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Abstract: The transmission of several signals and reception of those signals, it requires the implementation of multiple 
transmitters at the transmitter side and the multiple receivers at the receiver side. This type of system is called multiple input 
multiple output (M.I.M.O) system. The M.I.M.O systems will result in obtaining the better use of the available spectrum for 
transmissions of the different signals in the same spectrum and this makes the M.I.M.O systems most dependable for the wireless 
communications. But the presence of several signals in the same bandwidth of spatial multiplexing matrix in M.I.M.O systems 
makes it difficult for the signal to get detected at the receiver end. There are plenty of techniques introduced to avoid the 
difficulty in sensing the signal at receiver in M.I.M.O systems. In this paper we will be discussing about the signal detection 
technique called minimum mean square error technique (MMSE) which uses the inversion of the matrix to retrieve the signal 
and the iteration-based method that is an improvised technique than MMSE technique where the matrix inversion step is 
avoided and provides better results. The results are obtained by plotting the bit error rate versus the signal to nose ratio using 
MATLAB 
Keywords: Iteration method, MATLAB, MIMO, MMSE.  

I. INTRODUCTION 
A variety of different methods are used to make radio-communications   very   strong, even if there   are different channels which 
include time variations (different times and channel encoding methods), and frequency differences (different channels, wide 
distribution, and OFDM), location variations. Location variations require the utility of multiple antennas at the transmitter side or at 
end of the receiver. Many antenna systems are commonly called Multiple Input, Multiple Output systems (MIMO). Many antenna 
technologies might help to increase the data rate through spatial transmission instead of taming durability. In practice, these two 
methods are used distinctly or in combination, based on the channel standings. MIMO technology attracts multipath performance 
using multiple transmitters, and smart-receivers without additional bandwidth to maximize performance and scope. MIMO allows 
multiple horns to send and receive multiple local streams at the same time. MIMO makes the horns work smarter by enabling them 
to integrate the streaming of data from different channels and at different times to effectively increase signal capture capabilities. 
The smart antennas use a variety of spatial technology, which sets out the optimal use of antennas. If there are more antennas than 
local streams, additional antennas can upsurge the diversity of the receiving system and increase the bandwidth. The detection of the 
M.I.M.O signal is the process of retrieving the original transmitted signal from the signal that is received.  

 
Fig.1: Block diagram of M.I.M.O system 
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The data we generated will first gets encoded and then converted to inverse discrete form. Later, cyclic prefix id added to the signal 
before getting transmitted. The original signal x is transmitted in the form of y with a multiplication matrix and a bit noise added to 
it. The transmitted signal is given in the form as:  
                  y=H*x + n                                           (1) 
 Where y= transmitted signal, H= multiplexed matrix, x is the original signal, n is noise added. The process of obtaining the signal x 
from y at the receiver end is called signal detection. After receiving the signal that travelled in wireless medium at the receiving 
antenna it should first get passed through one of the detection techniques to retrieve the original signal. Then cyclic prefix should be 
removed it should be converted to discrete form and hence it will be decoded and made available for the user. The detection task is 
always a tough for M.I.M.O systems so we will go through MMSE technique and iterative method signal detection that outperforms 
the MMSE technique and analyze their performance with the help of BER vs SNR plots. 
 

II. LITERATURE SURVEY 
Rajvirsinh. C Rana has published his works on “study and analysis of performance of spatial multiplexing equalizer for transmit-
receive diversity” [1] in an international journal (ijettcs) helped in understanding the concepts of spatial multiplexing in mimo 
systems. Zhi Zhang, Meixiang Zhang and Sooyoung Kim proposed “a compact soft MMSE detection scheme for uplink coded 
massive mimo systems” [2]. They proposed the algorithm of how mmse detection technique can be used to retrieve the signal in 
mimo systems. It was observed that the mmse detection technique is having higher complexity as it has to perform the matrix 
inversion at the receiver end. In order to decrease the complexity of signal detector we are proposing an iterative method that has 
higher performance than mmse detection technique. 

 
III. MINIMUM MEAN SQUARE ERROR DETECTION TECHNIQUE 

The MMSE detection technique is one of the linear detection techniques that are available to retrieve the signal after receiving at the 
receiver antenna. This technique inverses the gain matrix in the received signal to estimate the original signal.  
 
