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SUMMARY

Mobile satellite communication systems at K,/K band (30/20 GHz) are attractive because of their
large bandwidth availability and potentiality to support smaller earth-stations and satellite antennas
compared with L-band (1-6/1-5 GHz) systems. In this paper, multiple-symbol Viterbi decoding and
dual-space equal-gain diversity reception for trellis-coded differential M-ary phase-shift-keying (DPSK)
modulation are investigated as two mitigation techniques for severe channel impairments expected
from a land mobile satellite communication channel at K band and, for comparison purposes, at L
band. The multiple-symbol Viterbi decoder (MSVD) is a modified Viterbi decoder with inputs from
multiple differential detectors. The channei is modeiled as Rayieigh distributed multipath fading
with a lognormally distributed line-of-sight (LOS) component due to shadowing. Four trellis-coded
modulation (TCM) schemes are studied. The dependency of the system performance improvement
on the decoder structure, the TCM scheme, and the system RF frequency band is presented.
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1. INTRODUCTION

Personal communications systems have undergone
tremendous development in the last few years.
Mobile satellite communications, as a part of the
personal communications, will provide services to
vast regions where communications by purely terres-
trial systems are difficult or impossible due to geo-
graphical location.! The L-band (1:6/1-5 GHz) fre-
quency bands allocated to mobile satellite
communications are insufficient to provide various
services to the potential users. Extremely high-fre-
quency (EHF) satellite communications provide a
promising solution with advantages of its frequency
band availability, and its potentialitv to support
smaller earth-stations and satellite antennas. Several
experimentai sateilites and systems operating at K,/
K band (30/20 GHz) are in advanced stages of
development.? However, K,/K-band satellite com-
munications also pose significant challenges to the
system design due to severe impairments of the
communication channel, such as increased path
losses, hvdrometeor attenuation. shadowing and
multipath fading, etc. Communication systems at
K./K band have to mitigate these impairments,
which becomes even more challenging when the
design of low margin systems is required. Althcugh
serious hydrometeor attenuation is one of the pri-
mary concerns in the K,/K band system design, in
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this paper we concentrate on mitigating other chan-
nel impairments due to the mobility of earth sta-
tions, i.e. multipath fading and shadowing.

The channel impairments can be alleviated by
properly designing the transmission system. As to
the modulation schemes, M-ary phase-shift-keying
(PSK) with differential detection is a good choice,
because of its reduced hardware complexity, low
cost, high spectral efficiency (when band-limited),
high tolerance to fading, and fast synchronization.
For example, the North American IS-54 digital
cellular system employs w/4-shifted differential
QPSK as the modulation scheme.>* On channel
coding, trellis-coded modulation (TCM)* can
improve the reliabilitv of a digital transmission link
without increasing the transmitted power or the
required bandwidili. TCM has been applied to sys-
tems operating in shadowed land mobile satellite
(LLMS) communication channels. McLane et al.® and
Lee and McLane” have studied trellis-coded PSK
and differential M-ary PSK (DPSK) for fast fading
mobile satellite channels. Their research work has
emphasized TCM with a conventional Viterbi
decoder for mobile satellite communications at L
band.

In this paper, a multiple-symbol Viterbi decoder
(MSVD)? and dual-space equal-gain diversity recep-
tion for trellis-coded DPSK modulation are investi-
gated as two impairment mitigation techniques for
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an LMS communication channel at K,/K band and,
for comparison purposes, at L band. Since the chan-
nel statistics at L band are availabie only for the
down-link between the satellite and the mobile ter-
minals, the 20 GHz and 1-5 GHz down-link propa-
gation channels are considered. The channel is mod-
elled as Rayleigh distributed multipath fading with
lognormally distributed LOS component due to
shadowing.?~'? The primary appiication considered
here is digital voice transmission, for which the sys-
tem performance targets a BER of 1072 or better,
This paper is organized as follows. Section 2
describes the mobile satellite communication system
model. Section 3 discusses the characteristics of the
LMS channel at K and L Bands. Section 4 presents
the BER performance improvcments achieved by
..Su.a TCM with an MSVD over that with a conven-
tional Viterbi decoder (VD), and with diversity
reception over that with non-diversity reception.
The performance evaluation is based on computer
simulations. It is shown that both MSVD and diver-
sity reception are effective approaches, especially at
K band, to improve the BER transmission perform-
ance. The conclusions of this work are given in
Section 5.

