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ABSTRACT

Multiple Input and Multiple Output (MIMO) systems do affective utilization of available bandwidth. The Multicarrier systems
like Multicarrier Code Division Multiple Access (MC-CDMA) are designed with the combination of different space time
coding techniques like Alamouti’s Space Time Block Codes (STBC) for fulfilling this demand. In this paper, we use different
LMS based algorithms to measure the performance of this sub-optimum receiver. It is shown that proposed LMS based

algorithm converges faster than conventional LMS.
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1. INTRODUCTION

Support for very high data rate transmission is one of the key
requirements for the next wireless communication standards
such as IEEE 16m and 4G. In very high data rate
transmission scenario, single carrier code-division multiple
access (CDMA) systems have some critical problems such as
the difficulty of synchronization and the severe inter-chip
and inter-symbol interferences due to the multipath fading
channels.

Recently, multicarrier transmission schemes such as
orthogonal  frequency-division multiplexing (OFDM),
multicarrier CDMA (MC-CDMA) and multicarrier direct-
sequence (MC-DS)-CDMA have been considered as a
potential candidate for the next-generation high data rate
wireless systems [1]. Each multicarrier transmission scheme
has both advantages and disadvantages in comparison with
the others. MC-CDMA system is a combination of
frequency-domain spreading and OFDM. An available
bandwidth is decomposed into a set of digoint equal
bandwidth of small size, each sub-band signal experiences
only frequency-flat fading channel and therefore, MC-
CDMA systems are more robust to the distortion induced by
time-dispersive channels than single carrier CDMA systems.

The simple space-time block code (STBC) proposed by
Alamouti in [2] offers maximum diversity gain. It has been
adopted as one of the key technologies for obtaining the
transmit diversity gain in the third generation communication
standards [3], [4]. In case of employing Alamouti's STBC,
two consecutive symbols are simultaneously transmitted
using two transmit antennas at the first symbol time and their
conjugated symbols with or without sign change are
transmitted at the next symbol time. We have used two
received antenna for fast convergence rate in space-time
block codes. The multiuser receivers can be categorized into
two types. optimal receivers and suboptimal receivers. Since
the optimal receivers require too much complexity, they are
not realistic. On the contrary, the suboptimal receivers have
been attracted due to their low complexity. Among them,
Minimum Mean-Squared Error (MMSE) receiver is one of

the most popular ones, in which filter coefficients are
designed to minimize the MSE. Batch-processed multiuser
receivers for DS-CDMA or MC-CDMA systems employing
STBC have been proposed in [5], [6], and [7]. In general, the
batch-processed receivers require the estimation of the
inverse autocorrelation matrix of the extended received
signal.

In this paper, we propose a simple modified LMS adaptive
sub-optimum receiver for uplink STBC MC-CDMA and
analyze its convergence properties and minimum mean
sguare error.

2. MMSE BASED SYSTEM MODEL

We consider an MC-CDMA system having Altamonte’s
simple space-time block code (STBC). For simplicity it is
assumed that two transmit antennas are at the transmitter and
two receive antenna are at the receiver in this model.

In the figure 1 MC-CDMA transmitter structure of M™ user
considered in this paper is shown. We assumie that we have
two transmit antennas x and y respectively. On first symbol
interval two consecutive symbols t,(2i—1) and
tm(2i) are sent on antenna x and y and on next symbol
interval two consecutive symbols and -t:;l(Zi) are sent on

antenna x and y respectively. We also used the spreading
code pair (Cm1,Cmo) Of Size M x1 for frequency domain
spreading from the antenna x and y respectively, where
Cmu IS given by

Cmu = Cmu,1:Cmuz s+ CmuM ] ‘ €Y)
This spreading data is converted from serial to parallel and
then, an N-point IFFT operation is performed on spreading
data, where N is the number of subcarriers. It is assumed that
the number of subcarriers is equal to the processing gain of
the spreading code. The IFFT output signal is parallel-to-
serial converted and also inserted by the cyclic prefix to
reduce inter-symbol interference (1SI) and inter-carrier
interference (ICl), and then transmitted through the channel.
We used Additive white Gaussian noise (AWGN). We have
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used the Rayleigh fading channel with maximum tape delay
isegual spreading gain.

In fig.2 we have the receiver structure. At receiver side, we
remove cyclic prefix from the recelved signal and the
resulting signal is then converted into serial-to-parallel form,
after that we performed by the N-point FFT operation.
Assuming that the maximum delay spread is less than the
cyclic prefix length for all users, the frequency-domain
received signal vector after FFT operation is written as

M
r;(2i—1) = Z {Sm1Cm1tm(2i — 1) + S 2Cm2tm (21}

m=1
+ui-1) )
M
ry(20) = Z{_Sm,lcm,lt*m(Zi) + S 2Cm 2t "m(2i — 1}
m=1
+u(2i) 3)

where s,,, is the frequency-domain channel response
from the transmit antehna m of user k given by

