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Abstract

In this paper, I have presented the performance evaluation of different STBC
technique in MIMO Rayleigh fading environment. I have evaluated the BER of SISO,
MISO and MIMO technique. I have proved that the lowest value of BER is achieved in
STBC technique. I have evaluated the BER of real STBC and complex STBC technique
with Rayleigh fading channel. The STBC technique is also reduced the complexity of
the receiver. We have also compared the performance of MIMO technique with other
techniques like SISO and MISO. The lowest value of BER is achieved in MIMO
technique. The STBC technique is exploit the diversity gain by inserting more number
of antennas at transmitter side. Simulation results are based on MATLAB software.

1 Introduction

There are two types of multiple antenna techniques: (1) Spatial multiplexing techniques and (2)
Diversity techniques. In this paper, we have presented the concepts of transmitter diversity techniques
which improve the BER performance by increasing the number antennas at the transmitter side. We
have considered the Rayleigh fading wireless channel [1, 2]. For a Rayleigh fading wireless channel
the BER value is higher than AWGN reference channel. Due to this the performance over the
Rayleigh fading wireless channel is significantly poor, even at high SNR. The main objective of the
transmitter diversity techniques is to reduce the value of the BER as SNR increases in the Rayleigh
fading environment. We have compared the performance of MIMO system with SISO and MISO

system [3].
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Practically transmitter diversity is preferred because it is feasible to include more number of
antennas at transmitter or base station side. Transmitter diversity is also reduced the complexity of the
receiver [4]. In the downlink it is important to exploit diversity at the transmitter side. To implement
this phenomenon, we have two different transmission techniques. (1) Transmit Beamforming: In this
technique CSI is available at both transmitter and receiver side. This technique provides both diversity
gain and antenna array gain. (2) Space Time Block Coding (STBC): In this technique, CSI is available
only at the receiver side. In this technique we have achieved fully diversity gain but we cannot
achieve antenna array gain. Again code rate is also less than one if more than two antennas are used at
the transmitter. For a special case of STBC, Alamouti transmit diversity, code rate of one can be
achieved. In this paper, we have focused on STBC techniques [5].

2 Block Diagram of Space Time Block Coding

2.1 Examples of different antenna techniques

Figure 1 shows the different types of antenna techniques: Some examples are SIMO, MISO, and
MIMO techniques [6].

h hy
h, hy

2

. hy by yhyy
smo= | | hyiso = [By 1] Ho = hy hyy

(a) SIMO (b) MISO (¢) MIMO

Figure 1: Different types of antenna techniques

2.2 System Model of Space Time Block Coding (STBC)

Figure 2 shows the block diagram of STBC MIMO systems with N transmit antennas and Ng
receive antennas.
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Figure 2: System Model of STBC MIMO systems
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In the STBC-MIMO systems, bit stream is mapped into symbol stream {xi }izl

. From, figure 2,

the system equation is given as,

(1) (T) 0 () | T
) i hy thr X X nl( ) ”1( )
= [ + (1)
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Where, y represent the output signal, h represent the system function, x represent the input signal
and n represent the noise signal.

3 Different types of Space Time Block Code

In this section we have discussed the two types of space time block code techniques: (i) Real
STBC and (ii) Complex STBC.

3.1 Real Space Time Block Code

This section presents the examples of the STBC technique with real entries. We consider the
square STC with the coding rate of 1 and diversity order of Nt = 2, 4. Following are the equations of
those real space time codes.

X2,real = X (2)
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X1 =X2 —=X3 -Xj
y Xs X X4 —X3
Njrea=1 ~
4.real X1 —X3 X X
X4 X3 -X2 X1
3)
Coding rate is given by,
R=N/T=4/4=1. )

3.2 Complex Space Time Block Code

In Alamouti code [7], a complex STBC with Nt = 2, which achieves the maximum diversity
order of 2 with the maximum possible coding rate R = 1, given as,

X = )

2,complex *

Now, consider the case in which Nt = 4. In this case, complex signal is given as,

L . . L)

X =Xy =X3 =X4 X =Xy <Xy <X

. . . . . A .' . A ..

