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Abstract

In this paper, a proposed technique is used to improve the performance of
Multicarrier-Code Division Multiple Accesses (MC-CDMA) based Fast Fourier
Transform (FFT). The results are compared with the traditional technique for MC-
CDMA. As a result, it can be seen from the proposed technique that a high performance
improvement was obtained over traditional MC-CDMA, where the Bit Error Rate (BER)
is widely reduced under the Additive White Gaussian Noise (AWGN), flat fading and

frequency selective fading channel.

1. INTRODUCTION

The new scheme which combines wireless digital modulation and multiple accesses
was proposed in the recent years, namely, OFDM-CDMA (Orthogonal Frequency
Division Multiplexing-Code Division Multiple Access). In generally there are three types
of hybrid schemes, e.g. MC/DS-CDMA (Multi-Carrier Direct Sequence CDMA), MC-
CDMA and OFCDM (Orthogonal Frequency Code Division Multiplexing). The needing
for the modulation technique that can transmit reliably high data rates at high bandwidth

efficiency and multiple accesses leads the researchers to introduce the above techniques,
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also due to enormous growth of wireless services (cellular telephones, wireless LAN,

etc.),

The MC-CDMA scheme spreads the original data steam using spreading code and
then modulates different carriers with each chip, i.e. spreading the chips in frequency
domain and is the technique of interest to reader [1]. The second type spreads the serial to
parallel converted streams using a spreading code and then modulates different carrier
with each data stream, i.e., spreading in time domain [2]. The input data stream is spread
using the spreading sequence which could be a Walsh-Hadamard code or a PN sequence,
and the resultant chips after spreading the symbols are modulated into different
subcarriers using the IFFT operator [3, 4]. The end few symbols are appended at the
beginning of the frame to act as the cyclic prefix. The cyclic prefix maintains
orthogonality between the subcarriers in a multipath channel [5]. The receiver first
removes the cyclic prefix and then performs a FFT operation of the received
symbols and brings them back to the frequency domain. Then despreading and
decoding of the chips in frequency domain are performed for the traditional MC-CDMA.
In the new proposed technique the spreading is done in frequency domain while the
despreading at the receiver is doing in time domain and the channel estimation and
compensation are the same, but they are performed after the output of the IFFT (New
Block) at the receiver.

2. SIMULATION MODEL

The simulation model of the original MC-CDMA is shown in fig.(1) and the new
proposed model is shown in fig.(2) for comparison. It can be seen from these graphs that
a new two blocks was added at the transmitter and the other two at the receiver, namely;
FFT and Phase Matrix (PM) blocks are added at the transmitter and Inverse Phase of
Matrix (IPM) and IFFT at the receiver. The phase matrix blocks the error from
spreading from any bit to other bits that does not contains error, the error spreading due to

the mixing property of the FFT, which mixes both of signal phases and its amplitude
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Figure 1. Traditional model for MC-CDMA
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Figure 2. A proposed Model for MC-CDMA

3. PERFORMANCE ANALYSIS OF THE PROPOSED TECHNIQUE

From the block diagram of the transceiver shown in fig.(2), its assume that a binary
data sequence are generated and modulate one bit for each packet of length (180 bit) that
transmitted over the channel. A brief description of the simulation model shown in

fig.(2) is described by the following steps:

1. The first four blocks it stay as the same that given in fig.(1) with:
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a) A random bits are generated by a random source generator and every one bit are
spreads at the second block with a user-specified spreading code [6]; (in this design
every one bit are copied 32 times [7], which is equal to the Walsh-Hadamard code
that used here (32 bits) and the output is the result of the Exclusive-OR of Walsh-
Hadamard and the input bit. The output is a vector of length (1*32).

b) A zero padding of length (32 bits) is added to this vector to yields an output of (1*64)
bits.

c) A pilot signal is generated of length (1*32) bits and zeros are padded to it of length
(1*32) and the total pilot vector will be of length (1*64). For both of data and the
pilot signal the zero padding are added at the middle of the vector, namely the zeros
are added from 17:48 bits.

2. The data and training are processed at a NEW BLOCK (FFT Block) which is not
found in the original MC-CDMA (fig (1)) to yields a 64*2 output data.

