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ABSTRACT

The quality of a wireless link can be describedHrnge basic parameters, namely transmission rargsmission range
and transmission reliability. With the advent of ltiple-input multiple-output (MIMO) assisted Multcrier code
division multiple access (MC-CDMA) systems, the abaonentioned three parameters may be simultaneously
improved. The MC-CDMA combined with the MIMO technke, has become a core technology for future moad®
communication system. However, possible potentii in spectral efficiency is challenged by theeieer's ability to
accurately detect the symbol due to inter symbt#rfarence (ISI). Multipath propagation, mobility wansmitter,
receiver and local scattering cause the signaétspoead in frequency, different arrival time andla, which results in
ISI in the received signal. This will affect ovdraystem performance. The use of MC-CDMA mitigatesproblem of
time dispersion. However, still it is necessaryamove the amplitude and phase shift caused bynehafio solve this
problem, a multiple antenna array can be usedeatetbeiver, not only for spectral efficiency orrganhancement, but
also for interference suppression. This can be dignine, efficient channel estimation with strorqualization. This
paper proposes MIMO MC-CDMA system, Minimum mearuag error (MMSE) equalization with pilot based
channel estimation. The simulation result showsrawed Bit error rate (BER) performance when the catier (SC)
and antenna configuration were increased
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1. INTRODUCTION counteract fading and interference to improve
system performance and capacity.

The performance of a wireless communication

system can be substantially improved by MIMQ

antenna _ techniques. = Antenna _ diversity is Athformation accurately and promptly for detection

effective way to achieve spatial diversity. Mc_of information symbols. Since the overall system

CDMA, on the other hand, is also_a promising - - performance depends heavily on the
technology for the next generation wireless

27 LT N stimation accuracy, the channel tracking
communication systems, which is a combination o S ; .
S : . _“capabilities (for time variant channels), and the
orthogonal frequency division multiplexing

o . compensation efficiency. Especially, for the MIMO
Egglﬂxg gr;/d b:r?:f(iatinglvflrscl)cr)r? bgmlt'?éihn?gﬁgstC—CDMA system the accurate channel estimation

MIMO MC-CDMA possess many advantages iand equalization is much more critical in the oltera

terms of insensitivity to frequency seIectiveZyStl(ieengj p:gfogr;?]ncse ;ér;cearc])(;thfc;(geozeellrlltg hgzn?aei(ra]n
channels, frequency diversity, efficient utilizatio pp P d y ‘

of bandwidth and ability to flexibly generate hithence’. the ability of the system to recover and
- . . maintain the orthogonal properties make into a key
data rates within a fixed bandwidth. o ; .
factor for achieving the robust high data capacity
In the high data rate transmission system theommunication links.
frequency selective fading effect due to multi-path

; So an accurate estimation of fading channel is
propagation causes the ISI. In order to reduce ﬂ}ffwa < required for svmbol detection. Althouah
ISI effect, the cyclic prefix is utilized to modithe Y q Y ) 9

. ) . differential demodulation can be used without
frequency selective fading into frequency flat hannel estimation, but this results in up to 3 dB

fading. The systems need an estimation of thg 1annet € . )
frequency selective fading  coefficients tc)Ioss in signal-to noise ratio (SNR). The channel

state information can be obtained through training

s
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One of the most critical and challenging parts of
e receiver is to obtain the channel state
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based, blind and semi blind channel Estimatiorthe system depends on both estimation and
The blind channel estimation is carried out byequalization. In our previous work [16] equalizatio
evaluating the statistical information of the chann for MIMO MC-CDMA was explained and
and certain properties of the transmitted signalsimulation has been done for different SC and
Blind Channel Estimation has its advantage in thantenna configuration with idle channel estimation.
it has no overhead loss but it has less accuraiy, i In this paper for the same MIMO MC-CDMA
only applicable to slowly time-varying channelssystem the channel estimation has been
due to its need for a long data record. In traininghcorporated with equalization. This paper
based channel estimation algorithms, trainingliscusses the both channel estimation and
symbols or pilot tones that are known a prtorthe equalization for the MIMO-MC-CDMA system.
receiver, are multiplexed along with the data streaThe rest of the paper is organized as follows;
for channel estimation. Semi-blind techniques maksystem model is described in section II, the
use of both pilots and the natural constraints teimulation result and discussion is in sectioraht
efficiently estimate the channel. These methods usike conclusion is in section V.

pilots to obtain an initial channel estimate an%

improve the estimate by using a variety of a priorT” SYSTEM MODEL
information. Thus, in addition to the pilots, semi-

i i ix. i Pilot IFFT
blind methods use the cyclic prefix, time and Data in| Encoding|»{ Spreadinglp] o -
-IFFT

frequency correlation, Gaussian assumption on

transmitted data, virtual carriers for channel

estimation and subsequent data detection. Amorgure 1: Smple Model of MIMO MC-CDMA Transmitter
the various channel estimation technique pilot

based channel estimation is to be considered a good
solution because of its more accuracy.

