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Abstract
With the increasing demand of various multimedia applications 
,it become necessary to enhance the capacity of system without 
need of expansion in spectrum. The system combines the MIMO 
system and the OFDM system together, space-time coding is 
done in the transmitter firstly, the signal is launched after BPSK 
modulated, and the process of the receiver is the inverse process 
of the transmitter. The paper compare Alamouti Space time coding 
with Maximal Ratio Combining. The Bit Error Rate is calculated 
using software MATLAB for varying Signal to Noise Ratio, 
the experimental result shows that the MIMO-OFDM wireless 
communication system has better performance when Alamouti 
space time coding technique is used for transmit diversity.
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I. Introduction
In  the first generation of analog mobile communication system 
it was  only possible to transfer  voice but it was not possible 
to transmit the data. The second generation could transmit data 
but it consumes a large bandwidth. The 3G communication has 
higher data rate but in the future ,because of various multimedia 
application , excessive data rate will be required. Also the capacity 
of the system should also be increased. In order to meet these 
requirements of high data rate  and high capacity there should be 
some technology which can meet the requirement without need of 
extending the spectrum. MIMO-OFDM system combining MIMO 
and OFDM technology can meet the requirements[7]. Based on 
studying MIMO technology and OFDM technology, the paper 
sets up a simple MIMO-OFDM wireless communications system, 
and simulates its performance using MATLAB. 

II. MIMO and OFDM

A. MIMO Technology and System Model
MIMO, Multiple Input Multiple Output, uses multiple antennas at 
the same time in the transmitter and receiver of  the communication 
system, and it can increase the transmission rates by using the 
random fading and multipath propagation [2].
Let us consider point-to-point MIMO systems with Nt transmit 
and Nr receive antennas as in fig. 1. Let Hi, j be a complex number 
corresponding to the channel gain between transmit antenna i 
and receive antenna j respectively. If at a certain time instant the 
complex signals {s1, s2, ….. Snt} are transmitted via Nt transmit 
antennas, then Nr the received antenna j can be expressed as [3]

    (1)
Where, n i is a noise term. Combining all receive signals in a vector 
y, then equation (1) can be easily expressed in matrix form
Y=Hs +N     (2)
Where, Y is the Nr × 1 receive symbol vector, H is the Nr × Nt 
MIMO channel transfer matrix given by

   (3)
S is the Nt × 1 transmit symbol vector and N  is the Nr × 1 additive 
noise vector.

Fig. 1: Overview of MIMO Wireless Communication System 
[1]

The Alamouti  space time coding scheme can be used to achieve 
diversity at the transmitter and receiver if number of antennas 
are involved at the transmitter and receiver [4].The approach as 
outlined by Alamouti is shown in fig. 2.The information bits are 
first modulated using an M-ary modulation scheme. The encoder 
then takes a block of two modulated symbols s1 and s2 in each 
encoding operation and gives it to the transmit antennas according 
to the code matrix,

S=       (4)

In Equation  (4), the first column represents the first transmission 
period and the second column the second transmission period.

Fig. 2: A Block Diagram of the Alamouti Space-Time Encoder

The first row corresponds to the symbols transmitted from the 
first antenna and the second row corresponds to the symbols 
transmitted from the second antenna. Elaborating further, during 
the first symbol period, the first antenna transmits s1 and the 
second antenna transmits s2 [3] . During the second symbol period, 
the first antenna transmits -s2* and the second antenna transmits 
s1* being the complex conjugate of s1 . This implies that we are 
transmitting both in space (across two antennas) and time (two 
transmission intervals). This is space-time coding.
s1 = [s1 , -s2*]
s2 = [s2 , s1*]     (5)
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In equation (5) where s1 is the information sequence from the 
first antenna and s2 is the information sequence from the second 
antenna.
A close examination of  equation (5) reveals that the sequences 
are orthogonal (i.e., the inner product of s1 and s2 is zero). This 
inner product is given by,
s1 s2 = s1 s2* - s2*s1 = 0    (6)
At the receiver the signals after passing through 
the channel can be expressed as,
r1 = h1 s1 + h2 s2 + n1
r2 = -h1 s2* + h2 s1* + n2    (7)
where, n1 and n2 are independent complex variables with zero 
mean and unit variance, representing additive white Gaussian 
noise samples at time t and   t + T, respectively. 
For a MIMO system with N transmitting antennas and M receiving 
antennas, it is assumed that the channel is independent Rayleigh 
fading channel and N, M are very large, then the channel capacity 
C is
C = min(M, N)B log2 (ρ/ 2)   (8)
Where, B is the signal bandwidth, ρ is the average signal to noise 
of the transmitter. The above formula shows that the maximum 
capacity of the system will increase linearly with the raise of the 
minimal number of antennas when the power and bandwidth are 
fixed.