3. Now the data and training signal are multiplied by a phase Matrix of size 64*64 to

give an output of 64*1 for each one as in the following equation:

x(n,i) — Ni%((n* N —(N —1)+V,i) e—j(27r/N).i.v (1)
v=0

where;
n: is the data bit number which is equal to the frame number.
i: is the frequency bin of the FFT or IFFT (from 1 to N)
N: the window size of FFT.
x(.) : is the output signal from the FFT

The Phase Matrix in Eq.(1) can be formulated for N=64 in the following fashion:

JAE Vol 10 No 1



S M. Salih, N. Uzunoglou, A. A. Ali, W. A. Mahmoud

_e—j(Zﬂ/64)*O e—j(Zﬂ/64)*‘l efj(zme4)*2 e—j(Zﬂ/64)*63 ]

@ i2r/69%0 o-j(2r/64)2 (2216474 g i(27/64126

@ 1271640 o-i(2n/64)3 (27646 gi(27/64189

)

PM =

g 1(27164)4032

@ 1271640 o-j(2n/64y64  o-j(2n/ 64128

4. After that, the normal block which available in fig.(1) (IFFT block) is used to convert
the pilot carrier (64*1) and data (64*1) from frequency domain to time domain,
which gives an output of 64*2.

5. Now a cyclic prefix is added to the frame of length 26 bits for both pilot and data.

e Cyclic Prefix

It is known that in multi-path fading channel environment, channel dispersion causes
the consecutive blocks to overlap, creating Inter-Symbol Interference (I1SI) and Inter-
Carrier Interference (ICI). This degrades the system performance. In order for the
orthogonality of the OFDM or MC-CDMA sub-carriers to be preserved, a guard interval
is inserted. Actually the guard interval can be realized by the insertion of zeros, but using
the cyclic prefix as guard interval can transform the linear convolution with the channel

into circular convolution [3].

The insertion of cyclic prefix is very simple. Assume the length of the guard interval
is g, it is just pre-pended the last g samples to the original OFDM sample sequence at the
transmitter. At the receiver the so-called guard interval is removed. The process is shown
in Fig. (3). The length of the cyclic prefix is required to be equal to or longer than the
maximum channel delay spread to be free from ISI/ICI. Even this is simple, but it reduces

the transmission efficiency of the information bits.

N

Syelic | x(o), x(1).........u(i-2-g). %(-1-8) )

» L1M1E
-z 0 i-1-g i-1

Figure 3. The structure of cyclic prefix
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The data and the pilot signal are now being converted to a frame structure; the total
frame will be of length 1*180 bit which transmitted over the channel. Before
transmitting the signal and pilot carriers through the channel it must be scaled the
mean value of both of them to be less than or equal to unity, such that the absolute
mean value of them are more nearest the absolute mean value of the generated
random noise by the matlab program. In this paper the transmitted mean value was
scaled to 0.5 by dividing the transmitted vector by (2*absolute mean value of vector).
This step leads to the best simulation results by matlab tool, where both of the

transmitted signal and noise have the same mean value.

In this simulation a three types of statistical model of fading channels which are
frequently used in the analysis and design of a communication systems, namely
AWGN, flat fading and frequency selective fading channel. for more information

reference [4, 5] had analyzed these types of channels

At the receiver the framing and a cyclic prefix are removed at the first block. A
serial to parallel conversion is doing for the received signals, each vector of length
64*1,

A received data and the pilot signal are processed by the FFT block.
The data and the pilot signal are multiplied by the Inverse of Phase Matrix (IPM).

IFFT,

input

= FFT oo * IPM = (64*1) . *(64%64) ), =64*1 ©)

output
The output signal from the IPM is processed by the IFFT with a vector of length

64*1 for each of data and training signal, and is now converted to the time domain.
Remove the zeros that added at the transmitter for both of data and pilot signal.

The training sequence will be used to estimate the channel frequency response as

follows:

Received Training Sample(k)

H(k) = . —
Transmitted Training Sample(k)

(4)

The channel frequency response will be used to compensate the channel effects on the

data, and the estimated data can be found using the following equation:
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Estimate. data = H "estimate (k) * Re ceived.data(k) (5)
15. Finally the signal is Exclusive Ored (XOR) with a Walsh-Hadamard of the same

transmitter user code, and the detection threshold decision is used to decide the value
of signal.

4. SIMULATION RESULTS

In this section, the combination of conventional MC-CDMA with the proposed MC-
CDMA was studied, the Walsh-Hadamard (code 20) have been used. The simulation of
the two systems have been made using MATLAB 7, and the BER performance of the
three systems was studied in different channel models which are AWGN, flat fading and
frequency selective fading channel. Table (1) shows the parameters of the system that
used in the simulation, the simulation work on 5 Mbps.

