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Abstract: The transmission capacity of wireless communication systems may become dramatically high by employ
multiple transmit and receive antennas with space—time coding techniques appropriate to multiple transmit antennas.
For large number of transmit antennas and at high bandwidth efficiencies, the receiver may become too complex
whenever correlation across transmit antennas is introduced. .
Reducing decoding complexity at receiver by combining array processing and space-time codes {STC) helps a
communication system using STC to overcome the big obstacle that prevents it from achieving a desired high
transmission rate. Multi-carrier CDMA (MC-CDMA) allows providing good performance in a channel with high
inter-symbol interference. Antenna array, STC and MC-CDMA system have a similar characteristic that transmit-
receive data streams are divided into sub-streams. Thus, there may be a noticeable reduction of receiver complexity
when we combine them together.
In this paper, the combination of array processing and STC in MC-CDMA system over slow selective-fading
channel is investigated and compared with corresponding existing MC-CDMA system using STC. A refinement of
this basic structure leads to a system design principle in which we have to make a trade off between transmission
rate, decoding complexity, and length of spreading code to reach a given desired design goal.

Index Terms: Antenna arrays, Array processing, Space-Time Code, Space-Time Code Modulation, MIMO,

Wireless communication channel, MC-CDMA, Space-Time Processing.

1. INTRODUCTION

The application of wireless communication has been
growing dramatically in recent years. There is a high
demand for multimedia applications such as voice,
image, video and data over wireless channel with
requirement of high transmission rate as well as high
reliability. The design of a wireless communication
system must therefore take all of these in to account.
The field of space-time processing (STP) is rapidly
becoming one of the most promising areas for the
improvement of capacity of wireless communication
system [22]. With multiple antennas, received and
transmitted signals can be separated not only with
temporal processing but also with spatial processing.
We call the combination of spatial and temporal
processing as STP.

STP in a receiver improves the signal to interference
ratio through co channel interference cancellation or
beamforming, mitigates fading through improved
receive diversity, offers higher signal to noise ratio
through array gain and reduces intersymbol
interference through spatial equalization. Likewise,
STP in the transmitter reduces co channel interference
generation, improves transmit diversity and in some
cases minimizes intersymbol interference generation.
Especially, using STC enlarges transmission capacity
of wireless channel that is usually limited by provided
frequency bandwidth [14].

Array signal processing is a specialized branch of
signal processing that focuses on signal conveyed by
propagating. Array processing, always using array of
sensors, combines the sensor’s output cleverly and
then the array’s outputs so as [2]: to enhance the
signal-to-noise ratio beyond that of a single sensor’s
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output, to characterize the field by determining the
number of sources of propagating energy, the locations
of these sources, and the waveforms they are emitting,
and to track the energy sources as they move in space
By equipping the base station with antenna array, it is
possible to more fully exploit the spatial dimension in
a wireless communication system. Multiple antennas
can provide a processing gain to increase the base
station range and improve coverage. In addition to
that, by exploiting the spatial selectivity of an antenna
array, interference may be reduced which in turn can
be traded for increase capacity of the system. A wide
range of wireless communication systems may benefit
from spatial processing including high mobility
cellular systems, low mobility short-range systems,
wireless  local loop  applications,  satellite
communications and wireless local area network
(WLAN) [20].

Space-Time Code Modulation (STCM) is a kind of
channel coding, which provides both space and time
diversity simultaneously. It is a technique, which is
considered to be joint design of the coding, modulation,
transmit and receive diversity to provide high efficient
performance. In other word, this can be viewed as a
combination of coding and modulation for multiple-
input (multiple transmit antennas) multiple-output
(multiple receive antennas) channel. Recent studies in
information theory [4], [27] show that capacity of STC
system increases as long as increasing number of both
transmit antennas and receive antennas.

