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 
Abstract: Transmit Antenna Selection (TAS) technique with 

Orthogonal Space Time Block Code (OSTBC) addresses the 
problem of hardware complexity in multiple antenna systems and 
improves Bit Error Rate (BER) significantly by using various 
antenna selection algorithms. TAS technique is not able to 
provide the coding gain. To achieve the coding gain benefits with 
improvement in BER, it is necessary to concatenate TAS system 
with an outer code. In literature, it is observed that the 
concatenation of Forward Error Correction (FEC) codes and 
Space Time Block Code (STBC) for MIMO systems provides the 
high coding gain with improved BER. In this paper, a multiple 
TAS-OSTBC system is proposed with concatenation of channel 
coding techniques such as BCH and TURBO. The proposed 
system is concatenated with BCH as outer code in series with 
TURBO as inner code. This combination provides the capacity 
benefits of TAS-OSTBC system with improved coding gain. The 

channel is assumed to be faded by Nakagami- m fading. It is 
observed that for multiple TAS-OSTBC system this new 
concatenation of BCH-TURBO code gives improvement of 5 dB at 
10-6 as compared to concatenation of TURBO code at m =0.5 for 
Nakagami- m fading parameter. 
 

Keywords : Bit error Rate (BER), Bose Chaudhuri 
Hocquenghem (BCH) code, Nakagami- m Fading, TURBO 
Codes, Orthogonal Space Time Block Codes (OSTBC), Transmit 
Antenna Selection (TAS) 

.  

I. INTRODUCTION 

Multiple Input Multiple Output (MIMO) systems are used 
in all recent wireless communication system as it fulfill the 
needs of higher data rates with efficient and reliable digital 
transmission. MIMO systems can be implemented either to 
provide high data rates by using spatial multiplexing or to 
provide the diversity benefits by using Space Time Coding 
(STC). The hardware complexity problem of MIMO system 
is addressed by a technique called as Antenna Selection (AS) 
proposed in [1] in which the subset of antennas which are less 
than the number of transmitting and or receiving antennas 
selected based on the channel state information of the system.  
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Transmit Antenna Selection (TAS) is more popular as it 
selects the best possible subset of antenna for transmission 
using the channel state information feedback by the receiver 
[2]. TAS-MIMO system is presented in [1] by considering 
Maximal Ratio Combining (MRC) technique where single 
subset of antenna is selected for transmission purpose. The 
Bit Error Rate (BER) performance of TAS system was carried 
out for various fading channels in [3]-[5]. TAS systems can 
reduce the BER considerably based on the different antenna 
selection algorithms. TAS technique is not able to provide the 
coding gain. To achieve the coding gain benefits with 
improvement in BER, it is necessary to concatenate TAS 
system with an outer code. In literature, it is observed that the 
concatenation of Forward Error Correction (FEC) codes and 
Space Time Block Code (STBC) for MIMO systems provides 
the high coding gain with improved BER. The concatenation 
of STBC with different FEC codes which includes 
Convolutional codes (CC), turbo codes and Trellis Coded 
Modulation (TCM) were presented in [6]. The performance 
of MIMO system concatenated with LDPC code is proposed 
in [7]. The concatenation of STBC with turbo codes was 
proposed in [8]. It was observed in [9] that Signal to Noise 
Ratio (SNR) gain of more than 3 dB is achieved for (2 X 2) 
MIMO systems with TAS concatenated with Turbo codes. 
The MIMO-OSTBC system is proposed in [10] by 
considering BCH code under Rayleigh fading and the 
performance of BCH code for SC-FDM-IDMA Scheme is 
presented in [11]. 

In this paper, the TAS-OSTBC system is initially 
concatenated with various FEC codes to verify the 
performance of concatenation combinations. The BCH codes 
when concatenated with Turbo codes provide significant 
improvement in coding gain as presented in [12]. Therefore, 
this paper further proposes a multiple TAS-OSTBC 
concatenated with outer BCH code in series with inner 
TURBO code. This combination provides the capacity 
benefits of TAS-OSTBC system with improved coding gain. 
The fading channel is considered here as Nakagami- m fading 
channel which includes both Rician and Reyleigh fading and a 
special case of practical fading with m=0.5.  

