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Abstract- Paper presents simulations of multiple input multiple output (MIMO) system with space-time block coding 
(STBC) scheme. Paper shows that multiple transmit and receive antennas increase diversity, which results in high SNR. To 
support this notion three illustrative examples of MIMO-STBC in wireless network are simulated. Firstly, the paper 
compares the case of single user while incorporating multiple transmit and receive antennas. Secondly, the paper compares 
case of two users and thirdly, compares the case of four users while incorporating multiple receiving antennas. The 
simulation and experimental results are presented.   
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I. INTRODUCTION 
 
In the last decade, there has been a drastic increase in 
demand for higher data rates in mobile broad-band 
networks, wireless local area network (WLAN) and 
high-definition (HD) audio and video broadcasting 
services. To meet tremendous data excess demand, 
use of multiple antennas, at the transmitter and 
receiver terminals, is advantageous. Use of multiple 
antennas at the transmitter and receiver terminals, 
creates MIMO channels that offers higher 
transmission rates, improves the system reliability and 
robustness to noise. 
 
Signal transmission over the wireless channel suffers 
from additive noise, multipath fading, attenuation, 
reflection and diffraction form various objects. 
Attenuation could be due to obstacles and foliage and 
multipath fading is due to reflections from building, 
structure or hills. At the receiver, the transmitted 
signals combine and depending on the amplitude, 
phase and delay of each received signal, they could 
cancel each other completely or attenuate the 
combined signal. Because of fading, the received 
signal may be significantly attenuated; as a result 
receiver cannot detect the transmitted signal properly. 
Diversity is one way to overcome the problem of 
multipath fading. The basic concept of diversity is to 
transmit the replicas of the original information signal 
over multiple channels that are fading independently. 
Now, if one of the channels is a deep fade, the 
receiver can still recover the transmitted signal from 
one of the other channels that is in a good enough to 
perform a reliable detection. Diversity can be used 
along with the time, frequency and spatial dimensions, 
where the same information is transmitted at different 
time instances, transmitted in different frequency 
bands or transmitted or received from different points 
in space, respectively. Space or spacial diversity can 
be implemented by using multiple antennas that are 
located at a sufficient distance at the receiver; the 

received signal at each antenna undergoes 
independent fading. 
 
By considering a multiple-antenna scenario one can 
cancel out the interference of other users. The first 
interference cancellation technique with multiple-
antennas equipped users was proposed by Tarokh et 
al. in paper. They consider the case were users are 
equipped with N transmit antennas. Receive antennas 
equal to N times the number of users was used to 
decode each user separately. Naguib et al. proposed an 
interference cancellation scheme that required 
receiving antennas equal to number of users. Required 
receiving antennas are much less than in scheme, but 
this method was only for users equipped with 2 
transmit antennas. The further work improvement was 
carried out in [2] for higher number of transmitting 
antennas. However, this method was only for J = 2 
users. J. Kazemitabar and H. Jafarkhani in showed 
why the work started by Naguib et. al. cannot be 
applied to higher number of transmitting antennas 
when complex constellations are used and proposed 
Quasi-Orthogonal Space time Block Code (QOSTBC) 
which require receiving antennas equal to number of 
users. So, using STBC and OSTBC codes in our 
simulation is advantageous as this techniques requires 
much less antennas M = J. 
 
II. MULTIPLE-INPUT MULTIPLE-OUTPUT 

(MIMO) SYSTEM 
 
MIMO wireless systems are more, power & 
bandwidth efficient as compared to a single input 
single output (SISO) system. The capacity limit of 
MIMO system increases approximately linearly with 
the number of antennas. If viewed by other side, 
performance of MIMO system can be enhanced 
without increase in transmitter power or bandwidth. 
MIMO system consists of N transmitting antennas and 
M receiving antennas for wireless communication. 
The source data stream is fed to the transmitter, after 
series of data processing which includes data 
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compression and channel coding, the data stream is 
encoded and divided into separate symbol streams. 