2. SYSTEM MODEL DESCRIPTION

A functional block diagram of a personal satellite
communication system model at baseband is shown
in Figure 1. It consists of a transmitter, a shadowed
LMS channel and a receiver. The major components
of the transmitter are a data source, a trellis encoder
and a DPSK modulator. The data source generates
an independently and identically distributed (i.i.d.)
binary sequence at a rate of 2400 b/s, which is con-
verted into a sequence of independent k-bit infor-
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Figure 1. Block diagram of trellis-coded differential MPSK in a
shadowed LMS channel

mation source-words: x4 = {x9, x!, ..., x¥~1}. The
output of the rate k/n trellis encoder is a sequence
of coded n-bit code-words: y% = 09 ¥ o
y#7'}, where y{ € {0,1}. The DPSK modulator con-
sists of a phase mapper, a differential encoder and
a quadrature modulator. Each n-bit codeword is
differentially mapped into a carrier phase 8(¢} by
the phase mapper and the differential encoder
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where M = 27. Since the in-phase and quadrature
baseband signals of the quadrature modulator over
t € [iTiT+T] are  dif) = Acos[6(i)]  and
dy(t) = Asin[6(s)], the transmitted RF signal (in

sley form) o
Hh—lt;{:.!liuﬁ l\JlilA} A

5i(t) = Aexp{j{os+0(i)]} (2)

where A is the signal amplitude and w. is the RF
carrier angular frequency.

The LMS channel corrupts the signal waveform
transmitted through it by introducing an amplitude
fluctuation (multiplicative gain) r(f) and a carrier
phase jitter ¢(r). The received RF signal is also
degraded by an additive white Gaussian noise
(AWGN) n(t) component with a one-sided spectral
density Np. As a result, the received RF signal over
t € [iT, iT+T] can be expressed as

x(1) = r(t)explie() Jsi(1)+n(r)
= Ar(texp{jlws+6(i)+e(0)]}+n(r) (3)

Let n(¢) and n,(r) represent independent lowpass
zero mean Gaussian random processes with variance
o = NoB, (where B, is the equivalent IF noise
bandwidth of the receiver). Then the noise n(r) can
be represented in its narrowband form

n(t) = n(f)cos(wct) —ng(t)sin(wt) (4)

The corresponding received baseband signals of the
in-phase and quadrature channels are

Ri(t) = di()r(r)cos[ ¢(1)]—do(e)r(t)sin@(r)]+ny(r)
Ry(t) = do(n)r(t)cosf (2} ]+ai(r)r(1)sinfolr) ] —ny(r)
(5)

With equal-gain diversity combining of signals from
two independent LMS fading channels, the in-phase
and quadrature received signals at baseband are

Ri(1) = di(1)[ry(£)cose, (1) +ra(t)cose,(1)]
= dy(O)ry(t)sing (1) +ra(1)sing,(1)]
(1) +np(1)

R (1) = do(1)[r1(1)cose (1) +ra(t)coses(r)]
+ di()[ry(t)sine, (£) +ra(t)sine, ()]
~nqi(1)=nga(1) (6)
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where r,(t) and r.»(t) are the envelope fluctuations,
and ¢,(f) and ¢,(r) are the phase distortions of the
two independently fading channels, respectively.

The received baseband signals are then demodu-
izt2d and decoded by an MSVYD, which consists
of muitiple differential detectors'® and a modified
Viterbi decoder, as shown in Figure 2 (where j+1
is the number of svmbols used in each detection).
This modified Viterbi decoder exploits the redun-
dancy introduced by the differential encoder, which
results from the joint use of several differential
detectors. The performance improvement with the
decoder is obtained by increasing the number of
states in the trellis (by using multiple differential
detection) at the decoder.