Multicarrier modulation (MCM) is the principle of
transmitting data by dividing a stream in to several
parallel bit streams, each of which has a much lower bit
rate, and by using these substreams to modulate several
carriers  [15]. Orthogonal frequency  division



multiplexing (OFDM) is a special form of MCM with
densely spaced subcarriers and overlapping spectra [16].
Multi-Carrier CDMA (MC-CDMA) is a spread
spectrum multiple access communications method first
introduced in [28)]. This combines multi-user access of
CDMA with multi-carrier modulation techniques such
as OFDM, which allows providing good performance
in channels with serious inter-symbol interference.
Since MC-CDMA is a combination of DS-CDMA and
OFDM, it not only inherits all the bad traits from their
parents as well as good traits but also shows several
new advantages from the combination. In standard
single carrier communication systems for high data
rate, the effects of multipath propagation increase the
equalization costs due to short symbol duration and
relative long channel delay times. Where as MC-
CDMA has one major advantage that it can lower the
symbol rate in each subcarrier so that longer symbol
duration makes it easier to quasi-synchronize the
transmissions [11]. The combined system has the same
capacity as a direct sequence CDMA system,
furthermore multi-user detection can be implemented
using simple narrowband equalizers. MC-CDMA can
handle N simultaneous users with good BER, using
standard receiver techniques [6].
As we have already mentioned in previous paragraph
that STC system can provide high transmission rate as
well as high reliability. However, decoding complexity
is an obstacle that prevents STC system from
achieving desired transmission rate. The complexity of
decoding such a high data rate STC using maximal
likelihood (ML) criterion can be prohibitively high
even if Min{Number of transmit antennas, Number of
receive antennas }is just moderately large [1].
Several approaches solving this problem have been
introduced such as combining antenna array and STC
in [25] or layering STC in [3] and [1]. However, none
of the solutions is evaluated in a specific transmission
system such as MC-CDMA system.
In this paper, the combination of array processing and
STC in MC-CDMA system is investigated in specific
objectives listed as follows
e Study existing systems [3], [1], and [18] using
STC as a channel code.
e Evaluate the performance of the proposed
simulation model with different transmission rates
and different channel conditions.

s Using the simulation results to make the
comparisons between existing models and
proposed simulation model based on criteria such
as complexity, transmission rate and performance.

e Based on comparison results we propose solutions
for developing a realizable transmission system
providing  desired transmission rate with
appropriate complexity.

In the framework of this paper we

« Consider the case of single user system.

e Assume ideal channel estimation at receiver.

e Assume the ideal interference cancellation
implemented for the case of multipath fading
channel.

¢ Assume ideal beamforming is also implemented
at receiver.

2. SPACE-TIME CODE

The physical uncertainties of a channel, ustally
considered to be random, may cause expensive and
unreliable communication in any environment.
Specially, it is severe in mobile wireless
communications as channel parameters are time-
variant. In addition to that, the Doppler effects are big
problems. Coding techniques are employed to reduce
such uncertainties. Most of the codes can provide tigh
reliability but give a low in data rate. Hence, it is ¢ ear
that the codes with high data rate and high reliability
are desired target in minds of most researchers [18].
STCM is a kind of channel coding, which provide both
space and time diversity simultaneously. It is a
technique, which is consider to be joint design of the
coding, modulation, transmit and receive diversity to
provide high efficient performance (both diversity and
transmission capacity). This can be viewed as
combined coding and modulation for multiple-inaut
(multiple transmit antennas) mulitiple-output (multisie
receive antennas) fading channel. STCs are desigred
by using Trellis Codes, block codes..., called Space-
Time trellis codes, Space-Time block codes...,
respectively [24].

Recent studies have explored the ultimate limit of
multiple-antenna systems from the informaticn-
theoretic point of view [5], [26]. Considering a

multiple-antenna system, that has L, transmitting axd

L receiving antennas. It is shown that, if tie

narrowband slow fading channel can be modeled as in
matrix with 1.1.d. complex Gaussian random emtries,
the average channel capacity of such a system is

approximately min( L, , L, ) times higher than that of a
single antenna system for the same overall
transmitting power.

2.1. Principle of Space-Time Codes

In STC system, data is encoded by a channel code ard
the encoded data is split in to L, streams that are

simultaneously transmitted using L, transmit
antennas. The received signal at each receive antenra
is a linear superposition of the L, transmitted signa s
perturbed by noise using multiple transmit antennas.

