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Abstract

The popular Alamouti orthogonal Space Time Block Code (STBC) attains full transmit diversity in
two transmitter multiple input multiple output channel systems. Maximum ratio combiner (MRC)
performance depends mainly on the quality of channel estimator, which depends mainly on the
number of training symbols. The aim of this paper is to improve performance of MRC of QPSK-
Alamouti’s STBC's decoder without increasing number of training symbols. This paper gives an
introduction to the basic concepts of training based channel estimator and explains the
implementation of least square error (LS) channel estimator with diagonal and orthogonal training
matrix. The kurtosis based source extraction method based on using real imaginary (R-Jm)
decomposition of MRC was fully described. Finally the benefit of using at least four training
symbols for initialization de-mixing vector and removing source ambiguity was illustrated.

Computer simulation for QPSK Alamouti STBC's in flat fading MIMO channel was implemented
using MATLAB2012. First MRC decoder with LS channel estimator technique analyzes according
to their number of training symbols (Nt=2,4,...10) and type of training matrix (diagonal or
orthogonal ). We found that: orthogonal training matrix for any sequence length provides superior
performance than diagonal training matrix. Finally the proposed decoding technique was
implemented and it's BER performance were analyzed using only four training symbol with
illustration for number of iteration at each SNR.
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1. Introduction

Multiple-input multiple-output (MIMOQO) channel has recently become an area of intense
development in the wireless communication industry. In MIMO channel, the received signal is
usually distorted by the channel characteristics. In order to recover the transmitted bits, the channel
effect must be estimated and compensated in the receiver. In general, the channel response can be
estimated by using training or pilot symbols that known to both transmitter and receiver. In order
to keep track of the time-varying channel characteristics, the pilot symbols must be placed as
frequently as the coherence time (Yong et al,2010;Rose,2004 ). However, training symbols reduce
the throughput and such schemes are inadequate when the bandwidth is scarce. Several strategies
have been proposed recently to avoid these limitations:

o If receiver has no prior information about Channel State Information (CSI) this type will called
blind channel estimator. ICA(Chekuri,2012; Kohei et al,2009) Second order Static SOS(Adriana
et al,2010) High Order Static (Vincent et al,2011), iterative signal separation
(Mihai,2002),...etc., were used to build blind channel estimator. This type need no training
symbol that made it provide full throughput but the main two weakness point in blind estimator
is its huge complexity and latency.

o If receiver have full knowledge about CSI this called known channel. This can be obtain either
by using extra receiving antenna or long training sequence period that reduces throughput and
increase system complexity. This technique used widely in military application (since it need
short massages, and there is no limitation in system cost )

o If receiver has fractional CSI then this type called semi-blind channel estimator.
LS,MAP,MMSE estimator (Rose,2004, Yong et al,2010), Practical Swarm Optimization
PSO(Chen et al,2010) and ANN(ZHANG et al,2007),... etc. were used in implementation such
estimator. This type until this day is open topics since it provides acceptable throughout and
complexity. Estimation latency and error depend on the optimization techniques that used to
estimate the left behind CSI.

1.1 System Model

Figure (1) shows the baseband representation of QPSK Alamouti STBC encoder with MIMO
channel have two antennas at the transmitter and two antennas at the receiver. Massage bits arrive
at the modulator [a; by, a; by,.....] mapped to complex symbols s; ,S,,..... where [a;b;] € {+1,-1} are

the odd and even bits arrive at the modulator at time t mapped and st:A X(a; + jby) € QPSK

J2

constellation . The space time block code proposed by Alamouti map the input complex symbols
into two orthogonal sequences X; and X, where (Muhammad et al,2010):

[ X _[s —iz S, —EZ - )
X2 Sz Sl S4 53 . e
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These two sequences transmitted simultaneously from antennas one and two, respectively as shown
in Figure (1). In this paper, 2x2 MIMO channel is used, where only two antenna elements at the
receiver side where received signal from each one are Y; and Y respectively where (Muhammad et
al,2010):

Y2 Yo Y2 Y2 o hyy hy, X, N
Where h;; is the complex channel fading coefficient between jy, transmitted antenna and iy, received
antenna, and N;j is complex white Gaussian noise symbol added at iy received antenna .

For quasi- stationary MIMO channel the channel varies randomly between block to block, but fixed
within a transmission time this time called coherence time (Luis, 2009). Therefore the block length
should choose equal or less than coherence time.

