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Abstract— Multipath fading and spectral crowding are the major challenges in dealing higher
data rate in future broadband wireless communication system. With the increase of data rate
the distortion of the received signal caused by multipath fading channel became a major
problem. The multiple-input multiple-output (MIMO) assisted Multicarrier code division
multiple access (MC-CDMA) systems, can tackle the problem and provide higher data rate for
future wireless communication system. But inter symbol interference (ISI) caused by the
frequency selectivity of the channel affect the overall performance. It is a form of signal
distortion in which previous symbol interferes with subsequent symbols causing the distortion
of subsequent symbols. Multipath propagation of wireless signal and band limited channels
are the two factors causing ISI. It is due to mobility of transmitter, receiver and local
scattering cause the signal to be spread in frequency, different arrival time and angle. So
possible potential gain in spectral efficiency is challenged by the receiver’s ability to accurately
detect the symbol due to ISI. The use of MIMO MC-CDMA mitigates some of the problem of
the transmission impairments caused by the frequency selective nature of the wireless channel.
However, successful implementation requires to remove the amplitude and phase shift caused
by channel. This can be done by efficient channel estimation with strong equalization along
with beam forming (BF). This paper proposes MIMO MC-CDMA system with BF, Minimum
mean square error (MMSE) equalization with pilot based channel estimation. The simulation
result shows improved bit error rate (BER) performance when the sub carrier (SC) and
antenna configuration was increased.

Index Terms— MIMO, MC-CDMA, ISI, MMSE Equalization, Channel Estimation, BF.

|. INTRODUCTION

The current wireless communication system suffers performance degradation due to excessive multiple path
delay. The root cause of this degradation is the ISI. The ISI caused by multipath fading of wireless channels
lead to distortion of signals, causing bit errors at the receiver. As the data rate is increased the transmission
time for individual pulses decreases. Therefore the transmission pulses in the time domain become narrow
and the effect of channel delay spread increases. Therefore the distortion of the signal due to ISI increases
with the increase in the data rate of the system. Thus the 1SI has been recognized as the major obstacle for
high speed data transmission over wireless channel.
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These effects have strong negative impact on the BER whatever is the multiple access scheme and
modulation technique. So the systems need an estimation of the frequency selective fading coefficients by
channel estimation and equalization to counteract fading and interference to improve system performance
and capacity. Generally, MIMO is helpful in mitigating such interference because it can spatially suppress
some of the multipath. MC-CDMA, on the other hand, is also a promising technology for the next generation
wireless communication systems, which is a combination of orthogonal frequency division multiplexing
(OFDM) and code division multiple access (CDMA). However, the effectiveness of this suppression is very
limited.

By benefiting from both techniques MIMO-MC CDMA possesses many advantages in terms of insensitivity
to frequency selective channels, frequency diversity, effective utilization of bandwidth and support high data
rates without change in bandwidth. However, the capacity of MIMO MC- CDMA system is limited by both
user interference and ISI which causes severe degradation in BER due to multipath propagation. When MC-
CDMA spreads the transmitted symbols in a non-flat fading frequency channel, the inner product of different
spreading codes will be no longer zero, which leads to the destruction of orthogonality between different
users and introduces interference to degrade the performance. In order to preserve the orthogonality between
different users, the channel impairment should be estimated accurately and equalized efficiently.

Still to improve the link performance in terms of BER, the transmitter may be equipped with BF in which an
array of antennas are directed at a desired user by adjusting the relative gain and phase of the array elements.
By adjusting the relative gain and phase of the array elements, the antenna pattern, or beam, can be made
such that the signal power towards the desired direction for receiving or transmitting data, or to suppress
other directions in order to reduce the effect of interference. In particular, transmit BF has attracted because
of its simplicity to exploit the benefits of multiple transmit antennas by using partial or full knowledge of the
channel state information (CSI) at the transmitter. Using BF can improve reception quality, and increase data
throughput in a MIMO communication system than single antenna without increasing bandwidth. A basic
requirement for transmit BF is the use of multiple antenna elements at the transmitter, and the use of the
measured wireless channel between the transmitter and receiver.