3. THE LMS FADING CHANNEL

It is well known that an LMS channel can be mod-
elled as Rayleigh fading with its local mean, the
LOS component, following a lognormal statistical
distribution. It has been shown that the lognormai
distribution for the local mean fits experimental data
for microwave mobile communications from
100 MHz to 11-2 GHz'? and for land mobile satellite
communications at 870 MHz and 1-5 GHz.®'! Here,
we assume that the channel model is also valid for
a mobile satellite communication channel at
20 GHz. It is expected that the down-link signal at
K band will have more attenuation compared with
that at L band, owing to much more significant
shadowing attenuation from vegetated areas.
Because the experimental channel data for mobile
applications at K,/K band is very limited and is not
readily available to most researchers, an attempt
has been made to study the channel characteristics
based on experimental data available at L band®!!
and the use of a frequency scaling technique pro-
posed in References 12 and 14. The frequency sca-
ling technique is developed based on static propa-
gation measurements through deciduous trees, and
it is only used to scale the ensemble average of
shadowing attenuation. It should be pointed out
that f-‘.llf‘}\ an Puhm aie mndpn |1\ bagfgd on narh{"lilnr
channel conditions and that further modifications
may be necessary wnen experimentai data at K pand
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Figure 2. Block diagram of multiple-symbol Viterbi decoder
(MSVD)

becomes available, The probability density function
(p.d.f.) of the received signai ampiitude fiuctuation
r(r) due to fading is®

p(r) = bo‘. \21'“0} J z @
T___i- (Inz—p)? r2+ 2], [rz\,_
ST e

where b, is the power of the multipath signal compo-
nent, p and Vd, are the mean value and standard
deviation, respectively, of the normally distributed
random process In[z{t)], z(¢) is the shadowed LOS
component, and [y(:) is the zero-order modified
Bessel function. The channel parameters at L and
K bands are obtained and listed in Table 1.'? Other
channel parameters used to carry out computer
simulations are discussed below and in Section 4.
Second-order statistics are used to describe the
time-dependent fading channe! characteristics,
which include level-crossing rate (LCR) and average
fading duration (AFD). It is expected that the K-
band channel will fade at a much faster rate than
the L-band channel, owing to its higher RF fre-
quency. In the computer simulations to be discussed,
a vehicle speed of 43-2 km/h is taken as an example,
corresponding to a maximum Doppler frequency
shift (which determines the multipath fading
bandwidth) of 60 Hz at L band and 800 Hz at K
band. The bandwidth of the shadowing process is
taken as one twentieth (1/20) of the multipath fad-
ing bandwidth, which is 3 Hz at L band and 40 Hz
at K band. Since the shadowing random process has
a much slower fading rate than multipath process,
for a dual-space diversity reception, it is necessary
to separate the two receiver antennas by approxi-
mately ten wavelengths (i.e. 15 cm for the K-band
signal), in order to obtain two independnetly faded
received signals (including both multipath and
shadowing components). It has been shown'? that
the maximum values of the LCR normalized to the
maximum Doppler shift for both L-band and K-
band fading channels are verv close to 1-0. which
means that the LCRs increase almost linearly with
an increase of ine vehicie speed and/or ain increase
of the RF frequency. Hence, the product of the
maximum Doppler frequency shift f and the trans-
mitted signal symbol duration 7 determines the

Table I. The LMS channei model parameters

Channel RF(GHz) by m Vi,
Light 1-5 0-158 0-115 0-115
shadowing 20-0 0-158 0-2415 0-2415
Average 1-5 0-126 -0-115 0-161
shadowing 20-0 0-126  —0-2415 0-3381
Heavy 1-5 0-0631 -3.91 0-806
shadowing 20-0 0-0631 —8-211 1-6926
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degree of signal fading. With a data transmission
rate of 2400 b/s, the value of fpT, is 1/40 and 1/3
for a rate 1/2 TCM scheme, and 1/20 and 2/3 for
a rate 2/3 TCM scheme at L and K bands, respect-
ively.

Zhuang et al.'> have shown that a dual-space
diversity reception (with equal-gain combining of
two independent fading channels) not only combats

deep channel amplitude fades, but also reduces the
normalized AFD to less than 10 ner cent of that
with single channel reception, i.e. the deep fading
duration is dramatically reduced and, therefore, we
can expect that the LMS system performance will
be significantly improved when TCM with Viterbi
decoding is used. Furthermore, the diversily recep-
tion mitigates more channel fading at K band than
at L band, especially in the cases of light shadowing
and average shadowing. In the following, the com-
puter simulations are performed to study the system
transmission performance over the LMS channel
with average shadowing at L and K bands.

4. PERFORMANCE ANALYSIS

Four TCM schemes are investigated: (a) four-state
trellis-coded differential QPSK, (b)(i) four-state
trellis-coded differential 8PSK with parallel trans-
itions, (b)(ii) four-state trellis-coded differential
8PSK with distinct transitions, and (b)(iii) eight-
state trellis-coded differential 8PSK. The details of

the trellis encoder structures, bit-to-symbol mapping
rules, PSK constellations and trellis diagrams for
each scheme are given in Reference 6.

