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Abstract- Multiple Antenna Communication has becomeenf
the major focuses in wireless communication researdMIMO
Technology is used to enhance the system capatitg effect of
Fading and Interference can be combated to increatiee
capacity of a link. MIMO system uses Multiple Tramst and
Multiple Receive antennas which exploit the multipath
propagation in rich scattering environment. The nmat¢ channel
plays a pivotal role in the throughput of a MIMO 1tk since the
modulation, data rate, power allocation and antenmgeights are
dependent on the channel gain. Alternative in orderreduce the
complexity of MIMO system, detection techniques gmoposed
but the complexity of algorithmic schemes are irghier than that
of equalizer based techniques such as Zero ForcingF),
Minimum mean square Error Methods (MMSE) and Maximal
Ratio Combining (MRC). In this paper BER analysis is pezged
using different equalizers and then optimum equaiion method
is suggested.

Keywords — Minimum mean square Error Methods (MMSE),
Multiple Input Multiple Output Systems (MIMO), Ragigh
Channels, Bit Error Rate (BER), Zero Forcing (ZF), Maximal
Ratio Combining (MRC), Successive Interference Cancttia
(SIC), Binary Phase Shift Keying (BPSK), Fast Fading, Adae
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I INTRODUCTION

Usually in OFDM, fading is considered as a problam
wireless network but MIMO channels uses the fading
increase the capacity of the entire communicatietwark.
MIMO is a frequency-selective technique. OFDM can b
used to convert such a frequency-selective chanteh set
of parallel frequency-flat sub channels. MIMO-OFDM
technology has been investigated as the infrastreidor the
next generation wireless/ multimedia networks.

Il CHANNEL DESCRIPTION

We choose three most widely used channels in operpa
AWGN, Rayleigh and Rician fading channels.

AWGN Channel: Additive white Gaussian noise (AWGN)
channel is a basic or commonly used channel moalel f
analyzing modulation schemes. In this model, the Gi\WV
channel adds a white Gaussian noise to the sigabptasses
through it. This implies that the channel's ammliu
frequency response is flat (thus with unlimitedifinite
bandwidth) and phase frequency response is lineaalf
frequencies so that modulated signals go througtititout
any amplitude loss and phase distortion. Fadings domt
exist for this channel. The transmitted signal ghtsorted
.AWGN channel is a standard channel used for aisalys

Wireless communications can be regarded as the m@strpose only.

significant and important development in a modeyaiety.
Wireless communication systems need tremendousglii hi
data rates and high transmission reliability inesrtb meet
the hastily increasing demand for multimedia apians
such as high quality audio and video. Existing lese
technologies cannot efficiently support high datdes,
because of these technologies are very sensitifagiog. In
present day’s communication, OFDM [1] is a widesgre
and one of the most promising modulation techniglteis
beneficial in many areas such as high spectratieffcy,
robustness, low computational complexity, frequenc
selective fading, and ease of
IFFT/FFT and equalization schemes. Recently, theree
been a lot of interest to use OFDM in combinatiathva
MIMO [2] transceiver system, named MIMO OFDM [3][6]
system; which is used to increase the diversityn gaid
system capacity. MIMO as the name indicates;
multiple inputs at the transmitter and multiple puuts at the
receiver end which is advantageous rather thannglesi
transceiver (SISO-Single input Single output) syste
MIMO wireless systems are motivated by two vitahlgo
high-data-rate and high performance. This comtnatf
MIMOOFDM is a very promising feature since OFDM abl
to sustain of more antennas since it simplify eigaéibn in
MIMO systems.
Manuscript Received on July 2014.

Allanki Sanyasi Rag Assoc. Prof., Department of ECE, College Balaji
Institute of Engineering & Sciences Narsampet, \Wgad India.

S. Srinivas Assoc. Prof., Department of ECE, College Balagtitute of
Engineering & Sciences Narsampet,Warangal, India.

implementation usin

The mathematical expression in receiving signal is:

r(t) = s(t) + n(t)
that passes through the AWGN channel where s(t) is
transmitted signal and n(t) is background noisedditive
white Gaussian noise
Rayleigh Channel: The effects of multipath embrace
constructive and destructive interference, and @lsh#ting
of the signal. This causes Rayleigh fading. Therad line
of sight (NLOS) path means no direct path between
transmitter and receiver in Rayleigh fading chanrigie
Yeceived signal can be simplified to:

’ R(N) =>_h(n,7)S(n - m) +w(n)

Where w(n) is AWGN noise with zero mean and unit
variance, h(n) is channel impulse response i.e.

use"&herea (n) and f) are attenuation and phase shift for nth

path. If the coherence bandwidth of the channdhiger

than signal bandwidth, the channel is called B#terwise it

is frequency-selective fading channel. In this papiMO
OFDM is simulated under frequency-selective fading
channel. The Rayleigh distribution is basically the
magnitude of the sum of two equal independent grhal
Gaussian random variables and the probability densi

function (pdf) given by:
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whereo?2 is the time-average power of the received signal where the expectation is taken over bathand R. The
called a Rayleigh random variable. MMSE always performs better than the ZF equalizet is
Rician Channel: In environments where there is a dominanof the same complications of implementation.
Line-of-Sight (LOS) path between the transmitted d@he

receiver, the complex Gaussian distributed fading V. BIT ERROR RATE (BER)

coefficient should be modeled with a non-zero mearing |, gigital transmission, the no. of bit errors lie number of
rise to the Rician fading. Or also say that, Rayiefading receiving bits of a signal data over a communicatbannel
with strong line of sight (LOS) content is said have a that has been changed because of noise, noisertidist
Rician distribution, or to be Rician fading. TheclRn iyterference or bit synchronization redundancy. Biverror

distribution is usually characterized by the Riaetér, rate or bit error ratio (BER) is defined as theerat which
m errors occur in a transmission system during aistutime
K = > interval. BER is a unit less quantity, often exgess as a
20 percentage or 10 to the negative power.

