790

JOURNAL OF COMMUNICATIONS, VOL. 7, NO. 11, NOVEMBER 2012

Performance Analysis of SFBC and Data Conjugate in
MIMO-OFDM System over Nakagami Fading Channel

S. R. Sabyj
Department of Electrical and Electronic Engineering
Metropolitan University, Sylhet, Bangladesh
saifuriict@gmail.com

M. S. Islam
Institute of Information and Communication Technology
Bangladesh University of Engineering and Technology, Dhaka, Bangladesh
mdsaifulislam@iict.buet.ac.bd

Abstract— An integration of multiple input and multiple
output (MIMO) and orthogonal frequency division
multiplexing (OFDM) exploit spatial diversity for high data
rate transmission of signals over wireless channel. In this
paper, analytical models have been developed to suppress
signal to noise plus interference ratio incorporating inter
carrier interference and average probability of error with
the concept of space frequency block code (SFBC) and data
conjugate (DC) over Nakagami-m fading channel. Results
show that average probability of error performance of
MIMO-OFDM system in Nakagami fading channel
decreases if fading parameter m is increased. The
performance of SFBC has improved about 3 dB at average
probability of error of 10* than MIMO-OFDM with DC
system.

Index Terms— Average probability of error, Inter carrier
interference, Multiple input multiple output, Nakagami-m
fading, Orthogonal frequency division multiplexing.

I.  INTRODUCTION

New generation wireless communication systems
require high data rate transmission and better quality of
service for various types of fading channel. To achieve
high data rate, the system has to overcome problems such
as multipath fading and interference [1]. Multiple input
multiple output (MIMO) system can mitigate multipath
fading, increase the system capacity, improve the
interference performance and transmission reliability [2].

Orthogonal frequency division multiplexing (OFDM)
is a multicarrier modulation technique and sensitive to
normalized frequency offset and phase noise, which
destroys the orthogonality among subcarriers and causes
inter carrier interference (ICI). Nakagami-m fading
covers a wide range of multipath fading channels by
varying its fading parameter m. It has greater flexibility
in matching some experimental data than that of the
Rayleigh, Rician fading [3, 4].

In this paper, three different schemes (i.e., 2x2 MIMO-
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OFDM, 2x2 MIMO-OFDM with data conjugate, 2x2
MIMO-OFDM with space frequency block code) have
been discussed. Detailed mathematical derivation is
carried out to find the expression of the signal to noise
plus interference ratio (SNIR) incorporating ICI and
average probability of error. Performance results are
evaluated numerically in terms of average probability
error for different numbers of Nakagami-m fading
channel and normalized frequency offset.

II. MIMO-OFDM SYSTEM MODEL

Figure 1 illustrates a block diagram of 2x2 MIMO-
OFDM system with the total number of N subcarriers.

x, is modulated data using suitable modulation

technique like (BPSK, QPSK or M-QAM) for k™
subcarrier. The modulated data are mapped after
modulation in order for the first and second antenna to
transmit and modulate the same OFDM symbols. The
MIMO-OFDM signal after inverse fast fourier transform
(IFFT) at the transmitter can be expressed as [5],

t &, ik
x (n) = Z Xie N for 0 <n<N-1
k=0

t=1or2 @8
Where, j =+/—1 , t means transmitter antenna. The

received signal is affected by phase noise and frequency
offset which can be expressed as [5],

ri(n)= {Zzl[x’ (n) ®h' (n) + w(n)]Je = 1o )

t=1lor2 2)

In which, Af* and ¢"(n) are frequency offset and phase
noise. T means received antenna. x(n), h(n), w(n), r(n) are
transmitted signal, channel impulse response, AWGN and
received signal respectively. The received signal after fast
fourier transform (FFT) can be expressed as [5],
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Where, Y, Xy and Hy are the frequency domain
expression of r(n), x(n), h(n) . Ny is the complex additive
white Gaussian noise (AWGN). Here, ¢ is the normalized
frequency offset and is given by Af'T. T is the subcarrier
symbol period.