As discussed in Section 3, both amplitude fluctu-
ation and carrier phase jitter resulting from the
channel fading degrade the system transmission per-
formance. Owing to the much faster fading rate of
the LMS channel at K-band, the variation of the
carrier phase jitter over the two consecutive symbolis
due to the fading channel cannot be removed simniy
by differential detection. Consequently the system
would fail to provide satisfactory performance at K-
band if no further techniques are used to remove
the phase jitter variations of the received RF signal.
COne possible approach 1o reduce the effects of the
carrier phase jitter on the BER performance of
DPSK is to increase the data transmission rate, i.e.
to reduce the fp T, value. However, the increase of
the data rate is limited by the transmitter power,
path loss and other channel impairments, and the
required BER performance. Another possible way
is to use a pilot signal to obtain variations of the
carrier phase disturbance over a few consecutive
symbols.'* In the following, we assume that vari-
ations of the carrier phase jitter of the received
signal in the radio frequency band are removed in
the intermediate frequency band and that only the
amplitude fading impairs the transmission perform-
ance. The performances with both single channel
reception (L = 1) and dual-space equal-gain diver-
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Figure 3. Performance of four-state trellis-coded differential QPSK system with single channel reception
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Figure 6. Performance of four-state trellis-coded differential 8PSK system with dual-space equal gain diversity reception (parallel
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sity reception (L = 2) are studied. For comparison
purposes, the performance of the corresponding
uncoded DPSK system with a Viterbi decoder is
also presented. A computer simulation model based
on Figure 1 has been developed to study the system
performance. The decoding depths of the Viterbi
decoders are set to at least 6(m+1) in order to
balance the decoder complexity and performance,
where (m+1) is the constraint length of the trellis
codes. The performance of the simulation model
in an AWGN channel has been verified with the
previously published results.® The LMS channel is
simulated by using the ‘sum of sine waves’
method.!?'? The received signal power is nor-
malized to that of line-of-sight {L.OS) signal without
shadowing. A Monte Carlo simulation technique is
used, and the number of information bits trans-
mitted through the system for each average ratio of
energy per received information bit to one-sided
noise density E/N, is chosen in such a way that
the simulated BER pertormance results are within
a 90 per cent confidence imterval of [0-SBER,
2:0BER]. For each TCM scheme, simulations are
performed with four-symbol, three-symbol and two-
symbol (i.e. conventional) Viterbi decoders,
respectively. Usually, an interleaving technique can
be used to combat slow fading.® However, interleav-
ing also introduces a digital speech processing deiay
in addition to the signal propagation delay and the

decoding delay. For the applications of the delay-
sensitive voice transmission, interleaving is not con-
sidered here because of the additional process delay.
As mentioned earlier, all the performance compari-
sons to be discussed are referred to a BER of 1073,

(a) Four-state trellis-coded differential QPSK
system (TCM4)

In the TCM scheme, for each information bit x;,
the encoder produces two coded bits {yY, y%}, which
are mapped differentially into a QPSK signal. The
symbol duration T is the same as the bit duration
T,. When a conventional Viterbi decoder (with two-
symbol differential detection) is used, the decoder
requires only four states; however, a three-symbol
Viterbi decoder requires eight states and a four-
symbol Viterbi decoder requires 16 states. The BER
performance with single channel reception is shown
in Figure 3. The uncoded modulation counterpart
of the 1CM scheme 1s BPSK, wnich has the same
data transmission rate as the TCM. Compared with
uncoded BPSK, the TCM system with a conven-
tional VD has an E /Ny gain of 4-€ 2 at K band
and 0-4 dB at L band, the gain increases as the
BER decreases; the performance improvement by
three-symbol and four-symbol VDs (over a two-
symbol VD) is 3-3 dB and 7-1 dB at K band, 1-6 dB
and 2-1 dB at L band, respectively. The MSVDs
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Figure 7. Performance of four-state trellis-coded differential 8PSK system with single channel reception (distinct transitions)