II. PROPOSED TAS-OSTBC SYSTEM CONCATENATED 

WITH OUTER BCH 

The proposed MIMO-OSTBC system implementing TAS 
technique and concatenated with outer BCH code is as shown 
in Fig. 1.  
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The numbers of transmitting antennas are referred as  

and number of receiving antennas as . The MIMO system 
is refereed as  system without antenna selection.  
The switch selects  out of  antennas for transmission 
based on the estimated CSI received from receiver. If we 
consider TAS system selecting antennas, it is referred as 

 system. The channel matrix is denoted by  and 
has size of . The channel coefficients are denoted 
by , where,  and .  

The channel coefficients are considered as the samples of  
Nakagami-  fading function. Here, the channel gain  

follows a Nakagami-   fading distribution given by PDF 
 

 

(1) 

where,   is the instantaneous SNR estimated at the 
receiver, the gamma function is represented as  - 

, and - is the fading parameter for 

Nakagami fading channel. If the transmitted signal is , the 
channel gain is denoted as  and additive white noise as , the 
received signal  is given as 

   (2) 
 
The pilot based training technique is used to estimate the 

received SNR. The Maximal Ratio Combining (MRC) 
technique is used at the receiver to find the index of the subset 
with higher SNR. This index of the subset of single selected 
transmit antenna is denoted by  and is given as [4] 

 

 

(3) 

To improve further coding gain it is necessary to 
concatenate OCTBC system with some outer code as 
proposed in [13]. Turbo codes are used here due to their 
remarkable performance.  

The multiple antenna selection is considered here based 
upon suboptimal selection method as proposed in [14].  The 
first subset of antenna is selected which provides the 
maximum value of MRC as per equation (3). The indices of 
antenna subset calculated by MRC are further arranged in 
descending order. Here  is the number of antennas selected 
for transmission and  are the indices of antennas  

 
 
 
 
organized in descending order as 

. For single TAS/MRC case, the 
instantaneous SNR  is given as .    

The norm based method is used for selecting the subset of 
antennas. Let  is the columns of 

the channel matrix . The columns of the matrix  are 

arranged in the increasing order of Norms, 
. Here,   The best 

possible transmit antenna is selected which minimizes the 
BER. 

     The pairwise error probability is denoted by  
 . Here the channel is considered as 

.  

 
 
The pair-wise error probability is given as [5] 
 
 

 

(4) 

 
 

 

(5) 

Here, the number of antenna subset selected that minimizes 
the upper bound as per Eq. (4) is denoted by  and is given as 

 
(6) 

 

 
                                                    

 

(7) 

Further, with  selected antennas of , the average 

SNR is given as 
 
 

 
(8) 

Fig. 1 TAS-OSTBC system with concatenated with outer BCH Code 
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The subset of antenna is selected based upon equation (7) and 
(8). It is assumed that  numbers of antennas are selected by 
using optimal selection process. In this case, the average 
received SNR is given as 

 

 

(9) 

     
   The performance analysis for single TAS-MIMO system 

is presented in [14] under Nakagami-  fading channel is 
extended in this paper for multiple antenna selection case. 
The instantaneous BER is given as  where 

 which is channel power gain for BPSK. As per [14], the 

average BER is given as 
 
 
 

 

(10) 

 
The average BER for single TAS-OSTBC system by 

considering Nakagami-  fading channel is given as     
 

 

(11) 

       
where, k=2 is assumed for BPSK and   and 
 and are constant. The case of single antenna selection is 

represented as,  and the BER equation is given as 
 

 

(12
) 

The analysis presented here is extended here for multiple 
TAS case.  For the analysis purpose the case of (4x4) MIMO 
with 2 antennas selection is considered. For the combination 
of  , The probability of error is given as 

 

 

(13
) 

Similarly, the is calculated as presented in [15]. The 
value of and  is calculated from equation (7) for the case 
of . The BER for  case i.e. selection of 2 
subset antennas from 4 transmitting antennas is carried out by 
using sub optimal method as per equation (7).  The equation 
(8) ensures the minimization of upper bound of error 
probability and selects the proper subset of antenna. 

