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ABSTRACT

Two candidate modem structures for use in the Space Station Multiple Access
Communications System were simulated using a software simulation package to obtain
symbol error rate curves. These systems represent an evolutionary QPSK through 8-PSK
modulation format for the input data streams. It was found through the simulations that the
use of phase-staggered QPSK modems would give lower expected implementation loss
than a modem based upon the Polarity Costas Loop method. However, the latter would
represent a simpler hardware investment to realize the modem structure for both QPSK
and 8-PSK.

INTRODUCTION

The proposed Space Station (SS) communications system will contain a subsystem called
the Multiple Access Communications System (MACS) to carry the space-segment
communications traffic between the SS and various Program Elements (PE). These PEs
will generate forward and return traffic within the MACS at different data rates and
intrinsic power levels. The load on the MACS will be driven primarily by the requirements
for 25-MHz video data. This load will be 10 simultaneous video links from all SS PEs
during the initial operational phase to as many as 23 simultaneous links in the growth
phases. These links will include three simultaneous video channels from the Mobile
Servicing Centre and up to four simultaneous video channels from the Flight Telerobotic
Servicer. All of these links will need to fit in the allocated return bandwith along with
lower rate telemetry and audio data (1). It is anticipated that the MACS return link will be
confined to a 300-MHz bandwith in Ku band (2). These requirements will not allow for
typical Binary Phase Shift Keying (BPSK) or Quadrature Phase Shift Keying (QPSK)
techniques to be used on the video channels because during the final SS phases, over
700-MHz bandwidth would be required if BPSK was used and over 350-MHz bandwidth
would be required if QPSK was used. For this reason, higher modulation orders than
QPSK were investigated and simulated for possible use in the SS MACS.



This paper presents the results of simulations using the Bock-Oriented Systems Simulator
(BOSS) on candidate modem structures for the SS MACS. These simulations were
performed to obtain preliminary indications of which modem structures would be the most
promising. They are limited in that the effects of bandwidth limitation and non-Gaussian
channel noise are not incorporated in the models. In the following section, the modem
models and test systems developed with BOSS will be presented. Then, the symbol error
rates as a function of the signal-to-noise ratio based upon these Monte Carlo simulations
will be presented.

SIMULATION MODELS

Because of the increased bandwidth efficiency required to support all of the SS PEs on the
single MACS, a higher modulation order than the baseline QPSK system was investigated.
The design drivers which were used in this investigation were

a) provide for an evolutionary path from the QPSK modulation presently used on shuttle
systems,

b) provide bandwidth efficiency at “reasonable” signal-to-noise ratios,

c) not represent high-risk technology.

A preliminary estimate was made that 8-ary Phase Shift Keying (8-PSK) modems would
be acceptable systems for meeting these requirements. Two contending 8-PSK realizations
were then developed: a modem based upon using two phase-staggered QPSK modulator
and demodulator components and a modem based upon the phase-staggered QPSK
modulator and a Polarity Costas Loop demodulator.

The phase-staggered QPSK modulator is an implementation of the method for producing
8-PSK from a QPSK base system by mapping the three data bits into four corresponding
modulator input bits which will produce the correct 8-ary phase. This method is discussed
by Lindsey and Simon (3) and was proposed to NASA by Udalov and Dodds (4). The
BOSS model used to simulate this modulator is given in Figure 1. This model uses
complex-envelope representation of the signals and does not provide for any bandwidth
limitation on the signals. These modifications, however, can be easily added to the model.
This particular realization of the modulator allows the user to select either QPSK or 8-PSK
modulation of the output at the simulation time. This feature was added to emulate a
system which could be made evolutionary from QPSK to 8-PSK. Naturally, if QPSK is
selected, only two of the three input bits are used in determining the modulation state.



The phase-staggered QPSK demodulator uses two QPSK demodulators with a relative
phase shift between them to re-construct the four input bits used in the modulator. These
four bits then can be re-mapped back to the original three data bits. This demodulator
structure was also proposed to NASA by Udalov and Dodds (4) The complex-envelope
BOSS model for this demodulator is given in Figure 2. Like the modulator, the
demodulator could be set into a QPSK or 8-PSK mode corresponding to the input state.

The Polarity Costas Loop (PCL) is a generalized version of the typical QPSK Costas Loop
demodulator. The PCL uses a multi-level limiter to estimate the I- and Q-channel levels for
modulation orders higher than QPSK. This demodulation technique was developed by
Osborne (5) and the complex-envelope model for this demodulator is given in Figure 3.
Like the modulator, the demodulator could be set into a QPSK or 8-PSK mode to
correspond to the input state.

The BOSS test systems for simulation using the dual QPSK and the PCL modems are
illustrated in Figures 4 and 5, respectively. Both use the same modulator as a source for
the demodulators. Only white, Gaussian noise was added to the modulated carrier. The
noise levels were determined by specifying the desired carrier-to-noise levels at the
simulation time. Once each symbol period, the input symbol and the recovered symbols
were compared and if found to be different, an error counter was incremented. Simulation
lengths ran from 2000 symbols at high error rates to 50,000 symbols at low error rates.

SIMULATION RESULTS

The symbol error rates as a function of signal-to-noise ratio for the two candidate modems
along with the theoretical estimate for the 8-PSK error curve are presented in Figure 6.
From this figure, two primary results are apparent:

a) both modems require an input carrier-to-noise ratio greater than 10 dB for realistic
tracking of the signal while signal strengths lower than this do not produce graceful
degradation of the recovered signal but will produce essentially noise outputs from the
demodulator;

b) the dual QPSK demodulator appears to have a better performance curve than the PCL
based upon the simulations performed here with the PCL having a 2 to 3 dB
“implementation loss” while the dual QPSK held closer to the theoretical curve.

The dual QPSK results are not as complete as desired due to the extremely long simulation
times required to obtain realistic error rates. With carrier-to-noise ratios greater than
12 dB, an insufficient number of errors was generated to accurately estimate the error rate.
At this point, more than 100,000 symbols would need to be generated to correctly estimate



the error. The fact that more than twice the number of symbols would be needed to
generate an error estimate for the dual QPSK system over the PCL system is what leads us
to expect the dual QPSK system to be superior, within the bounds of the simulation
environment, to the PCL system.

Another result which is not illustrated by the symbol-error rate curve but which was
discovered during module testing and verification is that the PCL demodulator, in its
8-PSK state, can also be used to demodulate QPSK generated by the 4/8-PSK modulator
without any modifications to the carrier tracking loop. The output symbol decoding to
logic states can be accomplished by simple level-comparison logic. The dual QPSK
demodulator, however, would need to deactivate one-half of its hardware to demodulate
QPSK from this modulator.

CONCLUSION

By these simulation studies, it was determined that 8-PSK modems could be constructed
for use in the MACS which would meet the design goals. It was found that the dual QPSK
method should provide a lower implementation loss than the PCL method for
demodulation. However, the dual QPSK demodulator represents a more complicated
hardware realization than does the PCL. The PCL also has the added advantage of being
able to demodulate both QPSK and 8-PSK from the evolutionary 4/8-PSK modulator with
the same hardware and thus could be implemented for both modulation formats.

Further studies are needed to determine if either modem design has an advantage in
bandwidth-limited and non-Gaussian noise channels.
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Figure 1. 4/8-PSK modulator used in simulation studies.

Figure 2. The dual QPSK demodulator used in the simulation studies.



Figure 3. The PCL demodulator used in the simulation studies.

Figure 4. The dual QPSK test system used in the simulation studies.

Figure 5. The PCL test system used in the simulation studies.



Figure 6. Simulation-derived symbol error rates.


