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Abstract: Recently conventional Multi-carrier Code Division Multiple Access (MC-CDMA) techniques attract more
attention of researcher’s due to its high frequency spectrum efficiency and high data rate transmission. The aim of this
work is to investigate the performance of multi-carrier code division multiple access (MC-CDMA) technique, which is
a key technology for efficient and reliable communication due to its high frequency spectrum efficiency and high data
rate transmission. This paper presents the performance of conventional MC-CDMA system, orthogonal wavelet packet
based MC-CDMA system (WP-MC-CDMA), and Huang Hilbert Transformation (HHT) based MC-CDMA system.
This scheme outperforms other two techniques, because this scheme is based on the knowledge of the instantaneous
channel state information, or based on instantaneous imperfect channel estimates. Thus, by the knowledge of their
channel gains or channel information, it can analyze the data more accurately. Hence, it is a more spectral efficient and
high data rate transmission scheme compared to the conventional MC-CDMA and WP-MC-CDMA..
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l. INTRODUCTION

MC-CDMA is a digital modulation technique where a
single data symbol is transmitted at multiple narrowband
subcarrier encoded with a phase offset of 0 and © The aim
of this work is to investigate the performance of multi-
carrier code division multiple access (MC-CDMA)
technique, which is a key technology for efficient and
reliable communication due to its high frequency spectrum
efficiency and high data rate transmission. As demand for
higher data rates is continuously rising, there is always a
need to develop more efficient wireless communication
systems. For this purpose, the MC-CDMA technology,
which is the combination of both orthogonal frequency
division multiplexing (OFDM) and CDMA, is considered
to increase the potential benefits of the communication
system.

In this thesis, we investigate the performance of
conventional MC-CDMA system, orthogonal wavelet
packet based MC-CDMA system (WP-MC-CDMA), and
Huang Hilbert Transformation (HHT) based MC-CDMA
system. Although, conventional MC-CDMA has already
been discussed in the literature, and used as a benchmark
for other two schemes. In addition, in the orthogonal
wavelet packet based MC-CDMA system, we design a set
of wavelet packets and used as the modulation waveforms
in a multicarrier CDMA system. The WP-MC-CDMA
shows their superiority over conventional MC-CDMA in
terms of bit error rate (BER), and helps to mitigate the
effects of interference and channel fading. Moreover, we
also investigate the performance of Huang Hilbert
Transformation based MC-CDMA. This scheme
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outperforms other two techniques, because this scheme is
based on the knowledge of the instantaneous channel state
information, or based on instantaneous imperfect channel
estimates. Thus, by the knowledge of their channel gains
or channel information, it can analyze the data more
accurately. Hence, it is a more spectral efficient and high
data rate transmission scheme compared to the
conventional MC-CDMA and  WP-MC-CDMA.
Furthermore, a comparison is also made among all three
schemes in terms of BER. Numerical and simulation
results are presented to validate our proposed schemes.

Instead based on a spreading code. The narrowband
subcarrier are generated using BPSK modulated signals,
each at different frequencies which at baseband are at
multiples of a harmonic frequency, 1 Consequently, the
subcarriers are orthogonal to each other at baseband, and
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. The orthogonality
between the subcarrier is maintained if the subcarrier is
maintained if the subcarrier frequencies are spread apart
by the multiple of where F is an integer (e.g F=1,2...).
The phase of each subcarrier corresponds to one element
of the spreading code. For a spreading code of length N,
there are N subcarriers. In other words, MC-CDMA
transmitter spreads the original signal using a given
spreading code in the frequency domain. In addition, a
fraction of the symbol corresponding to a chip of the
spreading code is transmitted through different subcarriers.
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For the MC-CDMA transmitter, it is essential to have
frequency non-selective fading over each subcarrier.
Therefore, if the original symbol rate is high enough to
become subjected to frequency selective fading, the signal
needs to be first serial-to-parallel converted before
spreading over the frequency domain. The MC-CDMA
basic transmitter structure is similar to the OFDM, the
main difference being that the MC-CDMA transmits the
same symbol in parallel through a lot of subcarriers,
whereas OFDM transmits different symbols. This paper
presents performance analysis of wavelet packet Based
MC CDMA in comparison with the conventional MC-
CDMA, HHT Based MC-CDMA using Additive white
Gaussian Noise (AWGN) Channel in term of BER,
Throughput and Number of user.

1. SYSTEM MODEL
The CDMA system consists of transmitter as well receiver.
The details of MC-CDMA receiver/transmitter and WP
MC-CDMA receiver/transmitter are given in the section
following.

2.1 MC-CDMA Transmitter

The input data symbol, b ,, [k], are assumed to be binary
antipodal where k denotes the k " interval and m denotes
the m y, user. b ,[K] takes on values +1 and -1 with equal a
priori probability. The generation of MC-CDMA signal
can be describe as follows. A signal data symbol is
replicated into N parallel copies. The i subcarrier of the
parallel stream is multiplied by a chip, Cy[i], from a PN
code. The transmitted signal consists of the sum of the
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Fig.2.1. Transmitter of MC-CDMA

2.2MC-CDMA Receiver

The receiver picks up the signal r(t), which is then
quadrature-mixed down to baseband using cosine and sine
waves at the carrier frequency. This also creates signals
centered on 2fc, so low-pass filters are used to reject these.
The baseband signals are sampled and digitized using
analog-to-digital converters (ADCs), and a forward FFT is
used to convert back to the frequency domain. This returns
N parallel streams, each of which is converted to a binary
stream using an appropriate symbol detector. These
streams are then re-combined into a serial stream, s (n)
which is an estimate of the original binary stream at the
transmitter [12].
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Fig.2.2 Receiver of MC-CDMA

