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TDRSS - USER SATELLITE ACQUISITION AND TRACKING

S. B. Franklin
TRW Defense and space Systems Group

Redondo Beach, California

ABSTRACT

The Tracking and Data Relay Satellite System (TDRSS) will provide communications and
tracking services to the Space Shuttle and most other NASA missions of the 1980’s. Relay
services are provided between NASA’s near earth satellites and a ground terminal at
White Sands, N.M. via synchronous Tracking and Data Relay Satellites.

Establishing and maintaining the communications links is a complex task which includes
spatial, signal and data acquisition involving crosslinks between the TDRS and NASA’s
user satellites. Concepts and capabilities are presented for antenna acquisition, and for PN
code and carrier acquisition. Total acquisition times, including bit synchronizer and
decoder acquisition are also provided.

INTRODUCTION

The Tracking and Data Relay Satellite System (TDRSS) is being built for Western Union
who will, in turn, provide tracking and data relay service to NASA and commercial
services to Western Union Telegraph Company. (Western Union Telegraph Company will
lease services from TDRSS.) The TDRS will provide a data relay service between future
NASA satellites, including Shuttle, and a common ground terminal located at White Sands,
New Mexico. Four on-orbit satellites will be used. Two will be used by NASA, one by
Western Union and the fourth will serve as a spare for any other satellite. The on-orbit
configuration is illustrated in Figure 1.

The TDRSS will provide a variety of services to NASA’s user community via
communications links at S-Band and K-Band. Each TDR satellite (TDRS), illustrated in
Figure 2, has two 16 foot (4.9 meter) single access (SA) antennas capable of controlled
pointing over a 62E x 45E elliptical field of view, and capable of simultaneously supporting
a right or left circularly polarized S-Band and K-Band service. Additionally, there are 30
helical antennas that are used in a phased array to provide left hand circularly polarized
S-Band Multiple Access service.



Fig. 1.  TDRSS Service Configuration

Fig. 2  TDRS On-Orbit Configuration



Twelve of the elements are provided with dedicated solid state power amplifiers, eight of
which are combined in a phased array to provide a single forward link.

All thirty elements are used for receiving return link signals from all user satellites within a
26E conical field of view. All signals received by each element are frequency multiplexed
together, relayed to the White Sands Ground Terminal (WSGT) via the Space-to-Ground
Link (SGL) where they are translated to a common frequency and formed into as many as
twenty dedicated antenna beams by phased array weighting and combining techniques.

Altogether, five separate services are provided. Two are the S and K-Band services to
Shuttle, using the S and K-Band single access antennas and Shuttle-unique modulation.
Two are the standard TDRSS modulations, using the S and K-Band SA antennas, and
referred to as SSA and KSA services. The remaining service is the Multiple Access (MA)
service at S-Band, using the phased array antenna on the body of the TDRS. Total
quantities of services for each TDRS and for the TDRSS are listed in Table 1.

Table 1.  Total Number of Services Provided by TDRSS

SERVICES MA SSA KSA S-SHUTTLE* K-SHUTTLE*

Forward Link
per TDRS
per TDRSS

  1
  3

2
6

2
6

2
2

2
2

Return Link
per TDRS
per TDRSS

20
20

2
6

2
6

2
2

2
2

Shuttle Services are in lieu of SSA or KSA service when scheduled

A variety of modulation structures are used, one set being unique to Shuttle, the remainder
universally available to all TDRSS user spacecraft. The principal features of each are
described by Walker in reference 1. Additional TDRSS characteristics are described by
Davis in reference 2.

Up to five distinct acquisition processes may be required of the TDRSS. They are:
1. Angular Acquisition

-  Open Loop Pointing at S-Band
- Autotracking for K-Band

2. Range Acquisition
-  PN Code Synchronization



3. Frequency (carrier acquisition)

4. Data Clock (Bit Synchronization)

5. Decoder Acquisition

Since some of the return data links are not PN coded, some are not convolutionally coded,
and some may even be unmodulated, it is clear that not all of the above functions are
necessary to every service, and unique combinations are used as appropriate.

