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Introduction 

In this high-speed wireless communications era, the 
concept of multi carrier transmission provides high 
data rates in communication channel. The OFDM is a 
special kind of multi carrier transmission technique 
that divides the communication channel into several 
equally spaced frequency bands. Here the bit 
streams are divided into many sub streams and send 
the information over different sub channels. A sub-
carrier carrying the user information is transmitted in 
each band. Each sub carrier is orthogonal with other 
sub carrier and it is carried out by a modulation 
scheme. Data’s are transmitted simultaneously in 
superimposed and parallel form. The large-scale 
deployment of wireless devices and the requirements 
of high bandwidth and high data rate applications 
are expected to lead to tremendous new challenges 
in terms of the efficient exploitation of the 
achievable spectral resources and constitute a 
substantial research challenge in the context of the 
emerging WLANs and other indoor multimedia 
networks. Wireless communication systems need 
tremendously high data rates and high transmission 
reliability in order to meet the hastily increasing 
demand for multimedia applications such as high 

quality audio and video. Existing wireless 
technologies cannot efficiently support high data 
rates, because of these technologies are very 
sensitive to fading. OFDM is a widespread most 
promising modulation technique. It is beneficial in 
many areas such as high spectral efficiency, 
robustness, low computational complexity, frequency 
selective fading, and ease of implementation using 
IFFT/FFT and equalization schemes. The 
orthogonality principle essentially implies that each 
carrier has a null at the center frequency of each of 
the other carriers in the system while also 
maintaining an integer number of cycles over a 
symbol period. Equalizer compensate the inter 
symbol interference means it works in such a way 
that BER should be low and SNR should be high. 
Equalization techniques have importance to design 
of high data rate wireless systems. The quality of 
wireless communication depends upon the three 
parameters i.e. rate, range and reliability of 
transmission. Simultaneous improvement in all three 
parameters can be accomplished with the help of 
new technique called MIMO assisted OFDM system. 
MIMO is a frequency selective technique. OFDM can 
be used to convert such a frequency-selective 
channel into set of parallel frequency-flat sub 

Abstract 

MIMO –OFDM (Multiple –Input Multiple Output-Orthogonal Frequency Division Multiplexing) system 
has been currently recognized as one of the most competitive technology for 4G mobile 
Communication system. The signal detection technology has proposed in this paper for MIMO-
OFDM system is MMSE Equalization. The performance is calculated in terms of Bit Error Rate (BER) 
versus the Signal to Noise Ratio (SNR). In this paper I have been proposed the BER performance of 
the MIMO-OFDM system with MMSE equalizer for various modulation techniques i.e. BPSK, QPSK, 
16-QAM and 64-QAM using multipath fading channels i.e. AWGN (Additive White Gaussian Noise), 
Rayleigh and Rician channel. Multiple-Input Multiple-Output (MIMO) systems have been emerged as 
a technical breakthrough for high-data-rate wireless transmission. The performance of MIMO-OFDM 
system can be improved by using different antenna selection so as to provide spatial diversity. In this 
paper, the performance of MIMO system over AWGN (Additive White Gaussian Noise) and Rician 
fading channels with MMSE receiver is analyzed using different antenna configurations. 
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channels. MIMO-OFDM system can achieve reliable 
high data rate transmission over broad band wireless 
channel. 

MIMO-OFDM System 

 

Figure 1: Block-diagram of OFDM Tranceiver System 

Figure 1 shows the basic block diagram of OFDM 
system; consist of transmitter and receiver divided 
into two sections i.e OFDM transceiver system. The 
input data bits inserted from the source are firstly 
mapped using modulation techniques and after that 
converted from serial to parallel through S/P 
convertor. The input serial binary data stream is 
grouped into word size required for transmission in 
this each word, and word is converted into parallel 
stream. Each stream is used to modulate one carrier 
out of group of orthogonal carrier.  These subcarriers 
are provided to inverse fast Fourier transform (IFFT) 
block. After transformation, the time domain OFDM 
signal at the output of the IFFT. After that, Cyclic 
Prefix (CP) is added to mitigate the ISI (Inter Symbol 
Interference) effect.  Which is sent to parallel to serial 
convertor again and then, this signal is sent to 
frequency selective multi-path fading channels and a 
noisy channel with AWGN noise.  