X Y Xy -X3 .\3 X X, =X
A4 complex — * ¢ * 4
X3 =Xy X X2 Xy =Xy X X,

Xy X3 =X2 X .\'; \; —.\'; .\'I 6)
For equation (6), transmits N = 4 symbols over T = 8 symbol periods, thus yielding a coding rate
of R=1/2.

4 Decoder of Space Time Block Code

Let us first consider a Real STBC technique with X4 .y in equation (3). We express the received
signal as,

EY
[y1y2y3J’4] = . [hth}L}h4]X4,real +[n1n2n3n4] (7
4N,
Where,
X1 —X2 —X3 — X4
. | x2 X X4 —X3
‘\4.mul - X3 — X4 X1 x>
X4 X3 —X2 X1
(®)

The received signal decision statistics are derived as:

E
; (‘hl‘z +|h,[ +\h3\2)x1 +(he.lﬂ‘e,1 )H Mo
0

Yegeq = (he.l/fe,l )H y;lf'e = 3N

©)
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E
Vee.r = (he.sze,z )H Ve = ,/ 3]\; (|hl|2 +|h2|2 +|h3|2 )xz + (hezzfe,z )H Mg,
0

(10)
H E H
Vapes = (M) e =[5 (WL 41 4 )+ (i) e
0
(1)
The Maximum likelihood detection is performed as,
~ Veffe,i :
S =0 =5 =123 (12)
2
=D ||
3N0 k=1

5 Simulation Results

In this section we have discussed the simulation results of BER v/s SNR for different types of
transmit antenna diversity techniques like MISO, MIMO with respect to Rayleigh fading wireless
channel environment. We have evaluated the BER of QPSK and 16-QAM modulation technique with
respect to large number of antennas at transmitter and receiver side.

, BER vis SNR for QPSK Modulation , BER vis SNR for 16-QAM Modulation
10 10
== 5150 H —9= SIS0
= = STBC (TX2, RX1) [] == = STBC (X2, RX1)[]
-1 1
10 10
10° S

‘P
‘7
.

.
5103 o \
[}
S
10 :
N '~
105 », 105
.\
10° 10
§ 10 12 14 16 18 20 22 24 26 28 30 w1 18 2 2 4 2% 28 P
SNR[dB] SNR[dB]

Figure 3: BER v/s SNR for QPSK Modulation with Transmit diversity (STBC)
Figure 4: BER v/s SNR for 16-QAM Modulation with Transmit diversity (STBC)
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Figure 3 shows BER v/s SNR for QPSK modulation technique with STBC. From figure 3, it can
be seen that compared to SISO system in STBC coding BER is improved. Lowest value of BER
is achieved in STBC technique.

Figure 4 shows the BER v/s SNR for 16-QAM modulation technique with STBC. From figure
4, it can be seen that compared to SISO system in STBC coding BER is improved. Lowest value
of BER is achieved in STBC technique.

Figure 5 shows the BER v/s SNR for QPSK modulation technique with STBC with more
number of antennas at transmitter and receiver side. Compared to figure 3, we can say that as we
increased the number of antennas at transmitter and receiver side, the BER is reduced.

Figure 6 shows the BER v/s SNR for 16-QAM modulation technique with STBC with more
number of antennas at both side. Compared to figure 4, we can say that as we increased the
number of antennas at transmitter and receiver side, the BER is reduced. But compared to figure
5, for 16-QAM modulation technique BER is higher than QPSK modulation technique. Because
as we increased the M ary number BER is also increased.
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Figure 5: BER v/s SNR for QPSK Modulation with Transmit diversity (STBC) with TX =3 and RX =4
Figure 6: BER v/s SNR for 16-QAM Modulation with Transmit diversity (STBC) with TX =3 and RX =4
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6 Conclusion

From this paper, we conclude that as we include the transmitter diversity that is as we increased the
number of antennas at transmitter side the BER is reduced. From simulation results of figure 3 to 6,
we say that as we increased the number of antennas at transmitter side we have achieved the lowest
value of BER. We have also concluded that compared to QPSK modulation technique and 16-QAM
modulation technique, the lowest value of BER is achieved in QPSK modulation. Because as we
increased the M-ary number the BER is also increased. The STBC technique is also reduced the
complexity of the receiver by inserting more number of antennas at transmitter side.
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