This paper reviews the acquisition sequences and processes necessary to establish and
maintain a forward and return link with a TDRSS user satellite. Antenna and PN code
acquisition are described in extensive detail since these are the most interesting functions
and require a coordinated series of forward and return link events. Carrier acquisition is
only briefly touched upon. Bit and decoder synchronization are largely omitted since they
use standard stand-alone techniques. Total times for the complete acquisition process are
provided.

ANTENNA ACQUISITION

As illustrated in figure 3, the TDRSS SA angular coverage area for the single access
antennas extends over an elliptical region ranging ±31E in a North-South Direction and
±22.5E in the East-West direction. TDRS attitude variations extend the required gimbal
range by one or two degrees. The required coverage area for MA service subtends a 26±
conical field of view.

Fig. 3.  Comparison of User Position Uncertainty with S- and
K-Band Antenna Beamwidth



Within this region, user satellite position is reasonably well defined by state vectors given
to the TDRSS ground station by NASA prior to service. The principal position uncertainty
is in the along-track direction, and may build up to an equivalent time uncertainty of as
much as ±9 seconds before new state vectors are provided. Radial and crosstrack position
uncertainties are trivial in comparison, and are usually ignored. It can be shown that the
resulting angular rate, as viewed from a TDRS is #0.0167E/second, for a total angular
uncertainty of ±0.1503E.

A second major contributor to user position uncertainty is TDRS yaw coupling in the
direction normal to the vector from the TDRS nadir to the user, as illustrated in figure 3.
Because of the nature of the sun and earth sensors on the TDRS, the yaw angle is well
known near 6:00 a.m. and 6:00 p.m. on the TDRS meridian. At other times, the yaw angle
must be estimated. Present procedures permit estimating yaw to a maximum uncertainty of
±0.25E, which yields an angular yaw coupling uncertainty of ±0.25 S in ", where " is the
radial angle between the TDRS nadir and the user satellite.

In addition to the user position uncertainty and the yaw coupling uncertainty, there are a
variety of smaller uncertainties. These include antenna electrical to mechanical
misalignments, gimbal drive effects and earth sensor bias errors. An on-orbit antenna
boresight calibration will be performed after each TDRS is first launched, and periodically
thereafter. With all factors considered, it is estimated that the angular uncertainty to the
user satellite will be less than ±0.22E 99% of the time.

The beamwidth of the SSA antenna is approximately 1.84E at S-Band, 0.28E at K-Band,
for the principal frequencies of interest. The SSA antenna transmit and receive beamwidths
are relatively large in comparison to the angular position uncertainty of ±0.22E and it
suffices to open-loop point the SA antenna towards S-Band user satellites. It is mandatory
to autotrack K-Band users since it is necessary to point to an overall accuracy of 0.06E to
meet the system bit error rate budget allocation. The principal components of the autotrack
error budget are the misalignment of the peak of the main beam and the null in the four
horn difference pattern, and the control system errors. Each is designed to have maximum
values of 0.03E.

Calibration and control of the MA antenna system is a major technical TDRSS design
problem, and is too extensive an issue to cover in this paper. Suffice it to say here, that the
beamwidths are relatively large and open-loop pointing is used for both the transmit and
receive beams.

Before continuing with angular acquisition, it is first appropriate to consider the design of
the K-Band autotrack system. The TDRS system uses a single channel monopulse system
in which the error signal is amplitude modulated and time division multiplexed onto the



main beam signal and transmitted to the White Sands Ground Terminal for demodulation
and gimbal command generation.

A simplified closed-loop block diagram of the system is presented in figure 4. The
received signal, with amplitude modulation, passes through the data receiver in the upper
right corner of the figure, is sent to the WSGT and amplitude detected. From there the
demodulated error signal is A/D converted and sent to an autotrack interface processor
(AIP) which strips the PN sequence from the error signal, separates the time division
multiplexed pitch and roll signals, and performs a preliminary integrate and dump filter
function. The resultant signal is then presented to a dedicated TT&C computer which also
receives normal TDRS telemetry and generates up-link TDRS commands. This TT&C
computer contains all of the necessary TDRS attitude control system algorithms for pitch,
roll and yaw estimation and for open and closed-loop antenna control. The autotrack error
signal is processed within the TT&C computer, compared with the predicted pointing
angle based on TDRS and user ephemerides, TDRS attitude information and previous
commands. Gimbal control commands are then sent to the TDRS to move the SA antenna
gimbals to minimize the angular tracking error.

