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Performance of Iterative Multiuser Detection 1n
OWDM-IDMA System

Awatif Rouijel
GSCM-LRIT laboratory
Faculty of Science
University Mohammed V
Agdal Rabat
Email: awatifrouijel @gmail.com

Abstract—Efficiency and adaptivity play a major role in the

design of fourth-generation wireless systems (4G). These systems
should be efficient in terms of bandwidth and power allocation.
Moreover, low complexity transceivers are expected in this type
of system.
This paper outlines the basic principles of a promising tech-
nique for future telecommunications system, called OWDM-
IDMA (Orthogonal Wavelength-Division Multiplexing-Interleave
Division Multiple Access). A comparison with other alternative
technologies such OWSS (OWDM spread-spectrum) is provided.
Some attractive features of OWMD-IDMA are explained by
estimating the BER (bit error rate) of system, including low cost
iterative multi-user detection, flexible rate adaptation, spectral
and power efficiency.

Index Terms—IDMA, iterative detection, CBC, MUD, OWDM,
OWSS, DWPT, IDWPT, MAIL

I. INTRODUCTION

In mobile communications, advanced radio access tech-
niques to improve spectral efficiency are required for fourth-
generation (4G) systems. Multicarrier code division multiple
access (MC-CDMA) and OWDM spread-spectrum (OWSS)
are considered to be promising [1]. Recently, interleave-
division multiple access (IDMA) [2], multicarrier interleave-
division multiple access (MC-IDMA or OFDM-IDMA) and
OWDM interleave-division multiple access (OWDM-IDMA)
have been proposed [3].

OWSS is a proposed signaling system for 100-150 MB/s
wireless LANs. In OWSS system, the pulses are generated
through a combination of orthogonal wavelength-division mul-
tiplexing and spread-spectrum concepts. The system offers
several advantages including effective equalization due, in part,
to the wide spectrum and wide time-support of the pulses
used and high data rate [4]; furthermore, it is considered as a
potential candidate for 4G systems.

The performance of this technique is mainly limited by mul-
tiple access interference (MAI). Multi-user detection (MUD)
is a potential solution to the MAI problem. Various MUD
techniques have been carried out by many studies and sig-
nificant progress has been made [5]-[6]. In particular, IDMA
scheme [7] allows a very low-cost chip-by-chip (CBC) MUD
algorithm to be used. The related complexity (after being
normalized to each user) is independent of the number of
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users, indicating its potential for practical use. Indeed with
IDMA, different users are, solely, distinguished by user-
specific interleavers. These interleavers can be selected ran-
domly and orthogonality is not essential. For all these reasons,
we are inspired by the both techniques to associate the OWDM
modulation with IDMA technique.

In this contribution, we propose to study the performance of a
new multiple access technique, called OWDM-IDMA which
is the combination of OWDM and IDMA techniques.
OWDM-IDMA is developed to solve the problem of the
rectangular waveform caused by OFDM modulation; and
Multiple access interference (MAI) produced by CDMA. In
fact, through the formalism of wavelets and their application
to wavelet packets and filter banks, it is possible to construct
orthogonal basis in time and frequency whose properties will
develop a Multicarrier communication system which uses
more accurately the radio-electric spectrum. Moreover, the use
of IDMA technique can make the system more robust against
MALI, and lead to a significant performance enhancement [2].
The system performance is analyzed. A signal-to-noise (SNR)
evolution technique is applied to predict the performance in
terms of BER.

The rest of this paper is organized as follows. In Section 2,
we present the transceiver architecture of IDMA. In Section
3, the basics of OWDM-IDMA are discussed. Afterwards,
we present and investigate the performance of the proposed
OWDM-IDMA scheme. Finally, conclusion is given in Section
5.

II. OVERALL TRANSMITTER AND RECEIVER PRINCIPLE
OF IDMA

The technique of multiple access IDMA can allocate the
same frequency band to several users while allowing them to
transmit simultaneously. IDMA can be seen as a special case
of CDMA where the spreading is done by an arbitrary equal
low rate channel code for all users and the separation is done
by user-specific interleavers.