Smn < diag(sm,n.l}f Smun, 1 Smyn,2s cee e e ey Sm,n.N—l) (4)

and u(l) is the complex additive white Gaussian
noise( AWGN) with mean 0 and covariance matrix o% Iom
where |,y is an identity matrix of size 2Mx 2M.The |t
information

data of user m, c,(l) is an independent and identically
distributed (i.i.d) random variable with zero mean and unit
variance. If we define the effective spreading code at the
transmit antenna m of user m by ¢y m » the received signal
vector can be rewritten as

M
r,(2i—1) = Z {€m1tm(2i — 1) + €2t (2D}
m=1
+u(-1) (5)
M
B2) = ) {~Smat m(2D) + emat 'm(@ — D}
m=1
+ u(2i) (6)
+u(2i) (6)
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Fig.2. MC-CDMA Receiver Structure

3. MMSE BASED BATCH-PROCESSED
RECEIVER

Defining the extended received signal vector for the two
consecutive: symbols by y(i)yields

(i) = [I’{(Zi 1)+ r’f @i)] %)
M

- Z {f1tm (21 — 1) + Foy 2t (20) + u(2i — 1)} + v(i)
m=1

Where [, , and v(i) are given by

Cm,l
fn1 = yfmz =
C'm2

Assuming that the desired user is user 1 and Defining
P, = fy; fyp] and T =[L@i-1) t,@)]"
the extended received signal vector y(i) isrewritten as

Cm,z

u(2i — 1)]

() = [
u(2i)

3
—C ma

y() =P, Ty (D) + 2(D)
Where z(i) given by

8)

M

2(i) = Z (fn1tm (20 — 1) + £ 5t (20) + (2 — 1)}

m=2

+v(i) )]
If we define the filter weight vectors W, and W, of size
2N x 1 for detecting tm(2i—1) and
tm(2i) respectively, the Minimum Mean-Squared Error
(MMSE) at the filter output is given by

D(w;,wz) = E[|[W y(D) — T, ()] ?]

= E[|w; Hy(i) — t,(2i — 1) ?]
+ Ellwz By(D) — t,(2i)] 2]

D(w;,wy) = Dq(wq)+ Dy(w,) (10)
where W = [w;  w,] and
Dy (wq) = E[lw; "y(@) —t, (2i ~ 1) 2]
(11)

D,(wy) = E[[w, "y(i) —t,(2i)] ?]

Where, the MMSE receiver for STBC MC-CDMA is
obtained by solving the following optimization problem in

[6].

wz,npt] = argmin,,, ,, D(wy, w)
= arg{minD; (w;) + minD,(w,)}

wy opt

The gradient for W is given by
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d d
Ew_;n D(Wl JWZ) = 5? Dm(wm)

= Ele"n Oy®]

= Rywp—fim m=12
Where R, is autocorrelation matrix giveri as

M
Ry = Z [fm,lf Hm.l + o f Hm,z} +a?ly
m=1
and the filter output errors are given by

w, fly(i) —t,;(2i—1),ifm=1
em(i) = [wz Hy(@) —t,(20)  ,ifm=2

By setting the gradient to zero, the MMSE filter weight
vectors for STBC MC-CDMA systems are given by
wl,opt =R _1yf1.1 » w2,opt =R _lyflkZ
The minimum MSE is given by
Dpin = D(wl.opl JWZ.Dth) = Dymin + Dz min
where D i @nd Dy i, ase given by
Dl,min =1-

le.lR E fl,l

; (10)

Dypmin =1 —fH,R7L M, (11)

4. PROPOSED LMS
ADAPTIVE RECEIVER

SUB-OPTIMUM

We proposed modified variations of LMS algorithm in order
to implement adaptive ability of the receiver. These
algorithms gives the MC-CDMA receiver better convergence
rate, reduce computational complexity and decrease the
steady state- error mean-sguare error. These LM S variations
are signed, signed-regressor and signed-signed.

4.1. Proposed signed LMS algorithm for sub-optimum
adaptivereceiver

We have proposed modified LMS algorithm in this paper.

The signed LMS agorithm is defined by following

relationship:

w(n + 1) = w(n) + 2usign(e(n))t(n) (12)
where
1 n>0
sign(n) =40 n=0
-1 n<0

is the signum function. By introducing the signum function
and setting i to avalue of power of two.

4.2. Proposed signed regressor LM S algorithm for sub-
optimum adaptive receiver

The signed regressor or data sign agorithm is given as
follows
w(n + 1) = w(n) + 2p e(n)sign(t(n)) (13)

where the sign function is applied to t(n) on element by
element basis.

4.3. Proposed signed-signed LMS algorithm for sub-
optimum adaptive receiver

The Sign-Sign agorithm is given by

w(n + 1) = w(n) + 2 sign(e(n))sign(t(n))  (14)
where the sign function is applied to e(n) and t(n) on element
by element basis.

5. SIMULATIOSAND RESULTS

We supposed a STBC based MC-CDMA system. The
number of sub carriers is N=32 equivalent to length of the
spreading sequence. The complex random spreading
sequence is used for each user. The values of its real and
imaginary parts are independently and randomly taken as
1/vV2 and -1/v/2 with equal probability. The Rayleigh
multipath fading channels with three paths is used for each
user. The fading gains are generated by using a complex
Gaussian distribution, which are normalized such that the
average energy of the channel is unity. The spreading
sequences and channel coefficients are fixed over all
simulation cycles.

