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Abstract
In this paper, performance of 2x2 Alamouti Coding Scheme is 
analyzed using receiving antenna selection in presence of Mutual 
coupling and how mutual coupling effect on channel capacity of 
MIMO system. For that, we assume the antenna array to consist 
of dipole antennas placed side-by-side in a linear pattern and in a 
limited physical space. We assume the Channel State Information 
(CSI) is known at the receiver. An antenna selection algorithm is 
used to select the antennas based on maximizing the achievable 
rate. For that we investigate different antenna selection algorithms 
and select the best algorithm which provides highest achievable 
rate. Finally BER analysis of Alamouti coding scheme is done 
using BPSK modulation considering mutual coupling.
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I. Introduction
Multiple-Input Multiple-Output (MIMO) systems employing 
multiple antennas at both the transmitter and receiver provide 
much larger capacity improvements in comparison to Single-Input 
Single-Output (SISO) systems [1]. In general MIMO systems 
require the antenna elements to be placed in a limited space, 
which causes different restraints like spatial correlation and 
mutual coupling. These are due to lack of space and scattering 
environment between antennas and mainly depend on distance 
between the antennas and angular spread. This effect is high when 
the number of antennas is more. The effect on achievable rate with 
increase of number of antennas is given in [2]. The mathematical 
model for mutual coupling is given in [3], with its affect on channel 
capacity in a fixed length antenna array. The average achievable 
rate is smaller when only spatial correlation is considered and 
more importantly, achievable rate get decreases after the number 
of antennas increases beyond a certain value, which depends on 
the asperity of the mutual coupling effects.    
On the other hand, using Space time coding technique MIMO 
systems can achieve better gain and channel capacity. But, the 
main drawback in the deployment of the MIMO systems is 
the increased hardware complexity and cost. To extenuate this 
problem, the MIMO systems with antenna selection have been 
proposed, where the best  out of  antennas are chosen, to 
employ reduced no of RF chains [4-5]. This leads to small capacity 
loss for considerable hardware complexity reduction. Numbers 
of Antenna selection algorithms have been proposed based on 
maximizing different parameters. Here we consider two types 
of receive antenna processing approaches. The first one is Full 
channel based RAS (FRAS) receiver; makes available only  
RF chains and selects the best subset of  ( < ) receive 
antennas for each channel realization [6]. The second approach 
is Optimal RAS (OPTRAS) receiver, maximizes the achievable 
rate by enumerating all possible receive antenna subsets for =1, 
2...  And select the subset which maximizes the instantaneous 

achievable rate for each channel realization. The above two 
types of receivers assume complete knowledge of the channel 
response. We will show in simulation the achievable rates of both, 
the Optimal RAS receiver and FRAS both in case of with mutual 
coupling and without mutual coupling. And from the observations 
we will prove, it will be better not to use all of the receive antennas 
available in the system in presence of both spatial coupling and 
mutual coupling. From this Receive antenna selection algorithm 
not only reduces the system complexity and cost, but also provides 
performance gain. The antenna selection algorithm with Space 
time Block coding best choice in the implementation of MIMO 
systems. In this paper we will analyse the impact of antenna 
selection on BER performance of Alamouti coding Scheme with 
mutual coupling.
The remainder of this paper is outlined as follows. In section 
II introduce the channel model and mutual coupling. The 
FRAS receiver, OptRAS receiver and Alamouti coding scheme 
are described in section III. In section IV, simulation results 
of achievable rates of FRAS and OptRAS receiver and BER 
performance of Alamouti coding scheme with and without mutual 
coupling are presented. Finally, section V, concludes the paper.

II. MIMO Channel Model

A. Channel Model
Here we consider a single-user, point-to-point communication 
link with  transmit and  receive antennas. Half wave dipole 
antennas are used both at the receiver and transmitter array section. 
At the receiver side, the dipole antennas are placed side-by-side 
within a finite length D to form a uniform linear array. The complex 
envelope of the received signal when all the transmitter  and 
receiver  antennas are selected is

     (1)
Here x is a dimensional transmitted signal column vector and 
n is a complex  dimensional noise vector of all complex white 
Gaussian noise samples with zero mean and variance . The 
MIMO fading channel is modeled as a random matrix in case of 
mutual coupling [4].

,    (2)

Where,  denotes the mutual coupling matrix and is 
the spatial correlation matrix at the receiver. We consider at 
the transmitter side the antennas are sufficiently spaced so we 
assume there is no spatial correlation and mutual coupling between 
antennas. The subscript  denotes channel matrix without 
mutual coupling. Note that we assume there is no spatial coupling 
and mutual coupling between transmitter antennas and are not 
closely spaced.
Assuming the Channel State Information (CSI) is known to 
the receiver but unknown to the transmitter, so transmit power 

 is evenly distributed among the antennas, the instantaneous 
achievable rate for a given channel realization is given by 
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  (3)
Where ρ is the average SNR at each receiver branch (ρ= / ) 
and  denotes Hermitian transpose.