Fig. 4.  Close Loop Autotrack Configuration

During open-loop pointing, the TT&C computer is given nominal look angles to a user
satellite, corrects for attitude and boresight errors and generates gimbal stepping
commands. At this time, the system operates in a position pointing mode. During the
closed-loop autotrack operation, the system operates in a rate commanded mode which is



primarily based on predicted look angles to the user satellite. The autotrack error signal
principally acts as a vernier to correct for small error buildups. The system is designed for
stable operation and will continue to move at the user satellites’ predicted angular rate
when the return link signal is no longer present.

The autotrack modulator and demodulator are conceptually illustrated in figures 5 and 6.
The K-Band SA antenna uses a five-horn feed, the center horn being circularly polarized;
the pitch and roll error horns being linear polarized and orthogonal. The autotrack
modulator alternately selects the pitch or roll error signals, BPSK modulates them with an
augmented 1024 bit Manchestered PN code and passes the time division multiplexed error
signal to a directional coupler. Phasing between parallel paths is such that the error signal
alternatively adds to or subtracts from the main beam to amplitude modulate the resultant
signal. The PN code is synchronized with the downlink telemetry format which repeats in
512 bit sub-frames at the same rate.

Fig. 5.  TDRS K-Band AutoTrack Functions

In the ground station, the autotrack signal is passed through one of four IF bandpass filters
selected to optimize the pre-detection SNR, and a subsequent AGC amplifier and is
amplitude detected. The resultant error signal is then stripped of its PN code by
multiplication with a locally generated PN code synchronized to the telemetry downlink.
After stripping off the PN code, the error signal is time-division demultiplexed and
integrated before being passed on to the TT&C computer. In practice, the error signal is
A/D converted after the low pass filter of figure 6, and all subsequent functions are
performed digitally in an Autotrack Interface Processor (AIP) preceding the TT&C
computer.



Fig. 6.  WSGT Autotrack Demodulator Functions

Note that a Signal Presence Detector is shown in figure 6. This detector is required to
generate a signal presence indication every 50 milliseconds. The AIP takes a vote of 10 of
these every 1/2 second, with a resulting low probability of falsely indicating signal
presence, during an extended period (15 minutes) and a 0.99 probability of correctly
indicating signal presence for SNRs $ -5dB.

The overall acquisition situation is illustrated in figure 7 for the worst case (in SNR) user.
The TDRSS initially open-loop points the KSA antenna toward a user with a residual
radial uncertainty of # ±0.22E. When the user satellite is in the interior region, the signal
presence detector will indicate signal presence, and the system will convert from open to
closed loop pointing and begin the process of pulling in to the final tracking position.
However, when the user satellite is near the edges of the uncertainty region, the signal
presence indicator will not trigger. For these regions, it is necessary to use the autotrack
error signal itself to indicate the presence of a signal, and to initiate the pull-in process.
This is a bit more complicated, and is discussed below.

Figure 8 illustrates the signal build-up in the digital integrator when a typical autotrack
error signal is present. The solid line represents the noise-free error signal; the dashed lines
represent outer bounds on the integrator output when signal and noise are both present. For
the case in which it is necessary to use the error signal to detect signal presence, the angle 



Fig. 7.  K-Band Signal Acquisition Conditions

Fig. 8.  Typical Autotrack I&D Filter Output

off boresight is large and it is only necessary to determine the sign of the error signal; the
magnitude is not important. For this reason, a pair of simple threshold detectors are used
for each gimbal axis. Conceptually the thresholds are set as illustrated in figure 9 and
adjusted along with the integration time to give a high probability of not indicating signal
presence on noise alone, and a 99% probability of indicating signal presence when it is
indeed present. Equation 1 indicates the relationship between the key parameters.

