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TRACKING AND DATA RELAY SATELLITE SYSTEM
PERFORMANCE

D. Klimek
Western Union Space Communications, Inc.

Upper Saddle River, New Jersey 07458

ABSTRACT

The system performance of the Tracking and Data Relay Satellite System (TDRSS) as
supplied by Western Union Space Communications, Inc., to NASA is described. TDRSS
provides a flexible, responsive communication and tracking service to earth orbiting
satellites below an altitude of 12,000 kilometers. Forward link command service to a user
satellite is provided with a communication channel having characteristics and radiated
power controlled to support data rates from 100 bits per second to 25 Megabits per
second. Return link telemetry service from a user satellite is provided over a wide range of
data rates from 100 bits per 5 second to 300 Megabits per second with bit error rate
performance exceeding 1 x 10-5. The configuration of the TDRSS satellites and ground
communications equipment are computer controlled to respond quickly to user requests for
support changes within a service period. Changes can generally be accomodated within
15 seconds after the receipt of a request. Equipment is available within the TDRSS which
simulates a user spacecraft and can be inserted into the communication link to verify the
adequacy of the TDRSS performance. Computer controlled test equipment will measure
and report the performance of key parameters within a 10-minute period.

Additionally, the system provides commercial service in the C and K-bands to fulfill the
needs of the Western Union Telegraph Company and the American Satellite Corporation
on a shared basis with the NASA services. The commercial service performance is briefly
described.

INTRODUCTION

The Tracking and Data Relay Satellite System (TDRSS) implemented by Western Union
Space Communications, Inc., is a shared system concept which provides communication
services in support of two missions, TDRSS and Advanced WESTAR (AW) (1).

The TDRSS mission provides S-band and K-band communication and tracking services to
NASA in support of earth orbiting satellites with data rates in the range of 100 bits per



second to 300 Megabits per second. Access to the TDRSS services for any user satellite is
obtained from a centralized ground terminal location in White Sands, NM.

The Advanced WESTAR mission provides the space segment for C-band and K-band
domestic satellite service to the Western Union Telegraph Company and the American
Satellite Corporation. The C-band service supports analog and digital communication
transmissions with twelve transponders, each having a bandwidth of 36 MHz. The K-band
service supports a Satellite Switched Time Division Multiple Access system with four
communication channels, each having a digital transmission capability of 250 Megabits per
second.

TDRSS CONFIGURATION

As illustrated in Figure 1, the space segment of the TDRSS consists of four Tracking and
Data Relay Satellites (TDRS). Each satellite is identical and can be configured to support
either the TDRSS mission or the AW mission. Commonality of equipment precludes the
simultaneous operation of the TDRSS mission and the AW K-band mission from the same
satellite. The AW C-band mission is not interactive with the other missions and is
available simultaneously with either the TDRSS or the AW K-band mission.

Two TDR satellites, located at 41 degrees W. Longitude (TDRS East) and 171 degrees W.
Longitude (TDRS West) are dedicated to the TDRSS mission. A TDR satellite located at
93 degrees W. Longitude (TDRS-AW) is dedicated to the AW mission to support the
commercial service requirements at C-band and K-band. A fourth satellite located at
83 degrees W. Longitude (TDRS-Central) is an in-orbit spare for the system and will be
used to provide supplementary services for the TDRSS mission and pre-emptible C-band
service for the AW mission. AW C-band service from the spare satellite would be
preempted if the spare satellite is required to replace any of the dedicated satellites.

The orbital locations of the TDRS-AW and the TDRS-Central satellites will be controlled
to ± 0.1 degrees in latitude and longitude in order to alleviate the requirements for ground
terminal antenna tracking systems to be used by the commercial users. The TDRS-East
and TDRS-West satellites, while capable of maintaining the same orbital location control,
will exhibit larger variations in orbital location.