Each symbol stream is then sent to transmit antennas 
and transmitted over the wireless channel. 

 

 
 

At the receiver side, the signal received by each 
antenna is linear combinations of the signal 
transmitted from all N transmit antennas plus noise. 
Wireless MIMO scheme is further divided into two 
parts based on diversity and spatial multiplexing. 
Practical use of diversity technique results in 
increased signal to noise ratio (SNR) and spatial 
multiplexing results in increased data rate. This means 
receive diversity and transmit diversity decreases 
fading and improves link quality to some extent and 
spacial multiplexing results in large, increase in 
spectral efficiency. 
 
III. THE TRANSMISSION CHANNEL 

MODEL 
 
Consider wireless system with N antennas at base 
station and M antennas in the remote modules. The 
signal r  corresponds to signal received at time t by 
receiving antenna j and it is as follows 

 
r = ∑ h s + n    (1) 

 
Where n  is the noise at time t, at the remote antenna j, 
and it is assumed to be independent Gaussian random 
variable. h  is the channel coefficient form 
transmitting antenna i to receiving antenna j. 
Considering channel to be flat faded.   st is the 
transmitted symbol at time t. Consider wireless 
channel to be quasi static which means path gains are 
constant over a frame and vary from one frame to 
other.  
 
Suppose channel coefficients, h , from base station 
antenna i to remote unit antenna j, has perfect 
knowledge. Then, the receiver’s decision metric is 

∑ ∑ r − ∑ h s   (2) 
Over all codeword’s 
s s … s s s … s … … s s … s  and decision is 
taken in favor of the codeword that minimizes the 
above sum. 
 
IV. SPACE TIME BLOCK CODE (STBC) 
 
In recent years, space time block coding (STBC) 
scheme have acquired much interest in wireless 
communication. The concept of STBC has evolved 
from diversity scheme using smart antennas. STBC is 
more effective than traditional diversity schemes [6] 
because STBC uses data coding and signal processing 
at transmitter as well as receiver. Previous traditional 
diversity schemes are receive diversities. The 
disadvantage of traditional receive diversity for 
mobile communication is that the receive antennas 
had to provide sufficient distance in-between so that 
every signal received undergoes independent fading. 
Therefore, it is very costly to provide more number of 
antennas in the mobile devices because they must be 
handy, small in size and light in weight. A base station 
generally handles hundreds to thousands of remote 
units. So, use of transmit diversity at base station can 
be advantageous, as base station need not be small and 
light weight, complex base stations can be designed. 
 
Space time block codes (STBC) are generalized 
version of Alamouti technique. STBC are orthogonal 
and can achieve full transmit diversity with specific 
number of transmit antennas. STBC can be referred as 
complex version of Alamouti’s code, where at 
transmitter and receiver side encoding and decoding is 
same. The data are constructed as matrix in which 
rows equal to number of required slots to transmit the 
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data and columns equal to the number of the transmit 
antennas. At the receiver, when signals are received 
firstly they are combined and then maximum 
likelihood (ML) decoding is applied. Space time block 

codes (STBC) are designed so as to achieve maximum 
diversity for given antennas at transmitter and 
receiver. Even though STBC provides full diversity, it 
lacks in optimized coding gain. 

 

 
 
A STBC is defined as a P x N transmission matrix G. 
The matrix is designed by taking linear combinations 
of the variables s , s , … , s  and their conjugates. 
Columns of the matrix represent the number of 
transmitting antennas N. For example, G represents 
code with two transmitting antennas and is given by 

 
G(s , s ) =

s s
−s ∗ s ∗  (3) 

 
At first time slot, s  is transmitted from first antenna 
and s  is sent by second antenna and at second time 
slot, −s ∗ is transmitted form first antenna and s ∗ is 
transmitted from second antenna. This is according to 
the Alamouti scheme.  Rate for this code is one since 
two symbols are transmitted per two time slots. 
In this paper, simulation of the following STBC for 
four transmitting antennas is performed 
 

G(s , s , s , s ) =
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The rate achieved by this code is half since four 
symbols are transmitted per eight time slots. 
 