have much more improvement at K band than at L
band, because the LMS channel fades at a much
faster rate at K band so that the correlation of the
channel fading over the symbols in each multiple
differential detection is greatly reduced. With the
channel fading less correlated (in time), the AFD
of deep fades is reduced, so that statistically not all
the symbol samples used in each multiple differential
detection experience deep fading at the same time.
Therefore, MSVD is more effective in combating
the channel fading at X band than at L band. Figure
4 jllustrates the corresponding performance in the
case of L = 2. Compared with the case ¢f L = 1,
the diversity recention provides gains of 9-0 dB (at
K band) and 6-2 dB (at L band) for the uncoded
BPSK systems. The diversity reception improve-
ments for the TCM system with two-symbol, three-
symbol and four-symbol VDs, respectively, are
6-8 dB. 4-9 dB, 3-9dB (at K band) and 5-8 dB,
6-5dB, 5-7dB (at L band). The performance
improvement provided by the MSVDs for both
L = 1and L = 2can be clearly observed (especially
for the K-band system).

(b)(i) Four-state trellis-coded differential 8PSK
system with parallel transitions (TCMAP)

In the TCM scheme, each two-bit information
word {x%, x1} is coded into a three-bit word {y%,
yl, y3} which is then mapped into a differential

8PSK signal. In this case, T, = 2T,. The uncoded
counterpart of a rate 2/3 trellis-coded differential
8PSK is differential QPSK, because both coded and
uncoded schemes have the same data transmission
rate. Figures 5 and 6 give the simulation results for
L = 1and L = 2, respectively. With single channel
reception (Figure 5), at K band, TCM with two-
symbol VD gains 22 dB over uncoded differential
QPSK system, and both three-symbol and four-sym-
bol VDs outperform the two-symbol VD by 2-5 dB.
For the L-band system, the TCM with two-symbol
VD loses 0-5 dB compared with the uncoded differ-
ential QPSK system. The reason that the TCM
scheme with a Viterbi decoder using only a single
differentiai detector does noi ouiperform uncoded
QPSK at L band can be explained as follows. With
the slow fading rate (f,T, = 1/20), the fading chan-
nel has strong memory; it is possibie that almost all
the received symbols used in a final decision on
decoding a two-bit information word experience
deep channel fade(s) at the same time (taking into
account that the decoding depth of the decoder is
18 in this case). Consequently, a decoding error is
likely to occur when deep fading is experienced. It
is an inherent property of the Viterbi algorithm that
if an error is made in selecting an information word
at any instant, several information words in suc-
cession may be detected incorrectly before the cor-
rect path is reached. In summary, the strong channel
memory of deep fading combined with error propa-
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gation due to the Viterbi algorithm results in a
performance degradation. However, the four-sym-
bol and three-symbol VDs have E./N, gains of
1-1dB and 1-6 dB over uncoded QPSK, respect-
ively. The performance improvement by the MSVDs
in the case of diversity reception is obvious from
Figure 6. At K band, the TCM system gains 1-3 dB
over uncoded differential 8PSK system, and the gain
is increased by 2:0 dB and 1-1 dB with the four-
symbol and three-symbol VDs, respectively. The
improvement at L band is 1:7 dB and 1-0 dB by
the four-symbol and three-symbol Viterbi decoders,
respectively. The diversity reception has approxi-
mately 5-7 to 8-3 dB improvement over the single
channel reception.

(b)(if) Four-state trellis-coded differential 8PSK
system with distinct transitions (TCM4D)

The performance of the TCM scheme over the
LMS channei with average shadowing is shown in
Figures 7 and 8. Without diversity reception, the
improvement by the TCM scheme over the uncoded
system at K band is 5-1 dB, 4:0dB and 1-5dB by
four-symbol, three-symbol, and two-symbol VDs,
respectively. At L band, the much stronger corre-
lation (compared with K band) among the channel
fades and error propagation due to the Viterbi
decoding algorithm make the TCM with a two-sym-

bol VD lose 1-4 dB by comparison with the uncoded
system. The improvement of multiple-symbol VDs
over the conventional VD is approximately 1-0 to
1-4 dB. The diversity reception gains approximately
§8-2 dB for the uncoded system and 5-3 to 6-9 dB
for the coded system at K band, and 5-5 dB for the
uncoded scheme and 5-9 to 61 dB for the coded
system at L band.

