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MOTIVATION FOR THE RESEARCH

In order to satisfy the need for increased information throughput in tactical radio systems and
networks, it is beneficial to incorporate bandwidth efficient modulation and coding into future
frequency-hop (FH) military radios. This permits the transmission of more information within the
bandwidth allocated to a particular service, such as voice, data, or video. Bandwidth efficiency
can also be improved by reducing the spacing between adjacent frequency slots.

As frequency slots are packed more closely, the correlation in the fading processes of different
frequency slots can degrade performance significantly. In order to begin to design systems which
perform well in spite of this correlation, it is necessary to obtain a method for the evaluation of the
error probability for FH transmission over a frequency-selective fading channel. Such a method
has been developed, and it has been applied to obtain performance curves for a range of correlation
bandwidths for the fading channel.

Trellis-coded modulation offers increased spectral efficiency, and so it is a natural candidate for
inclusion in future FH tactical radios. Because of the desire to use commercial off-the-shelf
(COTS) equipment, pragmatic trellis codes are preferred, because they can be decoded with
standard binary convolutional decoders.

Most forms of trellis-coded modulation that have been developed for telephone line modems are
not appropriate for tactical mobile wireless networks. In particular, the quadrature-amplitude
modulation (QAM) constellations are not consistent with efficient radio implementations because of
the sensitivities of QAM signaling to gain variations in the channel and nonlinear amplification in
the transmitter. Our research has dealt with multi-level phase modulation methods that permit
nonlinear amplification and amplitude-robust demodulation. Also, the coherent demodulation
methods employed in wireline modems are not suitable for mobile radio channels, because of the
Doppler shifts introduced by vehicle motion and the oscillator phase instabilities in the radios
themselves. Our research has focused on methods of modulation and demodulation that are
tolerant of phase variations in the received signal.

SUMMARY OF RESEARCH FINDINGS

We have obtained several important results on concatenated coding scheme with both block and
convolutional inner codes and Reed-Solomon outer codes, as described in [2] and [3]. Such codes
provide good communication range and good anti-jam performance simultaneously. Various short
block codes have been evaluated for use as inner codes, and concatenated coding has been
compared with coding methods that use test symbols to obtain side information for erasures in the
decoding of the Reed-Solomon code. Several comparisons are given in [1] and [4].

A convolutional or short block code is utilized within each dwell interval to detect errors and
correct errors due primarily to "soft" interference. Interleaved Reed-Solomon outer codes are used
to encode symbols across dwell intervals, and this code is principally responsible for correcting
"hard" errors (e.g., due to strong partial-band jamming or hits from multiple-access interference).

During the reception of a message by a slow-frequency-hop (SFH) radio receiver, some fraction of
the dwell intervals will have hard interference or both hard and soft interference, and some fraction
will have soft interference only. Data in dwell intervals with soft interference only will, with

reasonably high probability, be decoded correctly by the inner code. Typical inner codes are likely
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to produce a burst of errors when they do not decode correctly, so the outer code must be able to
correct burst errors due to decoding errors made by the inner code during periods of soft
interference, as well as to correct errors due to hard interference. If hard interference is not present
in too large a fraction of the dwell intervals, the outer code can correct these errors because of the
interleaving structure and the capabilities of the code.

We have also investigated the effects of frequency-selective fading on the performance of SFH
radio reception. All previous analyses of the performance of coding systems for SFH radios
require that there be no statistical dependence between the fading that takes place in different
frequency slots. However, if the fading process has a wide correlation bandwidth, the assumption
of statistical independence is not valid. The transmission of FH spread-spectrum signals over a
frequency-selective fading channel results in correlation among the amplitudes of the received
signals, even if they are in different frequency slots. The correlation among the fade levels in
different frequency bands in turn produces statistical dependence among symbols that are received
in different frequency slots. Error-control coding performance can suffer from the dependent
errors that are introduced by the correlated fading. In particular, the effectiveness of interleaving
can be reduced significantly.

From the model of the fading process, we have deduced a model for the statistical dependence in
the sequence of channel gains associated with the sequence of frequencies used by the frequency
hopper. This model is then used to determine the performance of different coding techniques.

