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Abstract - In wireless medium, multiple signals are transmitted from multiple users at same time using the same frequency 

and separated space. Various channel assessment techniques are employed in order to predict the physical variations of the 

medium present. In this work, we study and implement different channel estimation methods for MIMO Systems are Least 

Squares (LS) estimation algorithm, Minimum Mean Square Error Estimation (MMSE) algorithm, these methods are 

therefore compared to efficiently predict the channel state information in MIMO method. The results show the performance 

metric of the system is signal  power be necessary to support different values of bit error rate varies according to the present 

channel conditions between the transmitting and the receiving antennas .In addition, it show that the performance of the 

system significantly improves when the number of sender and receiver antennas increases. The performance of MMSE and 

LS estimation methods are simulated for different channels by using MATLAB software the MMSE algorithm performs well 

than LS algorithm. The analysis clearly shows that channel estimation using MMSE algorithm provides better BER. 

 

Keywords - A Signal to Noise Ratio, Minimum Mean Square Error (MMSE), Least Square (LS), Bit Error Rate, Channel 

Impulse Response (CIR). 

 

I. INTRODUCTION 

 

Channel is the most important communication 

medium to describe characteristics of medium 

between source and destination of the 

Electromagnetic Radio (EM) waves with physical 

channel. Communication channel is a design of 

mathematical model to represent the physical 

characteristics of the communication medium. The 

process of predicting the characteristics of physical 

medium on the input sequence is called as channel 

estimation [1]. Recently, Multiple-Input Multiple-

Output (MIMO) communication systems are 

introduced and this technique is a promising 

technology to provide high data rates and mobility for 

future generation wireless communication systems. 

With the help of multiple transmitting and receiving 

antennas, a MIMO system achieve spatial diversity, 

high data rate, large coverage area  and improved 

stability during transmission without increasing  

power or bandwidth [2]. 

 

In terrestrial communication the bandwidth is limited; 

however the MIMO system has efficient spectral 

utilization compared to Single-Input Single-Output 

(SISO) system [4]. The maximum feasible diversity 

gain of the MIMO system is the multiplication of 

transmitter and receiver antennas used in 

communication system. For that reason, utilizing 

MIMO channels not only the mobility and data rate 

of communication system can be increased, but also 

its stability increased [5]. Nowadays mobile 

communication systems transmit information by 

changing the amplitude or phase of electromagnetic 

waves. Receiver side the amplitude or phase can vary 

widely. This causes signal degradation in the quality 

of system during transmission, while the performance 

of receiver is highly relate with the accuracy of 

estimated present channel conditions. However, 

MMSE detectors require information about the 

Channel Impulse Response (CIR), from channel 

estimator to reduce the error probability in the 

receiver [3].  In this work, we analyze a LS and 

MMSE channel estimators, in MIMO system, that 

signal detector in receiver must know the channel 

impulse response characteristics to ensure minimum 

Mean Square Error of the channel estimation and to 

reduce the error probability in received signal. The 

proposed work is an efficient MIMO channel 

estimation with four different channel conditions ie 

AWGN, Rayleigh, Rician and Two-Wave with 

Diffuse Power (TWDP) [4]. The proposed algorithms 

has been designed and simulated using Matlab 

Program then tested and evaluated the efficiency of 

the proposed algorithms [2] 

 

 

II. DELAY AND AREA EVALUATION OF THE 

BASIC ADDER BLOCKS 

 

The simple channel estimator is the Least Square 

(LS) estimator. Using this method the channel 

estimates, are found by directly multiplying the 

received pilot signal with the known inverse 

transmitted pilot signal. The LS Estimator has very 

less complexity, but the performance of the system 

degraded with high mean-square error [5]. 

 

Minimum Mean Square Estimation 

The method is MMSE channel estimator. It considers 

the characteristics of present state channel 

information to reduce the minimum mean-square 
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error. The main drawback of this estimator is its 

complexity, which can rise exponentially by number 

of received signals. Let 

   denotes a series of known random 

variables for a set of obtainable sample signals, and 

the other one Y corresponds to an unidentified 

random variable. To find a suitable                                       

estimator for Y in terms of observed sample signals 

        is very difficult [6]. 

Let 

 

---------  (1) 

 

represents the estimate of  Y. 

 

Assume that         be a linear  or nonlinear 

function of  random variables  .    Clearly 

we know that 

 

-------    (2) 

 

This expression represents the mean square error 

mentioned in the above equation, and     is   the 

the error value.     represents a random variable 

and                  denotes the mean square of 

error. One approach is  to determine a best estimation 

technique will be reduce the minimum mean square  

of error value by changing all feasible values   of 

 in addition to this process gives a                                                                                                                                                                          

very less value Mean Square of Error (MMSE) for 

channel estimation. As a result the MMSE estimator, 

select the estimator           and the mean 

square of error value  is reduced in minimum 

[7]. 

The conditional mean Y specified in X is the 

excellent estimation  specified  in the above 

condition. 

 

In MMSE estimation, the good estimation for the 

unidentified variable Y in terms of       is 

specified from the conditional variable Y gives X. 

 

------  (3) 

 

Let      denote a estimation of  Y in  

corresponding  

So the possible error is   the mean square 

Value of error is 

 

-- 

(4) 

 

Since 

 

--------  (5) 

From that we know 

 

-- 

(6) 

 

Determine the suitable estimation of    we have 

to minimize        in (6) 

 

w.r.to   in (6), so      

 
 

The random variable  denotes in the integer and 

term, reduction of the mean square of error value   

  in  with respect to  is corresponding to 

minimize the         . 