A single-site ground terminal located at White Sands, NM, controls all satellites and
provides the signal processing hardware, computer processing hardware/software and
NASA interfaces for the services required by the TDRSS mission (2). Primary control of
the four satellites will be at K-band frequencies from the White Sands Ground Terminal
(WSGT). A back up capability at S-band for any one satellite is also available at WSGT 



with launch and emergency support available at S-band from the NASA STDN ground
network.

TDRSS MISSION

For the TDRSS mission, the system provides communications and tracking services to
three classes of user satellites. A forward link service offers a command link to a user. A
return link service offers a telemetry link from a user. Multiple Access service provides
low data rate support at S-band. S-band Single Access (SSA) service and K-band Single
Access (KSA) service provide high data rate support at S and K-band. Using the Single
Access service, support for the unique modulation requirements of the Space Shuttle are
available at S-band and K-band. A Tracking service provides one way doppler and two
way range and doppler measurements for all classes of users.

A Simulation service for all user classes, enables NASA to exercise the TDRSS without
communicating to an orbiting user satellite. Equipment located at the WSGT simulates a
user satellite. An RF link interfaces a user simulator with the TDR satellites. The primary
functions of the Simulation service include the simulation of user modulation,
demodulation and orbit dynamics, RF transmission, reception and turnaround. Finally, a
Verification service is available to demonstrate TDRSS performance. Automated test
equipment measures the acceptability of key performance parameters within a 10-minute
interval. Table I identifies the quantity of each service available within the TDRSS.
Table II lists the maximum data rate capability for each communication service.

As shown in Figure 2, support coverage to an earth orbiting satellite is 100% for user
altitudes exceeding 1200 kilometers. Within the field of view requirements for the MA and
SA services, coverage is provided for circular user orbits with altitudes of 2000 kilometers
and 12,000 kilometers, respectively. For user altitudes less than 1200 kilometers, coverage
is reduced by the earth’s shadow, but in any case, it is greater than 85%.

The TDR satellite is illustrated in Figure 3. The services available to a user can be
identified with one of the antennas on the spacecraft. The two 4.9 meter parabolic
reflectors provide the S-Band and K-Band Single Access services simultaneously. The 30
helical elements attached to the body of the spacecraft provide return link service for
Multiple Access users. All 30 elements receive the user signal. On the ground, the signal
from each element is adjusted in amplitude and phase to form a beam toward the user.
Eight of the 30 elements are used to provide forward link services to a Multiple Access
user. The 2-meter antenna provides the TDRS to ground link communications for TDRSS
applications.



For the Advanced WESTAR mission, the 4.9 meter, 2.0 meter and 1.12 meter antennas
provide K-Band service. The 1.47 meter antenna provides C-Band service.

The ground segment processing required to support TDRSS users and the TDRS is
illustrated in Figure 4. The interface between the TDRSS and the NASA network is
provided by communication channel interfaces and computer to computer interfaces.
Computer to computer links are used to supply schedules, user ephemeris data and special
messages to the TDRSS. TDRSS status reports, tracking service data and verification
service test results are supplied to NASA.

User command and telemetry data cross the communication channel interface. An
Intermediate Frequency (IF) Interface is available for SA users who need to bypass the
TDRSS data signal processing and modem functions in order to support modulation
formats that are not accommodated by the TDRSS.

The control of the TDRSS space and ground segment components that support the user
services is fully automated. Rescheduling of Multiple Access services is accomplished
within 15 seconds; rescheduling of Single Access services is accomplished within 2 to 5
minutes. Changes in user modulation formats, carrier frequencies and RF power delivered
to a user satellite can be accommdated within 15 seconds.

TDRSS SERVICE PERFORMANCE

The service performance requirements for the TDRSS mission are contained in the NASA
“Performance Specification for Services Via the Tracking and Data Relay Satellite
System,” Specification S-805-1, Revision A, dated December 3, 1979.

