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Abstract---Wireless communication systems at high data 

rates and low power consumptions are currently in high 

demand. Power efficiency becomes a critical issue for 

technology that will be used in 3G and 4G technologies. 

Orthogonal frequency-division multiplexing (OFDM) is a 

technique using discrete multi-tone modulation with each 

subcarrier modulating in a conventional modulation scheme. 

On the other hand, Multiple- Input Multiple-Output 

(MIMO) systems have become the attention of wireless 

academic community and industry because of the is 

promising ability to increase capacity and performance with 

acceptable Bit Error Rate ( BER) proportion ally with the 

increased number of antennas. Here, MIMO-OFDM system 

using Vertical Bell Lab Layered Space Time (V-BLAS T) is 

developed by considering Minimum Mean Square Error 

(MMSE) and Zero Forcing (ZF) detector mechanisms for 

various modulation schemes and different channel. The 

performance parameter of MIMO-OFDM in terms of BER 

is determined and an analyzed for six different detector 

schemes such as MMSE,MMSE-SIC,MMSE-SIC 

OPTIMAL ORDERING, ZF,ZF-SIC,ZF-SIC OPTIMAL 

ORDERING and with RICIAN and RAYLEIGH channel 

with the help of MATLAB package. 

Keywords:- Multiple Input Multiple Output (MIMO), 

OFDM, V-BLAST. 

I. INTRODUCTION 

Fading and multi-path in wireless channel cause loss in 

performance of efficiency and data rate of channel. 

Diversity is one of effective technique to overcome this 

draw back. Multiple-input Multiple-output to use different 

diversity same. Various schemes that employ multiple 

antennas at the transmitter and receiver are being considered 

to improve the efficiency and performance of channel in 

communication systems. The spatial-temporal correlation is 

used to exploit the MIMO channel fading and minimize 

transmission errors at the receiver. 

II. INTRODUCTION TO MIMO  

Wireless communication using multiple-input multiple-

output (MIMO) systems enables increased spectral 

efficiency for a given total transmit power. Increased 

capacity is achieved by introducing additional spatial 

channels that are exploited by using space-time coding. In 

this article, we survey the environmental factors that affect 

MIMO capacity. These factors include channel complexity, 

external interference, and channel estimation error. We 

discuss examples of space-time codes, including space-time 

low-density parity-check codes and space-time turbo codes, 

and we investigate receiver approaches, including 

multichannel multiuser detection (MCMUD). The 

‘multichannel’ term indicates that the receiver incorporates 

multiple antennas by using space-time-frequency adaptive 

processing. The article reports the experimental performance 

of these codes and receivers. 

 

Fig. 1: Block Diagram of MIMO System 

 Multiple-input multiple-output (MIMO) systems 

are a natural extension of developments in antenna array 

communication. While the advantages of multiple receive 

antennas, such as gain and spatial diversity, have been 

known and exploited for some time, the use of transmit 

diversity has only been investigated recently. The 

advantages of MIMO communication, which exploits the 

physical channel between many transmit and receive 

antennas, are currently receiving significant attention. While 

the channel can be so non stationary that it cannot be 

estimated in any useful sense, in this article we assume the 

channel is quasi static. 

A.  Types Of MIMO:  

1) Types Of System With Multiple Antennas: Up to now, 

multi-antenna MIMO or Single user MIMO technology has 

been mainly developed and is implemented in some 

standards, e.g. 802.11n products. 

a) SISO/SIMO/MISO are degenerate cases of MIMO  

 Multiple-input and single-output (MISO) is a 

degenerate case when the receiver has a single antenna.  

 Single-input and multiple-output (SIMO) is a 

degenerate case when the transmitter has a single 

antenna.  

 Single-input output (SISO) is a radio system where 

neither the transmitter nor receiver have multiple 

antenna.  

b) Principal Single-User MIMO Techniques:  

 Bell Laboratories Layered Space-Time (BLAST), 

Gerard. J. Foschini (1996)  

 Per Antenna Rate Control (PARC), Varanasi, Guess 

(1998), Chung, Huang, Lozano (2001) 

 Selective Per Antenna Rate Control             SPARC), 

Ericsson (2004)  

c) Some Limitations: 

 The physical antenna spacing are selected to be large; 

multiple wavelengths at the base station. The antenna 
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separation at the receiver is heavily space constrained in 

hand sets, though advanced antenna design and 

algorithm techniques are under discussion. 