A. Decoding STBC 
For decoding STBC Maximum likelihood (ML) 
algorithm is used. This algorithm uses only linear 
processing at the receiver. ML detection amounts to 
minimizing the decision metric 
 

(r h ,
∗ + (r )∗h , ) − s + (−1

+ h , )|s |  

  (5) 
for decoding symbol s  and decision metric 

(r h ,
∗ − (r )∗h , ) − s + (−1

+ h , )|s |  

  (6) 
 
for decoding symbol s . This simple maximum 
likelihood method described in [4] for single user. 
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V. SIMULATION RESULTS 
 
This section provides simulation results for single 
user, two users and four users. Figure 1 illustrates the 

system block diagram for four users. We took 
different transmitting and receiving antennas and 
compared results of each simulation. 

 

 
 

 
 
Experiment 1 
We considered single user with two transmit antennas 
and observed results by increasing number of receive 
antennas. Also for reference, three transmit and two 
receive antennas simulation was compared with above 
results. Results are plotted for better understanding as 
shown in figure 2. For simulation Binary Generator 

has used as source and OPSK modulator has used to 
modulate the input data. Space time block coding 
encoders have been used for transmission of symbols. 
Rayleigh fading channel was used as a wireless 
medium. AWGN was used to add white Gaussian 
noise to the transmitted signal. This signal was then 
received by STBC decoder and finally signal was 
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demodulated using QPSK demodulator to predict the 
original signal. Considering the output and input 
signal, graph of signal to noise ratio (SNR) versus Bit 
error rate (BER) was plotted and is shown in Fig. 2. 
Simulation of two transmit antennas and one, two and 
four receive antennas were carried out simultaneously. 
Simulation of three transmit antennas and two receive 
antennas was also modeled and for sake of 
comparison results were plotted in single graph as in 
Fig. 2. 
 
B. Experiment 2 
Simulation setup for two users was modeled as per 
system block diagram shown in Figure 1 but the 
number of users are two (in block diagram 4 users 
setup is modeled). Integer generator was used as a 
source and 4-QAM modulation was used for signal 
modulation. Taking into consideration wireless 
channel statistics, precoders were designed and by 
using channel state information (CSI) at transmitter, 
appropriate precoder was multiplied. After this, a 
STBC encoder was used for transmitting the data 
through four transmit antennas. OSTBC combiner was 
used to receive the signal at the receiver end. Then by 
using maximum likelihood (ML) detection data is 
predicted. 
 
Simulation of two users with four transmitters each 
and different (four and six) receive antennas was 
studied. Comparative results of input and output were 
plotted for better understanding as shown in Fig. 3. 
 
C. Experiment 3 
Simulation setup for four users was modeled as per 
system block diagram as shown in Fig. 1. Integer 
generator was used as a source and 4-QAM 
modulation was used for signal modulation. Taking 
into consideration wireless channel statistic precoders 
are designed and by using channel state information 
(CSI) at transmitter, appropriate precoder was 
multiplied. Then STBC encoder was used for 
transmitting the data through four transmit antennas. 
OSTBC combiner was used to receive the signal at 
receiver. Then by using maximum likelihood (ML) 
detection data is predicted. Simulation of four users 

with four transmitting antennas each was used. 
Different receiving antennas were used (four, six and 
eight) for comparison. Graph of signal to noise ratio 
(SNR) versus bit error rate (BER) was plotted which 
is shown in Fig. 4. 
 
CONCLUSION 

 
This paper has shown how MIMO-STBC using 
multiple transmit and receive antennas increases the 
diversity, which results in high signal to noise ratio 
(SNR). Three illustrative examples for one, two and 
four users were presented to support this idea. It is 
observed that by using multiple transmit and receive 
antennas SNR increases for single as well as for 
multiple users. 
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