A general block diagram for space-time encoding and

decoding is shown in Fig.1. In this diagram, the source
generates Kk information symbols from discrete
alphabet X , which are encoded by the error contrcl
C to produce codewords of length N = nL, over thz

symbol alphabetY . The encoded symbols are parsed
among L, antennas and then mapped by th:

modulator into constellation points from the discrete
complex-valued signaling £ for transmission across
the channel. The modulated streams for all antennas
are transmitted simultaneously. At the receiver, there
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are Lr receive antennas to collect the incoming

transmissions. The received baseband signals are
subsequently decoded by the space-time decoder [24].
STC is formally defined to consist of an underlying
error control code together with the spatial parsing
format.
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Fig.1. Reference block diagram for space-time encoding and
decoding [9].

3. ARRAY PROCESSING

The goal of signal processing is to extract as much
information as possible from our environment. Array
signal processing is a specialized branch of signal
processing that focuses on signal conveyed by
propagating.

In mobile wireless cellular networks, the use of
multiple aniennas and spatial signal processing at base
station is sometimes referred to as smart antennas or
perhaps more accurately as SPT, since the antenna
outputs are processed in space and time to maximize
signal reception [14].

STP in general provides three processing leverages,
the first one is array gain. Multiple antennas capture
more signal energy, which can combine to improve the
SNR. Next is spatial diversity to combat space-
selective fading. Finally, STP can reduce co-channel
and adjacent channel interference. Thus, the use of
array signal processing or STP is emerging as a
powerful tool for improving cellular wireless network.
STP can improve cell coverage, enhance link quality
and increase system capacity [21].

In CDMA system, STP is traditionally referred to
receiver beamforming (space processing) and
multipath combining (time processing) [21].

3.J. Beamforming

Beamforming is the name given to a wide variety of
array processing algorithms that, by some means,
focus the array’s signal-capturing abilities in a
particular direction. Based on the analogy of a
flashlight, the main lobe of an array’s directivity
pattern is called beam. Just as one might point a
telescope or a radar dish, a beam forming algorithm
“points” the array spatial filter to ward desired
directions but algorithmically rather than physically
[2]. .

In DS-CDMA system, beamforming and adaptive
antenna array are very efficient capacity enhancement
techniques. They have been proposed to reduce
multipath fading of desired signal and suppress the co-
channel interference.

Beamforming algorithms generally perform the same
operations on the antenna element outputs regardless
of the number of sources or the character of the noise
present in the wavefield.
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4. MC-CDMA SYSTEM

MCM is the principle of transmitting data by dividing
the stream in to several parallel bit streams, each of
which has a much lower bit rate, and by using these
sub streams to modulate several carriers [15]. OFDM
is a special form of MCM with densely spaced
subcarriers and overlapping spectra [16]. The
narrowband subcarriers are generated so that they are
orthogonal to each other. At the receiver, the
component at each subcarrier may be filtered out by
modulating the received signal with the frequency
corresponding to the particular subcarrier of interest
and integrating over a symbol duration. This kind of
modulation partitions the channel in to a large number
of small bandwidth subchannels so that a subchannel is
narrow enough and the frequency response of the
channel is approximately complex constant. Then
there is no ISI in this subchannel [16].

Multi-Carrier CDMA (MC-CDMA) combines multi-
user access of CDMA with multi-carrier modulation
techniques such as OFDM which allow good
performance in channels with bad inter-symbol
interference. The MC-CDMA system has the same
capacity as a direct sequence CDMA system, but
multi-user detection can be implemented using simple
narrowband equalizers. It not only inherits all the bad
traits from their parents as well as good traits but also
shows several new advantages from the combination.
In standard single carrier communication systems for
high data rates, the effects of multipath propagation
increase the equalization costs due to short symbol
duration and relative long channel delay times. Where
as MC-CDMA has one major advantage that it can
lower the symbol rate in each subcarrier so that fonger
symbol duration makes it easier to quasi-synchronize
the transmissions [11}. In a dispersive multipath
channel, DS-CDMA with a spread factor N can
accommodate N simuiltaneous users only if highly
complex interference cancellation techniques are used.
In practice, this is difficult to implement. MC-CDMA
can handle N simultaneous users with good BER,
using standard receiver techniques [6]. When there is a
deep frequency selective fading, OFDM loses the
corresponding data on corrupted subcarriers. As MC-
CDMA spreads an information bit over many
subcarriers, it can make use of information contained
in sound subcarriers to recover the original symbol.
Various frequency domain equalizers for MC-CDMA
have been proposed for this purpose and they were
reported to outperform DS-CDMA with Rake
receivers with much lower complexity. A diversity
gain is obtained even without channel coding and the
effect that deep fades significantly degrade the system
performance is eliminated {13].