2.3 Transmitter of WP MC-CDMA

Although a number of different schemes are proposed in

the literature, the multicarrier CDMA schemes can be

categorized mainly into two groups.

e First one spreads the original data stream using a
given spreading code, and then modulates a different
sub carrier with each chip (the spreading operation in
the frequency domain).

e Second spreads the serial-to-parallel (S/P) converted
data streams using a given spreading code, and then
modulates a different sub carrier with each of the data
stream ( the spreading operation in the time domain).

e One group spreads the user symbols in the frequency
domain and the other spread user symbols in the time
domain. Wavelet Packets have the property of both
time and frequency localization.
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Fig.2.3 Transmitter of WP-MC-CDMA

2.4 Receiver of WP MC-CDMA

A series of delayed version of the received signals are
detected by single path detectors. In Each single path
detector, a DWPT (Digital Wavelet Packet Transform)
block is used for demodulation of the signal for the
corresponding resolved path. The multi-user interference
can be effectively eliminated if the desired user spreading
code is known, which is assumed true in the following. The
DWPT demodulated signal is forwarded to the dispreading
part to obtain a detected decision variable for the resolved
path [13].
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Fig. 2.4 Receiver of WP- MC- CDMA

38



ISSN (Online) 2321-2004
ISSN (Print) 2321-5526

’ INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN ELECTRICAL, ELECTRONICS, INSTRUMENTATION AND CONTROL ENGINEERING
e Vol 3, Issue 6, June 2015

In this work, a frequency selective Rayleigh fading
channel is considered, suppose each modulated subcarrier
experience, independent and flat fading.

2.5 Hilbert transform based MC-CDMA

Hilbert transform of x can be thought as the convolution of
X (t) with the function h(t)= 1\ nt. Because h (t)

is not integrable the integrals defining the convolution do
not converge.

ht=17-co0oh(t)t-tdt

1. RESULT AND DISSCUSION

1. MC-CDMA system

BER vs SNR for Conventional MC-CDMA for different users
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Fig.3.1 BER vs. SNR curves for different users of
conventional MC-CDMA

Fig 3.1. Shows the bit error rate versus SNR curves for
different users of conventional MC-CDMA scheme. It can
be observed from the figure that as the number of users
increases the bit error rate decreases significantly for
broad range of SNR. For example, when the SNR =20 dB,
the bit error rate is less than 10-3 (BER <10-3) for K=1,
but at the same SNR =20 dB, the bit error rate is equal to
10-3 (BER =10-3) for K=2.

3.2. Wavelet packet based MC CDMA system.

BER vs SNR for Wavelet packet based MC-CDMA for different users
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Fig.3. BER VS SNR for Wavelet packet based MC-CDMA
for different users

Fig 3.2.shows the bit error rate versus SNR curves for
different users of Wavelet packet based MC-CDMA
scheme. It can be noted from the figure that as the number
of users increases the bit error rate decreases in the whole
range of SNR. Although, for the low SNR region
(SNR=0dB ~10dB) the bit error rate performance is
almost same as number of users increases. This is because
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in the low SNR region this scheme does not provide much
improvement in the spectral efficiency, and hence shows
the similar performance. However, in high SNR region the
bit error rate performance increases significantly for
different number of users. For example, when the SNR
=25 dB, the bit error rate is equal to 10-4 (BER =10-5) for
K=1, but at the same SNR =25 dB, the bit error rate is
greater than 10-5 (BER >10-5) for K=2.

3.3. BER VS SNR for HHT based MC-CDMA for
different users

BER vs SNR for HHT based MC-CDMA for different users
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Fig.3.3 BER VS SNR for HHT based MC-CDMA for
different users

Fig 3.3. Shows the bit error rate versus SNR curves for
different users of HHT based MC-CDMA scheme. It can
be noted from the figure that as the number of users
increases the bit error rate decreases in the whole range of
SNR. For the low SNR region (SNR=0dB ~10dB) the bit
error rate performance is greatly improved as the number
of users increases compared to wavelet packet based MC-
CDMA. . For example, in the low SNR regime when the
SNR =10 dB, the bit error rate is greater than 10-2 (BER
>10-2) for K=1, but at the same SNR =10 dB, the bit error
rate is greater than 10-3 (BER >10-3) for K=2. This is
because HHT based MC-CDMA scheme in the low SNR
region provides much improvement in the spectral
efficiency, and hence outperforms the wavelet packet
based MC-CDMA. In the high SNR region the bit error
rate performance increases significantly for different
number of users. For example, in the high SNR regime
when the SNR =25 dB, the bit error rate is greater than
10-5 (BER >10-5) for K=1, but at the same SNR =25 dB,
the bit error rate is greater than 10-7 (BER >10-7) for
K=2.

V. CONCLUSION
In this thesis, we investigated the performance of
conventional MC-CDMA system, orthogonal wavelet
packet based MC-CDMA system (WP-MC-CDMA), and
Huang Hilbert Transformation (HHT) based MC-CDMA
system. In particular, we have analyzed the performance of
orthogonal wavelet packet based MC-CDMA system by
designing a set of wavelet packets and used as the
modulation waveforms in a multicarrier CDMA system.
Moreover, we have also investigated the performance of
HHT based MC-CDMA. Numerical and simulation results
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show that the HHT based MC-CDMA outperforms both
WP-MC-CDMA and conventional MC-CDMA in terms of

bit error rate (BER), and helps to mitigate the effects of
interference and channel fading.
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