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Abstract: During past few years, demand for higher data 

rates is increasing day by day. The main problems in higher 

data rates are inter symbol interference and inter channel 

interference. To mitigate these challenges, different 

equalization techniques are used. Among all multiplexing 

techniques Orthogonal Frequency Division Multiplexing 

(OFDM) is proved to be best for achieving higher data 

rates. This paper discusses different equalization techniques 

such as LS algorithm, MMSE algorithm by using OFDM 

for minimization of interference. The simulation results 

show that LS estimator gives better performance and lower 

complexity. 
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I. INTRODUCTION 

In wireless transmission the output is not the same signal 

transmitted but the combination of reflected, diffracted and 

scattered copies of the transmitted signal. This happens due 

to the interference while travelling. Another problem is 

fading. Fading is present where there are multipath 

components. Multipath components arrive at receiver at 

slightly different times.[4] If movement in system occurs 

then there is phase difference between received components 
which leads to frequency shift. These multiple received 

copies form constructive or destructive interference to the 

signal. It creates standing wave pattern which shows rapid 

signal strength changes, frequency shifts or echoes. 

Orthogonal Frequency Division Multiplexing (OFDM) is 

most commonly employed in wireless communication 

systems because of the high data rate of transmission, high 

bandwidth efficiency.[2] Though it has ability to combat 

against multipath delays it also suffers from fading. To 

minimize this interference different equalization techniques 

are used such as LS algorithm, MMSE algorithm etc. When 

the modulated symbol time is of the same order as that of 
channel delay spread, it leads to Inter-symbol interference 

(ISI). ISI is a major problem of any wireless communication 

systems. It can cause an irreducible error which degrades the 

system performance significantly. To mitigate ISI, 

equalization is performed on receiver side.[1] Equalization is 

a filtering approach which minimizes the error between 

actual output and desired output by continuous updating its 

filter coefficients.[1] It is generally used to combat ISI due to 

channel as well as due to transmitter and receiver filters. LS, 

MMSE algorithms are implemented in this paper. The rest of 

the paper is organized as follows. In section II, system model 
used in this paper is discussed. In section III, various  

 

equalizer algorithms are shown along with their 

implementation issues. The simulation parameters and 

results are presented in section IV, and paper is concluded in 

section V. 

 

II. SYSTEM MODEL 

The transceiver structure of MT x MR MIMO OFDM system 

is shown in Fig. 1. Where, MT and MR are the number of 

transmitting and receiving antennas. Initially, the input bits 

are randomly generated. These input bits are mapped into 
data symbols by using different modulation techniques such 

as Binary Phase Shift Keying (BPSK), Quadrature Phase 

Shift Keying (QPSK), Quadrature Amplitude Modulation 

(QAM). Afterwards, serial to parallel converter (SPC) is 

used to covert the incoming serial stream into number of 

parallel substreams. Number of parallel sub-streams will 

depend upon number of transmitting antennas ie. MT. The 

number of parallel streams are passed through IFFT block 

which converts the streams into time domain. After that 

cyclic prefix is inserted to minimize the interference. Again 

this parallel data substreams are converted into serial data 

stream. The data symbols are transmitted simultaneously 
from MT transmitting antennas and then passed through 

MIMO channel. Channel used in this paper is Rayleigh 

selective frequency fading channel. While passing through 

these channels Additive White Gaussian Noise (AWGN) 

gets added and the signal is contaminated with distortions 

like ISI and Inter- carrier interference (ICI). The information 

is received through M R receiving antennas, which will serve 

as input to equalizer. At receiver side performed actions are 

exactly opposite to that performed at transmitter side to get 

the original signal as output. Consider the transmission 

sequence as X1 X2, .........., Xn• In normal transmission, X1 
will be transmitted in first time slot, X2 in second time slot 

and Xn in nth time slot. Consider two antennas on both sides, 

then we can group the data symbols into group of two. In the 

first time slot, X1 and X2 is transmitted from the first and 

second antenna. In the second time slot, X3 and X4 is 

transmitted from the first and second antenna respectively. 