Table 1 Simulation Parameters

Spreading Code Walsh-Hadamard
Number of sub-carriers 32
AWGN

Flat fading+AWGN
Channel model

Frequency selective fading+AWGN

4.1 Performance of the Proposed System in AWGN Channel

In this section, the channel is modeled as an Additive White Gaussian Noise for
wide range of SNR from 0dB to 40dB, from fig.(4), it’s found that the proposed system
MC-CDMA does worked with a BER=10" at SNR= 4 dB at the receiver in this model of
channel while in the traditional MC-CDMA the bit error rate is 10” when the
SNR=23dB, which means the gain of the proposed model is about 20 dB at the AWGN
channel in comparing with the traditional model, also there are a wide span gain area for
all SNR values between the two models.
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Figure 4. Performance of the proposed and traditional MC-CDMA in AWGN channel

4.2 Performance of the Proposed System in Flat Fading Channel

The simulation results for both systems in flat fading channel are shown in fig.(5).
Three values of the Doppler frequencies (fd) are considered in this simulation, these are
fd=5 Hz, 500 Hz and 1100 Hz respectively. From this figure it can be seen that the
proposed MC-CDMA is still performs better than the traditional MC-CDMA in all values
of the Doppler frequencies, where it approaches the BER=10" at SNR=28 dB and 33 dB
when the Doppler frequencies are 5 Hz and 500 Hz. The BER increases as the Doppler
frequency increases in both models. The traditional MC-CDMA is less sensitive to the
variation of the Doppler frequency than the proposed one. For a BER=10"?, the SNR=11-
12 dB for the proposed model in comparing with 32.5-34 dB for the traditional system
which means the gain is more than 21 dB was obtained from the proposed model in all

values of the Doppler frequencies.
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Figure 5. Performance of the proposed and traditional MC-CDMA in flat fading channel (fd=5 Hz, 500 Hz
and 1100 Hz)

4.3 Performance of the Proposed System in Selective Fading Channel

In this type of channel, the frequency components of the transmitted signal are
affected by uncorrelated changes, where the parameters of the channel in this case
corresponding to multipath, the two paths are chosen, the Line of Sight (LOS) and second
path which is the reflected bath.

In selective fading channel many models have been taken consideration to compare
the BER performance of these systems, the influence of the attenuation, delay and
maximum Doppler shift of the echo is successfully discussed.

First, the Doppler shift parameter has been taken in interest, the model that have been
used in the simulation set the Doppler shift to 5 Hz, 500 Hz and 1100 Hz. The path delay
has been set to 1 sample and the path gain to -8dB.

It is seen that from fig (6) the proposed MC-CDMA is still performs better than
traditional MC-CDMA. The SNR at a BER of 10™ for the new one is about 17 dB at
Doppler frequency=5 Hz, while it is 38 dB for the original MC-CDMA, this means a gain
of about 24 dB is obtained by the new way over the original system and this value is
much active in the communications systems. As the Doppler frequency increases from 5
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Hz to 500 Hz and 100 Hz the losses increases for both systems even the proposed model
has butter performance than the traditional model, the gain in both cases is about 19 dB.
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Figure 6. Performance of the proposed and traditional MC-CDMA in frequency selective fading
channel (fd=5 Hz, 500 Hz and 1100 Hz, path gain=-8 dB, path delay=1 sample)
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Figure 7. Performance of the proposed and traditional MC-CDMA in frequency selective fading channel
(fd=5 Hz, path gain=-8 dB and -1 dB, path delay=1 sample)

The last parameter that can be checked is the path gain for the reflected path, the
values are checked at maximum Doppler shift of 5 Hz, and a path gain (-1 and -8 dB)
respectively. The results are shown in fig.(7). Its clear form these results the effect of

increasing the path gain for the reflected path on the performance of both systems. The
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SNR required achieving a BER at 10™ is decreased for both of them as a path gain is
changed from -8 dB to -1 dB.

In all cases, the BER increases as the Doppler frequency increases and more power
losses does appeared at the receiver for the proposed and the traditional MC-CDMA

under flat fading over the selective fading channel.

5. CONCLUSION

The simulation of the proposed and traditional MC-CDMA systems has been
investigated. It has been shown that the new algorithm is widely active to work under
different channel characteristics. A gain of 20 dB was obtained from the proposed model
at the AWGN channel type and the frequency selective fading channel compared with a
23 dB loss at BER=10" for the traditional MC-CDMA. A wide span gain was obtained at
the flat fading channel. The proposed MC-CDMA is more active to work under different
path gain values of the reflected path.
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