The efficient channel equalization needs channel estimation design to remove ISI. The function of channel
estimation is to form an estimate of the amplitude and phase shift caused by the wireless channel then the
equalization removes the effect of the wireless channel and allows subsequent symbol demodulation. But
Channel estimation is a challenging problem in wireless system, because radio channels are highly dynamic.
In receiver, extraction of information depends upon channel state information and efficiency of equalization,
so as to minimize the error between the actual transmitted symbols and the symbols extracted from the
received signal. So an accurate estimation of fading channel is always required for symbol detection.
Although differential demodulation can be used without channel estimation, but this results in up to 3 dB loss
in signal-to noise ratio (SNR). The CSI can be obtained through training based, blind and semi blind channel
Estimation techniques. Among the various channel estimation technique pilot based channel estimation is
considered to be a good solution because of its accuracy and simplicity.

The channel estimation can be classified into two groups: blind and non-blind. Blind estimation techniques
need to gather a large amount of information to perform the estimation and exhibit a poor performance in
mobile systems where the channel varies rapidly under the influence of Doppler’s effect and multipath
propagation. On the other hand, in non-blind channel estimation methods some portion of the transmitted
signal (pilot symbols) or training sequences is either multiplexed with or superimposed onto the transmitted
data in the time or frequency domain and is available at the receiver for the channel estimation. In this case,
the estimation accuracy can be improved by increasing the pilot symbols or the training sequences

Several combining and equalization techniques for MC-CDMA signals have appeared in the literature [4-6].
As analyzing is done in the down-link of a cellular radio system and the computation is made in the mobile
unit, a low complexity scheme is required. In single user communication system, conventional Equal gain
combining (EGC) and maximum ratio combining (MRC) can achieve better performance. However, in a
multi-access MC-CDMA system, frequency diversity reduces the orthogonality of spreading codes and
results in interference and noise. Hence, the choice of equalization becomes a critical point impacting the
trade-off between the residual amount of multiple access interference and the noise. In this paper, MMSE
equalization is considered because of its good performance compared to other technique.

The improvement in detection techniques tries to reduce the sensitivity of the system and also reduce the
noise enhancement. This improvement is however obtained at the expense of higher complexity at the
receiver. The MMSE technique outperforms all the basic techniques. With this technique the detector
exploits the frequency diversity introduced by the fading channel without enhancing the additive noise.

660



However, as indicated earlier the combining parameter of such a technique is not easily estimated at the
receiver.

In [1], the author has derived the approximation of the BER for MC-CDMA with MRC, EGC and MMSE.
The linear combining technique [2] such as EGC, MRC, Orthogonal Restoring Combining (ORC) and
Controlled Equalizations (CE) are explored much by necessities. In MC-CDMA, It is observed that both
EGC and MRC have very poor performance due to orthogonality loss between the spreading sequences. The
orthogonality loss results in a high error floor making these techniques difficult for practical use; therefore
the MRC is suitable only for the noise limited system. In ORC, a total cancellation of the multiuser
interference is possible, but on the other hand, this method enhances the noise, because the sub channels with
low SNR have higher weights and produce complicated expression for the instantaneous SNR at the ORC
output posing difficulties to the performance analysis of MC-CDMA with ORC. For this reason, CE is
incorporated where a threshold is introduced and the contributions of those sub-channels which are highly
corrupted by the noise are cancelled. Andrea Conti and Barbara Masini [3] discussed Partial Equalization for
MC-CDMA systems in which the phase distortion is partially compensated to avoid the noise.

The differential modulation technique [4] was discussed as the alternate for channel estimation, but it
decrease the performance of the system and also 3 to 4 dB loss in SNR. In [5], author has derived the channel
tracking method using kalman filter which results in better estimation accuracy but suffer from computational
complexity and delay. Various researchers discussed the effect of phase noise during channel estimation as
the phase noise affect the channel estimation process and reduce the performance of the system [6, 7]. Some
authors have tried channel estimation using known training sequence and training algorithm for MIMO-
OFDM system [8, 9].