MC-CDMA is different from the OFDM in how the
subcarriers are actually used in data transmission. In
OFDM, different users don’t use the same set of
subcarriers. Multiple accesses in OFDM may be
implemented by having different users transmit on
different sets of subcarriers (frequency division
muitiplexing).



The MC-CDMA schemes are categorized mainly into
two groups. One spreads the original data stream using
a given spreading code and then modulates a different
subcarrier with each chip (spreading operation in the
frequency domain). The other spreads the serial-to-
parallel converted data streams using a given
spreading code, and then modulates a different
subcarrier with each of the data stream (the spreading
operation in the time domain), similar to a normal DS-
CDMA scheme [7].

In this paper, we utilize the system that spreads in
frequency domain, the principle of theoretical
transmitter and utilized transmitter of a such system
are illustrated in [8)], and fig.2, respectively.
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Fig.2. MC-CDMA Transmitter

5. REDUCING THE COMPLEXITY OF
SPACE-TIME CODE SYSTEM

As we have known that multiple-antenna systems
provide very high capacity compared to single antenna
systems in a Rayleigh fading environment. Recent
studies in [5], [26] exploring the ultimate limit of
multiple antenna systems from the information-
theoretic point of view shows that. In a multiple-

antenna system with L, transmit and L_ receive

antennas, if the narrowband slow fading channel can
be modeled as an matrix with i.i.d. complex Gaussian
random entries, the average channel capacity of such a
system is approximately min(L,, L, )-times higher than

that of a single antenna system for the same overall
transmitting power. Thus, by increasing min(L,,L,)

we may achieve a communication system with
arbitrary high data transmission rate.

Aside from the consideration of combating channel
uncertainty, another practical consideration for space-

time codes is the decoding complexity. The
complexity of decoding such a high data-rate channel
code using the ML criterion can be prohibitively 2igh
even if min(L,,L,) is just moderately large [1], it is a

big obstacle that prevent STC system from achieving a
desired data transmission rate; thus, STCs that admit
high performance, low complexity suboptmal
decoding algorithms are desirable.

For Space Time Block Codes (ST-Block Codes), the
layered space-time architecture introduced in [3] and
refined in [1] is applied to reduce the complexity of
receiver.

For Space Time Trellis Codes (ST-TCM), when
number of transmit antennas is fixed, decocing
complexity measured by the number of trellis states
increases exponentially with transmission rate [25].
Thus, reducing number of trellis states of ST-TCM is
one intuitive approach for solving the decoding
complexity problem. These solutions following :his
approach are known as “Multistage decoding”
introduced in [24], and “Combined array processing
and Space-Time Coding” introduced in [25].

5.1 The Layered Space-Time Codes (LST)

A multilevel method for constructing codes is described
in [10} where transmitted symbol are obtained by
combining codeword symbols from component coces.
The STC designed with multilevel structure end
multistage decoding can be useful in some practizal
communication systems, particularly when number of
transmit antennas is high. This has the significant
advantage of reducing decoding complexity {24].
Depending on assignment rule of each constituent
encoder outputs to transmit antenna, LST codes wre
divided into Horizontal 1.ST codes and Diagonal L5T
codes, originally proposed by Foschini in [3]. These
principles are described in detail in [1]

5.2. Combine Array Processing and Space-Time Code
Combining array processing and STC is another
approach that dramatically reduces encoding and
decoding complexity by partitioning antennas at the
transmitter into small groups, and using an individual
STC, called the component codes, to transmit
information from each group of antennas. At the
receiver, an individual STC is decoded by a novzl
linear processing technique that suppresses signals
transmitted by other groups of antennas by treatirg
them as interference. This combination of arrey
processing at the receiver and coding techniques for
multiple transmit antennas can provide reliable ard
very high data rate communication system that
operates close to the limits given by outstage capacity
over narrowband wireless channels [25].

