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Abstract

In this paper two proposed schemes for improving the performance form the
Bit Error Rate (BER) view point were proposed for Multicarrier-Direct-Sequence-
Code Division Multiple Access (MC-DS-CDMA) system in wireless channel. The
conventional MC-DS-CDMA-system is based on Fast Fourier Transform (FFT). One
of the proposed systems was based on Wavelet transform (WT). The other system was
based on Slantlet transform (SLT). Simulation is done in three different types of
channels. Simulation results show that the two proposed systems outperform the
conventional system. Also the MC-DS-CDMA-system which is based on SLT achieves
the same performance with less filter lengths than the MC-DS-CDMA-system based on

WT.
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Introduction:

CDMA is a multiplexing technique where a number of users simultaneously and

asynchronously access a channel by modulating and spread their information-bearing
signals with preassigned signature sequences [1]. The enormous growth of wireless
services (cellular telephones, wireless LAN’s ...) during the last decade gives rise to the
need for a bandwidth efficient modulation technique that can reliably transmit high data
rates. As multicarrier (MC) techniques combine good bandwidth efficiency with an
immunity to channel dispersion, these techniques have received considerable attention.
To be able to support multiple users, the Multicarrier transmission technique can be
combined with CDMA scheme. Different combinations of the multicarrier transmission
technique and CDMA are investigated in the context of high-rate communication over
dispersive channels. Two techniques that make use of carriers satisfying the orthogonality
condition with minimum frequency separation are multicarrier COMA (MC-CDMA) and
MC-DS-CDMA In the MC-CDMA technique, the original data stream is first multiplied
with the spreading sequence and then modulated on the orthogonal carriers, as the chips
belonging to the same symbol are modulated on different carriers, the spreading is done
in the frequency domain.
» In the MC-DS-CDMA technique, the serial to-parallel converted data stream is
multiplied with the spreading sequence and then the chips belonging to the same symbol
modulate the same carrier, the spreading is done in the time domain. Both MC-CDMA
and MC-DS-CDMA have been considered for mobile radio communication [2-6]. The
modulator for DS-CDMA is shown in Figure 1 [7].
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Figure 1: BPSK modulator for the k™ user in the DS-CDMA system.

The conventional MC system was based on FFT. The MC system that is based on
FFT is called Orthogonal Frequency Division Multiplexing (OFDM). OFDM was
proposed by Weinstein and Ebert [8]. Most Wireless Local Area Networks (WLAN) use
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the IEEE802.11b standard, IEEE802.11a and HiperLAN2 are based on OFDM
technology because of its high data rate up to 54Mbps and spectral efficiency [9-11]. The
block diagram for the conventional and proposed MC-DS-CDMA modulator is shown in

Figure 2.
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Figure 2: Conventional and proposed MC-DS-CDMA modulators.

System Description
OFDM Modulator based on WT

Modulator-2 depends on Wavelet Transform (WT). Perhaps the easiest way to
understand wavelets is to begin with the familiar Fourier transform. Fourier transform
techniques may be viewed as a special case of the larger class of wavelets. Consider a
signal f(t). Its Fourier transform F(Q) by definition is given by

F(Q) = Tf(t) e gt (1)

e s called the kernel, or basis of this transform. This kernel defines a set of functions

e by varying Q. Therefore, generate a set of orthogonal basis functions, which span
the frequency domain. In other words, any function f(t) can be expressed by a suitable
combination of these basis functions. These basis functions are periodic functions, or
waves, which extend over all time from -co to oo [12].

A system that uses Wavelet Packet-OFDM (WP-OFDM) was proposed by G.R.Hassan
[13].The main difference between ordinary OFDM and WP-OFDM is in the OFDM-
modulator which uses in the ordinary case (FFT-case) the sine and cosine as a basis
functions while for the latter uses the Haar wavelet function as its basis function and it
should be mentioned that the Haar function was chosen because of its computational
simplicity. Also B.G.Negash and H.Nikookar [14] and H.Zhang, D.Yuan, M.Jiang and
D.Wu [15] proposed systems using WT (or sometimes Wavelet Packet Transform (WPT)
which is a little bit different from WT) instead of FFT. The terms WT, WPT, and
Discrete Wavelet Transform (DWT) are used interchangeably here.
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OFDM Modulator based on SLT

The DWT is usually carried out by filterbank iteration for more than one scale

(level) of decomposition to obtain higher degree of resolution and therefore each scale
use different filters and that leads to difficult implementation.
The Slantlet Transform (SLT) is based on filterbank structure where different filters are
used for each scale. Nevertheless, a very simple efficient algorithm based on recursion is
available. It is useful to consider first the usual iterated DWT filterbank and an
equivalent form, which is shown in Figure 3. The Slantlet filterbank described here is
based on the second structure, but it will be occupied by different filters that are not
products. With the extra degrees of freedom obtained by giving up the product form, it is
possible to design filters of shorter length while satisfying orthogonality and zero
moment (vanishing moment) conditions.

