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Abstract
The employment of MIMO technology in cooperative 
communication has many advantages like high data rates, coverage 
and reliability. MIMO technology also has disadvantages such as 
high computational complexity and high cost since it employs 
more antennas and RF chains. Antenna selection technology is 
used to overcome this drawback, Which selects the best out of the 
antennas based on the channel state information. Different transmit 
antenna selection techniques have been proposed for MIMO 
systems which includes suboptimal antenna selection that reduces 
the computational process of selecting the best antenna. But those 
optimal and suboptimal antenna selection techniques have not 
been inquired perfectly for the MIMO relay systems. In this paper, 
a suboptimal transmit antenna selection for MIMO relay system 
is proposed which reduces the computational complexity and its 
performance is good compared with optimal transmit antenna 
selection and other suboptimal transmit antenna selections
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I. Introduction 
MIMO technology equips multiple antennas in its nodes to enhance 
the rate and reliability. Generally, MIMO system has two gains 
namely the multiplexing gain and the diversity gain. By sending 
different symbols from different antennas enhances the capacity 
and rate, thereby achieving the multiplexing gain. By sending the 
same symbols from different antennas, the probability of receiver’s 
correct detection and reliability is increased together with the 
achievement of diversity gain. Simultaneously these gains cannot 
be maximized resulting in the trade off between them [2,8]. The 
relay concept as a helping node was discussed earlier in [1] and 
further investigated in [2].
Employment of MIMO technology in cooperative communication 
has been inquired with the combination of both relay and MIMO 
technology that gives simultaneous advantages in terms of high 
rate, better reliability and better coverage. Despite all advantages, 
usage of more antennas and RF chains results in practical drawback 
thereby increasing the 
computational complexity and antenna selection technology is 
the solution for this problem.
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Fig. 1: Antenna Selection in Relay System

The best antenna among the available antenna is selected on the 
basis of SNR, capacity, etc., This antenna selection technology 
implements MIMO technology practically with insignificant loss 
in the performance gains [8-9]. An optimal SNR based transmit 
antenna selection method at the source has been proposed by 
the author [10]. This method uses relay for amplify and forward 
(AF) half duplex and shows that this method has diversity order 
same as that of full antenna usage. However, this method searches 
exhaustively to obtain the best antenna resulting in computational 
complexity. Two suboptimal transmit antenna selection methods 
has been proposed in [11] to reduce the computational complexity. 
One of the source relay and source destination links are ignored in 
their proposed methods to select the best antenna at source in the 
first slot. The suboptimal antenna selection method is proposed 
in this paper. The optimal method is simplified and the proposed 
optimal method is compared with low computational complexity 
in [10]. Moreover the suboptimal transmit antenna selection has 
been proposed and it outperforms their functions in [11]. 
The section II of this paper introduces the system and the channel 
model. In section III, the optimal and suboptimal antenna selection 
is first introduced and then suboptimal antenna selection is 
proposed. In section IV, the different antenna selection methods 
are simulated and compared with one another. 
System model
Fig. 1. shows the model of a network with MIMO relay. In this 
representation the source(S) communicates to the destination (D) 
with the support of the relay(R). Source, Relay and destination 
are equipped with antennas SN , RN and DN , respectively, and 
aim to select a transmit antenna at the source and relay. Assume 
that all nodes are working in half duplex mode and therefore 
the communication takes place with two time slots. Assume 
the channel information can be available in the corresponding 
receiver, source and relay have equal power constraints (P) that 
is 2x P≤� � . The received signal at the relay and destination are 
obtained in the first time slot as

i
R SR S Ry h x z= +     (1)

( ) ( )1 1i
D SD S Dy h x z= +    (2)

Where Sx is scalar of the transmitted signal from source, Ry
and ( )1

Dy can be 1RN × and 1DN ×  signals received at relay and 
destination nodes. i

SRh and i
SDh are channel gain vectors 1RN ×  and 

1DN ×  from the ith transmit antennas at the source to destination 
antennas at the relay and destination nodes correspondingly. 
They have entries as zero mean and unit variance. Rz and (1)

Dz
are circularly symmetric Gaussian random vectors 1RN × and 

1DN ×  with the entries as zero mean and unit variance. Hence 
the SNR=P.
The relay executes the subsequent operation in the received signal 
for satisfying power constraint as