For a FH system with 100 frequency slots, binary frequency-shift key modulation, noncoherent
demodulation, a (32,12) Reed-Solomon error-correcting code, and a codeword error probability of
10-3, our results show a degradation of a little more than 2 dB due to the correlated fading in a
channel with a correlation bandwidth that is 20% of the width of the frequency slot. Further
discussion and numerical result are presented in [7].

Phase-difference modulation, particularly M-ary differential phase-shift keying (M-DPSK) or M-

ary double-differential phase-shift keying (M-D?PSK), is well-suited to the requirements of mobile
radio networks in which it is difficult to obtain an accurate phase reference. Either M-DPSK or M-

D?PSK may be coupled with trellis coding to decrease the probability of bit error for a given
signal-to noise ratio. Standard hard-decision demodulation is easy to implement, but it does not
provide information on the relative reliabilities of the bit decisions that result from a symbol
decision. Because some bit decisions are more reliable than others, soft-decision demodulation
and decoding should be employed.

We have developed a suboptimal method to generate quantized soft information for each bit
associated with an M-PSK symbol. This method exploits the way bits are assigned to symbols in
the M-PSK constellation, and it is simple to implement in the last stage of the demodulator.
Results for the different channel configurations show that the proposed method provides a
significant performance increase over hard-decision demodulation and decoding. Simulation
results are presented to quantify the additional coding gain that is obtained from using soft
decisions instead of hard decisions. We found that a simple two-bit quantization scheme for 8-
DPSK with the rate 2/3 pragmatic trellis code provides more than 1.5 dB additional coding gain
over the hard-decision system on the AWGN channel with a stable phase. More importantly, for
the same system on an AWGN channel with a linear phase drift, the simple two-bit quantized soft-
decision system with 8-DPSK performs up to 4 dB better than the hard-decision system




TECHNOLOGY TRANSFER

1) In this past year, our methods for development and use of side information in the decoder were
incorporated into the SINCGARS System Improvement Program (SIP). Basic research results
obtained by the PI and his colleagues and graduate students under ARO grants and contracts have
been adopted for use in the SIP to provide enhanced performance in future SINCGARS radios.
Mr. Jim McChesney of ITT has sent a letter to Dr. William Sander of ARO describing the transfer
of these research results into SINCGARS SIP radio technology.

2) We continued collaboration with Techno-Sciences, Inc., and ITT Aerospace/ Communications
Division on adaptive protocols for FH packet radio networks. We collaborated on new forwarding
techniques that utilize multiple packets per transmission to obtain significant increase in
throughput. Three Clemson faculty and three Clemson graduate students are working with
Techno-Sciences and ITT on this project.

3) We completed a joint project with Techno-Sciences, Inc., and ITT Aerospace/ Communications
Division on multi-function radio networks for Rome Laboratories. Several Clemson faculty
participated in this project.

4) We started a project with ITT Aerospace/Communications Division and several other companies
on the future digital radio technology for tactical wireless communications networks. This project
encompasses the technology involved in the U.S. Army Future Data Radio and Near-Term Digital
Radio programs at CECOM.

5) We participated in several activities in wireless communication systems and wireless
information networks through the Wireless Communications Pro gram and the Center for Computer
Communication Systems at Clemson University.

7) We presented a briefing to Mr. Jim McChesney of ITT in December, 1994. Among the four
graduate-student presentations was a presentation by graduate research assistant John Shea on the
research results obtained to date on the use of trellis-coded modulation, differential demodulation,
and soft decisions.

8) Clemson graduate student John Gass has be employed by ITT, and he has moved into an office
at Clemson's Center for Applied Technology in Pendleton, SC, not far from the Clemson campus.
John will continue his Ph.D. studies while working part time for ITT. His presence in the Center
will facilitate even greater interaction between Clemson and ITT.

9) The Clemson-led team was selected to receive a grant under the DoD Focused Research
Initiative. Some of the research described in this report will continue under the sponsorship of
ARQO as part of the FRI project.