In order to illustrate more detail about the principle ¢f
combining array processing and STC introduced in
[25] and described in Fig.3, we model a wireless

communication system with L, antennas at thz

transmitter and Lr antennas at the receiver. Channel

encoder so called space-time product encoder is used
to encode input data. The input data of the enceder
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consisting of B bits in each time slot t is divided in to g

strings of length B,,B,,..., Bq
with B, + B, +---B_ = B. L, transmit antennas are
partitioned into g groups  G;,G,,,G,,

respectively, comprising L,,L,,... , L,, antennas
with L, + L, +...+ L, =L,. Then each block
B, 1 < j <4 is encoded by a space—time component

encoderC;. The output of C; provides L

)
sequences of constellation symbols for 1< j<gq
which are simultaneously transmitted from the
antennas of the groupG ;- The q space-time
component encoders give a total of L, sequences of
constellation  symbols  that are  transmitted
simultancously from antennasl,2---,L,. We can
consider a space-time product encoder as a set of

q space~time encoders denoted by C, x C, -+-x C, .
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Fig.3. Principle of Combining Array Processing and STC.
At the receijver, group interference suppression method
is applied. Codewords from each component encoder

C ; are separately decoded while suppressing signal

from the other component encoders. It is clear that this
method has much lower complexity but achieve a

lower diversity order than full diversity order Lr X L, .

‘Following the approach as described above, we can
reduce code design for a multiple antenna

communication system with L, transmit antennas and
L, receive antennas to that designing codes for

communication system with L, transmit antennas and

L,+L —-L,,i=12...,q receive antenna where
q N

ZL“- =L, andL, 2L —L, +1, based on the
i=1

theorem introduced in [25].

6. COMBINATION OF ARRAY
PROCESSING AND SPACE TIME
CODING IN MC-CDMA SYSTEM

The MC-CDMA system using STC promises to
_provide a transmission system with “arbitrary” high
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transmission capacity as well as high reliability. In
order to realize such a transmission system, we must
consider the trade off among several aspects such as
complexity, performance and capacity. In such
scenery, we propose an example of MC-CDMA
transmission system presented in Fig.4 that uses the
combination of space-time coding and array
processing. In next paragraphs, model configurations
are described in detail.

6.1 Simulation Configuration

In this system, we consider the general synchronous
transmission link. The data bits are generated by
random data generator and passed to serial to parallel
converter that plays a role as the antenna partitioning.
Next, data bits are encoded by Space-Time encoders
and then interleaved. At the MC-CDMA transmitter,
encoded data symbols are serial to parallel converted;
spread in frequency domain; interleaved to minimize
the subcarrier correlation and multicarrier modulated
using IFFT. The resulting signals are transmitted by
four transmit antennas over independent multipath
relatively slow fading channels. The channel is
modeled as a 4-Tapped Delay Line model and channel
state information is supposed available at the receiver.
AWGN is added at the receiver front end of antenna
array. The received signals at two receive antennas are
combined with equal weights and passed to MC-
CDMA receiver where the received signal is processed
inversely; multicarrier demodulated using FFT; de-
interleaved | and de-spread in frequency domain.
Herein, we suppose that ideal interference cancellation
(IC) is implemented. The signal at the output of MC-
CDMA receiver is de-interleaved before being
decoded by Space-Time decoders.

Due to the previous work of STCM (18], [24] and [25]
proposed for high data rate applications have been done
with frame error rate (FER) performance with 256 in
each frame. Hence, in our simulation, FER performance
is used for comparison. At the receiver, if a frame has at
least one error bit it will be considered as error.

We use 2-STCM (4 states) in [24]. This code utilizes
4-PSK modulation with designing transmission rate of
2 bits/s/Hz. Maximum likelihood decoder using
Viterbi algorithm is employed with the received soft-
output information from Rx MC-CDMA.

We use Tx MC-CDMA with 128 subcarriers, Walsh
Hadamard Codes spreading code with the processing
gain of 32,

STCM Interleave: x MC-CDM.