shows the relative strength of the direct LOS patfihe definition of BER can be translated into a damp
component of the fading coefficient. This modeluees to formula:

Rayleigh fading wher = 0. BER = No. of errors/Total no. of bits sent
m SIGNAL DETECTION OF MIMO-OFDM Noise is the main enemy of BER performance.
SYSTEM Quantization errors also reduce BER performanasutih

O[econstruction of the digital waveform. The premisof the
analog modulation/ demodulation process and treceffof
filtering on signal and noise bandwidth also infioe
quantization errors.

MIMO-OFDM detection methods consist of linear an
nonlinear detection methods. We are using onlyaline
detection methods in this paper.

Zero Forcing Equalizer: This is a linear equalization
algorithm used in communication systems, which lits/éhe Vv SIGNAL TO NOISE RATIO (SNR)
frequency response of the channel at the receivezstore - _ _ ]

the signal before the channel . ZF algorithm casrsichs the The SNR is the ratio of the received signal powesrdhe
signal of each transmitting antenna output as thsred NCiSe power in the frequency range of the proc8s&R is
signal, and consider the remaining part as a diahge, so nversely related to BER, that is high BER causes SNR.
the mutual interference between the different tmittig ~ High BER causes an increase in packet loss, enhiance
antennas can be completely neglected. ZF equaligecse delay and decrease.throughput. SNR is an |nd|.¢aixl)ally
the additive noise and may considerably amplifysadior measures the clarity of the signal in a circuit ar
channels with spectral nulls. Mathematical expressdf wired/wireless transmission channel and measudedibel

sub-channel in the MIMO-OFDM system is as follows: ~ (dB). The SNR is the ratio between the wanted signd

the unwanted background noise.
R(k) =H (k) X (k) +n(k)

Where,R (k), X (k) andn (k) respectively expresses output SNR=PSﬂ
signal, the input signal and noise vector of thesub- Poise
channels in MIMO-OFDM system. The relation between
input (k) and output signalk as in exploits that this is a SNR formula in terms of diversity:
linear equalizer. A ZF detection algorithm for MIMO 1
OFDM is the most simple and basic algorithm, arelthsic BERL a
idea of ZF algorithm is kept of MIMO-channel interénce NR
by multiplying received signal and the inverse matf
channel matrix. Zero- Forcing solution of MIMO-OFDM
system is as follows:
XZF =H-1R=x+H-1n
in which H-1 is the channel matrix for the generalized
inverse matrix.
Minimum Mean Square Error (MMSE)
Equalizer: A MMSE estimator is a method in which it
minimizes the mean square error (MSE), which is a
universal measure of estimator quality. The mogiartant
characteristic of MMSE equalizer is that it does$ asually
eliminate ISI totally but instead of minimizes tto¢al power
of the noise and ISI components in the output. ust
assume that x be an unknown random variable ané R b
known random variable, then

R=HX +n.

An estimatorx (R) is any function of the measurement v,
and its mean square error is given by

mse=E{(X - x['|
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VI. PROPOSED ALGORITHM

A\ 4
Generation of random binary sequence ]

v

BPSK Modulation i.e. bit O represented as -1 and
bit 1 represented as

v

Convolving the symbols with a 3 tap fixed fading

(. + J
Adding White Gaussian Noise
v
4 N

Computing the MMSE, ZF equalization filter a
the receive

\§ ¢ J
Demodulation and conversion to bits
Counting the number of bit errors
Repeating for multiple values of/B,

VII. SIMULATION RESULTS

PERFORMANCE ARALYSES OF EQUALZATION TECHISGUES I A RAYLEIGH CHANNEL
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Fig. 1 BER Plot for 2X2 MIMO Channel with ZF
Equalizer
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Fig. 2 ER Plot for 2X2 MIMO with MMSE
Equalization for BPSK in Rayleigh Channel

PERFORMANCE ANALYSES OF EQUALIZATION TECHWGQUES I A RAYLEIGH CHANNEL
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Fig. 3 BER Plot for BPSK in 2X2 MIMO Channel with

Zero Forcing Successive Interference Cancellation

Equalization
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Fig. 4 BER Plot for 2X2 MIMO Channel with MMSE —

SIC Equalization with Optimal Ordering
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VIILI. CONCLUSION

Equalization techniques can combat for ISI evemubile
fading channel with high efficiency. Zero Forcingualizer
gives better performance only in theoretical asgiomp
that too when noise is zero. Its performance eversavin
mobile fading environments. MMSE equalizer uses LtdS
compensate ISI. The MMSE equalizer results in adldgoiB

of improvement when compared with Zero Forcing
equalizer. Zero Forcing with Successive interfeeenc
cancellation (ZF-SIC) process compared to Zero iRgrc
equalization gives in around 2.2dB of improvemeot f
BER. ZF-SIC with optimal ordering compared to ZFRsSI
results in around 2dB of improvement for BER.
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