III.  APPLICATIONS OF MIMO 

 Spatial multiplexing techniques makes the     receivers very 

complex, and therefore it is typically combined with 

Orthogonal Frequency-Division Multiplexing (OFDM) or 

with Orthogonal Frequency Division Multiple Access 

(OFDMA) modulation, where the problems created by 

multi-path channel are handled efficiently. The IEEE 

802.16e standard incorporates MIMO-OFDMA. The IEEE 

802.11n standard, released in October 2009, recommends 

MIMO-OFDM. 

MIMO is also planned to be used in Mobile radio 

telephone standards such as recent 3GPP and 3GPP2 

standards. In 3GPP, High-Speed Packet Access plus 

(HSPA+) and Long Term Evolution (LTE) standards take 

MIMO into account. Moreover, to fully support cellular 

environments MIMO research consortia including IST-

MASCOT propose to develop advanced MIMO techniques, 

i.e., multi-user MIMO (MU-MIMO). 

MIMO technology can be used in non-wireless 

communications systems. One example is the home 

networking standard ITU-T G.9963, which defines a power 

line communications system that uses MIMO techniques to 

transmit multiple signals over multiple AC wires (phase, 

neutral and ground). 

IV. INTRODUCTION TO OFDM 

Orthogonal frequency-division multiplexing (OFDM) is a 

method of encoding digital  data on multiple carrier 

frequencies .OFDM has developed into a popular scheme 

for wideband digital communication,  whether wireless or 

over copper wires, used in applications such as digital 

television and audio broadcasting, DSL broadband internet 

access, wireless networks, and 4G mobile communications 

.As the data rate increases in a multipath environment, Most  

popular solution to compensate for ISI: equalizers. 

The main advantage of OFDM is that the sub-

carriers can be considered almost flat fading; this enables it 

to overcome multipath fading in the mobile communication 

environment.  

 
Fig. 2: OFDM Spectrum 

V. INTRODUCTION TO BLAST THEORY 

Bell Laboratories Layered Space-Time (BLAST) is 

a transceiver architecture for offering spatial multiplexing  

over multiple antenna wireless communication  systems. 

Such systems have multiple antennas at both the transmitter 

and the receiver in an effort to exploit the many different 

paths between the two in a highly-scattering wireless 

environment. BLAST was developed by Gerard 

Foschini at Lucent Technologies Bell Laboratories (now 

Alcatel-Lucent Bell Labs). By careful allocation of the data 

to be transmitted to the transmitting antennas, multiple data 

streams can be transmitted simultaneously within a 

single frequency band — the data capacity of the system 

then grows directly in line with the number of antennas 

(subject to certain assumptions). This represents a 

significant advance on current, single-antenna systems. 

A.   Types  Of  Blast: 

 D-Blast (Diagonal  Blast) 

 V-Blast  (Vertical Bell Laboratories Layered  Space 

Time) 

 Turbo Blast 

B.    Application Of   Blast: 

 Wireless radio communication system. 

 Wireless internet access.       

C.  Advantage: 

 Entire Sub Strems are Transmitted in the same 

frequency   band. 

 Spectrally   efficiency. 

D.  Disadvantage:   

 It would require manufacture to invest in the 

development of new multi antenna device.   

 Require new wireless   network infrastructure. 

VI. INTRODUCTION TO V-BLAST THEORY 

One of the earliest communication systems that were 

proposed to take advantage of the promising capacity of 

MIMO channels is the BLAST architecture. It achieves high 

spectral efficiencies by spatially multiplexing coded or un 

coded symbols over the MIMO fading channel. Symbols are 

transmitted through M antennas. Each receiver antenna 

receives a superposition of faded symbols. The ML decoder 

would select the set of symbols that are closest in Euclidean 

distance to the received N signals. However, it is hard to 

implement due to its exponential complexity. More practical 

decoding architectures were proposed in the literature. 