Y
Encoder Ly rericave x MC-CD
Random /P
Data
Generator STCM nterleave x MC-CDM,
Encoder Lyfiicricaved—»{Tx MC-COM.
AWGN AWGN
Compa- sTOM {De Inierfeavere-RxMC-COMAE{ ™
Decoder ;
HD:-Intcrleavcr]ﬂ—le MC-CDMA]O— Array J
P/ Proce-
STCM [#{De-IntericaverjemfRx MC-CDMAg—f SS178 ,\f
FER Decoder t-{De-InlcrleaverHRx MC-CDM,

Fig.4. Simulation model.



The rectangular-array symbol interleaver consisting of
8 rows and 8 columns is used in this simulation model.
In the framework of this example, we only consider
the case of single user with 4 transmit antennas and 2
receive antennas. Thus, we use a simple case of
beamforming algorithm in which the received signals
at each receive antenna are combined with equal gain
(equal weight) and zero delay between each antenna
elements.

In next sections, some simulation results of the
proposed system in comparison with MC-CDMA
system using 4-STCM (64 states) over slowly
frequency-selective fading channels as well as AWGN
channel are presented. The comparisons are made
based on different data transmission rates as well as
different channel conditions.

In this simulation model, parameters are chosen
similarly to those in [18] in order to make the
comparisons.

6.2, Comparison over AWGN Channel

N
-#-2-STCM ‘i\\‘
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Fig.5. Comparison of combining array processing and STC
scheme (using 2-STCM) and 4-STCM scheme over AWGN
channel for the case of single user.

Fig. 5 shows that performance of 2-STCM with none
interference cancellation is a little bit inferior than 4-
STCM (about 0.7 dB at FER of 0.001). Using IC in
this case does not give considerable improvement in
performance of 2-STCM.
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— i
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Fig.6. Comparison of combining array processing and STC
scheme (using 2-STCM) and 4-STCM scheme over AWGN
channel for the case of multiuser.

In Fig. 6, when the number of users increases 4-STCM
performance remains the same while 2-STCM
scheme’s degrades a little bit with negligible level of

degradation (0.0013 FER at 11 dB, 0.0015 FER at 1!
dB and 0.0016 at 11 dB for number of users of 4, 8
and 16 respectively).

6.3. Comparison over Slowly Frequency Selective
Fading Channel

In this part, simulation result is carried out up to a FER
of 0.01 giving satisfactory quality of service in data
transmission [18]. We only consider the case of single
user system. We will compare combining a-ay
processing and STC scheme using 2-STCM anc 4-
STCM scheme in two channel conditions, namely
coherent time of 20 frame duration and coherent t me
of 20 symbols duration.

~9—2-STCM
- 4-STCM
FER 107
\NL\
NL\‘k
107 +
14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Eb/No(dB)

Fig.7. Comparison of combining array processing and STC

scheme (using 2-STCM) and 4-STCM scheme over slow y

frequency selective fading channel with the same data rale
and coherent time of 20 frames duration.

In addition to that, combining array processing and STC
scheme using 2-STCM component codes can provide
data transmission rate of 2 times as high as 4-STCM.’s
with the same given channel bandwidth. Thus, we will
make the comparison in four cases as follows:
e Case 1: The same data transmission rate and
coherent time value of 20 frame duration.
o Case 2: The same data transmission rate and
coherent time value of 20 symbol duration.
e Case 3: Double data transmission rate and
coherent time value of 20 frame duration.
s Case 4: Double data transmission rate and
coherent time value of 20 symbol duration.

In Fig.7 and Fig.8, it is clear that performance of
combining array processing and STC scheme using 2-
STCM is degraded quite much comparing with d-
STCM scheme (about 10dB at FER of 0.01).

10° - - RSN I . .
4
. —e—2-STCM
L\ -~ 4-STCM

M

N
N\'L\«\

107 \ \

14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Eb/No (dB)

Fig.8. Comparison of combining array processing and STC

scheme (using 2-STCM) and 4-STCM scheme over slowly

frequency selective fading channel with the same data rate
and coherent time of 20 symbols duration.
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With the same data transmission rate, performance of
2-STCM scheme with coherent time value of 20 frame
duration is simifar to that of 20 symbol duration
(0.0145 FER at 28dB and 0.0147 at 28dB for the
coherent time of 20 frame duration and coherent time
of 20 symbol duration, respectively)

o' ., .
~ L
- ~4—2-STCM
) \r\‘ l_»; 4-STCM
FER W' - —

%, N
\ N
N
10° , j\,& _ ,:' 5

4 15 16 17 18 19 20 21 22 25 24 25 2% 17 28
Ebh/No(dRB)

Fig.9. Comparison of combining array processing and STC
scheme (using 2-STCM) and 4-STCM scheme over slowly
tfrequency selective fading channel with double data rate and
coherent ime of 20 frame duration.