Thus, the received signals at receiver 1 and 2 can be 

expressed as 

Y1 =h11x1 +h12 x2 +n1 (1) 
Y2 =h21 x1 +h22 x2 +n2 (2) 

 

Where, n1and n2 is additive white Gaussian noise (AWGN) 

with zero mean and unit variance at receiver 1 and 2. h11, 

h12 are channel impulse response (CIR) coefficients between 

receiver 1 and transmitter 1 and 2. Similariy, h21 and h 22 
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are CIR coefficients between receiver 2 and transmitter 1and 

2. After combining  

 
Figure 1: OFDM System Model 

equation (1) and (2) the new equation is expressed as  

  Yj =  hjiL−1
l=0 ∗ Xi + Ni                    (3) 

Where, Yj  is received signal at receiver antenna j. Xi and  Ni 

are symbol vector and noise vector for M T transmitting   

antennas. hj,i  is channel response between transmit antenna  

i  and receive antenna j. It can be expressed as  

hj, i (t) = ∑ 𝛼, (𝑙)𝛿(𝑡 − 𝜏)−1 𝑙=0                     (4) 

Where, α is complex path gains which can be modeled by 

Gaussian variables. L is the number of multipath between 
transmitter antenna i and receiver antenna j.  

Equation (3) can also be expressed in matrix form as, 

  Y =HX+N    (5) 

       At the receiver, several replicas of the same signal may 

add up constructively or destructively which leads to 

multipath fading channels. These Multi-path fading channels 

are characterized by delay spread in time domain. The 

channel models used in this paper are Rayleigh Selective 

frequency channels. It means that we considered multi path 

channels without any single domiant path. The behavior of H 

is continuously varying due to a combination of inadequate 

antenna spacing and/or inadequate scattering which leads to 
spatial fading correlation. In the presence of an Line of Sight 

(LOS) component between transmitter and receiver, the 

MIMO channel may be modeled as the sum of a fixed 

component and a fading component. 

H= 
𝐾

1+𝐾
 Ĥ+ 

𝐾

1+𝐾
Ĥ𝑓   (6) 

Where,  
𝐾

1+𝐾
 Ĥ is LOS component and 

 
𝐾

1+𝐾
Ĥ𝑓 is fading component of channel.  

Here, k is Rician k-factor of the channel and it is nothing but 

the ratio of the power in the LOS component of the channel 

to the power in fading component. k is always greater than or 

equal to 0.When k=0, it means we have pure Rayleigh fading 
channel. In general, real-world MIMO channels will exhibit 

some combination of Ricean fading and spatial fading 

correlation. 

 

III. EQUALIZATION 

ISI still exists due to multipath propagation channels, 

although CP is included. ISI caused by multipath within time 

dispersive channels will results into an irreducible error floor 

at the receiver. It severely affects the system performance 

when modulation symbol time is of the same order as that of 

channel delay spread. [1] To mitigate this ISI equalization is 

incorporated on receiver side. Equalizer can be categorized as 

time and frequency domain equalizer depending on the 

domain in which it is applied. They can also be categorized 

as linear and non-linear depending upon usage of their 

output. Equalizers used in this paper are linear equalizers 
such as Least Square (LS), Minimum mean square error 

(MMSE). 

 

A. Least Square Equalizer 

The Least Squares Error (LSE) estimation method can be 

used to estimate the system h[m] by minimizing the squared 

error between estimation and detection. 

In matrix form, it can be written as 

y = XH     (7) 

So the error „e‟ can be defined as 

Error=Expected o/p- Actual o/p 

e = y”-y      (8) 
       Where y” is the expected output. 

       Now, the squared error (S) can be defined as 

S = | e |2 

S = ( y”- y )2 

S = ( y”- y )*( y”- y )t      (9) 

Where, superscript„t‟ stands for complex transpose of a 

matrix. 