VII.  V-BLAST ARCHITECTURE 

V-Blast is a single user scheme which has multiple 

transmitters. It divides the data stream into sub streams and 

transmits them through multiple transmitters at the same 

time and frequency. This results in receiving the data at the 

receiver at the same time and frequency. By implementing 

V-BLAST algorithm, the diversity gain is increased and the 

bit error rate (BER) performance is improved. The MIMO 

system is assumed to undergoes flat fading channel. The 

system model of the output signal is given by:  

                      y= Hx+ η  

Where y is the received signal, x is the transmitted 

signal, η is the added noise and H is the channel model of 

the system. Figure 3 shows V-BLAST system. 
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Fig. 3: V-BLAST System Architecture 

A. Analysis Of V BLAST MIMO SYSTEM Using Various 

Detectors: 

 ZF(zero forcing) 

 MMSE(minimum mean square estimation) 

 ZF-SIC (successive interference cancellation) 

 MMSE-SIC(minimum mean square estimation- 

successive interference cancellation. 

1) Zf (Zero Forcing):  Zero Forcing is a linear detection 

technique.  

The pseudo inverse of the signal is applied received 

signal in order to make a decision about one user.  

2) Mmse(Minimum Mean Square Estimation): MMSE is 

also a linear detection technique but more reliable than ZF 

in case of noisy channel.  

MMSE does not apply pseudo inverse of signal to  

make decision about one user, instead it attenuates them to 

noise level thereby reducing the diversity order. 

3) ZF-SIC (Successive Interference Cancellation) & 

MMSE-SIC(Minimum Mean Square Estimation- Successive 

Interference Cancellation): ZF SIC with optimal ordering, 

and MMSE-SIC with equal power allocation approaches the 

capacity of the i.i.d. Rayleigh fading channel. 

When signals are detected successively, the outputs 

of previous detectors can be used to aid the operations of 

next ones which leads to the decision directed detection 

algorithms including SIC, Parallel Interference cancelation 

(PIC), and multistage detection. 

VIII. RICIAN AND RAYLEIGH CHANNEL 

A. Rician Channel:  Rician fading occurs       when one of 

the paths, typically a   line of sight signal, is much stronger 

than the others. 

 

B. Rayleigh Channel: Rayleigh fading    is the specialized 

model for stochastic fading when there is no line of sight 

signal, and is sometimes considered as a special case of the 

more generalized concept of Rician fading. 

IX. RESULTS 

 

Bit Error Rates (BER) of MIMO/ZF receiver. 

Simulations are for (M, N) = (2, 2) and BPSK modulation 

.(Rician Channel) 

 

Bit Error Rates (BER) of MIMO/ZF receiver. 

Simulations are for (M, N) = (2, 2) and BPSK modulation 

.(Rayleigh  Channel) 

 

http://en.wikipedia.org/wiki/Rayleigh_fading
http://en.wikipedia.org/wiki/Non-line-of-sight_propagation
http://en.wikipedia.org/wiki/Non-line-of-sight_propagation
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Bit Error Rates (BER) of  ZF/MMSE receiver. 

Simulations are for (M, N) = (2, 2) and BPSK modulation 

.(Rician Channel ) 

 

Bit Error Rates (BER) of ZF/MMSE-SIC receiver. 

Simulations are for (M, N) = (2, 2) and BPSK modulation 

.(Rayleigh Channel) 

X. CONCLUSION 

As we can see from the simulation results MMSE equalizer 

gives low BER for MIMO system using Rayleigh channel. 

And we conclude that if the number of transmitter and 

receiver is more, gives good  

error performance and in both ZF and MMSE gives better 

error performance. 

Also we conclude that for the combination of two 

detector like MMSE-SIC using Rayleigh channel gives low 

bit error rate as compare to Racian channel and combination 

of two detector like ZF-SIC using Rayleigh channel gives 

low bit error rate as compare to Racian channel.  
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