For the Forward Link Services, TDRSS provides a modulated signal at the required carrier
frequency and RF signal power through a low distortion channel. Signal parameters such
as modulator I/Q gain imbalance, I/Q orthogonality, data asymmetry, transition time, data
induced PM, PN chip jitter, I/Q PN skew, PN asymmetry and PN chip rate are determined
by the ground segment equipment. The Forward link carrier frequency to the user and the
channel distortions consisting of bandlimiting, amplitude and phase variations, AM/AM
and AM/PM are determined by the TDRS and the ground segment equipment. Signal
EIRP to MA users is provided by eight solid state transmitters connected to a phased
array. For SA users, TWTA transmitters, 27 watts for SSA, 1.5 watts for KSA, and a 4.9
meter diameter steerable antenna provide the required signal EIRP.

Table III is a listing of the predicted performance of the Forward Link Services.



For the Return Link Services, TDRSS accepts a modulated signal from the user. TDRSS
demodulates and, if necessary, decodes the user data and delivers the information to the
NASA interface with a maximum bit error rate of 1 x 10-5. The user and the TDRS are the
prime contributors to the channel distortions and the thermal noise floor which impact bit
error rate performance. The demodulator performance in the presence of the user and
TDRS distortions is the major source of degradation in the ground segment.

Except at the very high data rates for the SSA and KSA service, the thermal noise
performance is determined by the link between the user and the TDRS. The ground
segment demodulators for MA and KSA service are required to achieve a bit error rate
performance of 1 x 10-5 at an Eb/No that is 3.5 dB from theory; for SSA service the
requirement is 4.5 dB from theory. Preliminary test results have shown that the
demodulators supporting SSA and KSA service provide a bit error rate performance of
1 x 10-5 at an Eb/No which is within 1 dB from theory in the presence of mild user
distortions and bandlimiting. Tests to characterize the performance of the demodulators
with more severe distortions introduced by TDRS bandlimiting, AM/AM and AM/PM will
be performed within the next few months.

TDRSS is required to provide performance with user signal power that is a function of
data rate and coding as shown in Figure 5. MA users will always be coded and use PN
spreading in order to differentiate between the users. SSA and KSA users can use
spreading up to data rates of 300 kbps and coding is optional for all data rates. Listed in
Tables IV and V are link budgets for an MA, SSA and KSA user operating at the
maximum allowable data rate. The best estimate of the current performance for each
element of the link budget is listed. The cases listed represent the worst cases of estimated
performance for the TDRSS. In all cases, margins are positive.

VERIFICATION OF TDRSS PERFORMANCE

The TDRSS is required to demonstrate its ability to meet the service requirements of the
TDRSS mission independently of user spacecraft. NASA determines when the
demonstration will occur by scheduling the Verification service. Verification service
involves using user simulation equipment located at the WSGT and test equipment
including test traffic generators and bit error detectors.

A quick check of the key performance parameters for a single class of user can be made
within 10 minutes by scheduling a Routine Verification service. Both forward link and
return link service parameters are included in the tests. Ten minutes after the start of the
test, the results of the tests are sent to NASA. The following parameters are measured:



Forward Link Service

• Command to range channel power ratio
• PN chip rate coherence
• TDRS EIRP and polarization
• Time to reconfigure from low power to high power TDRS EIRP (SA)
• Received frequency at user simulator
• Signal acquisition time
• Time to initiate KSA acquisition EIRP

Return Link Service

• KSA autotrack acquisition time
• Signal acquisition time
• Achievable data rate (bit error rate)
• TDRS Polarization

Tracking Service

• Doppler measurement standard deviation due to phase noise
• Range measurement standard deviation

All tests, excluding the bit error rate performance test, are completed within the first
5 minutes of the service. The last 5 minutes are used to measure bit error rate performance.
Within the 5 minute interval, the bit error rate performance is measured to a confidence
level of 99% for bit rates greater than 50 kbps.

