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Abstract - Multiple Input Multiple Output (MIMO) technology uses multiple antennas at both the transmitter and receiver 
ends. Recently, the demand for the use of MIMO systems has increased due to its robustness against Multipath fading and 
increase in the Spatial Multiplexing Gain and Spatial Diversity Gain. Orthogonal Frequency Division Multiplexing (OFDM) 
is one of the best digital multiplexing schemes, where signal is divided into number of narrow band channels to obtain 
spectral efficiency by minimizing the Inter Symbol Interference (ISI). For broadband communications, OFDM transforms a 
frequency selective channel into a set of parallel flat channels, which reduces the receiver complexity significantly. This 
article discusses the idea of combined MIMO and OFDM technologies into one, which is implemented through STBC and 
V-BLAST, where STBC is a Space Time Coding technique and V-BLAST is a detection algorithm developed for MIMO 
reception. 
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I. INTRODUCTION  
 
High-performance next generation broadband 
wireless communication system can be achieved by 
the use of multiple antennas at the transmitter and 
receiver ends. A multiple input multiple output 
(MIMO) system provides multiple independent 
transmission channels, thus, under certain conditions, 
leading to a channel capacity that increases linearly 
with the number of antennas. Orthogonal frequency 
division multiplexing (OFDM) is an effective 
technique for high data rate wireless mobile 
communication. MIMO-OFDM technology is a 
combination of MIMO wireless technology with 
OFDM that has been recognized as one of the most 
promising techniques to support high data rate and 
high performance in different channel conditions. For 
the receipt of multiple antenna MIMO systems, a 
detection algorithm called V-BLAST (Vertical-Bell 
Laboratories Layered Space-Time) is used. The rest 
of the paper is organized as follows: 
The second section of the paper discusses the 
concepts of MIMO System. The third section 
discusses the combined MIMO and OFDM Systems. 
The fourth section discusses space time coding and 
STBC-OFDM system model. Section 5 discusses the 
MIMO channel model and the channel response in 
time and frequency domain. Section 6 discusses the 
V-BLAST algorithms for MIMO systems. Finally 
section 7 gives the conclusion. 
 
II. CONCEPT OF MIMO 
 
The idea of using multiple receivers and multiple 
transmit antennas has emerged as one of the most 
significant technical breakthroughs in modern 
wireless communications. Research and preliminary 
prototyping of MIMO systems have shown spectral 

efficiency improvements in communications. MIMO 
is therefore a cardinal technology component for 
improving the throughput of wireless broadband data 
systems. In simple terms, MIMO is the use of 
multiple antennas at the transmitter and receiver to 
improve communication performance, thus, a form of 
smart antenna technology. [1]MIMO achieves 
significant increases in data throughput and link 
range without needing additional bandwidth or 
transmit power, made possible by higher link 
reliability or diversity (reduced fading). MIMO is an 
essential component of latest wireless communication 
standards such as IEEE 802.11n (Wifi), IEEE 
802.16e (WiMAX), 3GPP Long Term Evolution 
(LTE), 3GPP HSPA+, and 4G systems. Radio 
communication deploying MIMO systems introduces 
additional spatial channels which enable increased 
spectral efficiency for a given total transmit power by 
using space-time coding. MIMO detection methods 
based on VBLAST (Vertical Bells Lab Layered 
Space Time) architecture improve spectral efficiency. 
 