The transmit BF for MIMO-OFDM with MRC receiver is discussed in [10]. Another approach is based on
feedback of partial channel information [11]. In this instantaneous feedback is considered so it does not track
the rapid fluctuations. There are many general feedback schemes [12] that dynamically adopt to the
distribution of channel but these methods are generally too complicated to implement in practice. In [13, 14]
the MIMO BF with codebook is proposed at both transmitter and receiver. These are challenges in designing
the code book and BF weight vector efficiently. The performance of BF with Multiple input and single output
(MISO) systems has been analyzed taking into account the errors in channel estimation and the feedback
delay [15] and noise in the feedback channel. The distributed BF schemes presented in [16] assume that the
transmitter, the receiver and the relay nodes all use a single antenna, as a result, these schemes do not benefit
from spatial processing at the nodes. Non-iterative symbol wise BF and ICI/ISI aware BF for MIMO-OFDM
is discussed in [17, 18]. In this paper, transmit BF for frequency selective fading channels with MMSE
equalization and ideal channel estimation for different antenna configuration and SC is considered.

From the literature survey it is observed that the researchers had discussed either about channel estimation or
equalization for the system. But the performance of the system depends on both estimation and equalization.
In our previous work[19], this problem was addressed that, the idle channel estimation was incorporated
along with equalization for MIMO MC CDMA system. The rest of the paper is organized as follows; system
model is described in section 2, the simulation result and the discussion is in section 3 and the conclusion is
in section 4.

Il. SYSTEM MODEL

Fig. 1 and Fig. 2 show the simple model of MIMO-MC-CDMA transmitter and receiver respectively. The
transmitter of MIMO-MC-CDMA consists of direct sequence spreader and OFDM modulator. In these
schemes the pilot sequence are very important for the performance. After modulating, the data stream is
multiplied by a spreading sequence. The length of this spreading code is usually identical to the number of
sub carrier. The pilot signals are multiplexed to the data streams, after OFDM modulation the signals are

transmitted through multiple antennas.
Pilot ¥ IFFT —\(
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Figure 1. Simple Model of MIMO MC-CDMA Transmitter
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Figure 2. Simple Model of MIMO MC-CDMA Receiver

The received signal is demodulated using Fast Fourier transform (FFT). After OFDM demodulation the user
data symbols and pilot symbols are recovered by despreading with corresponding spreading codes. The
required transfer function for channel estimation and equalization is recovered from pilot sequence. Finally
the original data stream is recovered by dividing the received signal by channel response. At the receiver
end, the demodulator process the channel equalized waveform and reduces each waveform to a scalar (or) a
vector that represents an estimation of the transmitted data symbol. The detector, which follows the
demodulator, decides whether the transmitted bitisa 0 or 1.

Consider a MC-CDMA system having N subcarrier and N_x N_MIMO system, the transmitted signal
after modulation can be expressed as

w N, N,
st)= 2= 3" b, ()c, u, (t-iT,)cos(w,t) "
i=—o k=1 n=1

where E, and T are the bit energy and symbol duration respectively, us(t) represents a rectangular
waveform with amplitude 1 and pulse duration T, b(i) is the i" transmitted data bit c, is the spreading

code, N is the transmitting antenna, o, = 2zfo+ 2x(n - 1)Af" is the radian frequency of the n" subcarrier,

and the frequency spacing is Af = 1/T;. The received signal r(t) through receiving antenna N . Is given by

=0+ Y [ Y b (), U, t-T)cos@t+p) @

i=—o0 k=1 n=1
Where h,, is the subcarrier flat fading gain, ¢, is the subcarrier fading phase and #(z) is AWGN with single-
sided power spectral density No. After phase compensation, the receiver performs amplitude correction using
equalizer coefficient. The received signal after FFT is given by

Y (K)=X (K)H (k) +W (k), k=0,1,..,N_ —1 ®)

The received pilot signals Y, (k) is extracted from Y (k) the channel transfer function H (k)can be obtained

from the information carried by H, (k)- With the knowledge of the channel responses H (k) The transmitted

data samples signal X (k) can be recovered by simply dividing the received signal by channel response