 

Because the variable X is  a some fixed value,    

and it   is not stays in long time  at random, and for 

this reason  the reduction value of      

corresponds to 

 

------------   

(7) 

 

provides 

 
 

or else 

-----------   (7) 

 

except 

 

 

--------   (8) 

--------  (9) 

Since when       is a fixed number  

            
 

Using (9) in (16-8) we get the desired estimator to be 

 

---   

(10) 

 

Therefore measurement of conditional mean value is 

Y given      corresponds to the good 

estimation for Y reduces the amount of minimum 
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mean square of error. From the observations the 

minimum mean square error is known by 

 
--------------- (11) 

 

Assume       is the unknown variable.  In that 

case the good estimator is MMSE  is specified by 

 

--------   

(12) 

 

Obviously if      then definitely     

corresponds to  the estimator for Y in terms of X. 

Therefore the correct estimation will be nonlinear 

characteristics [8]. 

 

Rayleigh fading channel is a characteristic model for 

the effect of propagation within the surroundings 

through a radio signal, so that it is mainly used in 

wireless system. 

 

The another technique is rayleigh fading model, the 

magnitude of a information signal has transmitted 

through a communication medium moreover it is 

known as a communications channel. It is varying 

randomly, or deep fades, the radial component of 

addition of two uncorrelated white Gaussian 

depending on a Rayleigh distribution [9]. 

 

Rayleigh fading is suitable model for troposphere and 

ionosphere propagation of signal since  it is matched 

for urban surroundings on electromagnetic signal. 

This Rayleigh fading model is an appropriate one 

while there is no high radio wave propagation along 

with line of sight communication between the sender 

and receiver. Suppose if there is any dominant line of 

sight or obstruction between sender and receiver, the 

rician fading is highly suitable [10]. 

 

Rician or Ricean fading represents a  mathematical 

model of radio wave propagation or multipath 

propagation during transmission by partial 

cancellation of a electromagnetic signal with itself — 

the signal appears in the receiver side by taking 

multiple paths during transmission. Therefore it 

exhibit multi path interference and from that one of 

the paths is varying (broadening). Rician fading arises 

while one of the paths, a line of sight signal  is greatly 

higher than others. The amplitude gain of the signal is 

characterized by rician distribution [11]. 

 

III. PROPOSED WORK 

 

The block representation of proposed methodology is 

shown in following figure 1 and figure 2. Figure 1 

illustrates the MIMO system using Least Square 

Algorithm. Here two transmitters and two receivers 

are considered. The LS estimator receives the signal 

from parallel to serial converter and estimates the 

channel information. After these predicted 

information is applied to detector. 

 

The detector circuit decides the modulation, coding 

according to the information given by the estimator. 

Similarly figure 2 working in a same way to figure 1, 

but the estimator is Minimum Mean Square Error. 

The transmission medium between transmitter and 

receiver is considered for four different channel 

conditions mentioned in the following table: 1. the 

channel 1,2,3,4 are AWGN, Rayleigh, Rician and two 

waves with diffuse power respectively. 

 

 
Figure: 1 MIMO system using Least Square Algorithm 

 

 
Figure: 2 MIMO systems using Minimum Mean Square 

Algorithm 

 

IV. SIMULATION REPORT 

 

Thus we analyzed the simulation results using 

MATLAB software it is very clear that the MMSE 

channel estimator gives improved performance than 

LS channel estimator  corresponding mean square 

error (MSE) and Bit error rate (BER) whereas 

implementation of LS algorithm is much easier than 

MMSE algorithm Figure 3 and 4 represents the SNR 

Vs BER for four different channels using LS and 

MMSE estimator. Also Simulation results show that 

the BER for MIMO systems using four different 

fading channels with increasing SNR values as shown 

in Table 1. The results show that the SNR required 

supporting several values of bit error rates and it 

varies in accordance with the different present state 

channel conditions between the transmitter and the 

receiver antennas. In addition, it is illustrated that 

when the SNR value increases, the performance of 

system significantly improves. Also the results show 

BER curves for MIMO systems using four different 

channels by MMSE and LS estimation which show 

that BER Vs SNR values. 

Communication channel 1- AWGN 

Communication channel 2- Rayleigh 
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Communication channel 3- Rician 

Communication channel 4- Two-Wave With  Diffuse 

Power 

 
 

 
Figure 3:  BER Vs SNR for four different channels using LS 

algorithm 

 
Figure: 4   BER Vs SNR for four different channels using 

MMSE algorithm 

 
Figure: 5 BER Vs SNR for channel 1 using LS & MMSE 

algorithm 

 

Figure 5 and 6 represents the variation of BER in 

channel 1 and channel 2 for both LS and MMSE 

estimator. Figure 7 and 8 represents the variation of 

BER in channel 3 and channel 4 for both LS and 

MMSE estimator. 

Table 1 

 

 
Figure: 6   BER Vs SNR values for channel 2 using LS & 

MMSE algorithm 

 

 
Figure: 7   BER Vs SNR values for channel 3 using LS & 

MMSE algorithm 
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Figure: 8 BER Vs SNR values for channel 4 using LS & MMSE 

algorithm 

 

V. CONCLUSION 

 

Thus we have proposed and analyzed channel 

estimation methods for MIMO Systems are Least 

Squares (LS) estimation algorithm, Minimum Mean 

Square Error Estimation (MMSE) algorithm. The 

performance of MMSE and LS estimation methods 

are simulated for different channels by using 

MATLAB software the MMSE algorithm performs 

well than LS algorithm. The analysis clearly shows 

that channel estimation using MMSE algorithm. 
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