III. MIMO AND OFDM  
 
Orthogonal Frequency Division or OFDM is being 
used in a lot of wireless transmission standards in the 
recent times (DAB, DVB-T, WiMAX IEEE 802.16, 
ADSL, WLAN IEEE 802.11a/g, Home Plug AV). 
The OFDM modulation transforms a broadband, 
frequency-selective channel into multiple parallel 
narrow-band single channels. A guard interval also 
known as the Cyclic Prefix (CP) is inserted between 
the individual symbols. This guard interval is kept 
long enough to compensate for jitter in the 
transmission channel. As the transmitted OFDM 
symbols experience different delays through the 
transmission channel, there is a variation in these 
delays at the receiver location as well. This variation 
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is called jitter. The inter-symbol interference (ISI) can 
be prevented in this way. It has been shown in [8] that 
OFDM can be favourably combined with multiple 
antennas on the sending side as well as the receiving 
side to increase diversity gain and/or transmission 
capacity in time-varying and frequency-selective 
channels. The result is the MIMO-OFDM systems. 
[2]The general structure of MIMO-OFDM system is 
shown in figure 1. This system comprises of 2 
transmit and 2 receive antennae. To obtain the OFDM 
signal for each of the antennae, Inverse Fast Fourier 
Transform (IFFT) is applied which can be detected by 
applying Fast Fourier Transform (FFT) [5]. For the 
channel estimation, a pilot sequence is inserted and 
used. Also, at the last step of OFDM modulation 
block, a cyclic prefix is inserted just ahead of the 
OFDM symbol. [6]The important point here is to 
keep the time length of the CP greater than the 
maximum delay spread of the channel. The main 
function of the cyclic prefix is to guard the OFDM 
symbol against Inter Symbol Interference (ISI), 
hence, this cyclic prefix is called the guard interval of 
the OFDM symbols. MIMO coding can use several 
encoders such as STBC, V-BLAST and Golden 
coding. 

 

 
Figure 1:  Conventional MIMO-OFDM System Block 

 
IV. SEND SIDE ALGORITHMS: SPACE TIME 
CODING AND MULTILAYER SYSTEMS 

 
Diversity gain can be achieved by space-time coding 
(STC) which can improve the connection quality or 
improve modulation gradation. The four stages of 
digital modulation possible in WLAN 802.11a/g/n are 
BPSK (lowest stage), QPSK, 16-QAM and 64-QAM 
(highest stage). 1, 2, 4 or 6 bits are assigned to one 

OFDM sub carrier, accordingly. More useful bits per 
symbol are transmitted by a system at higher 
modulation stage. Multilayer systems however strive 
for increasing the spectrum efficiency. 
 
4.1 Space Time Coding for Transmit  Diversity 
[3]The primary purpose of space time codes is to 
achieve send side diversity by coding the information 
in spatial and temporal dimensions. Replication of a 
single stream of data is done and then transmitted 
over multiple antennas. Space Time Codes, which are 
a mathematical algorithm, are then used to encode 
redundant data. This ensures each transmitted signal 
to be orthogonal to the rest of the transmitted signal 
thus greatly reducing the interference among the 
signals and improving the receiver’s capability to 
distinguish the multiple signals it receives. After the 
Space Time Codes, the Space Time Block Codes 
(STBC) were developed to lessen the complexity at 
the receiver. This leads to simpler receiver 
development. 
 
4.2 Space Time Block Code-OFDM System Model 
The Space Time Block Coded MIMO-OFDM in 
consideration has NT transmitting antennas and NR 
receiving antennas as shown in Figure 2. The 
message bit sequence is mapped into a sequence of 
BPSK symbols that will be converted into N parallel 
symbol streams after serial-to-parallel (STP) 
conversion. All the individual N parallel symbol sub 
streams are then encoded by the STBC Encoder to {X 
i
(t)}i

N
T i=1,2,3....NT  where: 

I = Antenna index 
T = Symbol Time Index 
One space time codeword has N = NT * T symbols. 
At the receiver, first the CP is removed, then the 
FFT is applied and the transmitted symbol stream is 
estimated using the received signal. 
Distribution= Rayleigh distribution 
Transmitted and Received Symbols: 
 

 
 

 

 
Figure 2: Space Time Block Code block diagram for MIMO-OFDM 
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i = number of transmitting antenna 
j = number of receiving antenna 
hji

t =  channel gain matrix 
 

 
 
V. MIMO CHANNEL MODEL 
 
Multipath propagation in wireless communications 
happens due to reflection, refraction, scattering of 
transmitted signals by nearby objects which results in 
different phase angles, amplitude and time intervals 
of the received signals. Signal fading is the term that 
refers to distortion in the amplitude of the signal.[4] 
This variance or fading can be considered to follow a 
Rayleigh probability distribution function. Channel 
response in the time domain is given by: 

 
Where i = number of transmitting antenna 
 j= number of receiving antenna 
αi,j(l) = multipath gain coefficient 
L= number of resolvable paths 
τ l =  path delay time of lth  multipath component.  
 