   (3)
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Where  is a scaling factor of power constraint to satisfy at the 
relay as

   (4)

The signal received at the destination in second time slot is
( ) ( )2 2k
D RD R Dy h x z= +     (5)

Where Rx is the signal transmitted from relay; ( )2
Dy is the 

signal received at the destination. The destination node has two 
observations from the first and second time slots. It can represent 
the channel as

Dy hx z= +      (6)

Where

 (7)

 (8)

. Denotes L2-norm and ih known as ith column of the matrix, 
H; ( )*. denotes complex conjugate. Using the MMSE receiver, the 
post processing SNR at destination can be acquired as 

 (9)

Where  is instantaneous post processing signal to noise ratio 
for the connection from node X to node Y, its value based on n

XYd −

where n is path loss factor. Analyze outage probability based on 
/ (2 1)R

normSNR SNR= − using the fixed rate assumption equivalent 
to R.

III. Proposed AQlgorithm
In [11] the proposed optimal antenna selection and found post-
processing SNR at the receiver side as

 (10)

In [11] the researches proposed two antenna selections as

 (11)

  (12)
 
Where K and I are the best suitable antennas at the relay and 
source respectively. The method is discussed in [10] as a high 
computational complexity, but have an important performance loss 
because the links to be ignored between one of the source-relay and 
source-destination in each of their methods. When the direct link 
is possible, their first suboptimal methods results in a significant 
performance loss. In this case, the source-destination link has low 

qualification and the source-relay has a good condition, for optimal 
detector it is vice-versa. For reducing the above drawbacks, a 
sub optimal antenna selection strategy is proposed and it has 
high performance gain near to the optimal antenna selection and 
also it has the lower computational complexity. For reducing the 
complexity, solve the second term in the right hand side of (10). 
From the above mentioned methods the best antenna at the relay 
node is determined from rdY  being different from best antenna 
at the source node. Then the best antenna can be chosen at the 
source as

  (13)

Where  is an approximation factor as  

 (14)

This factor depends on link qualification of source-relay and the 
relay-destination. This factor tends to zero if the quality of the 
source-relay and this factor tends to one if the quality of the source-
destination is low. It is concluded that if both of them are in good 
quality with this factor as 0.5. The selection of one antenna from 
N antennas in the proposed at the source, this method reduces 
the computational complexity in each research compared to the 
optimal antenna selection as in the Table 1.

Table1: Complexity Reduction for the Proposed Antenna Subset  
Selection Compared With Optimal Antenna Selection
Operation Optimal Suboptimal
Multiplication 2N N
Summation 3N N
Division N 0

From the above table, it is seen that suboptimal method has better 
reduction computational complexity. Moreover, in the proposed 
to choose the best antenna at the source and consider both of 
the source-destination and source-relay links is acceptable for 
high performance. In the next section the comparison of the 
proposed method is concentrated with other ones through the 
simulations.

IV. Stimulation and Results
In this section, distinct algorithms and proposed suboptimal 
method are simulated. 
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Fig. 2: Outage Probability for d-SR & d-RS=0.8 and N=2
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Assume N antennas at the relay and the destination and take one 
antenna to specify from them and use one antenna in all of the 
transmissions. The normalised distance between the source and the 
destination to one and therefore source-relay and relay-destination 
has distanced as 0 1SRd≤ ≤  and 0 1RDd≤ ≤  respectively. Assume 
that the path loss exponent to be n=3. Fig. 2 and 3 shows the 
outage probability for SRd = 0.7 with N=2 and N=3 respectively. 
From this figure that the proposed method has good performance 
based on the suboptimal transmit antenna selection and is near to 
the optimal antenna selection This  shown the better performance 
for the proposed antenna selection with respect to the suboptimal 
antenna selection (single link AS) and is near to the performance of 
optimal antenna selection in [11] is far distance from the optimum 
antenna selection.
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Fig. 3: Outage Probability for d-SR & d-RS=0.7 and N=3

V. Conclusion
In this paper, a suboptimal transmit antenna selection is proposed, 
To find the best antenna among all antennas. Proposed algorithm 
reduces the processing computational complexity and make 
optimum antenna selection  simple. The loss in the proposed 
system is very low then the existing system. This statement is 
valid by the above simulation result.
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