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ABSTRACT
The joint Multiuser Detection (MUD) and turbo coding are the two powerful techniques for enhancing the
performance of the MC-CDMA systems. The Multiple Access Interference (MAI) is one of the factors that affect
the Bit Error Rate (BER) performance of the MC-CDMA systems. Maximum a posteriori (MAP) criterion based
multi user detector greatly improves the system performance and mitigates the effects of MAI. However its
complexity increases exponentially with increase in number of users. In this paper a Logarithmic-MAP (LOG-
MAP) based MUD is proposed for the MC-CDMA systems. It is shown that the proposed LOG-MAP based MUD

scheme improves the BER of the system greatly and it also reduces the MAI and complexity of the system.
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l. INTRODUCTION

In wireless communications, the spectral limitation and

distortion due to multipath channels are the main
restricting problems [1], and the conventional code
division multiple access (CDMA) is not practical when the
data transmission rate is very high. To combat these
difficulties and to improve the system performance to
achieve multiple access properties for communication
networks, multicarrier CDMA (MC-CDMA) systems
based on the combination of CDMA and orthogonal
frequency division multiple access (OFDM) are used
[1, 2]. The MC-CDMA system uses frequency domain
spreading [2], multicarrier direct sequence CDMA
(MC-DS-CDMA) [2, 3], multi tone CDMA (MT-CDMA)
including serial-to-parallel (S/P) MT-CDMA [1], replica
MTCDMA [1] and S/P-replica MT-CDMA [1] systems
which use time-domain spreading.

Any MC-CDMA system exploits frequency diversity
resulting in good bit-error-rate (BER) performance, but
due to the loss of orthogonality of the received spreading
code sequence (SCS), and multiple access interference
(MAI) [3] it brings the use of multiuser detection (MUD)
algorithms for this system. Therefore, many techniques
have been proposed to further improve the performance of
MC-CDMA systems over fading channels, among them
applying channel coding algorithms. (In particular
convolutional codes [3, 4, 5] and turbo codes) The advent
of turbo codes [5, 6, 7] has motivated a lot of research in

MUD using iterative or turbo decoder techniques for
MC-CDMA systems. For turbo MAP based MUD, the
computational complexity increase exponentially with the
number of users and the number of states in each user’s
encoder [1]. In this paper a low-complexity iterative MUD
approach for MC-CDMA systems is proposed, this scheme
can effectively alleviate the harmful effects of MAIL. The
proposed method is based upon the use of iterative or
“turbo” processing techniques. For instance, a suboptimal
iterative multiuser receiver structure [8], consisting of
optimal ~maximum a  posteriori  (MAP)-based
iterative MUD. The MAP algorithm is one of a
soft input/soft output (SISO) channel decoder technique,
which takes soft Input and produces the decoder output as
soft decision. The receiver of MC-CDMA system could
achieve near signal user. Performance conversely its
computational complexity is still very high. The MAP
decoder [10, 11] is operated in the log domain in order to
reduce computational complexity of the MAP based MUD
scheme [12, 13]. To enhance the system performance of
MAP based MUD in terms of BER, this paper presents a
low complexity iterative Log-MAP-based MUD scheme.

The paper is organized as follows. In Section I the
introduction of the proposed method is described. The
section II elaborates the MC-CDMA system model. The
proposed iterative Log-MAP-based MUD algorithm is
presented in Section III. Numerical results and conclusion
are presented in section IV and V respectively.
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Il. SYSTEM MODEL

In this section a synchronous MC-CDMA system, with K
users assuming perfect frame synchronization is shown in
the Fig. 1.The information bits b® of the k™ user can be
encoded using a convolutional coder. To avoid the burst
errors due to occasional deep fades. The coded bit of the
k™ user at the t" time interval is then spread by a PN
sequence and transmitted using MC-CDMA, where the
total number of subcarriers is equal to the length of the
signature sequence. Further assuming that channel
responses of the subcarriers are independent, at the
receiver, the signal of each user is de-spread and maximum
ratio combining (MRC) in the frequency domain is
performed.
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Fig. 1 Coded MC-CDMA system model

The received signal I; at the t" time interval is given by

:r =IFFT{AG d} +n @)
where A is a LxKmatrix with the k™ column of A

denoting a signal vector of the k™ user that includes the
channel response and spreading codes in all carriers, and

d. is the transmitted coded bits vector of the K users.

Likewise, G, denotes the average power of all users.

:A=[s'S S ]

g =[S 8! oS 15 k=l K
st =H'.¢", I=1,.........L
Finally

: G, =Diag {\/;:,\/p?,....,\/pT}
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where H lk_l is the channel frequency response at the 1"

. k . .
subcarrier of the k™ user, and P, is the received power of

the k™ user at the t™ time interval. The matched filter (MF)
output includes the de-spreading and MRC operations, can
be written as

1y, = A" FFT{IFFT{AG.d } +n}
()

Where R is the cross correlation matrix as R = AH A.

i= RlG(a; +VI

The equation (2) gives the received signal output )7( .