Fig. 9.  Probability Distribution Associated with the Output of the
Autotrack Error Integrator



(1)

where ) is the noise free autotrack error signal at the output of the digital integrator

BIF is the bandwidth of the IF filter
D is the SNR at the output of the IF filter
T is the total integration time
2 is the angle off boresight
S is the autotrack slope factor.

 For the signals that are to be acquired by the TDRSS, representative initial integration
times, T, are listed in Table 2. Because the pitch and roll error signals alternate in 32
millisecond intervals, based on the TDRS on-board clock, it is convenient to use selectable
integration times of .512, 1.024, 2.048 4.096 and 8.192 seconds, synchronized by the
downlink telemetry.

Table 2.  Autotrack Acquisition Decision Time

SIGNAL TYPE
REQUIRED

BANDWIDTH
(MHz)

MAX
INTEGRATION

TIME (sec)

(1) Shuttle Mode 1, Mode 2   50 1.024

(2) Data Group 1     4 8.192

(3) Data Grou p 2, Bi-N
Uncoded
Coded

  15 8.192

(4) Data Group 2, NRZ
Ro < 4.0 Mbps Uncoded
Ro < 2.0 Mbps Coded

    4 8.192

(5) Data Group 2, NRZ
4.0 # Ro < 20 Uncoded
2.0 # Ro < 10 Coded

  15 8.192

6) Data Group 2, NRZ
20 # Ro # 50 Uncoded
10 # Ro # 20 Uncoded

  50 8.192



SIGNAL TYPE
REQUIRED

BANDWIDTH
(MHz)

MAX
INTEGRATION

TIME (sec)

(7) Data Group 2, NRZ
50 # Ro Uncoded
25 # Ro Coded

150 4.096

(8) IF Services
2 MHz # B < 4 MHz
4 MHz # B < 15 MHz
15 MHz # B # 50 MHz

Ro = Data Rate

    4
  15
  50

8.192
8.192
4.096

The acquisition process is begun on a schedule established by NASA. Prior to the
scheduled starting time, To, the SA antenna is open-loop pointed toward the user satellite
and the AIP is loaded with the necessary integration times and threshold settings. At To, all
AIP registers are set to zero, the AIP begins the determination of signal presence or
absence, and the error signal integrators provide outputs every 0.512 second. A sliding
window is used to accept the newest and delete the oldest 0.512 second of data when
using longer integration times.

Once signal presence is declared by one of the two techniques, a non-zero error signal is
output from the AIP to the TT&C computer which then changes antenna control modes
and switches from the initial open-loop mode to the closed-loop mode. A sequence of rate
bias commands are sent to the TDRS SA antenna gimbals to drive the antenna toward the
user at a constant 0.02E/second closure rate. (The total rate is the sum of the user’s angular
rate plus 0.02E/second.)

Figure 10 illustrates one side of the autotrack error signal as a function of angle off-
boresight, and delineates the key acquisition regions as the antenna progresses from a
typical initial condition at Point 1.

As the antenna moves toward the user satellite, main beam signal strength and SNR
improve to a point such that when main beam signal presence is declared, (point 2) it
becomes safe to reduce integration time from the initial decision value to the final value of
0.512 seconds. The autotrack pull-in algorithm then starts to check the magnitude of the
error signal. When it drops to an equivalent angle of 0.075 degrees (point 3) the constant
closure rate of 0.02E/second is reduced to 0.003E/second. When the equivalent angular
error drops to 0.015E (point 4), the 0.003E/second bias error is reduced to zero, the
autotrack logic switches in an additional control loop integrator and finepointing control is 



Fig. 10.  Antenna Acquisition Pull-In Modes

initiated. At this time the autotrack circuit is in its final stage and maintains high accuracy
SA antenna pointing that accommodates a nominal ±0.015E dead zone dictated by the
gimbal stepper motor drive and a dead-beat technique that minimizes structural dynamics
effects.