(b)(iii) Eight-state trellis-coded differential 8PSK
system (TCM8)

Figures 9 and 10 illustrate the BER transmissien
performance of the TCM scheme. The TCM system
gains 6-7 dB, 5-1 dB, 2-8 dB with single channel
reception, and 3-4 dB, 2-6 dB, 0-9 dB in the case
of diversity with the four-symbol, three-symbol and
two-symbol VDs, respectively compared to the
uncoded system at K band. The corresponding
improvements at L band are 2-0 dB, 1-3 dB, 0-0 dB
without diversity, and 1-8 dB, 1-2 dB, 0-0 dB with
diversity. The improvement due to the diversity
reception is 8-2 dB (at K band) and 5-5 dB (at L
band) for the uncoded system, 4-5 10 6:3 dB (a1 K
band) and 5-3 to 5-5 dB (at L band) for the TCM
systems.

The performance improvement by the TCM sys-
tems over the corresponding uncoded systems
(without diversity) is summarized in Table II. It is
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Figure 9. Performance of eight-state trellis-coded differential 8PSK system with single channel reception
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Figure 10. Performance of eight-state trellis-coded differential 8PSK system with dual-space equal gain diversity reception
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Table II. Performance improvement of TCM schemes
with muitiple-symbol Viterbi decoders over uncoded
schemes

RF QPSK B8PSK 8PSK 8PSK

Decoder (GHz) TCM4 TCM4P TCM4D TCMS8
4-symbol 1-5 25dB 1-6dB (-4dB 2:0dB
VD 20-0 96dB 4-7dB 51dB 67dB
3-symbol 15 20dB 1-1¢dB 0-2dB 1-3dB
VD 20-0 7-8dB 4-7dB 4-0d4B 5-14dB
2-symbol 1-5 0-4dB —-0-5dB -1-4dB 0-0dB
vD 20-0 46dB 2:2dB 1.5dB 2-8dB

Tabie iii. Performance improvement of diversity recep-
tion for TCM schemes with muitiple-symbol Viterbi
decoders

RF  QPSK BPSK 8PSK 8PSK
Decoder (GHz) TCM4 TCM4P TCM4D TCMS

4-symbol 1-5 57dB 5-7dB 58dB 5-3dB
VD 20-0 3-9dB 6:9dB 5-3dB 4-9dB
3-symbol 1-5 65dB 55dB 54dB 54dB
VD 20-0 49dB 60dB 51dB 5-7dB
2-symbol 1-5 58dB 6-1dB 59dB 5-5dB
vD 20-0 6-8dB 7-4dB 6:9dB 6-3dB

shown that the four-state trellis-coded differential
QPSK has the best performance of BER versus
Ew/No among the four TCM schemes considered,
which is obtained at the expense of bandwidth
efficiency. It should be pointed out that trellis-coded
QPSK is approximately only 50 per cent bandwidth
efficient as trellis-coded 8PSK. Among the three
trellis-coded differential 8PSK schemes, clearly the
eight-state code gives the best performance and the
four-state code with distinct transitions gives the
worst performance (a similar conclusion has been
reached in Reference 6 with a conventional Viterbi
decoder at L band). Furthermore, the performance
improvement of the TCM schemes with a conven-
tional, three- or four-symbol VD at K band is much
more significant than that of the corresponding
schemes at L band due to a much faster fading rate
at K band. With the increase of the number of
symbols used in each detection, the gain of E,/N,
at a BER of 1072 also increases. Table III lists the
performance improvement of diversity reception for
the TCM systems over single channel reception. The
additional improvement Is significant in all cases. It
is also observed that the uncoded PSK schemes at
K band lose approximately 1-5 to 5-0 dB compared
with those at L band inthe case of L = 1, and 3-8
to 1-8 dB in the case of L = 2. This results from
the much more shadowing attenuation expected at
K band than at L band. It is expected that the
above analysis is applicable to the case where the
mobile terminals move at a speed higher than

43-2 km/h. The analysis is also applicable to other
data transmission rates if the value of f T, is rela-
tively large. In the case of small f, T values (such as
the case of high data transmission rate), interleaving
techniques can be used to enhance the effectiveness
of the MSVD in combating the channel impair-
ments.