I11. PROPOSED ITERATIVE MUD ALGORITHM

3.1 Optimal MAP-Based MUD Algorithm

As in the case of a conventional serial turbo code, the
detector consists of two main parts, a MAP-based MUD
structure and K parallel single-user MAP based
decoders [11]. It is shown that iterations between the two
parts separated by de-interleavers ( 7T_l) and interleavers
(7T ) are performed. In this case, two extrinsic

information’s /\lke and /\zke of the k™ user, from the MAP

based MUD and single-user MAP based decoders, are
exchanged respectively during the iterations. The MAP-
based multiuser detector gives a posteriori log-likelihood
ratio (LLR) of a transmitted “+1” or a transmitted “ -1 for
the code bit d¢ of the k™ user at the t* time interval. The
LLR is given by

P = +11y)
. k)N A t
(A (d7) =log TR
P =-11y,)
= 10g p(yl |dt(k) = +1) + P(dt(kl =+l ‘ yl)
ply, M =-1 P =-11y,)
k=1,...K 3)

The first term in (3) is known as the extrinsic information,
which is derived from the MAP-based MUD and is

denoted by/\li . In order to calculate the extrinsic

information of the k™ user, /\ll; the a priori information of

all coded bits should be known which is denoted by /\lko for

1* iteration. The calculations of the extrinsic information
in MAP-MUD are conducted in an iterative fashion given
the a priori information. The conditional likelihood

probability distribution of )Zwith Gaussian probability

density function can be given by

_p(y, 4" =d)

:p(y, 4% =d
PO ==y,
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Since there is no priori information available in the first
iteration, it is assumed that the coded bits are equally
likely.

In the following iterations, the a priori information of
MAP based MUD is obtained from the extrinsic
information delivered by the k™ user’s channel decoder in
a previous iteration as
A=A (5)
Finally, the channel decoder computes the a posteriori
LLR of the information bits during the last iteration.

3.2 Log-MAP based Multiuser Detector

Log-MAP based MUD can be termed as soft input soft
output (SISO) Decoder [13]. It is a decoding algorithm
that accepts soft inputs from the demodulator called a-
priori information and produces soft outputs called a-
posteriori information. The reliability of a decoded bit is
best represented by the a posteriori probability (APP). The
original maximum a posteriori (MAP) algorithm [10, 11]
is unsuitable for practical implementations because of the
required multiplications and exponential operations. By
formulating this algorithm in the logarithmic domain, the
multiplications become addition and exponentials
disappear. The additions, however, become the soft
combining operation, so that the estimation user bits are
much easier in Log-MAP based MUD.
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Fig. 2 Proposed Log-MAP Based MUD

Fig. 2 shows the proposed Log-MAP based MUD the
received user bits are decoded using an iterative MUD
process using Log-MAP algorithm [12, 13]. Since there is
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no priori information available in the first iteration, it is
assumed that the coded bits are equally likely. In the
following iterations, the priori information of MAP based
MUD is obtained from the extrinsic information delivered
by the k™ user channel decoder in a previous iteration

(k) . L .9k
. .The estimated priori A

information goes through iterative decoding process. The
priori information is decoded by the MAP decoder and
interleaved using a random interleaver, the estimated

posteriori Azke information is fed back to the Log-MAP

From the received bits Y,

section for further processing. The turbo MUD process is
repeated for all K users. At the end of I iterations the
required extrinsic information (LLR) for K users will be
found using Log-MAP algorithm.

3.3 Log-MAP Algorithm

The main difference between the MAP and Log-MAP
algorithm is, In MAP algorithm the LLR is the

Multiplication of all the state metrics,a(s), B(s,,)
and y(s, - s,,,) [13] . But in Log-MAP algorithm the

Natural logarithm is taken to the LLR equation, therefore
the multiplication of state metrics become addition. This
feature of the proposed system reduces the complexity in
calculation of the extrinsic information and also enhances
the BER performance of the system.

