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Abstract - In this paper we analyze the performance of Multiple input and multiple output system with transmit beam 

forming (TB) and maximum ratio combining (MRC) at the receiver with channel estimation error under the effect of co-

channel interference(CCI‟s) and spatial correlation between the channels. The quantitative measure of channel estimation is 

the correlation coefficient between the original channel and estimated channel at receiver. We have derived the ASER 

(average symbol error rate) versus SNR (signal to noise ratio) graphs using MATLAB simulation. Also we did a 

comparative study between the outage probability of MIMO systems with and without spatial correlation between the 

antennas using mat lab. 
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I. INTRODUCTION 

 

In today‟s wireless communication systems, 

impairments are inevitable including AWGN noise 

and multipath effects. One way to resolve these 

problem is to use diversity gain to reduce error in 

detection and another is to apply spatial multiplexing 

to fight against co-channel interference (CCI)and inter 

symbol interference (ISI)also.co-channel interference 

occurs when another signal at the same carrier 

frequency is being transmitted in a particular cell 

completely different from the desired signal. Inter 

symbol interference happens mainly due to multipath 

effects in real world wireless communication. We use 

Transmit beamforming with maximum ratio 

combining at the receiver gives full diversity gain and 

additional antenna array gain at the receiver[1]. 

Performance analysis of MIMO-MRC system with 

perfect channel estimation in the presence of co-

channel interference (CCI‟s) is given in [2]-

[3].performance analysis of MIMO-MRC systems 

with channel estimation error was first derived in 

[4].Analysis and derivation of outage probability for 

MIMO-MRC systems with channel estimation error in 

presence of CCI‟s is done in[5], but the results are 

only limited to the measure of outage probability. 

Performance analysis of MIMO-MRC systems with 

imperfect CSI (channel system information) under co-

channel interference is done in [6]. 

 

In this letter we investigate the average symbol error 

rate ASER for MIMO-MRC systems with channel 

estimation error and CCI‟s and also the channels 

being spatially correlated. Spatial correlation occur 

when there is not enough spacing between two or 

more antennas at the receiver[7].We also derived the 

comparative results for outage probability of MIMO 

systems with spatial correlation and without spatial 

correlation. 

II. SYSTEM MODEL 

 

We consider a wireless communication system that 

engages  ′𝑛𝑇 ′ transmit antennas and ′𝑛𝑅 ′ receive 

antennas in the presence of „L‟ CCI‟s and additive 

white Gaussian noise .Then the received symbol  Y  

at  the receiver in the MIMO-MRC system can  be 

given as in[3][4] 

 

𝒀 =  𝑃0𝑯𝟎𝒘𝑻𝑠0 + 𝑯𝑰 𝑷𝑰𝒔𝑰 + 𝒏 

 

Where 𝑠0 is the transmitted symbol of the desired 

user, 𝑠𝐼  is the transmitted symbol vector of the 

interferers given by, 

 

𝒔𝑰 = [𝑠1𝑠2 … … . . 𝑠𝐿]𝑇 

 

ndenotes a zero-mean white complex Gaussian noise 

vector with CN(0,σ2 ) distribution. 𝑃0 Is the average 

received power of the desired user symbols.𝑷𝑰Is the 

diagonal matrix given by, 

𝑷𝑰 = diag[𝑃1𝑃2 … … … 𝑃𝐿], 
 

Where 𝑷𝑰 for i=1,2…..L is the average received 

power of the I th interferer . 𝑯𝟎 𝑎𝑛𝑑 𝑯𝑰 Are the 

𝑛𝑅 × 𝑛𝑇 channel matrix of the desired users and the 

𝑛𝑅 × 𝐿  channel matrix of the L interferers, 

respectively 𝑤𝑇  is the beamforming vector at 

transmitter of the with unit norm i.e.   𝑤𝑡  = 1 as 

given in [1].With this letter we make the following 

assumptions:  

1) The transmitted symbols𝑥0 of the desired user and 

the interfering symbols 𝑥I areas summed to be 

independent, zero-mean, and unit variance.  

2) The antenna spacing at the receiver is not 

sufficiently large so there is spatial correlation 

between the channels of the matrix 𝑯𝟎  of desired 

users. 
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3) The channel matrix  𝑯𝟎 𝑎𝑛𝑑 𝑯𝑰  and the noise 

vector n are independent of each other. 

High energy pilot symbols are used in linear mean 

square error (MMSE) channel estimation in flat 

fading channel. As we increase the power and 

number of high energy pilot symbols the channel 

estimation becomes more accurate. 

 

III. GAUSS-MARKOV MODEL 

 

In this letter we are using Gauss-Markov model for 

channel estimation as given in[8], the channel 

estimated at the receiver in presence of channel 

estimation error can be given as, 

 

𝑯𝟎
′ = 𝜌𝑯𝟎 +  𝜌2 − 1𝐸 

 

Where 𝜌  is the quantitative measure of correct 

estimation of the channel known as correlation 

coefficient. The value of  𝜌Depends on the variation 

of channel w.r.t to time during the communication 

and on the high energy pilot symbols sent for channel 

estimation, as the value of 𝜌  approaches 1, the 

channel estimated will be more accurate. As per our 

second assumption that there is not enough spacing 

between the antennas resulting in channels being 

spatially correlated and not being independent of each 

other, the correlated channel between the ith receiver 

antenna and jth transmitter antenna[7] is  modeled as, 

 

𝐻𝑖𝑗
′ =  𝜌𝐻𝑖𝑗 +  1 − 𝜌2 𝑃𝐸 

 

Where 𝐻𝑖𝑗 is the channel with which the estimated 

channel is correlated with, P is the average symbol 

power and Eis noise complex Gaussian random 

matrix independent of 𝐻𝑖  having zero mean and 

identity covariance matrix. 