A. Transmitter structure

Figure.l shows the transmitter structure of the multiple
access scheme under consideration with K simultaneous users.
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Fig. 1. Transmitter structure for IDMA system

The input data sequence dj of the k' user is encoded
basically on a low-rate code C, generating a coded sequence
b = br(j);j =1......J where J is the frame length (Here,
“chip” is used instead of “bit” as the FEC encoding may
include spreading or repetition coding). Then by, is permutated
by an interleaver 7y, producing X; = Xy (j). The interleavers
T, are not similar for different users. We assume that the
interleavers are generated independently and randomly. The
key principle of IDMA is that the users are solely distinguished
by their interleavers [2]. After chip matched filtering, the
received signal from K users can be written as:

K
r() =Y (i) +nG)  G=1,2 0 (D)
k=1

Where {n(j)} are the samples of a complex AWGN process
with variance o2 in each dimension, and hj is the channel
coefficient for the k" user. The channel coefficients {h;} are
assumed to be known at the receiver side.

B. Receiver Structure
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Fig. 2. Receiver structure for IDMA system

The receiver in figure.2 consists of an elementary signal
estimator (ESE) and K single-user a posteriori probability
(APP) decoders (DECs). The multiple access and coding
constraints are considered separately in the ESE and DECs. In
the iterative detection process, the ESE and DECs exchange
extrinsic information in a turbo-type iterative manner [2]. The
ESE operation can be carried out in a chip-by-chip way [8].
In Figure.3, we consider BPSK modulation, the number of
users k=1,8,16,32,64,100, a common length-64 spreading se-
quence for all users and the length of the information block
is N=256 bits per user. We see that the IDMA scheme
can achieve near single-user performance even for K = 64
(measured at BER = 1073). This represents a very high
loading as the spreading length is only 64.
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Fig. 3.  Performance of chip-by-chip detectors for IDMA systems over
AWGN channels

III. OWDM-IDMA PRINCIPLES

To keep up with the demanding requirements of multimedia,
high quality video streaming, and other high bandwidth appli-
cations, the trend toward ever increasing data rates is expected
to continue. However, because of limited spectrum availability
and constrained transmit power, new signaling approaches
will be required to sustain the upward climb. Recently, the
OWSS technique has been proposed to meet the demanding
mentioned previously. OWSS pulses are generated through a
combination of orthogonal wavelength-division multiplexing
and spread-spectrum concepts [1]. However the performance
of this technique is mainly limited by multiple access inter-
ference.

As cited above, we propose to study the performance of
OWDM-IDMA, which can provide a solution to the problem
caused by OWSS technique.

The use of OWDM technology in this scheme offers bet-
ter properties. The first ideas of using wavelet transform
in communication were made in multidimensional signaling
techniques. Wavelet packet waveforms have the property of lo-
calization in both frequency and time domains. Using the time
domain localization property of wavelet packet waveforms, a
multi-carrier IDMA system based on wavelet packets can be
designed to achieve both frequency and time domain diversity.
Moreover, OWDM-IDMA can alleviate ISI by the OWDM
technique and limit multiple access interference by the IDMA
technique, using of a low-complexity iterative MUD technique
that is applicable to systems with a large number of users.
Figure.4 shows the transmitter/receiver structure of an
OWDM-IDMA system with K users.

At the transmitter of k*" user, the information data is encoded
into a sequence ¢, = ¢x[m]. Each coded bit ¢, is interleaved
by a user-specific interleaver 7, and then the resultant signals,
again denoted by Xy (n), are modulated by using IDWPT
producing Yj(n), The received signal equals the sum of the
signals received from all transmitters. The multiuser received



signal can be written as:

K
r(n) =Y hi(n)Yi(n) + z(n) )
k=1
with
400 M-1

Yi(n) = Z Z T () Ym,n(t) 3)

n=—oo m=0

Where hy, is the channel coefficient for user-k, {z(n)} are
samples of an AWGN with variance 02 = Ny/2, Yi(n)) is a
chip sequence for user k after OWDM modulation, M denotes
the number of sub-channels associated with the transmission,
and n represents the transmission time. As shown in Figure.4,
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Fig. 4. Transmitter/receiver structure for OWDM-IDMA

the structure of the OWDM-IDMA receiver consists of DWPT
for demodulation OWDM, an elementary signal estimator
(ESE) and K a posteriori probability decoders (APP DECs).
After OWDM demodulation by mean of DWPT, the iterative
processes for receiver IDMA can be applied in the receiver
signal r(n) to detect the information data of users. Thus, the
iterative process does not include the OWDM demodulation.
If the number of paths L is large, this structure reduces
significantly the calculation complexity of the receiver.
Information provided to the ESE detector is then the same
kind of IDMA multiuser system on single-path channel. Thus
to retrieve the information from each user, the ESE detector
considers only the MAI interferences to allow for removal of
the demodulated signal.

IV. COMPARISON BETWEEN OWDM-IDMA AND OWSS

In what follows, we demonstrate the advantages of OWDM-
IDMA over OWSS using numerical results. For this, we
consider the uplink scenario. Only AWGN channel is assumed
in all figures. The number of Haar wavelets pulses is 16. For
simplicity, we only consider uncoded systems. K is the number
of simultaneous users in the system.

Figure.5 shows the performance of the OWDM-IDMA system

BER
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Fig. 5. The simulated performance curves for OWDM-IDMA .In this
example, we assume that Information bit length = 3072, iteration number
=10, number of users=1,4,8,16,20.

(with randomly generated interleavers and a common length-
16 spreading sequence for all users) using BPSK modulation,
iteration number is equal to 10, length of the information
block is N = 3072 bits per user, All channel coefficients
are set to hy = 1, and number of users £ = 1,2,, K. The
unique constraint used in selecting the spreading sequence for
OWDM-IDMA is that it should contain a balanced number of
+1 and -1 (so as to ensure randomness). We simply use +1,
-1, +1, -1, for all users.

It is observed from Figure.5 that near single-user performance
is achievable for large K values and the performance of
OWDM-IDMA degrades slightly when K > 16.

—B&— owim-idma k=1
—&— owrss k=1

BER
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Fig. 6. Performance comparison between OWSS and OWDM-IDMA when
K=1

Comparison between OWDM-IDMA and OWSS with dif-
ferent user numbers in AWGN channel is shown in Figures.6,
and 7. Both OWDM-IDMA and OWSS employ a BPSK mod-



ulation and the information block length for both schemes is
Ninfo=3072. The iteration numbers is IT=10. For the OWDM-
IDMA scheme, the bits are further spread with a spreading
factor of S = 16 and all users employ the same mask sequence
as spreading sequence which is used to balance the numbers
of +1 and -1. However, for the OWSS scheme, a set of
mutual orthogonal Walsh-Hadamard sequences are employed
for spreading. Here we use a 16 16 Walsh-Hadamard matrix.

From Figure.6 and Figure.7, we see that both systems
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Fig. 7.
K=8

Performance comparison between OWSS and OWDM-IDMA when

have similar performance. For the OWDM-IDMA and OWSS
system, the curves can be slightly degraded by increasing K.
OWSS system can support as many as K=16 users, therefore
the maximum loading rate that can reach is 100%. On the
other side, the OWDM-IDMA system support more users than
spreading factor (K > S) and the loading rate can reach 125%
for K=20 users. The trigger point the system’s convergence
with a number of users approximately twice as large as the
spreading code length, is located at 6 dB (Figure.5).

Figure.8 illustrates the convergence property of the above
OWDM-IDMA system in AWGN channel, with K=20 and
S=16. It can be seen that convergence is generally achieved
within fourteen iterations.

V. CONCLUSION

In this paper, we have outlined the basic principles of IDMA
and OWDM-IDMA techniques. The performance for OWDM-
IDMA is almost the same with the random OWSS and have
similar advantages, among the advantages are:

o Use of family of pulses that have both wide time support

and wide frequency support.

o The pulses are broad-time, since their time support is

long.

o High bandwidth efficiency [2].

However OWDM-IDMA Technology outperforms OWSS in
term of users supported by the system; as it represents a very
high loading. We have used simulation results to demonstrate
these features of OWDM-IDMA.
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Fig. 8. Convergence property of the OWDM-IDMA system in AWGN with

K =20, S = 16 and Ninfo =3072
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