B. OFDM Technology and System Model
Orthogonal Frequency-Division Multiplexing (OFDM) is a 
method of transmitting data   on multiple carrier frequencies [5].
OFDM, Orthogonal Frequency Division Modulation, is a multi-
carrier modulation technology. 

Fig. 3: Showing the Spectra of Four Carriers Orthogonal to Each 
Other

Firstly, it converts the high-speed serial data stream to low-speed 
parallel string which can be transmitted in N sub-channels. Then, 
the technology modulates them by N sub-carriers which are 
orthogonal with each other [6]. Lastly, the N modulated singles 
are sent together. The destination receives them with relevant 
sub-carrier, and restores the original high-speed data by parallel/
serial conversion [7]. The system configuration for OFDM is 
shown in the fig. 4.

Fig. 4: OFDM System Configuration

III  MIMO-OFDM Wireless Communication System

A.  MIMO-OFDM Technology
MIMO–OFDM technology takes advantage of transmitting the 
data with multiple antennas at the transmitter using multicarrier 
modulation technique.

B.  Working Methodology
The simulation is carried out using BPSK  modulation technique 
with and without using Alamouti space time coding scheme. 
The Bit Error Rate are compared for Rayleigh channel. At the 
Transmitter, Firstly, the number of symbols to be transmitted 
and signal to noise ratio is determined. Then a random binary 
sequence of +1’s and -1’s(BPSK) is generated using a random 
binary generator. Then the generated sequence is grouped into a 
pair of two symbols. Then the coded BPSK symbols are mapped 
to Alamouti space time block code and transmitted using antenna 
selection [3,10]. The channel used is Rayleigh fading channel. In 
the channel the symbols are multiplied with the channel parameters 
and added to white Gaussian Noise. At the receiver, the symbols 
are equalized and hard decision decoding is made. The bit errors 
are counted. Then the experiment is repeated for different values 
of signal to noise ratio. The bit error rate is plotted v/s signal to 
noise ratio. 

IV. Results Analysis and Discussions
The performance of the Alamouti scheme using BPSK symbols 
with realizations obtained by simulations of slow Rayleigh fading 
channels is shown in fig. 5. 
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Fig. 5: The BER Performance of the BPSK Alamouti Scheme, 
Nt = 2, Nr = 2

it is assumed that the receiver has perfect knowledge of the 
channel 
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Further, It is assumed that the total transmit power from the two 
antennas used with the Alamouti scheme is the same as the transmit 
power sent from a single transmit antenna to two receive antennas 
and applying an MRC at the receiver. 
Fig. 6, shows the BER performance with Alamouti and without 
Alamouti technique for BPSK. Fig. 7, shows the performance 
of the Alamouti scheme using two transmitting and 1 receiving 
antenna.
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Fig. 6: The BER Performance of the BPSK With MRC  for  Nt 
= 1, Nr = 2
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Fig. 7: The BER Performance of  BPSK With Alamouti Scheme 
for Nt = 2, Nr = 1
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Fig. 8: The BER Performance Comparison of Alamouti and MRC 
for BPSK in Rayleigh Channel

The simulation results show that the Alamouti (2×1) scheme 
achieves the same diversity as the (1×2) scheme using MRC as 
shown in fig. 8. However, the performance of Alamouti scheme 
is 3 dB worse due to the fact that the power radiated from each 

transmit antenna in the Alamouti scheme is half of that radiated 
from the single antenna and sent to two receive antennas and 
using MRC.
In this way, the two schemes have the same total transmit 
power. 

V. Conclusions
This work gives overview of space-time coding for Multiple- 
Input/Multiple-Output (MIMO) systems. The performance of 
space-time codes for wireless multiple-antenna systems with 
Channel State Information (CSI) at the transmitter has been also 
studied. Alamouti code is the only OSTBC that provides full 
diversity at full data rate (1 symbol/time slot) for two transmit 
antennas. This work also shows that BER reduces with the use 
of Alamouti Space time Coding at the transmitter.
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