The fig. 3 shows MM SE learning curves for proposed signed
LMS and conventional LMS. The number of usersis M=20
and signal to noise ratio (SNR) is 25dB. The number of
symbols for proposed signed LMS algorithm is 340 and
number of symbols for conventional LMS algorithm is 350.
This shows that convergence rate of signed LMS algorithm
islittle better than conventional LM S algorithm.
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Fig.3. MM SE learning curvesfor proposed signed LM Salgorithm
and conventional LM Salgorithm
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Fig.4. MM SE learning curvesfor proposed signed regressor LMS
algorithm and conventional LM Salgorithm

The Fig. 4 shows MMSE learning curves for signed
regressor LMS and conventional LMS. The number of
users is M=20 and SNR is 25 dB. The number of symbols
for proposed signed regressor algorithm is 330 and for
conventional LM S algorithm is 350. The results show that
convergence rate of signed regressor algorithm is faster

than the convergence rate of conventional LM S algorithm.
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Fig.5. MM SE learning curvesfor proposed sign-sign LMS
algorithm and conventional LM Salgorithm

The Fig.5 shows MMSE learning curves for sign-sign LMS
and conventional LMS. The number of users is M=20 and
SNR is 25dB. The number of symbolsfor proposed sign-sign
algorithm is 320 and number of symbols for conventional
LMS agorithm is 350. This result shows that convergence
rate of sign-sign agorithm is very much better than
conventional LM S algorithm.

6. CONCULSION

In this paper, we use different LMS based algorithms to
measure the performance of sub-optimum MC-CDMA
receiver. The three different LMS flavors are signed, signed-
regressor and sign-sign LMS. It is noted that convergence
rate of al these three flavors is faster than conventional
LMS. However, sign-sign LMS has low computation
complexity and faster convergence rate with steady bit error
rate (BER) than all other flavors of LMS.

[1].

[2].

3.

[4].

[5].

[6].

S. Hara and R. Prasad , "Overview of multicarrier
CDMA," IEEE Com-mun. Mag. , Voal. 35, pp . | 26-33
,0ec. 1997 . Xilinx, “Design Reuse Methodology for
ASIC and FPGA Designers”, 2004. www.xilinx.com.

S. Alamouti, "A simple transmit diversity technique for
wireless com-muni cations,” |IEEE 1. Select. Areas
Commun. , Vol. 16, pp. 1451-1458.

3GPP Technical Specification 36.211 V8 .6.0,"
Evolved universal terrestrial radio access. Physical
channels and modulation,” Mar . 2009.

S. Verdu , Multiuser Detection , Cambridge, U. K. :
Cambridge Univ. Press,1998 .

Z . Li and M. Lat va-aho, "Nonblind and semi bind
space-time frequency multiuser detection for space-
time block coded MC-COMA," |IEEE Trans.Wireless
Commun. , Vol. 4, pp . 1311-1318, July , 2005 .

1. L. Yuand I.-T. Lee, " MIMO capon receiver and
channel estimation for space-time coded COMA
systems," |EEE Trans. Wireless Commun ., Val.5, pp.
302 3-3028, Nov . 2006.

H. Li, X. Lu, and G . B. Giannakis, "Capon multiuser
receiver for CDMA systems with space-time coding,”
IEEE Trans. Signal Processing, Vol. 50 ,pp .1193-
1204,May,2002.

AUTHOR PROFILES

Engr. Abdul Qayyum received his MS(Electronics
Engineering) degree from I1U, Islamabad, Pakistan, in
2012. He is serving as Lecture in the department of
Computer Science, Federal Urdu University of Arts,
Science and Technology, Islamabad, Pakistan, since
2007. His research interests include Digital signal
processing, Mobile Wiredless and Multimedia
Technology, FPGA, Digital systems and Speech and
video Processing.

Muhammad Adnan Khan received his MS
(Electronic Engineering) degree from I1U, |slamabad,
Pakistan, in 2010. He is PhD scholar at ISRA
University, Islamabad. His research interests include
receiver optimization, Digital signa processing, Space
time coding and Digital communication.

Muhammad Umair received his MS (Electronic
Engineering) degree from I1U, Islamabad, Pakistan, in
2009. He is PhD scholar at ISRA University,
Islamabad. His research interests include Digital signal
processing, Space time coding and Digital
Communication.

Aamer Saleem Choudhry did his PhD in Electronic
Engineering, MS in Information Technology, and

50



Volume 2, Issue 1 ITE E Journal | SSN: - 2306-708X

February 2013

Information Technology & Electrical Engineering

©2012-13 International Journal of Information Technology and Electrical Engineering

M.Sc. in Electronics in 2007, 2002, and 1998 teaching and research field for the last fifteen years.
respectively. He has a number of publications in the Currently he is the Departmental Head in the
field of communication and signal processing. Heisin University of Lahore, |slamabad.

51