An approximate open closed-loop sequence is illustrated in figure 11. Should the signal
disappear for any reason, the autotrack rate logic will keep the antenna moving at the
user’s predicted angular rate, but with offset biases built up during the pull-in process. This
is illustrated in figure 12. If the signal returns, it will be treated as before and the system
will continue based on the logic associated with each region of figure 10. If the signal does
not return within 60 seconds, the system reverts to open-loop pointing, and the acquisition
process is reinitiated. If a large error should build up in the 60 second time-out  region, the
antenna beam will be commanded back to within the ±0.22E uncertainty region at the
beginning of the acquisition process.

PN CODE ACQUISITION

All forward link services and all Data Group 1 return link services are PN coded. For
S- and K-Band Shuttle, the forward link PN code is optional, and neither use return link
PN codes. From an acquisition viewpoint, the issue of principal interest is that of
establishing return link Data Group 1 PN code synchronization for the general TDRSS
user community.



Fig. 11.  Antenna Control Sequence

Fig. 12.  Tracking Bias Concept

Consider first the nature of the PN codes used on the forward and return link. Two codes
are used for the forward link, one of which is modulo-two added to the data on the
command channel with the combination PSK modulated onto the carrier. The second code
is PSK modulated onto the carrier in quadrature to the command channel to form a
dedicated range channel. The command channel PN sequence is one from a family of Gold
codes of length (210-1) chips. The range channel PN code is a truncated 18 stage shift
register sequence of length (210-1)28, or 261,888 chips. The epoch or all-ones condition of
the range code is synchronized with every 256th command channel epoch. Range channel
power is 10dB below command channel power. The nominal chip rate is approximately 



3 Mcps so that a single chip corresponds to approximately 100 meters of range delay. The
actual PN chip rate is

(2)

where F is the TDRS transmit frequency and k=221 at S-Band, 1469 at K-Band. Strict
sense coherence is not provided, but the TDRSS will maintain the required frequency ratio
to within 0.01 Hz at the PN chip rate.

The return link uses one of two PN codes. For coherent turnaround, the return link code is
identical in length to the forward link range code, and is synchronized to both the forward
link clock and epoch in the user satellite. The carrier frequencies are also coherent in this
mode, so the return link frequency received at the WSGT is reasonable well known to
within ± 2.2 kHz at S-Band, ±13.8 kHz at K-Band. For the noncoherent mode, a short
2047 chip Gold code is used; there is no forward link, so the carrier frequency uncertainty
is determined by the stability of the user’s on-board oscillator. Typically it is expected to
be known to within ±700 Hz at S-Band, ±5 kHz at K-Band at the user’s transmitter. At the
TDRSS’ demodulators, the uncertainty is # ±1.9 kHz at S-Band +12.2 kHz at K-Band.
The TDRSS is required to be able to accommodate user frequency uncertainties as large as
±3 kHz at S-Band; ±20 kHz at K-Band.

The return link signal is unbalanced QPSK modulated. For mode 1 Identical PN codes
used on both the I & Q channels. The codes on each carrier channel are offset by more
than 20,000 chips. For mode 2, independent Gold codes are used on the I & Q channel.
Two PN code correlators are used so that the output of each correlator appears as a BPSK
signal which can be further demodulated with standard Costas or squaring loops. For mode
3 only, the I channel is PN coded as for mode 1.

The code/carrier frequency, ratio is well known when it leaves the user n this case, k = 240
at S-Band, 1600 at K-Band and F is the user’s transmit frequency), but the ratio changes as
the signal passes through the various return link frequency translation stages in the TDRS
and in the WSGT. By the time the signal arrives at the demodulator, there is enough built-
up uncertainty to preclude taking advantage of the code/carrier frequency ratio as an
acquisition aid. The problem is brought about by the fact that the TDRS master frequency
generator is phase locked to a pilot tone received from the WSGT, and by TDRS-User
doppler uncertainty which affects the return link differently than the forward link. Forward
link code/carrier frequency ratio has no equivalent uncertainty effect.

For forward link PN code acquisition, the user is able to search a very short code
uncertainty region - i.e., the entire command code which is only 1023 chips long. The
TDRSS pre-corrects the carrier and PN code frequency for doppler so the signal received



by the user satellite is essentially doppler free. The user satellite has only to search for the
PN command code using any of the standard search strategies.