III. PERFORMANCE ANALYSIS OF PROPOSED 

TAS-OSTBC SYSTEM 

The performance analysis of proposed TAS-OSTBC 
system is verified initially for generalized FEC codes. The 
channel is assumed to be faded by the Nakagami-  fading 
channel coefficients. The performance of TAS-OSTBC 
system concatenated with generalized FEC codes is verified. 
Figure 2 shows that, the performance of OSTBC-TURBO 
code is better as compared to CC, BCH, RS and TCM code. 
OSTBC-TURBO gives BER which is around 10-5 for SINR of 
10 dB whereas the same will be obtained above 16dB for TAS 
without FEC. Therefore for the proposed system, TURBO 
codes are used as inner code for the concatenation with 

OSTBC 
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BER analysis of TAS-OSTBC with concatenated FEC
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Fig. 2   BER analysis of TAS-OSTBC system with 

concatenated FEC Code 
TAS-OSTBC-BCH-TURBO gives BER in the range of 10-5 
for SINR of 8 dB whereas the same is achieved for more than 
14 dB for TAS-OSTBC-TURBO case as shown in Fig.3. 
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BER analysis of TAS-OSTBC concatenated with BCH-TURBO
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Fig. 3  BER analysis of proposed 

TAS-OSTBC-BCH-TURBO Code with m=0.5 
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Comprison of proposed system with OSTBC-LDPC and OSTBC-TURBO system

 

 

OSTBC-LDPC

OSTBC-TURBO

OSTBC-BCH-TURBO

 
Fig. 4   BER analysis comparison of proposed TAS-OSTBC 
system with OSTBC-LDPC and OSTBC-TURBO system at 

m=0.5 
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The proposed TAS-OSTBC system concatenated with 
BCH-TURBO is compared with TAS-OSTBC system 
concatenated with TURBO code and TAS-OSTBC system 
concatenated with LDPC code as given in [7].  It is observed 
from Fig. 4 that BER of 10-4 is achieved at 6 dB in proposed 
system as compared to OSTBC-LDPC system which 
achieved it at 12dB. 

The BER analysis of proposed system is carried out for 
multiple TAS systems as shown in Fig. 5. Here, the 
conventional MIMO system without TAS is referred as (4x4) 
MIMO system. The single TAS system from (4x4) MIMO is 
referred as (4:1,4) system. Subsequently, (4:2,4) and (4:3,4) 
refers 2 and 3 antenna selection from 4 transmit antennas 
respectively. It is observed from the figure that the 
performance of the system enhances with increase in number 
of selected subset of transmitting antennas.  
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BER analysis of OSTBC-BCH-TURBO system for multiple TAS 
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Figure 5   BER analysis of OSTBC-BCH-TURBO system for 

multiple TAS system with m=0.5 
 
The performance analysis of the proposed system is also 

verified for different values of   in Nakagami fading 
channel. The fading parameter with  is a special case of 
Rayleigh fading. It is observed from the Fig. 6 that the 
performance of the system improves by increasing the value 
of .  The  is a special case of Nakagami-  fading 
and considers the practical fading scenario for wireless 
communication. It is observed that the proposed system 
outperform even for the case of . 
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Figure 6   BER analysis of OSTBC-BCH-TURBO system for 

multiple TAS with m=0.5, 1, 2. 
 

IV. CONCLUSION 

The TAS-OSTBC system is proposed in this paper with 
new concatenation of BCH-TURBO codes in order to achieve 
the coding gain along with all the benefits of capacity and 
high error correction. The channel is assumed to be faded by 
Nakagami-  fading channel coefficients. The performance 
of TAS-OSTBC system is first verified by concatenating with 
different FEC codes. It is observed that OSTBC-TURBO 
gives BER which is around 10-5 for SINR of 10 dB whereas 
the same will be obtained above 16dB for TAS without FEC. 
Therefore the inner concatenation is carried out by using 
TURBO codes. Further, to improve the coding gain the outer 
concatenation is carried out by using BCH code. It is 
observed that the proposed system gives improvement of 5 dB 
at 10-6 as compared to concatenation of TURBO code only. 
The proposed system gives improved results for 
Nakagami-  fading with . The new concatenation 
of BCH-TURBO code to TAS-OSTBC system achieves 
optimum BER with coding gain. 
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