Figure (2) illustrates the STBC decoding process. First the fading components should be
recovered at the receiver side using channel estimator then Maximum Ratio Combiner (MRC)

combine received signal from antenna 1, 2 at time slot t (y{ y‘z) (where t=1,3,5,..) with complex

conjugate of received signal from antenna 1, 2 at time slot t+1 (y}+1 yt2+1) to produce s; and St+1

as given(Yong et al,2010):

t
Vi hiy  hy n,
t t
Y2 hyy  hy St n
Y1 12 1| \Stn n;
(5] ) Lz iy (5]
S
YMRc(t):HMRCX( t j+./Vaioe (3)
st+1
The key feature of designing MRC that the selected encoding matrix X is orthogonal, that made
Hwre also orthogonal i.e. : (Hure)" *(Hwre) = ;2 I, .
[Hueel

Where ()" is the Hermitian operator and I, is 2x2 identity matrix. To solve Equation 3 multiply
both sided by (Hmrc)" and re-arrange the resulting terms we deduce that the decoded symbols at t
and t+1 are (Yong et al,2010):

Sj :([(HMRC)HX(HMRC)]-lx(HMRc)H )XY mre(t) t=1,3,5,.. 4)

St+1

1.2 Training Symbol-Based Channel Estimation

In all non-blind channel estimators a training symbols sequence (T) must be placed at a beginning
of each transmitted symbols frame where channel estimator use this sequence to estimate the
fading coefficient (H) during estimation period and feed them to MRC to decode the received
signal as shown in Figure (2).
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The least-square (LS) technique is widely used for channel estimation when training symbols are
available. The least-square (LS) channel estimation method finds the estimated channel matrix H s
in such a way that the minimized cost function || R-H.sT][>. When cost function is equal to zero
then (Rose,2004; Yong et al,2010):

RxTH

Hi <=
” (r=TH)*

(5)

There are two popular forms for training sequence.

A. Diagonal Training Symbol
In this case the training symbols matrix chosen as a diagonal matrix:

(s, 0
5 <) ®

At the first time slot training symbol (or N symbols) S; transmitted through antenna 1 while
transmitted antenna 2 is idle, therefore the received signal at ji antenna is (hj1xS;1+N;). At the
second time slot training symbol (or symbols) S, transmitted antenna 2 while transmitted antenna 1
is idle (Yong et al,2010).

B. Orthogonal Training Symbol

. - . . |
In this case the training symbols matrix chosen as 2xN; orthogonal matrix (TxT" = ﬁ) therefore

H
LS :% (Rose,2004 ). This process is very efficient for quasi- stationary MIMO channel since
H is constant on other hand this technique reduces the transmission efficiencies due to the required
overhead of training symbols such as preamble or training tones that are transmitted in addition to

data symbols therefore we must reduce number of training symbols, but short training sequence
produce poor performance .

2. Signal Extraction using (R- Jm) Decomposition Model

Blind signal extraction (BSE) is essentially a method for extracting individual one source signal
from noisy mixtures received signals. Kurtosis based BSE use a simple criteria that: the sum of two
independent random variables usually has a distribution that is closer to Gaussian than any of the
two original random variables (Central Limit Theorem). Therefore BSE is based on the assumption
that source signals must have non-Gaussian distributions. The classical measure of non-
Gaussianity is normalized kurtosis where for real random variable y it could be define as (Xiang et
al,2009; Wei et al,2006 ):

kurt(y) = % -3 )
y

59



AlQadisiya Journal For Engineering Sciences, Vol 7......No. 1....2014

Thus, kurtosis is zero for a Gaussian random variable. For most (but not quite all) non-Gaussian
random variables, kurtosis is nonzero. Random variables that have a negative kurtosis are called
sub-Gaussian, and those with positive kurtosis are called super Gaussian (Aapo et al,2000
;Andrzej et al, 2002 ).

Most of the previous works stars with Equation 2 by assuming X as independent sources ,Y as
mixtures received signals and H is mixing matrix (Adriana et al,2010; Chekuri,201; Kohei et
al,2009;...). In this work we will start with Equation 3 by considering Hygrc IS mixing matrix.
Usually all statistical methods deals with complex number are not favorable and give poor

performance therefore we will use Real Imaginary (R- Jm) decomposition for MRC model, i.e.
the Equation 3 become in the form:

St
Re{Yyrc (0} _ R{Hurct —IM{Hygc} « RE{(SM}} +[ ] (8)
MY O} [IMHyec}  R{Husc} ,m{( stJ} v

