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Abstract—The demand for wireless systems has been 

growing rapidly over the recent years due to improved 

reliability, high data rates, seamless connectivity and 

low deployment costs. MIMO systems are the most 

efficient leading innovation of wireless systems for 

maximum capacity and improved quality and coverage. 

Multiple Input Multiple Output (MIMO) in 

combination with Orthogonal Frequency Division 

Multiplexing (OFDM) can provide spectrally efficient 

and ISI free communication. The Fractional Fourier 

transform (FrFT), as a generalization of the classical 

Fourier Transform, was introduced many years ago in 

mathematics literature. In this paper selecting the 

optimal order of the fractional Fourier transform, the 

modulated signals can match the time-varying channel 

characteristics, which results in a mitigation of the inter 

carrier interference. Furthermore, an algorithm is 

presented for selecting the optimal order of fractional 

Fourier transform, and the impact of system 

parameters on the optimal order is analyzed. 

Experimental results yields good results over 

conventional state of art methods. 

Keywords—Fractional Fourier transform, MIMO-

OFDM, inter carrier interference 

I. Introduction 
Multiple Input Multiple Output (MIMO) systems 
have been recently emerged as a key technology in 
wireless communication systems for increasing both 
data rates and performance[1,2]. MIMO is an antenna  
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technology that used both in transmitter and receiver 
equipment for wireless radio communication. MIMO 
uses multiple antennas to send multiple parallel 
signals for transmission[3]. Wireless communication 
technology has shown that when multiple parallel 
signals for transmission[3].  

      Wireless communication technology has shown 
that when multiple antennas at both transmitter and 
receiver are employed it provides the possibility of 
higher data rates compared to single antenna systems. 
MIMO exploits the space dimension to improve 
wireless system capacity, range and reliability. In the 
never ending search for increased capacity in a 
wireless communication channel it has been shown 
that by using MIMO OFDM systems it is possible to 
increase that capacity substantially[4-6]. Especially 
in broadband application where Inter-symbol 
Interference is a critical factor. Equalizers are 
employed to reduce such interference. MIMO system 
transmits different signals from each transmit 
element so that the receiving antenna array receives a 
superposition of all the transmitted signals. MIMO 
has eminent features which offer significant 
increment in data throughput and link range without 
additional bandwidth and increase transmit 
power[10].  

     Channel estimation is an important technique 
especially in mobile wireless network systems. The 
knowledge of the impulse response of mobile 
wireless propagation channels in the estimator is an 
aid in acquiring important information for testing, 
designing or planning wireless communication 
systems. Channel estimation is based on the training 
sequence of bits and which is unique for a certain 
transmitter and which is repeated in every transmitted 
burst. The channel estimator gives the knowledge on 
the channel impulse response (CIR) to the detector 
and it estimates separately the CIR for each burst by 
exploiting transmitted bits and corresponding 
received bits. Signal detectors must have knowledge 
concerning the channel impulse response (CIR) of the 
radio link with known transmitted sequences, which 
can be done by a separate channel estimator. 

     The use of MIMO technology in combination with 
OFDM therefore seems an attractive solution for 
future wireless communication. This paper 
implements channel estimation in MIMOOFDM 
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system for Spatial Multiplexing technique with the 
aid of pilot symbols to estimate the channel. Least 
Square (LS) is used to get the initial estimation, 
whereas to define all of channel characteristics, we 
use the channel condition in the past in all subcarriers 
with no pilot symbols. The performance is measured 
by implementing channel estimation in applicable 
proposed system design and pilot type. 

II. Related Content 

A. Basic OFDM System  
The OFDM block diagram is illustrated as 

follows in figure 1. The input random signal data rate 
streams (high) are converted into data rate streams 
(low). The important aspect in the OFDM block 
diagram is the modulation technique which modulat- 

 

 

 

 

 

 

 

 
 

Figure 1: Block diagram of Basic OFDM system 

-es the low data rate streams in parallel way and this 
parallel stream given input to the IFFT block which 
transforms the frequency data to time data before it 

reaches the channel. Adding the cyclic prefix acts as 
the guard interval and the reverse of transmission is 
accomplished at receiver end. 