For the two channel case, the shortest filters for which the filter is orthogonal and
has K zero moments are the well-known filters described by Daubechies. For K=2 zero
moments, those filters H(z) and F(z) are of length 4. For this system which is designated
D, the iterated filters in Figure 3 are of length 10 and 4. Without the constraint that their
filters are products, an orthogonal filterbank with K=2 zero moments can be obtained
where the filter lengths are 8 and 4, as shown in Figure 4, side by side with the iterated
D, system. That is a reduction by two samples, which is a difference that grows with the
number of stages.

Figure 5 illustrates a three-scale filterbank tree for the DWT and, again an
equivalent structure. The three-scale iterated D, filterbank tree analyzes signals at three
scales with filters of length 4, 10 and 22, as illustrated on the left-hand side of Figure 6.
On the other hand, the filterbank shown on the right-hand side of Figure 6 analyzes a
signal at three scales with filters of length 4, 8, and 16 [16].
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Figure 3: Two-Scale filterbank and an equivalent structure [16].
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Figure 4: Comparison of two-scale iterated D, filterbank (left-hand side) and two-

scale iterated Slantlet filterbank (right-hand side) [16].
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Figure 6: Comparison of three-scale iterated D, filterbank (left-hand side)
and three-scale iterated Slantlet filterbank (right-hand side) [16].

112



J. Thi-Qar Sci Vol.1 (4) May/2009

Simulation Results

The number of subcarriers is equal to the number of FFT points and equals to 64.
Three types of channels are used: The additive white Gaussian noise (AWGN) channel,
AWGN channel + Raleigh flat fading channel and AWGN channel + Raleigh selective
fading channel with two paths. The delay and the attenuation of the second path are 8
samples and -8dB respectively. The Doppler frequency shift was 50 Hz. Three users were
taken using Welsh functions with processing gain (PG) =16.

Performance in AWGN channel

-3
As shown in Figure 7 it can be seen that the gain at BER =10 is about 1dB when
using MC-DS-CDMA based on SLT system over the system uses MC-DS-CDMA based
on DWT. The gain of MC-DS-CDMA based on SLT system is 13dB over the MC-DS-
CDMA based on FFT system.

Performance in AWGN channel + Raleigh flat fading channel

As shown in Figure 8 it can be seen that the gain at BER 10 is about 0 dB when
using MC-DS-CDMA based on SLT system over the system uses MC-DS-CDMA based
on DWT( the two systems are equivalent). The gain of MC-DS-CDMA based on SLT
system is 13dB over the MC-DS-CDMA based on FFT system.

Performance in AWGN channel + Raleigh selective fadlng channel

As shown in Figure 9 it can be seen that the gain at BER 10 is about 3dB when
using MC-DS-CDMA based on SLT system over the system uses MC-DS-CDMA based
on DWT( the two systems are equivalent). The gain of MC-DS-CDMA based on SLT
system is 14dB over the MC-DS-CDMA based on FFT system.
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Figure 7: AWGN channel.

30



BER

J. Thi-Qar Sci Vol.1 (4 May/2009
BER wers SNR
E:
e 0660 o O—FFT];
OS8@m VO A L
. 0\9\& %WTZ
V@\N %*SLTi
LN
W
H
iy
5 10 15 20 25 30
SAR

BER

10’
10"
10°
10’
10"

10

10’
10"
10
10°
10"

10

Figure 8: AWGN channel + Raleigh flat fading channel.
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Figure 9: AWGN channel + Raleigh selective fading channel.
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Conclusions

In this work a comparison between the performance of MC-DS-CDMA based on
FFT system and two proposed systems were realized in three types of channels. The
following points can summarize the conclusions drawn from the results obtained:
1- From the BER view: the performance of the proposed systems were better in all three
types of channels.
2- From the data rate view: the MC-DS-CDMA based on FFT system uses a cyclic prefix
that wastes about 25% of the bandwidth while in the proposed systems there is no cyclic
prefix.
3- The MC-DS-CDMA based on DWT system is more complex than MC-DS-CDMA
based on SLT system. The BER and the data rate achieved by both systems are
comparable in two cases unless in selective fading channel, because different filters are
used.
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