Q) is defined as follows,
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At the receiver side, demodulation results in the
recovery of the original signal from the simple relation of

VA k =Y, kl +7, k2. Here, Y, kl and Y, kz are the first antenna

and the second antenna k™ subcarrier data. Finally, the
original data could be found through the detection
process. For the simplicity of system performance

analysis, Q;' =, and the cyclic prefix is not

considered.
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Figure 1: Block diagram of MIMO-OFDM system model
(a) Transmitter (b) Receiver

M. THEORETICAL ANALYSIS

A. Original in MIMO-OFDM

In original 2x2 MIMO-OFDM, both antennas transmit
the same signal as the form of X 11 =X 12 = X, the k"

subcarrier signal.
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The received signal at the receiver 1 (RX1) can be
expressed as [6],

N-1 N-1
Y/cl :ZX/] H/1 'Q/lfk +ZX/2 'H/Z'Q/]fk + Ny,
1=0 =0
=X, + X {H,.Qy+H; Q) —1}

Nl
+ Z{X;H;Qll—k +X12'H12'Q11—k}+N1k
120,12k

)

Similarly, the received signal at the receiver 2 (RX2)
can be expressed as [6],

N-1 N-1
Yk2 :ZX; 'Hll le—k +ZX12 'H12 'le—k + Ny,
1=0 =0
=X, + X {H Q7 +H;Q; -1}

N-1
+ z {X/l ~Hzl 'le—k + X12 ~H12 'le—k b+ Ny
1=0,l#k
(6)
In the receiver, the decision variable Z . of the final

signal are achieved as follows [6],
' 1 2
Z, =Y, +Y;
=2X, +2X,{(Qy +05) -1}

N-1
1 25 1 1 2\ N2
+ Z{(X/ + X)) O, + (X, + X)) O )+ Ny
1=0,12k
(M
The desired received signal (DRS) is generated by the
signal of k™ subcarrier. All subcarriers are rotated by the
same angle simultaneously. Usually it affects all the
subchannels equally. Consider /=k, the desired received
signal power is expressed as [6],

ol = | X[ Lisin(( 27" + 0')/2)}?(34.7738 )
+ {sin(( 27> + @*)/2)}7(34.7738)]
(®)

ICI is corrupted by adjacent subcarrier signal.

Consider/ # k , the ICI power is expressed as [6],
o = | X[ Usin(( 278" + ¢')/2)}7(0.6704 )

+{sin(( 27z + @*)/2)}?(0.6704 )]

)

The average probability of error for binary phase shift
keying (BPSK) modulated in MIMO-OFDM system over
Nakagami fading channel is given [6],

p_l ”’f(H SNR[{sin(Qze' +¢')/2)}> (34.7738)
"z I m(sin® @).[1+ SNR[{sin(@ze' +¢')/2)}(0.6704)

+{sin(Qze® +¢*)/2)> (34.7738)] ) 4
+{sin(Qre® +9%)/2)}2(0.6704)]
(10)
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B. Data Conjugate (DC) in MIMO-OFDM

From the Figure 1, block diagram has been some
modified. The mapping scheme for DC method in
MIMO-OFDM is applied such that on the first antenna
the original data has been transmitted and the second
antenna the conjugate data has been transmitted. At the
receiver side, the original signal can be recovered from
the simple relation on,L =Ykl +Yk2 . So, the DC

signals are remapped as the form  of

*

X =X_,X =X,

The received signal at RX1 can be expressed as,

N-1 N-1
Ykl =2X11 Hll ‘Q/lfk +ZX12 ‘H12 'Q/lfk + Ny,
1=0 =0

N-1
=X,.H, O+ ZX} H.Q , +X, H O,

1=0,l#k

N-1
2 172 Al
+ Y XIH!O/, + Ny, (11)
1=0,1+k
Similarly, the received signal at RX2 can be expressed
as,
N-1

N-1
YkZZZXII Hll 'Qiz—k +ZX12 sz 'sz—k + Ny

1=0 =0

N-1
=X,.H O+ ZX,‘ H) Q! + X, H.Q;

1=0,12k
2 g2 2
+ Y X H} O + Ny, (12)
1=0,1%k
In the receiver, the final decision variable Z k of the k™
symbol is found by,
Z, =Y '+v7

N-1
=X, H.QO + ZX} H'.Q , +X,.H .0,
1=0,l#k
= 2 2 1 * 1\* 1*
+ ZXI 'HI 'Q/—k +Xk'(Hk) -Qo
1=0,l#k
N71 1 * 1 * 2* 2 * *
+ Z(Xz) (H)) O+ X, .(H)) O,
1=0,l#k
& 2\* 2\* 2%
+ Z(Xz ) (H;) O+ N,
1=0,l#k
=X (H Q)+ (H)) .07+ X (H Oy +(H) .Oy)
N-1
+ Z{X;-H;-Qzl—k +(X)).(H)) .0,
1=0,l#k

Nl
+ Z{XIZ'HIZ'QII—k +(X)).(H) QF 3+ N,

1=0,l#k

(13)
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Now, considering Normalized frequency offset is not
zero. When g, = Af'T # 0, equation (13) can be written
as