The channel’s frequency response: 

 
 
             
VI. MULTILAYER SYSTEMS AND V-BLAST 
 
The Bell Labs Layered Space Time or BLAST 
procedure was first introduced in 1996 which is the 
multilayer space-time signal processing. The data 
stream to be transmitted is divided into smaller 
packets.  
V-BLAST (Vertical-Bell Laboratories Layered 
Space-Time) is a detection algorithm to the receipt of 
multi antenna MIMO systems. It functions as follows: 
It first detects the most powerful signal. It regenerates 
the received signal from this user from this decision. 
Then, the signal is regenerated subtracted from the 
received signal and, with this new signal; it proceeds 
to the detection of the second user's most powerful, 
since it has already cleared the first and so forth. This 
gives a vector containing less interference. 

This algorithm can be mathematically represented as: 
Initialize: 

 
Recursive:  

 
 
[5]Figure 3 displays the basic architecture of V-
BLAST. In the figure a1, a2 and am denote the vector 
symbol a. TX denotes the number of transmitters that 
are m in number and RX denotes the number of 
receivers that are n in number. M substreams are 
derived from demultiplexing a single stream of data. 
These substreams once derived are then encoded into 
symbols and fed to the corresponding transmitter. 
These m number of transmitters are operating as co-
channel and their symbol rate is 1/T symbols per 
second (the symbol timing is synchronized). The 
individual transmitter type is QAM.  
 

 
Figure 3: V-BLAST Architecture 

 
The collection of these transmitters can be thought of 
as a vector-valued transmitter, where components of 
each transmitted M-vector are symbols drawn from a 
QAM constellation. We assume that the same 
constellation is used for each substream, and that 
transmissions are organized into bursts of L symbols. 
The power launched by each transmitter is 
proportional to 1/ M so that the total radiated power is 
constant and independent of M. 
 
CONCLUSION 
 
This paper primarily dealt with the implementation of 
MIMO-OFDM technology which is the latest 
technique for increasing spectral efficiency and data 
rates for future broadband wireless communications. 
The concepts of space time coding and the emergence 
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of space time block coding were discussed and the 
mathematical model of STBC-OFDM was derived 
and explained. The MIMO channel modelling and the 
channel response in frequency and time domain were 
evaluated. Lastly the V-BLAST architecture, which is 
a prime component of MIMO technique, was 
discussed.  In summary it can be said that MIMO-
OFDM is a feasible technology that would drive the 
evolution of wireless communications. 
 
REFERENCES 
 

[1] T. S. Rappaport, Wireless Communications, Principles 
and Practice 2nd ed., Pearson Edu., vol.-1, pp. 356–376, 
2002. 

[2] M. Jiang and L. Hanzo, “Multiuser MIMO-OFDM for 
next generation wireless systems,” In Proceedings of 
IEEE, vol.-95, Issue 7, pp. 1430-1469, July 2007. 

[3] Tian-Ming Ma, Yu-Song Shi, and Ying-Guan Wang, 
“A Low Complexity MMSE for OFDM Systems over 
Frequency-Selective Fading Channels”, IEEE 
Communications Letters, vol.-16, no.-3, March 2012. 

[4] D. Gesbert, M. Shafi, Da-shan Shiu, P. J. Smith, A. 
Naguib, “From theory to practice: an overview of 
MIMO space-time coded wireless systems”, Selected 
Areas in Communications, IEEE Journal, vol.-21, pp. 
281 -302, April 2003. 

[5] Kai Yu and Bjorn Ottersten, “Models for MIMO 
Propagation Channels, A Review”, in Special Issue on 
“Adaptive Antennas and MIMO Systems”, Wiley 
Journal on Wireless Comm. and Mobile Computing, 
vol.-2, Issue 7, pp. 653-666, November 2002. 

[6] Jin-Sung Kim, Sung-Hyun Moon, and Inkyu Lee, “A 
New Reduced Complexity ML Detection Scheme for 
MIMO Systems” IEEE Journals and Magazines, vol.-
58, Issue 4, pp. 1302 – 1310, April 2010. 

 
 
 
 
 
 
 

 


