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Abstract 
Orthogonal frequency division multiplexing (OFDM) is a popular method for high data rate wireless transmission. OFDM 
may be combined with antenna arrays at the transmitter and receiver to increase the diversity gain and/or to enhance the 
system capacity on time-variant and frequency-selective channels resulting in a multiple-input multiple-output (MIMO) 
configuration. This paper explores various physical layer research challenges in MIMO-OFDM system design, including 
physical channel measurements and modeling, analog beam forming techniques using adaptive antenna arrays, space–time 
techniques for MIMO -OFDM, error control coding techniques, OFDM preamble and packet design, and signal processing 
algorithms used for performing time and frequency synchronization, channel estimation, and channel tracking in MIMO-
OFDM systems. Finally, the paper considers a software radio implementation of MIMO-OFDM 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. This article provides an overview of the basics 
of MIMO-OFDM technology and focuses on space-frequency signaling, receiver design, multiuser systems, and hardware 
implementation aspects. We conclude with a discussion of relevant open areas for further research .MIMO-OFDM combines 
OFDM and MIMO techniques thereby achieving spectral efficiency and increased throughput. A MIMO-OFDM system 
transmits independent OFDM modulated data from multiple antennas simultaneously. At the receiver, after OFDM 
demodulation, MIMO decoding on each of the sub channels extracts the data from all the transmitted antennas on all the sub 
channels.  

Keywords—Adaptive antennas, broadband wireless, multiple-input multiple-output (MIMO), orthogonal frequency division 
multiplexing (OFDM), software radio, space–time coding, synchronization 

 

1. Introduction to OFDM 

Orthogonal frequency division multiplexing (OFDM) has become a popular technique for transmission 
of signals over wireless channels. OFDM has been adopted in several wireless standards such as digital audio 
broadcasting (DAB), digital video broadcasting (DVB-T), the IEEE 802.11a [1] local area network (LAN) 
standard and the IEEE 802.16a metropolitan area network (MAN) standard. OFDM is also being pursued for 
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dedicated short-range communications (DSRC) for road side to vehicle communications and as a potential 
candidate for fourth-generation (4G) mobile wireless systems. 

MIMO systems provide a number of advantages over single-antenna-to-single-antenna communication. 
Sensitivity to fading is reduced by the spatial diversity provided by multiple spatial paths. Under certain 
environmental conditions, the power requirements associated with high spectral-efficiency communication can 
be significantly reduced by avoiding the compressive region of the information-theoretic capacity bound. Here, 
spectral efficiency is defined as the total number of information bits per second per Hertz transmitted from one 
array to the other. 

1.1 Capacity 

Capacity increases linearly with signal-to-noise ratio (SNR) at low SNR, but increases logarithmically 
with SNR at high SNR. In a MIMO system, a given total transmit power can be divided among multiple spatial 
paths (or modes), driving the capacity closer to the linear regime for each mode, thus increasing the aggregate 
spectral efficiency. As  seen  in  Figure  1,  which  assumes  an  optimal  high  spectral-efficiency  MIMO  
channel  (a  channel  matrix with a flat singular-value distribution), MIMO systems enable high spectral 
efficiency at much lower required energy per information bit. 

 

FIG1. Spectral-efficiency bound as a function of noise spectral-density-normalized energy per information bit 
(Eb/N0). The graph compares four different M × M multiple input multiple-output (MIMO) systems, assuming 
channel matrices with flat singular-value distribution. 

1.2 Phenomenology 

We discuss channel phenomenology and channel parameterization techniques in more detail in a later 
section. Aspects of the channel that affect MIMO system capacity, namely, channel complexity and channel 
stationarity, are addressed in this paper.  

The first aspect, channel complexity, is a function of the richness of scatters.  In general, capacity at 
high spectral efficiency increases as the singular values of the channel matrix increase. The distribution of 
singular values is a measure of the relative usefulness of various spatial paths through the channel. 

1.3 Space-Time Coding and Receivers 

In order to implement a MIMO communication system, Most space-time coding schemes have a strong 
connection  to  well-known  single-input  single-output  (SISO) coding  approaches  and  assume  an  
uninformed  transmitter (UT).  

Later in the article we discuss space-time low-density parity-check codes, space-time turbo codes, and 
their respective receivers.  Space-time coding can exploit the MIMO degrees of freedom to increase redundancy, 
spectral efficiency, or some combination. 
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Fig.2. Q X L MIMO-OFDM system, where Q and L are the numbers of inputs and outputs 

The early OFDM schemes required banks of sinusoidal subcarrier generators and demodulators, which imposed 
a high implementation complexity. This drawback limited the application of OFDM to military systems until 
1971, when Weinstein and Ebert suggested that the discrete Fourier transform (DFT) can be used for the OFDM 
modulation and demodulation processes, which significantly reduces the implementation complexity of OFDM. 
Since then, more practical OFDM research has been carried out. For example, in the early 1980s Peled and Ruiz 
proposed a simplified FD data transmission method using a cyclic prefix aided technique and exploited reduced 
complexity algorithms for achieving a significantly lower computational complexity than that of classic single-
carrier time-domain QAM  modems 

