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Abstract- The key challenge faced by future wireless communication systems is to provide high-data-rate wireless access at 
high quality of service .Combined with the facts that spectrum is a scarce resource and propagation conditions are hostile due 
to fading and interference from other users, this requirement calls for means to radically increase spectral efficiency and to 
improve link reliability. Multiple-input multiple-output (MIMO) wireless technology in combination with orthogonal 
frequency-division multiplexing (MIMO-OFDM) is an attractive air-interface solution for next-generation wireless local area 
networks (WLANs), wireless metropolitan area networks (WMANs), and fourth-generation mobile cellular wireless systems. 
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I. INTRODUCTION 
 
Multiple-input multiple-output (MIMO) wireless 
communication system is employing an antenna array 
at both ends of the link. MIMO wireless technology 
meets these demands as it increases spectral efficiency 
through spatial multiplexing gain, and improves link 
reliability due to antenna diversity gain [1]. 
 

Although MIMOs can potentially be combined with 
any modulation or multiple access technique, research 
has suggested that the implementation of MIMO-aided 
OFDM is more efficient [8].  
 
Orthogonal Frequency Division Multiplexing 
(OFDM) is the modulation scheme which divides the 
available frequency band into subcarriers of smaller 
bandwidth i.e. it converts a frequency selective 
channel into a parallel collection of frequency flat sub 
channels .It uses bandwidth efficiently, improves 
multipath fading issues and reduces the effect of ISI 
[1]. 
 
II. RELEVANCE 
 
The growing demand of multimedia services and the 
growth of Internet related contents lead to increasing  
interest to high speed communications. The 
requirement for wide bandwidth and flexibility 
imposes the use of efficient transmission methods that 
would fit to the characteristics of wideband channels 
especially in wireless environment where the channel 
is very challenging. In wireless environment the signal 
is propagating from the transmitter to the receiver 
along number of different paths, collectively referred 
as multipath. While propagating the signal power 
drops of due to three effects: path loss, macroscopic 
fading and microscopic fading [2]. Fading of the 
signal can be mitigated by different diversity 
techniques i.e. The signal is transmitted through 

multiple independent fading paths e.g. in time, 
frequency or space and combined constructively at the 
receiver. MIMO exploits spatial diversity by having 
several transmit and receive antennas. 

 
OFDM is modulation method known for its capability 
to mitigate multipath. In OFDM the high speed data 
stream is divided into N narrowband data streams, N 
corresponding to the subcarriers or sub channels i.e. 
one OFDM symbol consists of N symbols modulated 
by Quadrature amplitude multiplexing (QAM) or 
Phase Shift Keying (PSK). As a result the symbol 
duration is N times longer than in a single carrier 
system with the same symbol rate. The symbol 
duration is made even longer by adding a cyclic prefix 
to each symbol. As long as the cyclic prefix is longer 
than the channel delay spread OFDM offers 
inter-symbol interference (ISI) free transmission. 
Another key advantage of OFDM is that it 
dramatically reduces equalization complexity by 
enabling equalization in the frequency domain. Thus, 
the combination MIMO-OFDM is very natural and 
beneficial since OFDM enables support of more 
antennas and larger bandwidths [2]. 
 
III. DEVELOPMENTS 
 
MIMO OFDM, which is claimed to be invented by 
Airgo Networks, has formed the foundation of all 
candidate standards proposed for IEEE 802.11n.  
 
In recent years, this topic has attracted substantial 
research efforts, addressing numerous aspects, such as 
system capacity, space/time/frequency coding, 
peak-to-average power ratio (PAPR) control, channel 
estimation, receiver design. Furthermore, Nortel 
Networks has developed a MIMO OFDM prototype 
during late 2004, which demonstrates the superiority 
of MIMO OFDM over today’s networks in terms of 
the achievable data rate [5].  
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In the commercial area, Iospan Wireless Inc. 
developed the first commercial system in 2001 that 
used  MIMO with orthogonal frequency-division 
multiple access technology (MIMO-OFDMA). Iospan 
technology supported both diversity coding and spatial 
multiplexing. Following that in 2006, several 
companies (including at least Broadcom, Intel, and 
Marvell) fielded a MIMO-OFDM solution based on a 
pre-standard for 802.11n Wi-Fi standard. Also in 
2006, several companies (Beceem Communications, 
Samsung, Runcom Technologies, etc.) had developed 
MIMO-OFDMA based solutions for IEEE 802.16e 
WiMAX broadband mobile standard [4].  
 
IV. BLOCK DIAGRAM 
 
MIMO, is the use of multiple antennas at both the 
transmitter and receiver as shown in  Fig. 1. 
 