5. CONCLUSIONS
The transmission performance of four trellis-coded
DPSK schemes with multiple-symbol Viterbi decod-
ing in a shadowed land mobile satellite channel at
K and L bands has been analysed and compared
with their uncoded counierparis. The foliowing con-
clusions have been reached: (1) In the case of single
channel reception (i.e. no diversity), the TCM
schemes with multiple-symbol Viterbi decoders can
reduce the effect of the channel impairments at K
band as much as 9-6 dB depending on the TCM
scheme and the number of symbols used in each
detection. (2) The gain of the multiple-symbol Vit-
erbi decoder over a conventional Viterbi decoder
ranges from 2-0 to 5-0 dB without diversity recep-
tion and can be up to 2-5 dB with diversity recep-
tion. (3) Diversity reception gains 3-9 to 7-4 dB at
K band for the TCM schemes and 5-4 to 9-0 dB for
the uncoded schemes. (4) The system performance
is improved by the multiple-symbol Viterbi decoders
and by diversity reception (with a conventional Vit-
erbi decoder) and the improvements are more sig-
nificant at K band than at L band. (5) The K-band
system suffers more shadowing attenuation than the
L-band system.

ACKNOWLEDGEMENTS

The authors would like to thank Dr. Dimitrios Mak-
rakis for many valuable discussions. The authors
are also grateful to the Natural Sciences and Engin-
eering Research Council (NSERC) of Canada for
a strategic grant (STR-0100720) which supported
this work.

REFERENCES

1. J. H. Lodge, ‘Mobile satellite co ications sy
toward global personal communications’, JEEE Communi-
cations Magazine, 29, (11), 24-30 (1991).

2. S. Ohmori, S. Isobe, M. Takeuchi and H. Naito, ‘Advanced
mobile satellite communications using COSMETS satellite in
MM-wave and Ka-band’, Proc. International Mobile Satellite
Conference (IMSC'93), Pasadena, CA, 16-18 June 1993,
pp. 345-333.

3. 5. Chennakeshu and G. J. Saulnier, ‘Differential detection
of w/4-shifted-DQPSK for digital cellular radio’, [EEE
Trans. Veh. Tech., 42, (1), 46-57 (1993).

4. Y. Akaiwz and Y. Negata, "Highly effician: dicita! mahile
communications with a linear modulation method’, JEEE 7.
Select. Areas Commun., SAC-5, 890-895 (1987).

5. G. Ungerboeck, ‘Trellis-coded modulation with redundant
signal sets part I & II', JEEE Communications Magazine,
25, (2), 5-21 (1987).

6. P. J. McLane, P. H. Wittke, P.K.-M. Ho and C. Loo, ‘PSK
and DPSK trellis codes for fast fading, shadowed mobile




YT.29. 2747 (15600,

. D, Makrakis, A. Yongacoglu and K. Feher, ‘A sequential

decoder for the differsntial detection of trellis coded PSK
signals’, Proc. ICC-83, 1988, pp. 1433-1438.

. C. Loo, ‘A statistical model for a land mobile satellite link’,

IEEE Trans. Veh. Tech., VT-34, 122-127 (1985).

. W. C. Jakes, Microwave Mobile Communication, Wiley, New

York, 1974.

. 1. S. Butterworth, ‘Propagation measurements for land

mobile satellite system at 1542 MHz', CRC Technical Note
723, Communication Research Center, Department of Com-
munications, August 1984,

TRELLIS-CODED
satellite communication channels’', JEEE Trans, Commun., 12
COM-36, 1242-1246 (1583).
. A.C.M. Lee and P.J. McLane, ‘Convolutionally interleaved
PSK and DPSK trellis codes for shadowed, fast fading mobile
satellite communication channels’, [EEE Trans. Veh. Tech., 13

15.

DPSK 169

. W, Zhuang, J.-Y. Chouinard and A. Yongacoglu, “Trans-
mission over EHF mctile satellite channels’, Proc. Inter-
national Mobile Satellite Conference (IMSC'93), Pasadena,
CA, 16-18 June 1993, pp. 499-504.

. D. Divsalar and M. K. Simon, ‘Multiple-symbol differential
detection of MPSX'. IEEE Trans. Commun., COM-38,
300-308 (1990).

. 1. Fortuny, J. Benedicto and M. Sforza, ‘Mobile satellite

systems at Ku and Ka-band’, Proc. Second European Confer-

ence on Satellite Communications, Liege, October 1991,

pp. 55-62.

W. Zhuang, D. Makrakis, A. Yongacoglu and J.-Y. Chouin-

ard, ‘Performance analysis of EHF land mobile satellite

systems—Part II: improved structures of non-coherent
receivers’, Technical Repor:, Department of Electrical Engin-

eering, University of Ottawa, October 1992.