The LLR equation for the MAP based MUD is

P(d" =+1]y)

‘A (d") 2 log L
‘ P =-11y,)

Q)
The MAP algorithm finds the probability of expected
states fromP[ S — S, | Y, 1, where s; represents the

states of the trellis at time t, of each valid state
transmission in the trellis diagram given the received

vector Yt . From the definition of conditional probability,

- Pl s‘ A
P[s — s, |Y]= ~ ™)
PLy,]
Now using the Markov process,
PLs = s, Y 1=a(s)B(s, V(s - s.) (®)

In the above equation the term a(s) represents the
probability of the current state, (s _,) represents the final

states probability and y(s - s, ) represents the branch

t+1

metric of the state transition.
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ta (s, )=Pls, (¥, ¥y e ¥,
:y(st - S(+l)=P[S(+l 2 y( ‘S(]
2B = PYesYiy 180)

The forward recursion and backward recursions are carried
out to find the current and final state estimates. a(s,) is

found using forward recursion,

ta(s)= Y. as, )y, —s,) 9)

s, OA

B(s,,,) is found using backward recursion

:B(s) =D BN, —s,,)

s, 0B

(10)

Where A, B are the sets of states S,_, andS,,, by
applying the natural logarithm to the LLR equation

A =g expla(s) +y(s, ~5,,) +A6,)l)
—In{Y., expla(s) +y(s, ~s,,) + 66,
—max[a(s)+y(s, ~5.)+B6,,)]

- max [a(s)+¥(s, - 5.)+B6.)] (11

Where the terms,

La(s)=In(a(s,))
L B(s) =In(B(s,)
WG, — 5,.)=In(y(s, = 5.,)

The final estimates or the required user information is
found from equation (11) is given by,

:LLR=In (" + €" ) = max(a, b) +f, (12)

The term fc is said to be correction factor of Log-MAP

algorithm. Since the LLR value is less complex to
calculate in Log-MAP algorithm, the proposed system
obtains better solution to the complexity problem than
existing MAP based MUD and this scheme improves the
BER performance of MC-CDMA system effectively.

IV. NUMERICAL RESULTS

The simulation results and comparisons of the proposed
system were executed and analyzed using MATLAB
version 7.5.0. The BER performance of the proposed
system applied over an AWGN channel is compared with
the optimal MAP based MUD given in [11]. The code
rates used are 1/2 and 1/3 with constraint length 3. The
interleaver used is a punctured interleaver for the code rate

1441

ISSN : 0975-0290.

1/2 and un punctured for the code rate of 1/3.1t is assumed
that the receiver has perfect knowledge about the signal to
noise Ratio (SNR) and the noise variance. The encoder
used is a turbo encoder with code rate = 1/n and constraint
length k.
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Fig. 3 BER Performance of turbo Log-MAP based MUD
with code rate 1/2.

Fig. 3 shows the system performance as a function of BER
and number of Iterations used. This figure lists the BER of
the system with variations in SNR. The number of
iterations used is [=3 and the code rate used is 1/2. As the
number of iteration increases the decoder performance
reaches near optimum. For the iteration 3 the system
reaches the BER over 10°°.

In Fig. 4 BER performance for the code the rate of 1/3 is
plotted and results were analyzed with SNR=4.5 dB,
number of iterations I=3. As the number iterations
increases the BER also increases gradually and at the end
of =3 the MUD’s performance reaches the BER of
8.1910®. Since the BER is reduced greatly the channel
coding can be bandwidth efficient.

The comparison of the Log-MAP based MUD of code rate
1/3 with optimal MAP based MUD is performed and the
results are shown in Fig. 5. Form the result analysis it is
clear that Log-MAP based MUD outperforms the optimal
MAP based MUD with the BER of 8.1910°, which is
almost double the BER of the optimal MAP based MUD
given in the reference [11]. Since the Log-MAP based
MUD reduced the BER greatly by mitigating MAI, the
bandwidth of the channel can be utilized fairly, to allocate
more number of users.



Int. J. Advanced Networking and Applications 1442
Volume:03 Issue:06 Pages:1438-1443 (2012) ISSN : 0975-0290.

n REFERENCES
: } } } } e [1]. Ali Reza Enayati, Paeiz Azmi, Yaghoob
4 | | | | fein Taghinia,and Ahmad Salahi, A novel bandwidth
! ! ! - fealond efficient SOC-based turbo coding scheme mid
| ;
|

reduced complexity MUD for SA-based MC-
CDMA systems, Springer Science+Business
Media, LLC 2010, Telecommun Syst

[2]. Henrik schulze, Christian Luders,Wide band
Wireless ~ Communications,  Theory  and
Applications of OFDM and CDMA John Wiley
& Sons Ltd, The Atrium, Southern Gate,
Chichester, England 2005 West Sussex

[3]. T.R.Giallorenzi and S.G. Wilson, Multiuser ML
sequence estimator for convolutional coded
asynchronous DS-CDMA systems, |IEEE Trans.
Commun, Vol. 44, 1996, 997-1008.

[4]. Jungiang Li, Khaled Ben Letaief, and Zhigang

Fig. 4 BER Performance of turbo Log-MAP based MUD Cao, Space-Time Turbo Multiuser Detection for

with code rate 1/3. Coded MC-CDMA, IEEE Transactions on
Wireless Communications, Vol. 4, no.2, 2005.