ADVANCED WESTAR MISSION

In accordance with the shared mission concept of the TDRSS, K-band components on
board the TDRS which support the TDRSS mission are reconfigured to provide the
K-band communications payload for the Advanced WESTAR mission. The components
include upconverters, downconverters, TWTAs, frequency generators and antenna
structures. The Advanced WESTAR K-band system has been described elsewhere (3). A
brief summary of the concept and performance is presented here.

A simplified block diagram of the AW K-band payload is illustrated in Figure 6. Six
antenna beams as illustrated in Figure 7, are coupled to form four transmission channels. A
switch located between the receivers and transmitters provide interconnectivity among all
antenna beams for full CONUS coverage. Interference between transmission channels is
minimized by utilizing frequency, spatial and polarization isolation.



The prime performance parameters of the AW K-band payload are EIRP, G/T and the
communication channel distortions. These parameters have been controlled to support a bit
rate of 250 Megabits per second in each channel, resulting in a space segment transmission
capability of 1000 Megabits per second. EIRP and G/T performance are illustrated in
Figure 8. Significant channel characteristics are illustrated in Table VI.

The AW C-band transponder is a stand-alone communications payload that is similar in
performance to the WESTAR satellites currently in orbit. Coverage of CONUS, Alaska
and Hawaii is obtained as shown in Figure 9. The TDRS dedicated to the AW mission and
the spare TDRS will provide a continuation of the services supported by the WESTAR
satellites.
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FIGURE 1.  TDRSS & AW CONFIGURATION

FIGURE 2.  TDRSS COVERAGE



FIGURE  3. TDR SATELLITE

FIGURE 4.  TDRSS GROUND SEGMENT



FIGURE 5.  TDRISS RETURN LINK SERVICE REQUIREMENTS

FIGURE 6.  AW K-BAND PAYLOAD



FIGURE 7.  AW K-BAND COVERAGE

FIGURE 8. AW K-BAND EIRP & G/T



FIGURE 9.   AW C-BAND EIRP & G/T



TABLE I
TDRSS SERVICE REQUIREMENTS

SERVICE MA SSA KSA

FORWARD LINK SERVICES

QUANTITY OF LINKS PER TDRS
TOTAL LINKS FOR THE TDRSS

  1
  3*

2
6*

2
6*

RETURN LINK SERVICES

QUANTITY OF LINKS PER TDRS
TOTAL LINKS FOR THE TDRSS

20
20

2
6*

2
6*

PER TDRS TOTAL FOR TDRSS

TRACKING SERVICES

ONE-WAY DOPPLER
TWO-WAY RANGE & DOPPLER (MA)
TWO-WAY RANGE & DOPPLER (SA)

10
  1
  4

10
  3
  6

SIMULATION & VERIFICATION
SERVICES

MA
SSA
KSA
SHUTTLE S-BAND
SHUTTLE Ku-BAND

  1
  1
  2
  1
  1

  1
  1
  2
  1
  1

*INCLUDES SERVICES FROM AN IN-ORBIT SPARE SATELLITE



TABLE II
TDRSS DATA RATE CAPABILITIES

MAXIMUM DATA RATE

SERVICE FORWARD LINK RETURN LINK

MA
SSA
KSA

10 KBPS
300 KBP S

25 MBPS

50 KBPS
12 MBPS

300 MBPS

 
TABLE III

FORWARD LINK SERVICE PERFORMANCE

MA SSA KSA

SIGNAL EIRP (DBW) 34.2 46.7 50.6

3DB CHANNEL BANDWIDTHS (MHz) 6 20 50

PEAK PHASE NON-LINEARITY (RADIANS) ±0.1 ±0.05 ±0.06
(OVER CENTRAL 70% OF CHANNEL 
BANDWIDTH)

PEAK GAIN FLATNESS (DB) ±0.7 ±0.4 ±0.4
(OVER CENTRAL 70% OF CHANNEL
BANDWIDTH)