Channel Estimation

Differentiate demodulation without channel T ;
estimation is used in [1] which results SNR loss o T
- . FFT Equalization
up-to 3 db. Chang- yi yang et al has derived the & Despreading[ | Decoding—
channel tracking method using kalman filter which FFT Output

results in better estimation accuracy but suffemfr
computational complexity and delay [2,3]. VariousFigure2: Smple Model of MIMO MC-CDMA Receiver
authors have reported the effect of channel
estimation error and phase noise [4-7]. Som@I

authors have tried channel estimation using knOWFhe transmitter of MIMO MC-CDMA consists of

training sequence and training algorithm forBPSK/QPSK modulator. Direct se
. , guence spreader
MIMO-OFDM system [8-10]. Andrea Conti and and OFDM modulator. In these schemes the pilot

Barbara Masini discussed Partial equalization fosrequence are very important for the performance

MC-CDMA wireless Systems in which only partlalAfter modulating, the data stream is multipliedéy

compensation of phase distortion carried out t%preading sequence. The length of this spreading

avoid noise but sufficient compensation of phas ode is usually identical to the number of SC. The

distortion must take place to avoid noise[11,18]. | ilot signals are multiplexed to the data streams,

[13], author has explained orthogonality restorin : : :
combining technigue for MC-CDMA system, this fter OFDM modulation the signals are transmitted

: : . through multiple antennas.
system totally avoids multiuser interference but & g P

enhances noise. Equalization based on Zero forcingThe received signal is demodulated using Fast
and MMSE [14] was explained for single carriefrourier  transform  (FFT). After OFDM
transmission system only. Among the variouslemodulation the user data symbols and pilot
equalization methods for MIMO and MC-CDMA, symbols are recovered by despreading with
MMSE is considered to be a good solution for dateorresponding spreading codes. The required
recovery since it can effectively reduce the ISl antransfer function for channel estimation and
utilize the diversity of the frequency-selectiveequalization is recovered from pilot sequence.
channel [15]. Finally the original data stream is recovered by
ividing the received signal by channel response.
t the receiver end, the demodulator process the
hannel equalized waveform and reduces each
aveform to a scalar (or) a vector that represants

Figures 1 and 2 show the simple model of MIMO
C-CDMA transmitter and receiver respectively.

From the literature survey it is observed most o
the author’s discussed either channel estimation
equalization for the system. But the performance

s
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estimation of the transmitted data symbol. The3. SSIMULATION RESULT AND DISCUSSION

detector, which follows the demodulator, decides

whether the transmitted bit is a 0 or 1. The system with diversity technique for MIMO
Consider a MIMO MC-CDMA system havifd:  MC-CDMA is simulated using MATLAB with the

parameters given in Table 1. The result shows the

_ ] _ BER performance with respect to energy per bits to

transmitted signal after modulation can bespectral noise density §f,) of the system with/

subcarrier and N x N~ MIMO system, the

expressed as without channel estimation under Rayleigh fading

N channel.
S(t) _ Z \/%ZT Zcbk(l)c Table 1: Smulation Parameters

i i n Spreading Codes Walsh-Hadamard Cade
] Number of sub carriers 16/64 /128
U (t=iT)cost) @ Mczalnngl RBa;/ISe}Eh ;aggng
. odulation
whe_reEb and T; are the bit energy and symbol ANtennas %2/ 33/ 4?(4/2)(3/3)(2

duration = respectively, ,uTS(t) .represents a Estimation/Equalization MMSE/Pilot
rectangular waveform with amplitude 1 and pulse technique

durationTs, b(i) is the i" transmitted data bitg,

is the spreading codeNT is the transmitting 10°

antenna,m, = 2zafo+ 2z(n - 1)Af is the radian : iii
frequency of the i SC, and the frequency spacing —6— 2 x2 MMSE |1
isAf = UT, 10"t —A— 4 x4 MMSE -

