebas en el laboratorio incluyeron el rendimiento de la tasa de errores en los bitios
{BER) del médem como una funcién del nivel de la frecuencia intermedia (IF) de
recepcién y de las variaciones en la frecuencia, introduciéndose una pendiente lineal de
IF, retardo de grupo parabélico y distorsion de amplitud lineal. Estas pruebas se
hicieron por medio de canales adosados y no lineales (simulador de satélite}. Bajo
condiciones nominales, €l sistema COPSK de 140 Mbitios/s proporciond una BER
de 1 x 10" a una relacién £,/N, mds baja de lo que se requerirfa de un médem con
modulacién por desplazamiento de fase cuadrivalente (QPSK) no codificada de
120 Mbitios/s. Los resultados de las prucbas de laboratorio también demostraron que
esle sistema es mds sensible a las distorsiones del canal que la QPSK no codificada de
120 Mbitios/s; sin embargo, el funcionamiento mejora considerablemente cuando se
utiliza un igualador transversal.

Los ensayos de campo se realizaron entre estaciones tetrenas tipo A de INTELSAT
situadas en Francia, los Estados Unidos y el Reino Unido, utilizando transpondedores
de haz de zona de un satélite INTELSAT V-A ubicado a 332,5° de longitud estc. Se
describe el método empleado para acondicionar las cstaciones terrenas y establecer los
puntos de funcionamicnto dptimo de sus amplificadores de alta potencia y los
rranspondedores del satélite, y se presentan los resultados de esa labor, Se comparan
las mediciones de la BER con el rendimiento previsto, y los resultados demuestran un
funcionamiento acorde con las actuates recomendaciones del CCIR. Estas prucbas son
de notable importancia histdrica, pues representan la primera transmisién digital
transocednica jamds realizada a una velocidad de informacién de 140 Mbitios/s por
cualquier medio.
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