S = ( y”- Xh )*( y”- Xh )t              (10) 

This equation can be minimized by taking its derivative w.r.t 

„h‟ and equating it equal to zero. The final equation is given 

by: 
h” = ( Xt X )-1Xt y              (11) 

which can be written as 

h” = X-1y 

hls = X-1y 

This equation can be implemented on SISO as well as 

MIMO systems. 

 

B. Minimum Mean Square Error (MMSE) Equalizer 

The MMSE estimator minimizes the mean-square error. 

If „X‟ is transmitted over a channel „h‟ such that 

y = X h                 (12) 
Error is given as 

e = y” – y                 (13) 

Where, y” is expected output. 

Mean Square Error = mean{( y”- y )^2}=E {( y”- y )^2}  

                                                                                  (14) 

Where, „E‟ is operator for expected value Concept of 

expected value and correlation can be used to derive the 

equations for finding the channel response. 

Rgg - auto covariance matrix of „g‟ 

RYY- auto covariance matrix of „Y‟ 

RgY - cross covariance matrix of „g‟ and „Y‟ 

 
The estimated channel Hmmse can be found out by the 

equation 

Hmmse = F * ( RgY * RYY-1 * Y)            (15) 

Where, F is a noise matrix 

Rgy = Rgg * F' * X' 

RYY = X * F * Rgg * F' *X'+ (variance of noise  

* Identity Matrix) 
The equation can be used for both SISO as well as MIMO 
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systems. 

 

IV. SIMULATION RESULTS 

In this section, the simulation results are shown in terms of 
mean square error with respect to variation in SNR for 2x2 

MIMO systems. Results are plotted using BPSK, QAM and 

8-QAM and compared for MMSE and LS equalization 

algorithms. Figure 2, 3 and 4 shows two subplots 

corresponding to MMSE and LS equalization techniques. 

From the figures it is clear that for various methods like 

BPSK, QAM and 8-QAM, the LS estimator gives better 

results than MMSE estimator. For various values of SNR, 

values of mean square error are tabulated in table no 1 below.  

 
Figure 2 SNR VS MSE for BPSK 

 
Figure 3 SNR vs MSE for QAM 

 
Figure 4 SNR vs MSE for 8-QAM 

Table No.1 SNR vs MSE for LS and MMSE Estimators 

 BPSK QAM 8 QAM 

SNR 
(DB) 

LS MMSE LS MMSE LS MMS
E 

00 10-3.9 10-2.8 10-4 10-3 10-4.8 10-2.1 

10 10-4.9 10-3.6 10-5 10-4 10-5.8 10-2 

20 10-5.9 10-3.8 10-4 10-4.5 10-6.8 10-2 

30 10-6.9 10-3.9 10-7 10-4.9 10-7.8 10-2 

 
Figure 5 SNR vs SER for BPSK 

    
Figure 6 SNR vs SER for QAM 

    
Figure 7 SNR vs SER for 8-QAM 
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Table No.2 SNR vs SER for LS and MMSE Estimators 

 BPSK QAM 8 QAM 

SNR 
(DB) 

LS MMS
E 

LS MMSE LS MMSE 

05 10-1.03 10-1.05 10-1.1 10-1.1 10-1.07 10-1.05 

10 10-1.13 10-1.15 10-1.23 10-1.23 10-1.17 10-1.15 

20 10-1.16 10-1.19 10-1.25 10-1.25 10-1.17 10-1.15 

30 10-1.15 10-1.15 10-1.25 10-1.25 10-1.15 10-1.15 

 

V. CONCLUSION 

In this paper, ISI due to multipath fading is effectively 

mitigated using LS and MMSE algorithms. These techniques 

are based on pilot aided block type training symbols. Mean 

square error and symbol error rate analysis is done using 
these equalizers in Rayleigh selective frequency fading 

channel. For higher SNRs LS equalizer is simple and 

adequate. LS equalizer shows better results. MMSE equalizer 

is complex. In future, these algorithms can be implemented 

using different tap vectors to improve the results. MMSE 

algorithm can be modified to improve the performance and 

decrease the complexity. 
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