St+l

Where [vy] is real valued white Gaussian noise matrix. If we assume that: si=U;+jUs3 , Su1=Uo+jUy ,
[21 Z, 23 z4]" are the real part of Ywre(t) and [zs zs 7 zg]" are the imaginary part of Yurc(t) at
t=1,3,5,.... then:

Z; th1 hfz B h:ILl B hlz_

Z, hZRl h?z _hlzl _hlzz

Z3 hfz - hfl hiz - hil Ul

Z, — h?z _hZRl h|22 _hI21 % U2 +[\If] (9)
Zs| | hy  hy,  hiohy | U

Zg| | hy  hy by hg | (U,

Z; B hiz hil h?z - hfl

Zg _hlzz hlzl thz _hsl

This decomposition was chosen carefully to ensure that HRF-r after decomposition still in
orthogonal form i.e.:

(HK‘AE'C )T X(HK‘A‘R!;)= m Iy (10)

MRC

First advantage of this decomposition that only one column of HR . need to be estimated, other

column could be evaluated intuitively. The second advantage that according to this decomposition
and Equation 1, sources for QPSK Alamouti STBC will be:
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U, a,; a3 ag ay

U, :i a, a, ag ag .. . .. 11)
U3 '\/E bl b3 b5 b7 e . e

U, b, b, bg by

Since [a; by €{+1,-1}, that made all source has a binomial distribution (sub-Gaussian) with
normalized kurtosis =-2 for any sequence length. That mean kurtosis based BSE technique could
apply for this model efficiently (Wei et al,2006 ;Xiang et al,2009) .

To extract one of the sources, we apply a de-mixing operation given by vector W'=[w; W ,.., Wg]
to the mixtures Z, which yields the extracted source y, given by (Andrzej et al,2002; Wei et
al,2006):

U, U,
U U

y=WTZ=[[W1 Wy, . Ws]XHEA_RIC]X UZ +Wy =G UZ +Why (12)
3 3

Where G denotes the global de-mixing vector, which is related to the quality of the performance of
the BSE algorithm i.e. if we want to extract source first source (y=U;), G should equal to [1,0,...0]
(Andrzej et al,2002;Wei et al,2006).

Since HRne orthogonal matrix, optimum value of de-mixing vector W should equal to the

H R—1
first column of H g -

Since all source are identical distribution (kurt=-2) that present source ambiguity problem in
BSE, that mean we cannot determine which source has been extracted(Aapo et al,2000 ;Xiang et
al,2009). To remove ambiguity problem, first two bits of each source in Equation 11 could be used
to identify each source i.e. sources should be in the form:

U, -1 -1 a; ay

U, :i -1 +1 ag ag . . .. (13)
Us| 2[+1 -1 by b, .. . ..

U, +1 +1 by by

That mean for QPSK Alamouti STB, we need at least four training symbols to remove ambiguity
problem .The second advantage of these training symbol that give a prior knowledge of HY ¢
using LS channel estimator. Now W need to update iteratively to come close to Wy, several
algorithms to update the value of de-mixing vector, we modify algorithms in (Andrzej et al,2002;
Wei et al,2006; Vicente et al,2010 ) with our system model the resulting kurtosis based semi blind
signal extraction using (R- Jm) decomposition for MRC model will be:

1- Initialize de-mixing vector W as first column of (- Jm) decomposition of Hys.

2- it=1 (number of iteration )

3- Find extracted sequence y=W'xZ

4- Source signals are typically sub-Gaussian, the nonlinear function (p(u“ )can be chosen as:

61



AlQadisiya Journal For Engineering Sciences, Vol 7......No. 1....2014

3

S A— (14)
V= e0a By

5- Update the de-mixing vector using(Andrzej et al,2002; Vicente et al,2010):
Wri,t+1 =W" —uxo(y)xZ (15)

Where p is the learning rate.
6- Normalized the weighting vector using(Andrzej et al, 2002 ;Wei et al,2006; Vicente et al,2010):

witkt = e (16)

7- The algorithm can be stopped(go to step 9)
if
1- it > maximum number of iteration.

2- or W™ converge to specific value i.e ‘1—‘(W“+1)T x W <1075 ( Aapo et al,2000; Vicente

et al,2010):
else: it=it+1,Go to step 3.
8- At end of iteration specify which source was extracted by looking to sign of first two values of
y.
9- If y=Ui; then i" column of new MRC decoder matrix is Hse(:,i)=W" and other columns could
calculate intuitively by looking to Equation 9.