2 =X, + X, (L. O+ (Y G -V + X (HE O+ (Y O

N-1
+ D XLHQ (X)) (H]) .QF
1=0,l#k
- * * *
+ Y XPH!Q +(X]) (H]) Q7 +N,
1=0,l%k

=X, + X0+ 0 —D+ X%+ O))

N-1
+ Y X0 +(X) .0

1=0,l#k

N-1
+ ZX,Z.Q; +(X))'.0F +N, (14)

1=0,/#k

In order to evaluate the statistical properties [7],
assuming average channel gain

EDH}‘Z} = EUHIZ‘Z} —1and
EDX}H :EDXﬁH: x| (15)

The desired received signal power can be represented
by,
) 2 12 12
O prs(pcy = E[‘Xk‘ ]E[‘Hk‘ ]‘Qo‘
2 *
10;

2

+Ex, [1E(H7

=l Joif +lxPlor T ae
Hence, the ICI power is,
O-IZCI(DC) = EDIM‘ZJ
N-1 | 2 1 2 1 2
= > E[‘X,‘ ].E[‘Hz‘ ]-\QH{\
1=0,1%k
N-1 w12 2 « |2
- E[‘X,l ].E[‘H,l 1107,
1=0,l#k
N-] NE 212 112
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The signal to noise ratio (SNR) can be calculated as

[81.
2
sve - X1 (18)
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The signal to noise plus interference ratio (SNIR) of
DC can be calculated as [8],

2
O prs (DC )

SNIR = 5
O, *+ 0 nc)

2
O prs (pC )
2

= O
1+ o IC(‘; (ZDC )
sweia]

(19)

1+ SNR.[zz\Q}\ + 2Z\Q,* ]

The average probability of error for BPSK modulated
in Nakagami fading channel is given by [9],

:_’”f( SNIR ]'"’d

J U mGsin® )

(20)

The average probability of error for BPSK modulated
SFBC in MIMO-OFDM system over Nakagami fading
channel is given,

-m

/2

B =; 1+ N N
' msin’ ). 0+ SNRRY |0 +2X]07| 1]
=1 =1

SNRIQI[

dp

(2]

C. SFBC in MIMO-OFDM

From figure 1, the data symbols are mapped according
to the Alamouti space frequency block code (SFBC) [10,
11] and signals are mapped as the form of

1 2 *
X, =X,or— Xk+1>X =X, 0rX,

The average probability of error for BPSK modulated
SFBC in MIMO-OFDM system over Nakagami fading
channel is given [12],

—m

o 1 sNRIlf +[05] 1
[ + N B N-1 N N-I N dqo
Tl msint g+ SNRIQ) (0] +22)al +22]or[ 11
(22)
IV. RESULT AND DISCUSSION
To analyze the average probability of error

performance of MIMO-OFDM system, simulation is
performed according to the theoretical analysis for 2
transceivers configuration, 64 subcarriers and BPSK
modulation. The period of IFFT (N=64), normalized
frequency offset (¢ = 0.05), phase noise (¢ = 0.025), k=0
in equation have been taken into consideration.
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Figure 2: Effect of Nakagami fading parameter on average
probability of error with different SNR

Figure 2 illustrates the comparison among three
different techniques for various values of Nakagami
fading parameter. From the Figure 2, we observe that as
the value of Nakagami fading parameter increases, the
average probability of error increases too. It is also
noticed that SFBC has less average probability of error
compared to other methods. For Nakagami fading
parameter (m=2), the values of average probability of
error for original, DC and SFBC in MIMO-OFDM are

approximately 3.5x107* , 2.4x% 10" and 1.7x107*
respectively at SNR = 15dB.
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Figure 3: Effect of SNR on SNIR with different normalized
frequency offset
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The effects of SNR on SNIR with different normalized
frequency offset are plotted in Figure 3. It is observed
that SFBC has better performance than original and DC
in MIMO-OFDM systems. SNIR decreases with
increasing normalized frequency offset and also for a
particular normalized frequency offset value of SNIR
increases as the SNR increases. For instance, at ¢ = 0.15,
SFBC, DC and original in MIMO-OFDM value of SNIR
approximately are 6.52 dB, 5.54dB and 5.06 dB at fading
parameter m=2, whereas original MIMO-OFDM has the
least SNIR.

V. CONCLUSION

A detailed theoretical analysis is carried out to
determine the detrimental effects of phase noise and
frequency offset and its reduction scheme in MIMO-
OFDM systems using DC and SFBC. It is observed that
average probability of error has been reduced in
Nakagami fading channel for larger values of m
parameter. When SFBC is used in the proposed system,
SNIR increase by about 1dB and 1.5dB in DC and
original MIMO-OFDM system respectively for a fixed 6
dB SNR.
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