Since the range code epoch is synchronized to every 256th command code epochs, it is
acquired by referencing the range code search strategy to the command channel epoch and
sequencing through the 256 possible positions until the correct position is found. After
range code acquisition is achieved, the return link PN code epoch is synchronized to the
range code epoch and half of the acquisition process is complete.

The other half of the acquisition process, return link acquisition, is relatively
straightforward for the non-coherent mode. The demodulator only has to search through
the 2047 code positions until acquisition occurs. The process is more complicated for the
coherent mode because too much time would be required to search through the complete
261,888 chip PN code. In order to achieve reasonable acquisition times, it is necessary to
restrict the search window to the range uncertainty window associated with each user
satellite. This is done by referencing the center of the search window to the forward link
code, but delayed by the estimated round trip path delay, as discussed in subsequent
paragraphs. First, however, consider the size and nature of the range uncertainty window.

Figure 13 illustrates the path geometry, and a typical user satellite’s orbit. The principal
user’s position uncertainty is # ±9 seconds along track. The fastest user velocity
requirement imposed on the TDRSS is ±12 km/sec. corresponding to the fastest point in a
highly elliptical orbit. This corresponds to a worst case range uncertainty of ±2160 chips at
the nominal 100 meter/chip. TDRS position uncertainty is expected to not exceed
±1.25 km. With miscellaneous estimating errors and true PN chip rates, the greatest PN
chip uncertainty is ±2301 chips. The user satellites state vectors are updated periodically,
so that the position uncertainty does not exceed ±9 seconds of along-track distance. It is
expected that the true position uncertainty follows a truncated Gaussian probability
distribution with the 3F value equal to the maximum window width, as illustrated in
Figure 13.

In order to minimize total acquisition time, TDRSS uses an expanding search technique
which takes advantage of the increased probability that the user is near the center of the
uncertainty region. The process is illustrated in dotted lines. This process typically reduces
median acquisition time by a factor that varies from 1.6 to 2.0 for the selected acquisition
detection probabilities.

The PN acquisition process selected for the TDRSS demodulators uses a sequential
detection technique (as opposed to “fixed dwell time techniques) because of its rapid
“dismissal” characteristic during the search process. For the values of C/No available to the
acquisition circuit, analysis has shown that total PN acquisition time is minimized by 



Fig. 13.  PN Code Acquisition Strategy

allowing the probability of detection for any one trial, Pd, to be low in order to keep the
probability of false alarm, Pfa, high in the presence of interfering codes. The values
currently used for Pd range from 0.2 to 0.3 which permit a rapid dismissal that more than
makes up for the need for multiple passes through the uncertainty region.

A block diagram of the acquisition channel is illustrated in figure 14. The circuit is fairly
conventional, with the reference channel being a noteworthy exception. This channel
provides a bias and comparator threshold which is continually referenced to the signal plus
ambient noise (S+N) level.

Fig. 14. Sequential Detection Acquisition Circuit



Fixed threshold systems suffer in low PN processing gain applications because the signal
can be a significant part of the total S+N that passes through the post correlator band-pass
filter when the local PN code is offset from the incoming PN code by an integral number of
chips. This leads to the possibility that a fixed threshold could either cause a false
declaration of acquisition on the wrong code position for a strong signal, or a missed
opportunity to acquire a weak signal at the correct position. The reference channel permits
a floating bias and threshold which avoids the problem.

The results of a series of computer simulations of the acquisition process for the multiple
access service are presented in figures 15-17 for the coherent and noncoherent modes
(1 and 2A), and for the noncoherent mode with expanded frequency uncertainty (2B).
Wider IF filters are used in mode 2B, rather than instituting parallel frequency searches.
The values presented in figure 15 are normalized to a ±1000 chip search, and to a uniform
search pattern (i.e., search direction reversed at uncertainty window boundaries).