10- Finally use Hse instead of Hy~- to decode received sequence.

3. Simulation and Result

In this paper MATLAB2012 program was used to implement QPSK Alamouti STBC in 2x2
MIMO channel. BER and normalized mean square (NMSE) error were used to measure of the
estimation and decoding performances. In this system, a random data generator generates digital
information bits, frame-by-frame, where each frame is 200 bits length. Each frame was modulated
using QPSK modulator to produce 100 symbols. First N; symbols will used as training symbols
(known for receiver side) while the remaining 100- N; will be the data symbol that encoded by
Alamouti STBC. The encoded symbols are transmitted by two antennas through MIMO Rayleigh
fading channel where the complex AWGN is added to the transmitted signal.

At receiver end, first the LS channel estimator use training symbols to estimate the channel
coefficient where the normalized mean square error NMSE can be found using:

1 Nframe
I\Iframe ”H”

NM SE = (17)

The other received symbols are decoded, using MRC and feed them to QPSK demodulate.
Decoded bits are compared with originally generated data bits frame to compute BER
corresponding to a given SNR. Total number of frames used is about 1x10* frames.
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3.1 Influence of Training Sequence Length

Figures (3,4) show the BER performance of MRC of QPSK Alamouti STBC's and NMSE of LS-
estimator with diagonal and orthogonal training matrix. It's obvious that increasing number of
training symbols provides significant coding gain but the throughput rate will reduced.

Although the diagonal training matrix is easy in design and low estimation complexity but by
comparing with orthogonal training matrix we can see that orthogonal training matrix for any
sequence length provides superior performance than diagonal training matrix

3.2 Performance of the Proposed Decoder

QPSK Alamouti STBC with 4 training used to as evaluation of the new algorithm BER
performance with comparison with classical MRC. Training bits [0 1 01 0 0 1 1] are prefixing with
each data frame with 192 random bits then feed them to QPSK Alamouti decoder, therefore the
first 4 symbols can consider as training symbols .This procedure used to assign each source U as
given in Equation 13. First the 4-training symbols used to evaluate H,s then performing the
proposed algorithm. In this algorithm we set [ max. number of iteration = 20, learning rate =0.001]
Figure (5) shows the BER performance and number of iteration needed at each SNR for this
algorithm.

4. Conclusions

In this paper, first we evaluate the BER performance of conventional MRC of QPSK Alamouti
STBC system based on its training symbol length and type of training matrix. We found that
orthogonal training matrix for any sequence length provides superior performance than diagonal
training matrix.

Good BER performance can be obtain when training sequence length is high, but this technique
reduces the transmission efficiencies .This paper proposed a new technique to improve the BER
performance of QPSK Alamouti STBC system without increasing its training sequence length by
applying iterative semi blind kurtosis based signal extraction. We found that using (R-Jm)
decomposition model we need to extract only one source to estimate the overall channel coefficient
and that reduces decoding complexity. The problem of source ambiguity was solved by using only
four training symbols, where these symbols also used to initialize the de-mixing vector. Although
the new decoder model is more complex than MRC but it's provide high data rate and its BER
performance could adopted easily using another updating strategy for de-mixing vector.

Finally, by comparing the complexity of this new decoder with previous works like high order
static or complex based ICA or PSO,... we can conclude easily this model is more easy in design
and low latency.

References
Aapo Hyvérinen and Erkki Oja (2000) " Independent Component Analysis: Algorithms and
Applications" Neural Networks Research Centre, Helsinki University of Technology,pp.1-31

Adriana Dapena ,Hector J. Perez-lglesias and Vicente Zarzoso (2010) ""Blind channel estimation
based on maximizing the Eigen value spread of cumulates matrices in (2x1) Alamouti’s coding
schemes " wireless communications and mobile computing, pp.1-13

Andrzej CICHOCKI Shun-ichi AMARI (2002) " Adaptive Blind Signal and Image Processing
Learning Algorithms and Applications” John Wiley &Sons LTD

63



AlQadisiya Journal For Engineering Sciences, Vol 7......No. 1....2014

Chen S., W. Yao, H.R. Palally, and L. Hanzo(2010) ** Particle Swarm Optimization Aided MIMO
Transceiver Designs'™ Computational Intel. in Expensive Opti. Prob., ALO 2, pp. 487-511.