AM/AM (DB/DB) 0 0.02 0.03

AM/PM (DEGREES/DB) 11.8 5.7 5.5



TABLE IV
MA RETURN SERVICE LINK BUDGET

USER To TDRS LINK

USER EIRP, dBW 22.4
SPACE Loss, dB 192.2
TDRS G/T, dBI/OK -13.6
SIGNAL SUPPRESSION, dB 0.2
BOLTZMANN’S CONSTANT, dBW/Hz - OK -228.6
CHANNEL BANDWIDTH, dB-Hz 67.8
C/N AT TDRS, dB -22.8

TDRS To GROUND STATION LINK

TDRS EIRP, dBW 26.3
PATH Loss, dB 207.7
ATMOSPHERIC Loss, dB 1.1
GROUND G/T, dBI/OK 41.4
BOLTZMANN’S CONSTANT, dBW/Hz-OK -228.6
INTERMODULATION AND INTERFERENCE, dB 4.2
CHANNEL BANDWIDTH, dB-Hz 67.8
P/N, dB 15.5

COMPOSITE LINK

C/N AT GROUND, dB -22.8
CHANNEL BANDWIDTH, dB-Hz 67.8
C/No, dB-Hz 45.0
DATA RATE, dB-BPs (50 KBPS) 47.0
EB/No INTO COMBINER, B -2.0
COMBINER GAIN, dB 13.3
EB/No INTO DEMODULATOR, dB 11.3
DEMODULATOR/DECODER DEGRADATION, dB 3.6
SELF INTERFERENCE, dB 0.2
DIFFERENTIAL CODING Loss, dB 0.1
NET EB/No, dB 7.4
THEORETICAL REQUIRED EB/No, dB 4.6
MARGIN, dB 2.8



TABLE V
SA RETURN SERVICE LINK BUDGET

SSA KSA
USER To TDRS LINK

USER EIRP, dBW 41.0 56.2
SPACE Loss, dB 192.2 209.2
TDRS G/T, dBI/OK 8.8 24.7
SIGNAL SUPPRESSION, dB 0.2 0.0
BOLTZMANN’S CONSTANT, dBW/Hz - OK -228.6 -228.6
CHANNEL BANDWIDTH, dB-Hz (1) 71.8 83.5
C/N AT TDRS, dB 14.2 16.8

TDRS TO,GROUND STATION LINK

TDRS EIRP, dBW 39.9 47.4
PATH Loss, dB 207.7 207.7
ATMOSPHERIC Loss, dB 1.1 1.1
GROUND G/T, dBI/OK 41.7 41.7
BOLTZMANN’S CONSTANT, dBW/Hz-OK -228.6 -228.6
INTERMODULATION, dB 1.0 1.8
CHANNEL BANDWIDTH, dB-Hz (1) 71.8 83.5
P/N, dB 28.6 23.6

COMPOSITE LINK

C/N AT GROUND, dB 14.0 16.0
CHANNEL BANDWIDTH, dB-Hz (1) 71.8 83.5
C/No, dB-Hz 85.8 99.5
DATA RATE, dB-BPS (2) 70.8 84.8
EB/No INTO DEMODULATOR, dB 15.0 14.7
DEMODULATOR DEGRADATION, dB 4.5 3.5
DIFFERENTIAL CODING LOSS, dB 0.3 0.3
NET EB/No, dB 10.2 10.9
THEORETICAL REQUIRED EB/No, dB 9.6 9.6
MARGIN, dB 0.6 1.3

NOTES: 1.  CHANNEL BANDWIDTHS 15 MHz (SSA), 225 MHz (KSA)
2.  DATA RATES 12 MBPS (SSA), 300 MBPS (KSA), No CODING



TABLE VI
AW K-BAND CHANNEL PERFORMANCE

3 dB CHANNEL BANDWIDTH 275 MHz, MIN.

CHANNEL GAIN FLATNESS 1.0 dB P-P OVER 160 MHz
1.3 dB P-P OVER 225 MHz

AM/AM 0 dB/dB
AM/PM 1.6 DEGREE/dB