The received signal(t) through receiving antenna

N_lis given by .
- N N w 10
r®) =)+ 2> Y hb (),
i=—o0 k=1 n=1
10°%

Uy (t-iT)coswt+¢ ) (2

Whereh, is the SC flat fading gairy, is the SC
fading phase ang(t) is Additive white Gaussian 10"
noise (AWGN) with single-sided power spectral 0
densityN,. After phase compensation, the receiver Eb/No (dB)
performs amplitude correction using equalizer

coefficient. The received signal after FFT is gitagn

Y (K) = X (K)H (K) +W(K), k = 0.1,--,NC -1 @3 Figure3: Error Performance (BPSK, 16 SC)
The received pilot signalspfk) are extracted from ) '
Y(k), the channel transfer function H(k) can b for both transmltter_ anql receiver. The result
obtained from the information carried bys(K) |nd|cates_ that W|th_ diversity, performance of 'Fhe
with the knowledge of the channel responses H(kFYSt€m improves in terms of BER. Along with
The transmitted data samples X(k) can be recover&V€rsity technique the system was tested with
by simply dividing thereceivedsignal by sample different SC (16, 64, and 128) and different
response.  Finally the signals are equalized gjpodulation technique (BPSK and QPSK). From the
MMSE technique [16]. .esult it is observed that when the number of SC is

increased, the performance of the system gets
increased due to reduction of ISI. As the number of
SC increases, the frequency diversity also inceease
which in turn reduces the error rate.

The diversity technique uses 2, 3 and 4 antennas
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Figure4: Error Performances (BPSK, 64 C) Figure 6: Error Performances (QPSK, 16 SC)
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Figure5: Error Performances (BPSK, 128 SC) Figure 7: Error Performances (QPSK, 64 SC)

Figure 3 shows the BER performance of MIMO Figures 6, 7 and 8 show the BER performance of
MC-CDMA with (line graph) or without (legend MIMO-MC CDMA with and without MMSE for
graph) MMSE channel estimation and equalizatioRPSK modulation. Comparing figures 3, 4 and 5
for BPSK modulation for different antennawith figures 6, 7 and 8, the latter figures show
configuration. It is noticed that when the numbegr oslightly lesser performance, and is an evident for
antennas are increased, the performance of thégher modulation order performing less. Figure 9
system is increased due to the exploitation of spadlustrates the performance of the system with
diversity. From the graphs it is evident that thelifferent combination of transmit and receive
system with MMSE estimation performs better du@ntennas, like 3 x 3 and 2 x 3. It is inferred the
to the reduction of ISI. The same system is testeeerformance of 3 x 3 and 2 x 3 are approximately
for different SC also, which is shown in figures 4same. However the system with more receiving
and 5. From figures 3, 4 and 5 it is observed thantenna gives slightly improved performance, than
the performance of the system gradually increas#gore transmitting antennas. From the simulation
due to the increase in number of SC i.e akesults it is quite clear that in all the cases the
frequency diversity increases. system with MMSE equalization and estimation

s
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10

* 2x2

selective fading channels with pilot based channel
estimation and MMSE equalization is discussed to

X + 4x4
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Figure 8: Error Performances (QPK, 128 SC)
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Figure 9: Error Performances (BPK, 128 SC) of the
System with Different Combinations of Transmit and
Receive Antenna

performs better. Comparing with our previous work
it is clear that the performance is slightly poasr a[5]
the estimation here closely matches with the
realistic situation.

4. CONCLUSION

It is well known that the wireless channel causes
an arbitrary time and frequency dispersion[6]
attenuation, amplitude distortion and phase shift i
the received signal. The use of MIMO MC-CDMA
mitigates the effect of time dispersion. Still & i
necessary to remove the ISI to increase overall
system performance. In this paper the performance
of MIMO MC-CDMA signals in frequency

440

compensate
performance of the system with two different
modulations. From the simulation results it is
inferred that the system with pilot based channel
estimation and MMSE equalization reduces the
BER of MIMO MC-CDMA in the Rayleigh fading
channel as ISl is drastically reduced. The proposed
. channel estimation technique can be, in general,

. used for channels with high selectivity in both
|/ frequency and time by simply using appropriate
pilot patterns. The minimum complexity and
+ superior channel tracking capability of the prombse

+ technique enables MIMO MC-CDMA receiver to
process huge data rate in highly selective channels
with better performance.

the ISI. The result shows the
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