B. MIMO OFDM system  
     The below block diagram fig(2) represents the 
MIMO-OFDM system which comprises of 
transmitters and receivers in multiple way. The input 
data (digital) is generated by binary source generator 
as shown in below figure and the binary data is 
modulated with modulation approach such as BPSK, 
QPSK and QAM with several different 
constellations. The serial to parallel performs the task 
to convert the serial data to the parallel mode in N 
various sub streams. Then these various sub streams 
are modulated through the IFFT modulation block.    

     The IFFT block in the block diagram in design to 
transform the frequency to time domain for obtaining 
the delay related issues at the channel and then guard 
interval named CP is inserted to tackle the issues like 
ICI/ISI. The OFDM symbols are initialized in the 
time domain which has specified length before giving 
it to the channel then the operation is performed in 
the inverse direction to remove all the operations 
which are performed and gets the output as OFDM 
signal in MIMO format. The received data are first 
converted in serial to parallel form data from time 
domain symbol in frequency domain and again covert 
it parallel to serial form. When we have to 
demodulate and decode the data, we get estimated 
output. The MIMO-OFDM system has multiple input 
and multiple output. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Block diagram of MIMO OFDM system 

III. Proposed method 

A. FrFT-based MIMO-OFDM system 
 A MIMO- OFDM system with  transmit antennas and 

 receive antennas for FRFT as shown in figure 2. In 

transmitter section the usage of space time coding is witnessed 

to map the information bearing sequence in transmit antennas 
in reliable way. The data sequence is initially converted to 
serial to parallel in each transmitter antenna and later the 
converted parallel data sequence is modulated of OFDM 
IFRFT modulation scheme as follows 
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   So far, we’ve seen the definitions of conventional Fourier 
Transform. Before formally defining the Fractional Fourier 
Transform, we want to know that “What is a fractional 
transform?” and “How can we make a transformation to be 
fractional?” First we see a transformation T, we can describe 
the transformation as following: 

    T f x F u  
                                          (2) 

where f and F are two functions with variables x and u 
respectively. As seen, we can say that F is a T transform off. 

Now, another new transform can be defined as below: 

    T f x F u



 

                                                                  
(3) 

We call T
 here the “α-order fractional T transform” and 

the parameter α is called the “fractional order”. This kind of 
transform is called “fractional transform”. Which satisfy 
following Boundary conditions : 

    0T f x f u
 

    1T f x F u  

                                      (4) 

 

(5) 

 

 

B. Encoding of STBC and SFBC  
In a given Alamouti code block, two symbols of s1  and 

s2  are encoded using the following orthogonal  

matrix
1 2

2 1

s s

s s* *

 
  

 
A  

 

(6) 

     The encoding matrix defines the transmission format with 
the row index indicating the antenna number and the column 
index indicating the OFDM symbol index (sub-carrier index) 
for STBC (for SFBC).  

C. Subcarrier mapping for STBC  

 
Figure 3: An example of STBC encoding 

For STBC, a pair of symbols, s1  and s2 , are encoded into 

four variants, s1 , s2 , s2* , and s1*
. As illustrated in Figure 

1, s1  is transmitted over a certain sub-carrier from antenna 

one, and s2*  is over the same subcarrier from antenna two. 

During the next OFDM symbol, s2  and s1*
 are mapped onto 

the same sub-carrier from the two antennas. That is, each 
symbol (or its positive/negative conjugate) is transmitted from 
two antennas and over two OFDM symbols.  

 
Figure 4: An example of SFBC encoding 

D. Subcarrier mapping for SFBC  
    As depicted in Figure 2, SFBC also encodes a pair of 

symbols, s1  and s2  into four variants, s1 , s2 , s2* , and 

s1*
, and transmits s1 and –s2* over a certain sub-carrier from 

the two antennas. However, the other two variants, s2 and s1*, 
are transmitted from the subsequent contiguous or 
discontinuous sub-carriers. That is, each symbol (or its 
positive/negative conjugate) is transmitted from two antennas 
and over two sub-carriers (rather than over two OFDM 
symbols in STBC). 