Additive white Gaussian Noise (AWGN) is a channel 
model in which the only impairment to 
communication is a linear addition of wideband or 
white noise with a constant spectral density and a 
Gaussian distribution of amplitude. The model does 
not account for fading, frequency, selectivity, 
interference, nonlinearity or dispersion. However, it 
produces simple and tractable mathematical models 
which are useful for gaining insight into the 
underlying behavior of a system before these other 
Wideband Gaussian noise comes from many natural 
sources, such as the thermal vibrations of atoms in 
conductors, shot noise, black body radiation from 
the earth and other warm objects and from celestial 
sources such as the sun. 

The receiver does the reverse in contrast to the 
transmitter. Firstly the serial output channel is a 
converted into parallel stream and then cyclic prefix 
bits are removed from it .Then FFT of Each symbol is 
performed. To remove these channel effect MMSE is 
performed equalized output is converted back to 
data words by demodulator the phenomena are 
considered data words are then multiplexed to get 
the original data.  

Equalizer is a digital filter that provides an 
approximate inverse of channel frequency response. 
Equalization is to mitigate the effects of ISI to 
decrease the probability of error that occurs without 
suppression of ISI, but this reduction of ISI effects 
has to be balanced with prevention of noise power 
enhancement. 

Proposed Methodology for Signal Detection of 
MIMO-OFDM System 

OFDM is a multicarrier transmission technique used 
in applications catering to both Wired and Wireless 
Communications To generate OFDM signals 
successfully the relationship between all carriers 
must be carefully controlled in order to maintain 
orthogonality. In MIMO-OFDM system, MMSE 
equalizer is used to recover a signal that suffers from 
Inter symbol Interference (ISI) and the BER 
characteristics is improved and a good SNR can be 
obtained.  

 

Figure 2: Transmit 2 Receive (2×2) MIMO channel  

A Minimum Mean Square Error (MMSE) estimator is 
a method which reduces the mean square error 
(MSE). MMSE equalizer does not completely exclude 
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ISI but minimizes the total power of the noise and ISI 
components in the output.  

The term MMSE more specifically refers to estimation 
in a Bayesian setting with quadratic cost function. 
The idea is that we often have some prior 
information about the parameters to be estimated, 
instead of knowing absolutely nothing about it. This 
prior information is captured by the prior probability 
density function of the parameters and allows us to 
make better posterior estimates as more 
observations become available. Thus unlike non-
Bayesian approach where parameters of interest are 
assumed to be deterministic, but unknown constants, 
the Bayesian estimator seeks to estimate a parameter 
that is itself a random variable. 

Mean Square Error 

Let us X=  An unknown random variable, and Y= is a 
known random variable.  

An estimator Xe is any function of the 

measurement Y then 

Mean square error is mathematically given as:  

MSE=E{( Xe – X )2} 

Expected outcomes/Results 

Equalization Techniques are of vast importance in 
the design of high data rates wireless systems. They 
can combat for Inter-symbol Interference even in 
mobile fading channels with high efficiency. Zero 
forcing Equalizer performs well only in theoretical 
assumptions that are when noise is zero. This also 
helps to achieve data rate gain. Minimum Mean 
Square Equalizer uses LMS (least mean square) as a 
criterion to compensate ISI. Minimum Mean Square 
Equalizer not only excludes ISI components but also 
minimizes the total power of noise. When the no of 
receivers (n) is increased keeping the no of 
transmitters (m=2) as constant. It may be seen that 
the Bit Error Rate (BER) decreases in MMSE equalizer 
and also when the number of transmitters is less 
than the number of receivers.  

Conclusion 

 The performance of MIMO-OFDM under various 
channels will be analyse using MMSE Equilizer. The 
bit error performance will be improved with 2 
Transmitting antenna and 2 receiving antenna is 

used in the experimental simulation to judge the 
performance of MIMO system. Its performance 
degrades in mobile fading environment. Minimum 
Mean Square Error (MMSE) equalizer uses LMS (Least 
Mean Square) as criterion to compensate ISI. 
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