Fig. 15.  0.5 Probability Acquisition Time at Minimum Specification
Power Level Versus Data Rate - Mode 1

Fig. 16.  0.5 Probability Acquisition Time at Minimum Specification
Power Level Versus Data Rate - Mode 2A



Fig. 17.  0.5 Probability Acquisition Time Versus Data
Rate - Mode 2B Bi -N- L Data

A noteworthy phenomenon of the TDRS acquisition process is that when the user satellite
transmits excess Effective Isotropic Radiated Power (EIRP), the detection probability for
an individual acquisition trial is enhanced. Improvement factors for the three modes are
illustrated in figures 18-20. For example, from figure 18, if a user satellite with a 1 kbps
data rate radiated 2 dB excess EIRP, the PN acquisition time would be reduced to 48% of
its nominal value.

Fig. 18.  Relative 0.5 Probability Acquisition Time Specifications
Parameterized by Excess EIRP Versus Data Rate - Mode 1



Fig. 19.  Relative 0.5 Probability Acquisition Time Specifications
Parameterized by Excess EIRP Versus Data Rate - Mode 2A

Fig. 20.  Relative 0.5 Probability Acquisition Time Specifications
Parameterized by Excess EIRP Versus Data Rate - Mode 2B

In order to properly center the demodulator’s PN search window, a countdown process is
used which is based on the epoch from the associated forward link modulator. Each
modulator outputs epoch pulses to a switch matrix which is capable of routing any epoch
from any modulator to any or all appropriate demodulators. This will permit multiple return
links from any one user. It will thus permit return links through more than one TDRS for
portions of the user’s orbit when more than one TDRS is visible. A simplified block
diagram is illustrated in figure 21. The search window centering strategy is illustrated in
figure 22. The White Sands Ground Terminal (WSGT) has a station time standard that
distributes short pulses to many units at one second intervals. During each second, a data
bus distributes or picks up data to or from the principal equipments. For search window
centering, each demodulator is given an estimated value of the nominal round trip path 



Fig. 21.  PN Code Search Reference Approach: Any Return Link
to Any Forward Link without Interruption

Fig. 22.  Demodulator PN Code Search Initialization

delay J, which is applicable at a scheduled one second time tic, but is applied to the first
forward link PN epoch after the time tic, as illustrated. The maximum error in this process
is 21 chips.

CARRIER ACQUISITION

Standard carrier acquisition processes are used for the majority of links. The one notable
exception is Data Group 2 at low data rates. The return link for this mode is not PN coded,
so the I & Q channels are not separated into BPSK channels by the PN code correlation
processes. To facilitate acquisition, and to avoid false carrier lock, initial acquisition is
achieved on an unmodulated signal for users with data rates #20 kilosymbols/second
(ksps) at S-Band or 60 ksps at K-Band. NASA is advised of carrier lock status via a
continuous sequence of Operations Data Messages. When lock occurs, they are able to
command the user satellite to enable its return link modulator.



TOTAL ACQUISITION TIMES

The principal acquisition events for the five TDRSS services in their various modes are
illustrated in figure 23. Times for each of the individual functions are presented for MA
services in figure 24 (A, B, and C) as a function of data rates. For NRZ data modulation, at
the lowest data rates and lowest bit transition densities, bit synchronizer acquisition time
can be relatively long. Bit synchronizer acquisition time is much shorter for Bi-N-L
modulated data, and decreases for both cases with increasing transition density. SSA
acquisition time performance is similar because acquisition C/No values for SSA service
are similar with user satellite EIRP’s that are 10 dB lower than required for MA return link
service. K-Band PN code and carrier acquisition times are specified to be 5 seconds but
are generally faster because there is a minimum user EIRP requirement of 30 dBw for
return link autotracking. Bit synchronizer and decoder acquisition times are comparable to
SSA services. For KSA services, an additional 30 seconds is also required for autotrack
acquisition; 10 for signal presence detection and 20 for antenna pull-in.

Fig. 23.  Signal and Data Acquisition Sequences for Return Link User Services



Fig. 24. Typical Total Acquisition Time Performance for MA Return Service

Fig. 24.  Typical Total Acquisition Time Performance for MA Return Service
(Continued)
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