OFDM transmission was summarized in the state-of-the art books as well as a number of overview papers [1]–
[5]. OFDM has some key advantages over other widely used wireless access techniques, such as time division 
multiple access (TDMA) [6], frequency division multiple access (FDMA) [6], and code division multiple access 
(CDMA). The main merit of OFDM is the fact that the radio channel is divided into many narrowband, low-rate, 
frequency-non selective sub channels or subcarriers, so that multiple symbols can be transmitted in parallel, 
while maintaining a high spectral efficiency. Each subcarrier may also deliver information for a different user, 
resulting in a simple multiple access scheme known as orthogonal frequency division multiple access (OFDMA) 
[7]–[10]. This enables different media such as video, graphics, speech, text, or other data to be transmitted 
within the same radio link, depending on the specific types of services and their quality-of-service (QoS) 
requirements. Furthermore, in OFDM systems different modulation schemes can be employed for different 
subcarriers or even for different users. For example, the users close to the base station (BS) may have a 
relatively good channel quality; thus, they can use high-order modulation schemes to increase their data rates.  

 

2. Multiple-Input Multiple-Output Assisted OFDM 

2.1 The Benefits of MIMOs: High data-rate wireless communications have attracted significant interest and 
constitute a substantial research challenge in the context of the emerging WLANs and other indoor multimedia 
networks. Specifically, the employment of multiple antennas at both the transmitter and the receiver, which is 
widely referred to as the MIMO technique, constitutes a cost-effective approach to high-throughput wireless 
communications. The concepts of MIMOs have been under development for many years for both wired and 
wireless systems. The earliest MIMO applications in wireless communications date back to the mid-1980s, 
Sparked off by winters’ pioneering work investigated joint transmitter/receiver optimization using the minimum 
mean square error (MMSE) criterion.  

Compared to single-input single-output (SISO) systems, the two most significant advantages of MIMO systems 
are as follows. 

• A significant increase of both the system’s capacity and spectral efficiency. The capacity of a wireless link 
increases linearly with the minimum of the number of transmitter or the receiver antennas .The data rate can be 
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increased by spatial multiplexing without consuming more frequency resources and without increasing the total 
transmit power. 

• Dramatic reduction of the effects of fading due to the increased diversity. This is particularly beneficial, when 
the different channels fade independently. 

A comprehensive overview of MIMO techniques covering channel models, performance limits, coding and 
transceiver designs can be found. 

3. MIMO OFDM 

The quality of a wireless link can be described by three basic parameters, namely the transmission rate, 
the transmission range and the transmission reliability. Conventionally, the transmission rate may be increased 
by reducing the transmission range and reliability. By contrast, the transmission range may be extended at the 
cost of a lower transmission rate and reliability, while the transmission reliability may be improved by reducing 
the transmission rate and range .However, with the advent of MIMO assisted OFDM systems, the above-
mentioned three parameters may be simultaneously improved. Initial field tests of broadband wireless MIMO 
OFDM communication systems have shown that an increased capacity, coverage and reliability is achievable 
with the aid of MIMO techniques .Furthermore, although MIMOs can potentially be combined with any 
modulation or multiple access technique, recent research suggests that the implementation of MIMO-aided 
OFDM is more efficient, as a benefit of the straightforward matrix algebra invoked for processing the MIMO 
OFDM signals. MIMO OFDM, which is claimed to be invented by Airgo Networks, has formed the foundation 
of all candidate standards proposed for IEEE 802.11n. 

Table 1Milestones in the History of OFDM 
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The major advantages of SDMA techniques are as follows. 

• Range extension: With the aid of antenna array, the coverage area of high-integrity reception can be significantly 
larger than that of any single-antenna aided systems. In a SDMA system , the number of cells required for covering 
a given geographic area can be substantially reduced. For example, a tenelement array offers a gain of ten, which 
typically doubles the radius of the cell and, hence, quadruples the coverage area. 

• Multipath mitigation:  Benefitting from the MIMO architecture, in SDMA systems the detrimental effects of 
multipath propagations are effectively mitigated. Furthermore, in specific scenarios the multipath phenomenon can 
even be exploited for enhancing the desired users’ signals by employing efficient receiver diversity schemes. 

• Capacity increase: Theoretically, SDMA can be incorporated into any existing multiple access standard at the 
cost of a limited increase in system complexity, while attaining a substantial increase in capacity. For instance, by 
applying SDMA to a conventional TDMA system, two or more users can share the same time slots, resulting in a 
doubled or higher overall system capacity. 

• Interference suppression: The interference imposed by other systems and by users in other cells can be 
significantly reduced by exploiting the desired user’s unique, user-specific CIRs. 

 

Fig 3: MIMO Channel 

4. Conclusion 

The combination of MIMOs and OFDM has emerged as a promising solution for future high-rate wireless 
communication systems. Our discourse commenced with a historical review of the 40-year OFDM literature. Space 
time coding strategies for closed loop MIMO-OFDM systems where knowledge of the channel is available at the 
transmitter. MIMO OFDM can be used on a multiuser broad band as the future of the wireless communication. The 
future scope will be the GA aided multi user MIMO-OFDM systems which also use evolutionary algorithms. 
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