Fig.9 and Fig.10 clearly show that the performance
degradation fevel of 2-STCM scheme comparing with
4-STCM scheme is similar to the case of equal
transmission rate (approximately 10 dB at FER of
0.01). In this case, pertormance of 2-STCM scheme
corresponding to coherent time value of 20 frame
duration is 1 dB better than the case of coherent time
value ot 20 symbol duration at FER of 0.01.

In our simulation for multipath fading channel, we
assume that ideal IC is implemented. This assumption
is not considered to increase complexity of the system.
Because IC also has to be used to gain acceptable
performance in 4-STCM simulation model over
multipath fading channel in [18] when multiuser is
considered.
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~—2-STCM
- 48TCM

¥ER
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T 1

Mo 16 17 18 19 20 21 22 22 24 25 2 27 &
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Fig.10. Comparison of caombining array processing and STC
scheme (using 2- STCM) and 4-STCM scheme over slowly
frequency selective fading channel with doublc duration.

One of the reasons that make performance of
combining array processing and STC scheme using 2-
STCM degrades quite much comparing with 4-STCM
scheme is error correction ability of 2-STCM (4 states)
in multipath fading environment. This reason is partly

308

proved in [12]. In Jung's simulation model, a quite
complex equalizer is used before a decoder block to
achieve acceptable performance in multipath fading
channels. However, in our simulation model, it is
impossible to apply such an equalizer. although
channel state information is available at the receiver.
There is one intuitive way to increase performance of
2-STCM scheme that is utilizing more complex 2-
STCM component codes such as 2-STCM (8 states).
2-STCM (16 states) and 2-STCM (32 states).

Other reason caused serious performance degradation
of 2-STCM scheme may be power of Walsh-
Hadamard spreading codes in multipath fading
channel. Walsh-Hadamard sequences are exactly
orthogonal  for zero time shiftt  This  makes
performance of combining array processing and STC
scheme using 2-STCM is similar to that of 4-STCM in
AWGN channel as well as flat fading channel for both
the case of single user and the case of multiuser.
However, Walsh-Hadamard sequences have relatively
poor autocorrelation and cross correlation properties
for none zero time shift. which degrades performance,
when  they are used in multipath  propagation
environment, where delays spread exceeds the chip
interval. There is an intuitive approach to improve
performance of 2-STCM scheme, we can change
spreading code to achieve better autocorrelation and
cross correlation  properties  in multipath  fading
environment. Furthermore, we can make a trade off
between performance and data transmission rate by
exploiting longer spreading code (higher spreading
gain) to achieve better performance.

7. CONCLUSIONS AND FUTURE WORK

STC scheme used in this simulation model can provide
higher data rate (2 times) while reducing decoding
complexity (16 times) comparing with 4-STCM
scheme in {18]. However, there is penalty to be paid
for simplified decoding, especially in multipath tading
channel. That is serious performance degradation
(about 10 dB at FER of 0.01) at both the same data
transmission rate and double data transmission rate
comparing with 4-STCM scheme in [18].

Performance of two coding scheme in MC-CDMA
system is not varied much when coherent time of the
channel is changed.

Following structure of this simple simulation model
we can design a system with transmission rate,
decoding complexity, length of spreading code ...etc.
that is most suitable to apply for WLAN system where
antenna wrray can be easily employed. In order to
reach a such desired goal, several problems should be
solved such as: searching for suitable spreading codes
with appropriate length, designing a channel code
using combined array processing and STC principle
with given performance and data transmission rate,
finding out a simple interference cancellation scheme
to cancel interfcrences from the other group of
antennas in the case of single user as well as
interferences from other user in the case of multiuser.
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