IV. System Transmission model 
We take here a baseline configuration of MIMO with two 

transmit antennas and two receive antennas as an example to 
show the transmission model. The same principle is feasible 
for other MIMO configurations with two transmit antennas 

and multiple receive antennas. Assuming 

1 1

1 11 12

1 1

21 22

h h

h h

 
  
 

H  

and 

2 2

2 11 12

2 2

21 22

h h

h h

 
  
 

H  be channel matrix of receive/transmit 

antenna pairs during the 1
st
 and 2

nd
 symbol/subcarrier intervals 

of Alamouti code, respectively. In the equations, 
k

mnh  denotes 

the channel fading coefficient between the m th receive 

antenna to the n th transmit one during the k th 

symbol/subcarrier intervals. Then, the MIMO channel is 

quasi-static if 
1 2H H , otherwise the MIMO channel is 

selective. 
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A. Quasi-static flat fading channel 

In the design of Alamouti code, quasi-static flat fading 
channels are assumed, which makes it possible to use simple 
decoder to achieve full spatial diversity. In this case, the 
received signals can be expressed as 

1 1
11 11 1

1 1
22 2

*

sy n
Y

sy n

    
      

    
H  

                

                     (7) 

 

and : 

2 2
22 11 1

2 2
12 2

*

sy n
Y

sy n

    
      

    
H

 

                        

                       (8) 

where  1 2is i ,  is the transmitted symbols, 
j

iy  

( 1 2i, j ,  ) is the received signal during the j th 

symbol/subcarrier interval over i th antenna; 
1

ijh  ( i 1 2,  and 

1j ,...,m ) is the fading coefficient during the 1
st
 

symbol/subcarrier interval; and 
j

in  is the additive Gaussian 

noise with zero mean - and variance - 0N  during the j th 

symbol interval over the i th antenna. 

B. Selective fading channel 

In a selective fading channel where the quasi-static 
assumption doesn’t hold, the receive signals will be expressed 
as 

1 1
11 11 1

1 1
22 2

*

sy n
Y

sy n

    
      

    
H

 

 

           (9) 

and : 

2 2
22 21 1

2 2
12 2

*

sy n
Y

sy n

    
      

    
H

 

                                           
(10) 

 

 

C. Decoding of STBC/SFBC 

Maximum likelihood decoder using only linear processing 
at the receiver is used for decoding Alamouti code. In order to 
analyze the impact of channel selectivity in an Alamouti code 
on its performance, MMSE decoder is also used for a 
reference to reduce inter-symbol interference (ISI) due to 
channel selectivity.  

V. Results 
In this proposed method, No. of symbols 1024 are used as 

data signal and 16 sub carries are used to transmit these 

symbols. In this technique, Rayleigh channel is used to 
transmit the symbols.  

A. Analysis of figure(4) 

As shown in figure1, the graph is represented between 
BER and SNR (signal to noise ratio). As the graph indicates, 
the performance of BER reduces automatically when SNR 
value increases. Because, as the BER decreases the data rate 
increases. 

 

 

 Figure 4 performance of BER in Rayleigh channel 

B. Analysis of figure(5) 

The performance of carrier to interference ratio, as the CIR 
reduces the system capacity increases automatically. As the 
CIR reduces the performances of  data rate increases and 
speed increases and the interference decreases. 

 

Figure 5 Carrier to interference ratio 

Figure 5 indicates X axis as system performance and Y-
axis shows carrier to interference ratio 

C. Analysis of figure(6) 

The above graph indicates X-axis as Bit error rate and Y-
axis as signal noise to interference ratio. As SNIR decreases 
system performance increases and the interference of the 
signal decreases automatically. 
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D. Analysis of figure(7) 

The above graph shows the performance of channel 
estimation. The X-axis shows signal to noise ratio and Y-axis 
shows normalized mean square error. In the above box 
RayH11 indicates 1st transmitter is connected to 1st receiver 
as so on. The performance of the signal should be increased 
linearly. 

 

 

Figure 6 signal to noise interference ratio 

 

Figure 7 Channel estimation 

VI. Conclusion 
MIMO systems are efficient leading innovation of wireless 

systems for maximum capacity, improved quality and 
coverage. Multiple Input Multiple Output (MIMO) combines 
with OFDM provides spectrally efficient and ISI free 
communication. The Fractional Fourier transform (FrFT), as a 
generalization of the classical Fourier Transform, was 
introduced many years ago in mathematics literature. In 
thispaper selecting the optimal order of the fractional Fourier 
transform, the modulated signals can match the time-varying 
channel characteristics, which results in a mitigation of the 
inter carrier interference. 
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