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ABSTRACT

In this study, Trellis Coded Modulation (TCM) technique is combined with Space Time Codes (STC)
and error performance is investigated in Additive White Gaussian (AWGN) channels. For this
purpose a different receiver structure is proposed and mathematical model is given.Investigated
system's error performance curves are given for different signal-to-noise ratios.
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I. INTRODUCTION

Multipath fading causes severe amplitude and
phase distortion in mobile communication. Thus,
to overcome this fading effect both at receiver
and transmitter side without wusing more
bandwidth and power is important for the
success of communication system. To remove
fading effect diversity may be used. Recently, to
benefit from antenna diversity, different
transmission diversity techniques have been
introduced. Space Time Trellis Coding is
introduced in [1],[2],[3] as a joint design of
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coding, modulation, transmission diversity and
receiver diversity.

The outline of this paper is as follows. In section
II, Trellis Coded Modulation (TCM) is
introduced and error performance criteria is
investigated. Space Time Codes are presented in
Section III. The system under interest is
explained in details and mathematical model is
given in Section IV. In section V, the system's
error performance is given. In last section results
are interpreted.
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II. TRELLIS CODED
MODULATION

Trellis Coded Modulation (TCM) technique, in
which coding and modulation thought together,
was first proposed by Ungerboeck [4]. In TCM
system design; modulated channel symbols that
appointed to the binary code words on the trellis
structure is placed to the trellis structure. Let a;
and b; denote channel symbols. The squared
Euclidian distance between these signals is
denoted as dz(ai,bi). At the receiver, maximum
likelihood error that the soft decision decoder
can make is to choose the nearest Euclidian
distanced symbol instead of the transmitted
symbol. In trellis structure minimum distance
merging in any common state all array is defined
as "Free Euclidian Distance" (FED) and
formulated as follows:

& —mm{zm,b/)} 1)

a;#b;

In Additive White Gaussian Channels for high
signal-to-noise ratios, error performance criteria
of the TCM system is FED. To improve the error
performance of TCM system, the encoder should
be designed in the way that the FED of the codes
to be maximised. Binary signals at the output of
the encoder are mapped by set partitioning
method as in [4]. In this method, twice much
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more than needed signal set is divided into
subsets which have less elements in such a way
that the Euclidian distance between the elements
in the subsets is chosen to be maximum. The
partitioned subsets are placed to the chosen
trellis structure's branches in the way that the
FED between channel signals are chosen as
maximum. During this process, all channel
symbols should be used equally often, subsets
appointed to the merging and emerging states
should be chosen with maximum intradistances.
The soft demodulator outputs are sent to the soft
decision Viterbi decoder.

ITI. SPACE TIME CODING

Using of Space Time Codes that provides
antenna diversity is effective and largely used
technique to reduce the effect of multipath fading
channels [2],[3]. Space Time coding is
bandwidth and power efficient communication
method that profits the use of multi antenna in
stead of one. By using multi antenna, even if
severe fading is effective from one propagation
path, from one of the other propagation paths we
have the more probability to get the signal
without being severe faded. In STC, in first
coding step from all antennas different signals
are sent. In second coding step, the conjugates of
these signals are sent through antennas according
to a coding rule.

Transmitter Channel
) Memoryless >
Inforrpatlon_ | TCM »| Mapper || AWGN
Bits Encoder 8 PSK >
Demodulator
Decoded < <
Information Combiner

Receiver

Figure 1. Block diagram of Space Time Coded TCM system
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Figure 2. Trellis structure of 2/3 rate TCM encoder

Let assume a system with two transmitter
antennas and one receiver antenna and x denote
the output of demodulator. In first coding step x,
is sent from antenna0 and x; is sent from
antennal. In second coding step —x;” is sent from
antenna0 and x,” is sent from antennal. Here ~
represents the complex conjugate of the signal.
Outputs of the modulator are encoded according
to this coding rule.

IV. SYSTEM MODEL

The block diagram of the proposed system is
shown in Figure 1. TCM encoder is a rate 2/3
with three memories convolutional encoder.
Trellis structure of this encoder is shown in
Figure 2. Memoryless Mapper (MM) maps the
coded binary signals according to natural
mapping method
(s, < 000 5, < 001 5, <010 s, <011,

5, <100 s, <101 5,110 s, < 111)

and turns them into 8 PSK (Phase Shift Keying)
signals. Outputs of the MM are encoded by ST
encoder according to below rule. In first coding
step x, is sent from antenna0 and x; is sent from
antennal. In second coding step (#+7) —x;" is
sent from antenna0 and x(,* is sent from antennal.
outputs of the ST encoder are sent to the
channel. The channel in our system is Additive
White Gaussian Channel. In this channel , zero
mean, variance with Ny/2 Additive White
Gaussian Noise is added to the signal. The
signals are received by the receiver antenna and
pass to the receiver structure shown in Figure 3
which propesed by alamouti [1]. With this

structure, after demodulation process, simple
mathematical operations are done by using
combiner structure and these modified signals
pass to the decoder.

Transmitter Transmitter
Antenna0 T\ YAntennal
Receiver
J Antenna
Ny
n —> Noise
y
Demodulator
v v
Combiner
So VS
Viterbi Decoder
v

Decoded Information

Figure 3. Receiver structure of STTCM system

The received signals may be expressed as
follows.

ry=r(t)=s,+s,+n,

(3.2)

ro=r(t+T)=—s, +5,+n, (3.b)
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The combiner in Figure 3 does the simple
mathematical operations given in equations (4.a)
and (4.b).

So=ry+n (4.2)
S, =7, —rl* (4.b)

When all quantities written to the equations and
after all needed simplifications are done we get
the expressions in (5.a) and (5.b).

Sy =25, +n,+n

(5.a)
(5.b)

~ s
s, =28, —n, +n,

From above equations it is seen that sent signals
are multiplied by constant two which improves
error performance of the system. The signals 5,

5, at the output of the combiner are decoded by
the Viterbi decoder.

V. ERROR PERFORMANCE OF
STTCM SYSTEM

To obtain error performance of the system, we
used computer simulations. The encoder we used
has two inputs, three outputs and three memories
thus having eight states. Modulation process is
done using 8 PSK. There are two transmit
antennas and one receive antenna in the system.
Simulation results show the bit error probability
for different signal-to-noise ratios.

VI. CONCLUSION

The error performance of the system is shown in
Figure 4. The channel is AWGN channel. As
shown before, sent signal is multiplied by
constant two and this improves the systems error
performance. Only AWGN is added to the signal
and for high signal-to-noise ratios the systems
error performance is very well.
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Figure 4. Error performance of the STTCM

system
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