 

IV. DETECTION RULE 

 

The received symbols at the receiver with 𝑛𝑅antennas 

are combined with a weight vector 𝑤𝑅 .In MIMO-

MRC systems the transmit vector 𝑤𝑇 and the 

receiving weight vector 𝑤𝑅 is are defined as 𝑤𝑇 =
𝑢𝑚𝑎𝑥  i.e unit norm eigenvector corresponding to the 

largest eigenvalue of the Hermitian matrix 

𝐻0
′ 𝐻0[3], [4]  and 𝑤𝑅=𝐻0𝑢𝑚𝑎𝑥 . then the combined 

signal resulting into the detection variable z at the 

receiver is given byas[6], 

𝑧 = 𝑤𝑅
′ Y 

𝑧 = 𝐻0
′ 𝑢𝑚𝑎𝑥

′  𝑃0𝑯𝟎𝒘𝑻𝑠0 

+𝐻0
′ 𝑢𝑚𝑎𝑥

′ 𝑯𝑰 𝑷𝑰𝑠𝐼 

+𝐻0
′ 𝑢𝑚𝑎𝑥

′ 𝒏. 
 

V. OUTAGE PROBABILITY 

 

For the MIMO wireless systems to work efficiently, 

the system requires a minimum amount of signal 

power for accurate detection of the symbols. The 

minimum signal power or SNR required is referred to 

as threshold SNR ‘𝛾’
𝑡ℎ

. For the system to work 

efficiently and perform accurate detection the 

instantaneous SNR „γ ‟should be more than the 

threshold SNR‘𝛾’
𝑡ℎ

. Outage probability is defined as 

the probability that the instantaneous SNR of the 

channel is less than threshold SNR ‘𝛾’
𝑡ℎ

[9] .In real 

time communication if γ< ‘𝛾’
𝑡ℎ

 the user is in the 

region of outage. The region of outage can be 

explained as the region in a particular cell where the 

minimum signal power is not significant as per the 

requirement, which results in call drop or hand-off to 

another base station. 

 

VI. SIMULATION RESULTS 

 

The simulation of this system model is done using 

Monte-Carlo simulation method in which we simulate 

the performance index, which we average over 

5 × 104 data block realizations at each SINR (signal 

to interference noise ratio) point. Channels are static 

i.e. they assume only one value and vary 

independently among data blocks. 

 

We consider the average SER performance of the 

system, for this simulation we assume four CCI‟s 

having INR with 𝑃𝐼 = 𝑑𝑖𝑎𝑔{3 0 0 6}db. The Figure1 

shows the simulated results of ASER of MIMO-MRC 

system with BPSK modulation. 

 

Secondly we take the outage probability into account. 

For this simulation we assume six CCI‟s having with 

INRwith𝑃𝐼 = {3 0 0 6 5 4}db. In this simulation we 

compare the value of instantaneous SNR„γ ‟ with the 

threshold SNR ‘𝛾’
𝑡ℎ

 which is assumed to be fixed  for 

a particular MIMO system. Instantaneous SNR„γ ‟is 

also static and assumes only one value over each data 

block realization. 

 

 
Figure 1 : Monte carlo comparative  results of ASER(BPSK 

modulation) for MIMO-MRC system  with channel estimation 

error with CCi's and under the influence of spatial 

correlation.with INR ={𝟑 𝟎 𝟎 𝟔}db 
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Figure 2: Monte carlo comparative  results of outage 

probabilityfor MIMO-MRC system  with channel estimation 

error with CCi's and under the influence of spatial 

correlation.with INR ={𝟑 𝟎 𝟎 𝟔 𝟓 𝟒}db 

 

VII. CONCLUSION 

 

In this letter we investigated the effect of channel 

estimation error with spatial correlation of channels 

added with co-channel interference on MIMO-MRC 

systems. As the result the performance of the said 

system deteriorates under the influence of spatial 

correlation and channel estimation error. The effect of 

channel estimation error results in transmitter not 

knowing the channel information perfectly which 

causes error floor. When error floor occurs in a 

system after a certain value of SNR the ASER 

become constant and the system performance 

becomes independent of the increase in SNR .Also 

the effect of CCI‟s causes the instantaneous SNR to 

decrease, hence hindering the performance of the 

system. Spatial correlation occurs when there is not 

enough spacing between two isotropic antennas. Due 

to spatial correlation the system is not able to receive 

any symbols in the correlated region due to decreased 

spatial direction which degrades the channel capacity. 

This makes it very challenging for the system to 

maintain its diversity gain or the system cannot 

exploit the diversity, therefore the system without 

spatial correlation performs better than the system 

under the influence of spatial correlation. 
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