B. Mutual Coupling
Mutual coupling among different antenna elements in an antenna 
array is caused by the interaction of EM waves received at 
different antenna elements. It affects the input impedance of 
antenna elements. This mainly depends on the distance between 
antennas and is significant when the spacing between antennas is 
less than half the wavelength. The magnitude of mutual coupling 
coefficient increases sharply when the spacing between antennas 
decreases. 
We assume antennas are placed side by side and the mutual 
coupling matrix  can be obtained as

   (4)
Where ZA is the element impedance in isolation, for example, 
When the wire dipole is λ/2, its value is ZA = 73 + j42.5 [Ω]; ZT is 
the impedance at each element of the receiver taken as the complex 
conjugate of ZA for impedance match. And Z is given by

This provides the circuit representation of antenna array in mutual 
coupling. The antennas are wire dipoles with length of half dipole 
and are placed in a side-by-side configuration. And the expression 
for  is 

(5)

Where k is the wave number equal to , and

 
Where, l is the length of the dipole and is the distance between 
the dipole antenna elements. Ci(u) and Si(u) are the cosine and 
sine integrals, respectively. They are given as,

In the presence of mutual coupling, the channel matrices H is 

    (6)
Where, is the matrix containing the identical independent 
distributed (i.i.d) Gaussian entries with zero mean and unit 
variance. And the transmit and receive correlation matrix are 
modified as

,

,
From this the channel matrix is written as

    (7)
 Is the channel matrix with mutual coupling and it is the 

fundamental expression used to analyse the performance of the 
MIMO systems operating under the conditions of mutual coupling 
and being present at transmitter and receiver antennas.
Fig. 1, shows the plot between mutual coupling coefficient and 
antenna spacing. It shows that when spacing between the antennas 
increases the mutual coupling coefficient also get decreases. 

Fig. 1: Magnitude of Mutual Coupling Coefficient Versus the 
Antenna Spacing

III. Antenna Selection
In this section we consider about receiver antenna selection 
algorithms. The selection algorithm consists of selection the best 

 out of the available receive antennas from the viewpoint 
of capacity maximization. Antennas are selected based on their 
channel response. In case of mutual coupling the channel matrix 
generated is 

     (8)
Where,  is smaller formed by deleting the rows corresponds 
to the unselected antennas and  is the mutual coupling matrix 
between the selected antennas.

A. The FRAS Receiver
The FRAS receiver selects antennas L out of  receive antennas 
based on maximizing the achievable rate for a given channel 
realization. The number of computations required to select a set 
of antennas is given by the combinations that can be formed from 

 of L antennas. And is  . The selected subset 
from this approach is 

Where, C (Ĥ) is given by (3) provided that H is replaced by 
Ĥ (L× ) is given in (8) and  is replace by L [9].

B. The OptRAS Receiver
The FRAS receiver selection is L out of  receiver antennas. It 
gives better performance for a given L. But in case of OptRAS 
receiver it won’t select a particular number of antennas in a 
channel realization. In each channel realization the number of 
selected antennas varies. It checks all possible combinations of 
L, where L=1, 2...  And select the subset which maximizes the 
achievable rate. The number of computations required in each 
channel realization is 
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.
The selected subset is

 (10)
Where,  is given by (3) provided that H is replaced by 
Ĥ given in (5) and  is also replaced by the number of the 
selected antennas which can be any number between 1 and 
The get increases with increase of number of antennas. 
Thus OptRAS involves more computations than FRAS receiver. 
The computational overhead is reasonable when the number of 
receive antennas is small or the channel is slow-varying such that 
the selection result is valid for a long period of time. 

IV. Alamouti Coding Scheme
Alamouti coding scheme is the transmit diversity scheme. The 
scheme uses two transmit antennas and  receive antennas. The 
main functions of Alamouti coding scheme are 

The encoding and transmission sequence of information • 
symbols at the transmitter.
Combining scheme.• 
Decision making using maximum likelihood detection.• 

In the encoding and transmission sequence, at a given symbol 
period signals are transmitted form the two antennas. The signal 
transmitted form the first antenna is denoted by  and from the 
second antenna by . During the next symbol period -  is 
transmitted form the first antenna, and  is transmitted from the 
second antenna, where * is the complex conjugate operation

The encoding process is done in space and time (space-time 
coding) [5]. The received signal at the receiver in the case of 
(2 ×2) case is give by

     As (1)

                             

                (11)
Where, H is the channel matrix and ,  are complex 
random variables representing receiver thermal noise and 
interference.  

Fig. 2: System Model

Fig. 2, shows the  MIMO system; where,  represents 
the channel between the  transmitter to the  receiver. 
When ( >2), with the number of channels number of RF chains 
required to process the received signal (11) also get increases 

causing the increase of complexity and cost of the system. So an 
optimum antennas selection antennas selection algorithm is used 
to select a set of receive antennas where we can get maximum 
signal strength and maximum achievable rate. Antenna selection 
algorithms choose the best receive antenna subset according to 
the channel response. The channel matrix corresponding to these 
antennas is generated by deleting the rows associated with the 
unselected antenna. From this the received signals corresponding 
to these selected antennas are used for the detection of the signal. 
The detection processes combining and maximum likelihood 
detection are given in [10].