X (k) = Y(k)
H (k)
The equalizer co-efficient is expresses as [20]

a=R'R, ()
Then the matrix R__ is
by
E,T,
Rbly =E[bl><( —sz HCdb+nJ ]

c

_|BL
_ Ji ElLHCH] )
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The matrix Ryy is

E,T N,T.
Ryyzz*l’\lSHCdCdTHJr ZS Ly, (6)

c

Where |, isan identity with N_ x N_, C, is matrix with spreading code and H is a diagonal matrix with

n™ diagonal element equals to h, . Substituting equation (5) and (6) into (4), the set of equalizer coefficients
for MMSE scheme for downlink as
-1

o= 2N HC,CTH +5—~ )

E,T. 2E/

Where o =[a,, @, ...,ay 1" h=[h,h,..h T
Finally the received signal is equalized using expression ).

I11. SIMULATION RESULT AND DISCUSSION

The system with diversity technique for 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 spectral noise density
(Eo/N,) for different technique such as pilot based channel estimation, equalization and BF under Rayleigh
fading channel.

TABLE |. SIMULATION PARAMETERS

Spreading Codes Walsh-Hadamard Code
Number of SC 16/ 64 /128

Channel Rayleigh fading
Modulation 16 QAM

Antennas 2x2/4x4
Equalization/Estimation MMSE/Pilot

10 T T T

—+— Channel Estimation, Equalization with BF
—H— MMSE Equalization

—©— Channel Estimation with Equalization

5 10 15 20 2
EbiNo (dB)

Figure 3. BER performance of 2x2 Antenna (16 SC)
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Figure 4. BER performance of 2x2 Antenna (64 SC)
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Figure 5. BER performance of 2x2 Antenna (128 SC)

The diversity technique uses 2 and 4 antennas for both transmitter and receiver. The result indicates that with
diversity, performance of the system improves in terms of BER. Along with diversity technigue the system was
tested with different SC (16, 64, and 128) with 16 QAM modulation. From the result it is observed that when
the number of SC is increased, the performance of the system gets increased due to reduction of ISI. Fig. 3
show the BER performance of MIMO MC-CDMA with pilot based channel estimation, MMSE Equalization
and BF, for 16QAM modulation with different antenna configuration. From the graphs it is evident that the
system with BF, equalization and estimation performs better than the system only with Equalization,
Equalization with channel estimation due to the reduction of ISI. In the figure the channel estimation with
equalization shows slightly lesser performance than the MMSE equalization. Because in MMSE equalization,
the channel estimation is assumed as perfect, but it is practically not possible.
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Figure 7. BER performance of 4x4 Antenna (64 SC)
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Figure 8. BER performance of 4x4 Antenna (128 SC)
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The same system is tested for different SC also, which is shown in Fig. 4 and Fig.5. From Fig. 3, Fig. 4 and
Fig. 5 it is observed that the performance of the system gradually increases due to the increase in number of
SC i.e. as frequency diversity increases. Fig. 6, Fig. 7 and Fig. 8 show the BER performance of MIMO-MC
CDMA For 4x4 antenna configuration. Comparing Fig. 3, Fig. 4 and Fig. 5 with Fig. 6, Fig. 7 and Fig. 8, the
latter figures show improved performance, because when the number of antennas is increased, the
performance of the system is increased due to the exploitation of space diversity. From the simulation results
it is quite clear that in all the cases the system with BF, MMSE equalization with Channel estimation
performs better.

IVV. CONCLUSIONS

Generally, wireless channels are fading in both time and frequency, which results in ISl in the received
signal. The use of MIMO MC-CDMA mitigates dispersion, but not in sufficient level. So it is necessary to
improve the system performance for achieving high speed data transmission by combating the ISI. The
combining technique such as EGC, MRC, ORC are suitable for single carrier communication only. If it is
used in multicarrier communication, it affect the orthogonality of the user, thus increase the interference of
the system. In this paper to counteract ISI, the MIMO-MC CDMA system with BF, pilot based channel
estimation and MMSE equalization is discussed with different antenna configuration. From the simulation
result it is inferred that the MIMO MC-CDMA system with channel estimation, equalization and BF
performs better in the Rayleigh fading channel as ISl is drastically reduced.
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