 
Fig. 1 A Schematic representation of a MIMO communication 

system 
 

An OFDM carrier signal is the sum of a number of 
orthogonal sub-carriers, with baseband data on each 
sub-carrier being independently modulated commonly 
using some type of QAM or PSK [3]. 
 
To mitigate the effects of intersymbol interference 
(ISI) caused by channel time spread, each block of 
Inverse Fast Fourier Transform coefficients is 
typically preceded by a cyclic prefix (CP) or a guard 
interval consisting of samples, such that the length of 
the CP is at least equal to the channel length. Under 
this condition, a linear convolution of the transmitted 
sequence and the channel is converted to a circular 
convolution. As a result, the effects of the ISI are 
easily and completely eliminated [3]. 
 
The MIMO-OFDM Transmitter consists of M parallel 
OFDM transmit chains, including the interfaces to the 
channel encoders, the framing and modulation units 
and the Inverse Fast Fourier transform (IFFT) units 
which also include the insertion of the cyclic prefix 
[4]. Similarly, the MIMO-OFDM Receiver consists of 
N parallel OFDM Receiver chains, including the 
interfaces to the channel decoders , the de-modulation 
units and the Fast Fourier transform (FFT) units which 
also include the reversal of the cyclic prefix as shown 
in Fig.2 

 
Fig.2  OFDM  System Block Diagram 

 

 
Fig 3: MIMO OFDM System with Space Time Block Coding 

(STBC) 
 

Space–time block coding is a technique used in MIMO 
Systems to transmit multiple copies of a data stream 
across a number of antennas and to exploit the various 
received versions of the data to improve the reliability 
of data-transfer.Space Time Coding involves the 
transmission of multiple redundant copies of data to 
compensate for fading and thermal noise in the hope 
that some of them may arrive at the receiver in a better 
state than others. In the case of STBC in particular, the 
data stream to be transmitted is encoded in blocks, 
which are distributed among spaced antennas and 
across time. 
 
V. ITU CHANNELS 
 
A commonly used set of empirical channel models is 
that specified in ITU-R recommendation. The 
recommendation specifies three different test 
environments: Indoor office, outdoor-to indoor 
pedestrian, and vehicular- high antenna. Since the 
delay spread can vary significantly, the 
recommendation specifies two different delay spreads 
for each test environment: low delay spread (A), and 
medium delay spread (B).  For each of these cases, a 
multipath tap delay profile is specified [11]. The 
number of multipath components in each model is 
different. The following three tables’   I-III list the 
specified parameters [10]. 
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Table I: ITU Channel Model for Indoor Office 

 
 

Table II: ITU Channel Model for Outdoor to Indoor 
and Pedestrian Test Environment 

 
 

Table III: ITU Channel Model for Vehicular Test 
Environment 

 
 
VI. BER PERFORMANCE ANALYSIS  
 
The following graphs show the various simulation 
results using MATLAB  of Bit Error Rate (BER) Plot 
versus Signal to Noise (SNR) Ratio for MIMO OFDM 
systems for the 3 ITU channels having low delay 
spread (channel A). 
 

 
Fig.4 BER Plot for 2x4 MIMO OFDM with 16 PSK 

(for varying ITU channels) 

 
Fig.5 BER Plot for 2x2 MIMO OFDM with 16 QAM 

(for varying ITU channels) 
 

 
Fig.6 BER Plot for MIMO OFDM with 16 PSK for Indoor ITU 

channel(for varying no. of transmit and receive antennas) 
 

 
Fig.7 BER Plot for 2x4 MIMO OFDM  for Indoor ITU 

channel(for varying order of modulation) 
 

 
Fig.8 BER Plot for 2x4 MIMO OFDM  for Indoor ITU 

channel(for varying modulation scheme) 
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From Fig. 4 and Fig. 5 , we have verified as the 
Doppler shift increases , the BER performance 
decreases , i.e. an indoor environment with negligible 
Doppler shift has a better performance than pedestrian 
environment which in turn is better than the vehicular 
environment.  
 
From Fig. 6, we conclude that with increase in the no. 
of receive antenna, the BER performance improves. 
From Fig .7, As the order of modulation increases , 
BER performance degrades. From Fig.8 , 16 QAM 
gives a better BER plot than 16 PSK. 
 
CONCLUSION 
 
Hence, we have seen that Multiple-Input 
Multiple-Output (MIMO) wireless systems using 
OFDM promise to provide the needed performance for 
future consumer products. Also, The BER Plots for 
ITU channels were simulated for varying parameters 
and the performance compared. 
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