V. Simulation Results  

A. Antenna Selection                  
In fig. 3 and fig. 4, shows the comparison of expected achievable 
rates of OptRAS and FRAS receiver with and without taking 
mutual coupling assuming perfect knowledge of CSI at the receiver. 
We assume = 2, 3, 4 and antenna spacing D=0.5λ and SNR 
is fixed at ρ=20dB and  is varies from 2 to 10. In the figures, 
the red curves represent the achievable rates of OptRAS receiver 
and blue curves represent the achievable rates of FRAS receiver. 
In both the cases with mutual coupling and without coupling the 
achievable rate OptRas outperforms FRAS receiver. 
As  increases from 2 to 10, mutual coupling effect becomes 
severe and it is seen in the simulation result that in the case of 
mutual coupling achievable rates increases with the number 
of receiver antennas getting increased up to the turning point (

) as we can see up to ( and do not decrease 
after that. The achievable rate gains become significant when

, after the turning point mutual coupling doesn’t show 
much effect on achievable rate and it depends on the number of 
selected antennas in the receiver section. Table I shows the number 
of selected antennas in OptRAS which achieve the maximum 
expected rate considering mutual coupling when the number of 
antennas varies from 3 to 10. It also shows that the achievable 
rate remains constant when  because as we can see 
form the Table I the number of selected antennas remains constant 
after the turning point means the achievable rate remains constant 
after the turning point. Form this we can say it is reasonable not 
to use all the receive antennas. 
Fig. 5, shows the comparison of achievable rate with antenna 
spacing in the case of mutual coupling and without mutual coupling. 
It is clear from the result that when the spacing between the 
antennas gets increases mutual coupling doesn’t show much affect 
on achievable rate. We have considered two cases  and 
L=2, in the case  mutual coupling show much affect on 
achievable rate because the number of selected antennas also L=2. 
But in case of  up a limited distance 0.5λ the achievable 
rate less compared to in the case of without mutual coupling 
but after that it helps in boosting the achievable rate because we 
can select any of the 2 antennas from the 4 and they may not be 
adjacent. From this we can say when the spacing between the 
antennas is more than half the wavelength mutual coupling won’t 
show much effect on the performance of the MIMO system.

B. BER Analysis of Alamouti Coding Scheme
Fig. 6, shows the performance of the Alamouti coding scheme 
with receive antenna selection over Rayleigh fading channels with 
and without taking mutual coupling. 
BPSK modulation was used for the simulation. It is assumed 
that channel state information is exactly known at the receiver. 
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In simulation done for 10000 realizations, a random  
MIMO channel matrix is generated and 2×2 sub-channel was 
selected based on maximizing the achievable rate. In the figure 
the dark lines represents the BER curves for , 3, 4, and 6 
without mutual coupling and the dotted lines for the case of mutual 
coupling considering the antenna spacing is 0.5λ. We can see that 
in both the cases BER decreases with increase in SNR, and we can 
observe that BER becomes worse when mutual coupling effect is 
included. It has clearly shown form the deviation of BER curve 
as the number of receiver antennas increases showing effect of 
mutual coupling.

Fig. 3: Expected Achievable Rate Comparison Between OptRAS 
Receiver and FRAS Receiver Without Mutual Coupling When 
D=0.5λ and ρ=20dB.

Fig. 4: Expected Achievable Rate Comparison Between OptRAS 
Receiver and FRAS Receiver with Mutual Coupling When D=0.5λ 
and ρ=20dB.

Fig. 5: Expected Achievable Rate vs. Antenna Spacing Considering 
with and Without Mutual Coupling When , L=2 and 
ρ=20dB.

Fig. 6: Comparison of Simulation Results of Alamouti Coding 
Scheme with and Without Mutual Coupling

Table 1: The Number of Selected Antennas (In OptRAS) which 
Achieve the Maximum Expected Rate,  when ρ = 20dB.

D=0.5λ
3 4 5 6 7 8 9 10

1 3 3 3 3 3 3 3 3
2 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3
4 3 3 4 4 4 4 4 4
5 3 4 4 4 4 4 4 4
6 3 4 5 4 4 4 4 4
7 3 3 5 4 4 4 4 4
8 3 4 5 4 4 4 4 4
9 3 3 5 4 4 4 4 4
10 3 4 5 4 4 4 4 4

VI. Conclusions
In this paper, we have analyzed MIMO system with receive 
antenna selection algorithm and Alamouti coding scheme in a 
uncorrelated Rayleigh fading channel with mutual coupling. We 
have considered different receivers like FRAS and OptRAS and 
compared their achievable rates. The achievable rate of OptRAS 
is the best in the two, both in the case of with and without mutual 
coupling and is significant when the number of receive antennas 
is larger than critical value, but it involves more number of 
computations than FRAS, so FRAS is used in the analysis of 
Alamouti Coding Scheme. Mutual coupling decline the BER 
performance of Alamouti coding scheme but does not have a 
significant impact on achievable rate when the antenna spacing 
is more than the half wavelength.
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