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Abstract
The performance of MIMO system evaluated over Rayleigh 
Fading Channel with perfect power control. Fading induced 
performance loss, which leads to error probability floor, 
requiring high energy and high bandwidth to get a reliable 
link. The performance of space–time transmit diversity is 
examined over fast- fading channels. The underlying space–
time system employs N = 2 transmit antennas and M=2 & 3 
receive antennas at the mobile user and receiver base station, 
respectively. Simulation demonstrates the performance of 
MIMO system for fading effects. Variation in Bit Error Rate is 
studied under Rayleigh fading Channel. 
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I. Introduction
The recent development of communication theory & radio 
technology has intensified interest in multi-antenna systems 
as an effective technique to combat fading and reduce the 
effect of channel interference [1].
Future wireless access systems will apply wideband 
multiantenna transmission for higher data rates and improved 
spectral efficiency. The so-called MIMO technique is the most 
promising approach to achieve the challenging goals. The MIMO 
is an important topic also in several pre-standardization bodies 
such as WWRF and the so-called 4G research.
Multi-antenna techniques both at the transmitter (TX) and at 
the receiver (RX) offer significant increase in spectral efficiency 
compared to traditional transmission schemes with a single 
TX and RX antenna [3-5]. Improved spectral efficiency is 
accompanied by the promise that the data rates of a single user 
can be increased by a factor of M if M TX and M RX antennas 
are employed in the data transmission. From the perspective 
of a single user the MIMO approach is advantageous due to 
the fact that several parallel data streams can be transmitted 
which alleviates the use of very high level modulation schemes. 
In this paper we study the BER performance of the MIMO by 
simulation assuming a Flat fading. Multiple input –multiple 
output (MIMO) systems have been introduced to improve the 
received signal quality and increase the transmission rates over 
wireless links. From the signal quality point of view, it is known 
that the reception of multiple copies of the transmitted data 
improves the system performance relative to single-antenna 
systems. From the channel capacity point of view, it has been 
demonstrated that multiple antennas have the potential to 
dramatically increase the achievable data rates, thus converting 
wireless channels from narrow to wide data pipes. Space–time 
codes (STCs) realize these gains by introducing temporal and 
spatial correlations into the transmitted signals from different 
antennas without increasing the total transmitted power or 
transmission bandwidth. Depending on the structure of the STC 
used, one can achieve a coding gain and (or) a diversity gain 
[4,6]. A simple transmit diversity scheme which improves the 

signal quality at the receiver on one side of the link by simple 
processing across two transmit antennas on the opposite side. 
The obtained diversity order is equal to applying MRRC with two 
antennas at the receiver. The new transmit diversity scheme 
can improve the error performance, data rate, or capacity of 
wireless communications systems.  
A simple space–time transmit diversity scheme using two 
transmit antennas at the base station and a single receive 
antenna at the mobile user was introduced by Alamouti [6]. 
The signal detection in this case is based on a maximum-
likelihood (ML) receiver that can be implemented using linear 
processing.
In this paper, we study the bit error rate performance of MIMO 
system over a multipath Rayleigh fading channel.

II. Analytical Approach
The Rayleigh distribution is frequently used to model multipath 
fading with no direct line of sight (LOS) path. In this case, the 
channel fading amplitude α is distributed according to [8]

         (1)    
                                
The instantaneous signal to noise ratio power per symbol is 
given by γ=α2ES/N0 and the average SNR per symbol by 
                          
                                                    (2)  

where, ES is the energy per symbol. And hence, the instantaneous 
SNR per symbol of the channel γ is distributed according to an 
exponential distribution given by [8]  

         (3)

Fig. 1: Configuration of two-branch transmit diversity with two 
receiver

Two-Branch Transmit Diversity with 2 Receivers
There may be applications where a higher order of diversity 
is needed and multiple receive antennas at the remote units 
are feasible. In such cases, it is possible to provide a diversity 
order of 2M with two transmit and M receive antennas. For 
illustration, we discuss the special case of two transmit and two 
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receive antennas and two transmit and 3 receive antennas in 
detail. The generalization to M receive antennas is trivial.