Chekuri Ramarao(2012) "FPGA IMPLEMENTATION OF ICA BASED BLIND MIMO OFDM
RECEIVERS"™ VSRD International Journal of Electrical, Electronics & Communication
Engineering, Vol. 2 No. 10 pp.821-825

Kohei Sugai, Hiroyoshi Yamada, Yoshio Yamaguchi (2009) " Fundamental Study on Blind
MIMO Transmission by using ICA"™ The 2009 International Symposium and Propagation,
Bangkok, Thailand , pp.1-5

Luis Miguel, (2009), "MIMO Space-Time Block Coding (STBC): Simulations and Results"
Personal & Mobile Communications,Vol.23,No.2, pp.1-8

Mihai Enescu (2002) ""Adaptive Methods for Blind Equalization and Signal Separation in MIMO
Systems™ PHD dissertation, Helsinki University of Technology Signal Processing Laboratory

Muhammad Sana Ullah and Mohammed Jashim Uddin(2010) "'Performance Analysis of Wireless
MIMO System by Using Alamouti’s Scheme and Maximum Ratio Combining Technique"
International Journal of Advanced Engineering Sciences and Tech. VVol.8, Issue No.1, pp.19 — 24

Rose Trepkowski (2004) " Channel Estimation Strategies for Coded MIMO Systems " MSC
thesis Blacksburg, Virginia

Vincent Choqueuse, , Ali Mansour, , Gilles Burel, Ludovic Collin, and Koffi Yao, (2011) ** Blind
Channel Estimation for STBC Systems Using Higher-Order Statistics" IEEE Transactions on
Wireless Communications Vol. 10, No. 2, pp.485-505

Vicente Zarzoso, and Pierre Comon (2010) "Robust Independent Component Analysis by
Iterative Maximization of the Kurtosis Contrast with Algebraic Optimal Step Size" IEEE
Transactions on Neural Networks, Vol. 21, No. 2,pp. 248-261

Wei Liua, Danilo P. Mandic (2006) A normalized kurtosis-based algorithm for blind source
extraction from noisy measurements" Signal Processing vol.86 pp.1580-1585

Xiang Chen, Chong-Yung Chi, Tsung-Hui Chang, and Chon-WaWong (2009) "*"Non-Cancellation
Multistage Kurtosis Maximization with Pre-whitening for Blind Source Separation' Hindawi
Publishing Corporation EURASIP Journal on Advances in Signal Processing Vol.29, pp. 1-15

Yong Soo Cho, Jaekwon Kim, Won Young Yang and Chung-Gu Kang (2010) " MIMO OFDM
Wireless Communication with MATLAB" John Wiley & Sons (Asia) PTE LTD

ZHANG Ling, ZHANG Xianda (2007) ** MIMO Channel Estimation and Equalization Using

Three-Layer Neural Networks with Feedback™ Tsinghua Science and Technology Vol.12, No.6,
pp.658-662

64



AlQadisiya Journal For Engineering Sciences, Vol 7......No. 1....2014

Nomenclature

BE Bit Error Rate NM Normalize Mean Square Error
R SE
BS Blind Source Extraction PS Practical Swarm Optimization
E o)
CsSlI Channel State Information QP Quadrate Phase Shift Keying
SK
HO High Order Static R- Real Imaginary
S Jm
ICA Independent Component SN Signal to Noise Ratio
Analysis R
LS Least Square SO Second Order Static
S
MI Multi input multi Output ST Space Time Block Code
MO BC
MR Maximum ratio Combiner
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Figure (1) 2 x 2 MIMO channel with Alamouti STBC Encoder and Decoder

65



AlQadisiya Journal For Engineering Sciences,

Yol 7...... No. 1....2014

Training symbols placed at beginning of each data
frame and these symbols are known for receiver side

/.

during coherence time,

Transmitted Seq/

<

‘t

[X]

{}

Alam
outi
STBC

Enrndar

MIMO

Channel has fading

coff.
[H]  During

cnherence time

STBC Decod
[Y]

J L

er

Chann
Estimator

ed coff.

His

Estimat

S

Decoded

Figure (2): Non Blind Training Symbol-Based Channel Estimation

NMSE of LS diagonal training matrix ( 100 symbols /frame)QPSK Alamouti STBC

BER of QPSK Alamouti STBC with LS diagonal training matrix (100 symbols frame )
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Figure (3): Performance of QPSK Alamouti STBC with diagonal training matrix LS estimator
with different training symbol length with 100 symbols / frame
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Figure (4) Performance of QPSK Alamouti STBC with orthogonal training matrix LS

estimator with different training symbol length with 100 symbols / frame
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Figure (5) BER performance of proposed decoder with its number of iteration
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