A. Working 
Consider the equation 1 as the transmitted signal vector with x as the original signal vector and n as the white gaussian noise and H 
is covariance matrix. Now as we receive the signal as in equation 1 then we need to estimate the vector x from the vector y. MMSE 
method uses a formula that will remove the H matrix to obtain the estimated vector x̂.  
x̂ =inv (Hh*H + (σZ) ^2*Ik) *Hh *y                          (2) 
In the equation 2 the x̂ is the estimated signal. And it is obtained with the matrix inversion of signal y. In equation 2 Hh is the 
Hermitian of H matrix, σZ is the noise variance and Ik is the identity matrix. The combination of the equation 1 and 2 would result 
in minimum of the mean of the square of the error. The error values of each antenna and its signal to noise ratio per each receiving 
antenna will be plotted to analyze the performance of the MMSE detection technique. The value of noise if gets bigger, the MMSE 
technique would become the matched filter technique and as the noise value gets smaller the MMSE technique would become the 
zero-forcing detector. The complexity order of the MMSE detection technique is of the order O(l^3) where l is the number of 
receiving antennas. The complexity is high due to the matrix inversion process. 

 
Fig.2 MMSE technique BER vs SNR plot 

   
The BER vs SNR plot of the MMSE detection technique is shown in the fig 2. At the BER value of 0.1, the average snr value per 
antenna is 10 decibels. And when the value of BER is 0.001 the average snr value per antenna is 18 decibels.   
It is clear that as the bit error rate value gets decreased the average snr value per antenna is increasing. 
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IV. PROPOSED METHOD 
A. Iterative Based Mmse Detection 
The major drawback in the MMSE detection technique is found to be its complexity. The inversion of the h matrix that is required 
to get the signal back in the MMSE technique makes the complexity higher in the order of O(k^3). In order to lessen the complexity 
and remove this drawback in the MMSE technique we proposed a method that would lessen the complexity and provides the results 
with improved snr value. 
Working: 
First, we need to decompose the original H matrix in to the diagonal (Di) of h, the upper triangular (Ut) part of matrix and then the 
lower triangular (Lt) part of the matrix. 
H= Di + Lt + Ut                                                  (3) 
The equation 3 shows the parts in to which the h matrix has to be split. Then we need to initialize the estimation, based on the 
iterative method to zero as we don’t know the initial information. Later we have to estimate the signal based on the iteration method. 
Xes(n)=inv(Di + Lt ) (ymf – Ut*Xes(n-1))          (4) 
The equation 4 will help in estimating the signal based on iteration method. Where n is the number of current iterations, ymf is 
matched filter and xes is the signal estimated. 
After completing the iteration limit then the signal is detected, now we need to find out how exactly the signal is detected and this 
can be done based on the bit error rate analysis versus the snr plots. 

 
Fig.3 Iterative based MMSE BER Vs SNR plot 

 
The figure 3 shows the plot of BER vs SNR for the iterative based MMSE detection of the signal. 
At the BER value of 0.08 the snr value is 10 decibels and when the BER value is 10^-3 the snr value is 18.5 decibels. 
 It is clear that as the BER value gets decreased the snr value increasing. 
  
B. Comparison Of MMSE And Iterative MMSE 

 
Fig.4. comparison of MMSE and iterative MMSE detection 

 
The fig 4 shows the plots obtained for the MMSE detection technique and the iterative based MMSE detection technique at the 
fourth iteration which is  plotted with the BER vs snr. It is observed that for every value of BER the snr value of the iterative based 
MMSE technique is high than that of the MMSE technique. 
The complexity of the iterative based technique has an order of O(K^2) where k is number of transmitting antennas. The 
performance in reducing the complexity and the removal of noise is better in proposed method than that of the MMSE. 
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V. FUTURESCOPE 
In this paper, many challenges with the MIMO receiver systems were investigated and acceptable solutions for signal detection was 
offered. It is a well-known fact that the research is a never-ending process as the fresh beginnings occurs. As a result the signal 
detection requires a lot of focus in establishing a good system performance. The proposed technique can be used in MIMO systems. 
These techniques can be useful in implementation of 5g technologies. 
 

VI. CONCLUSIONS 
When it comes to MIMO systems, the detection of signal is quite a difficult task. In this paper we have seen that the MMSE 
detection technique which was one of the frontline detection technique has a high complexity. The complexity is high due to the 
presence of the matrix inversion step at the receiver end. In the proposed technique we have reduced the complexity as we split the 
entire matrix and then performed the inversion which made the We have seen how our proposed technique could reduce the 
complexity and reduce the noise in detecting the signal. 
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