[5]. J. Li, K. B. Letaief, and Zhigang, A reduced-
complexity maximum likelihood method for
multiuser detection, |IEEE Trans.Comm, Vol.52,
2004, 289-295.

[6]. Ghosh, M. et al., Reduced-complexity ML
detection for coded MIMO systems using an
absolute value search, Proceedings of ICASSP,
2005, Vol. 3, 1025-1028.

[7]. J. Li, K. B. Letaief, R. S. Cheng, and Z. Cao,
Multi-stage low complexity maximum likelihood
detection for OFDM/SDMA wireless LAN:S,
IEEE ICC, Helsinki, Finland, June 2001.

[8]. Jeffrey G. Andrews, Member, and Teresa H. Y.
Meng, Performance of Multicarrier CDMA With
Successive Interference Cancellation in a
Multipath Fading Channel, IEEE Transactions
On Communications, Vol. 52, no. 5, 2004, 811-
822.

) ' ' [9]. Jungiang Li, Khaled Ben Letaief, Fellow, Turbo
Multiuser Detection for Coded MC-CDMA,
IEEE transactions on wireless comm, Vol. 4, 4-
16.

[10]. Tan F. Wong, Qian Zhang, and James S.
Lehnert, Decision-Feedback MAP Receiver for

Fig. 5 comparison of proposed Log-MAP based MUD
with optimal MAP based MUD.

V. CONCLUSION Time-Selective Fading CDMA Channels, |EEE
In this paper, an iterative Log-MAP based MUD for coded Transactions on Communications, Vol. 48, 2000,
MC-CDMA systems was presented. The proposed scheme 829-840.

is featured as an effective MAP-based MUD scheme that [11]. Junqiang Li, Khaled Ben Letaief, and Zhigang
can reduce the MAI, computational complexity and greatly Cao, Reduced Complexity MAP Based Iterative
improves the BER performance compared with the Multiuser Detection for Coded Multicarrier
conventional optimal MAP schemes. The numerical results CDMA Systems, |EEE transactions on
have demonstrated that the BER performance of our communications, Vol. 52, no. 11, 2004, 1909-
proposed scheme approaches near optimum for the code 1915.

rates of 1/2 and 1/3. [12]. Lucian Andrei Perisoara and Rodica Stoian, The

Decision Reliability of MAP, Log-MAP, Max-
Log-MAP and SOVA Algorithms for Turbo
Codes, International Journal of Communications
Issue 1, Vol. 2, 2008, 65-74.



Int. J. Advanced Networking and Applications 1443
Volume:03 Issue:06 Pages:1438-1443 (2012) ISSN : 0975-0290.

[13]. MohammadSalim, R.P.Yadav, and S.Ravi kanth,
Performance Analysis of Log-MAP, SOVA and
Modified SOVA Algorithm for Turbo Decoder,
International Journal of Computer Applications,
Vol. 9, No.11, 2010, 29-32.

Authors Biography

K. Rasadurai received his B.E degree in

\ Electronics and Communication
Engineering from Anna University,

Chennai in 2006. He received his M.E

Degree in Embedded System

Technologies from Anna University,

Chennai in 2009. He has three and half years of teaching
experience. He is presently pursuing his research in the
area of wireless mobile communication. He has published
one paper in International Journal and presented three

papers in International Conferences. His area of interest
includes mobile communications, wireless network.

o J.Dhanancheziyan was born in vellore,
Q India. He Received his Bachelor of

R Engineering in  Electronics  and
“‘%I" Communication from Anna University
Chennai, in 2009. Currently he is

pursuing Master of Engineering degree

in Computer and Communication from

Sri  Venkateswara College of Engineering, Anna
University,  Chennai. His areas of interests are =~ MC-
CDMA systems, forward error correction coding
techniques, Multiuser detection, Automation in Robotics.

f

K. Pushpakodi received her Bachelor of
Engineering  in  Electronics  and
Communication from Anna University,
Chennai in 2007. Currently she is
associated with Cognizant Technology
Solutions, Chennai as Project Associate.
Her areas of interests include Wireless
and Broadband Communication.

Dr. N. Kumaratharan received B.E.
degree in Electrical and Electronics
Engineering from the University of
Madras in 2001 and M.E. degree in

. Applied Electronics from College of
ﬁ Engineering, Guindy, in 2004 and a
A Ph.D. in Wireless Communication, from
Pondicherry Engineering College in 2010. Currently he is
working as Associate Professor, Department of
Information Technology; Sri Venkateswara College of
Engineering, Sriperumbudur. He has published Seven
papers in International Journals and presented Eight
papers in IEEE International Conferences and is a
reviewer of some International Journals and conferences.
Currently he is guiding four research scholars. His area of
interest includes Wireless Broadband Communication and
Spread Spectrum Techniques.