Table 1 : The encoding & transmission sequence for the two 
branch transmit diversity

Antenna-1 Antenna-2
Time t s0 s1

Time t+T -s1
* s0

*

The encoding and transmission sequence of the information 
symbols for this configuration is identical to the case of a 
single receiver, shown in Table 1, Table 2 defines the channels 
between the transmit and receive antennas, Table 3 defines the 
notation for the received signal at the two receive antennas, 
where [6]

 
                                                                        
 
Table 2 : The definition of channels between the transmit and 
receive antennas

rx antenna 0 rx antenna 1

Tx antenna 0 h0 h2
Tx antenna 1 h1 h3

Table 3 : The notation for the received signals at the two receive 
antennas

rx antenna 0 rx antenna 1

Time t r0 r2

Time t+T r1 r3

no, n1, n2 and n3 are complex random variables representing 
receiver thermal noise and interference. The combiner in Fig. 1 
builds the following two signals that are sent to the maximum 
likelihood detector:

 

           (5) 
 Substituting the appropriate equations we have [6] 

 

 
                             
                                                      (6)
These combined signals are then sent to the maximum likelihood 
detector which for signal s0 uses the decision criteria expressed 
in (7) and (8) for PSK signals. Choose si iff

       (7)       
Choose si  iff

                        (8)                                                                                                           
Similarly, for s1, using the decision rule is to choose signal 
si iff

       (9)        
or, for PSK signals, choose si iff 

                  (10)

                                                              
The combined signals in (6) are equivalently to that of four 
branches MRRC. Therefore, the resulting diversity order from the 
new two- branch transmit diversity scheme with two receivers 
is equal to that of the four-branch MRRC scheme.

III. System Model for 2x3 MIMO   

Fig. 2: Structure of transmit diversity with three receivers

At a given time, a signal s0 is sent from the transmitter. The 
channel including the effects of the transmit chain, the air-
link, and the receive chain may be modelled by a complex 
multiplicative distortion composed of a magnitude response 
and a phase response. The channel between transmit-1 and 
the receive antenna-1 is denoted by h11, Transmit-1 and the 
receive antenna-2 is denoted by h12 and so on as shown in 
table 4. 

Table 4 : The definition of channels between the transmit and 
receive antennas

Rx antenna -1 Rx antenna -2 Rx antenna -3
Tx antenna -1 h11 =h0 h12 = h2 h13 = h4

Tx antenna -2 h21 = h1 h22 = h3 h23 = h5

Table 5 : The notation for the received signals at the two receive 
antennas

Rx antenna -1 Rx antenna -2 Rx antenna -3
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Time t r0 r2 r4

Time t+T r1 r3 r5

The encoding and transmission sequence of the information 
symbols for this configuration is identical to the case of a single 
receiver, shown in Table I, Table IV defines the channels between 
the transmit and receive antennas, Table V defines the notation 
for the received signal at the two receive antennas, where

 

                                                                                            (11)

                                                                                             (12)
Substituting appropriate equations, we have,

           (13)
Similarly,

  
                                                      (14)

                                                                           
      (15)

These combined signals are then sent to the maximum likelihood 
decoder for which signal s0 uses the decision criteria expressed 
in (16) and (17) for PSK signals.
Choose si iff,

               
                                (16)
  
Choose iff,

     (17)
Similarly, for s1, using the decision rule is to choose signal 
si iff

 
        (18)             

or, for PSK signals, choose si iff 

       (19)

IV. Results and Conclusion 
The bit error rate performance of a 2-Tx & 2-Rx MIMO in Rayleigh 
fading environment is   shown below.                               
 

Fig. 3: The BER Performance comparison for BPSK with MRC and 
two-branch transmit diversity in Rayleigh Fading Channel

The BER performance is much better than 1 transmits 2 
receive MRC case. This is because the effective channels 
concatenating the information from 2 receive antennas over 
two symbols results in a diversity order of 4.. In general, with 
M receive antennas, the diversity order for 2 transmit antenna 
Alamouti STBC is 2M. As with the case of 2 transmit, 1 receive 
Alamouti STBC, the fact that (HHH) is a diagonal matrix ensured 
that there is no cross talk between x1, x2 after the equalizer 
and the noise term is still white.

Fig. 4: The BER Performance comparison for BPSK with 2x3 
and 2x2 MIMO system in Rayleigh Fading Channel.

The BER performance of 2x3  is better than 2x2 MIMO as with 
3 receive antennas, the diversity order for 2 transmit antenna 
Alamouti STBC is 2x3 i.e. diversity order of 6. 
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