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1. Introduction 

In wireless communications, MIMO is an antenna technology that enhances the capacity of the transmission by 

multiple antennas on the transmitter and receiver side. At every node of the communications circuit the antennas are used 

to combine reduce errors and improve data speed [1]. MIMO systems can provide a remarkable efficiency gains on 

conventional single input single-output (SISO) systems. It satisfies to large data rates that require an effective and reliable 

digital transmission [2]. Multiple RF chains are required for multiple antennas with amplifiers, analog to digital 

converters, mixers, etc., but they are more expensive [3, 4]. In MIMO system has two techniques, one kind of technique 

is spatial multiplexing and another kind of technique is Space Time Coding (STC). This may be executed for supplying 

higher data rates or supplying capacity benefits [5, 6]. MIMO systems use STBC to achieve the maximum diversity gain. 

To provide the highest throughput by STBC using simple decoding algorithms based on linear processing techniques [7]. 

To address the complexity of hardware problem of MIMO system the Antenna Selection (AS) system is presented 

[8]. The subset of antennas are used in AS, which receives according to the channel level data of the system, where the 

number of receiving antennas is less than or equal to the number of selected transmitter [9]. TAS plays a significant role 

in selecting the best antenna for transmission subset according to the channel state information feedback which is obtained 
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from the receiver. For a transmission purpose in TAS-MIMO system, a single subset of antenna is selected with Maximal 

Ratio Combining (MRC) [10, 11].  In TAS system for multiple fading channel is implemented the BER efficiency [12]. 

According to several AS algorithms, TAS can minimize the BER but the code gain cannot be generated by this 

method. The advantages of code gain can be gained with upgrading BER by joining the TAS system in external code. 

From some existing work, integrated STBC and FEC codes gives greater code benefit with improved BER for MIMO 

systems [13-15]. The Low Density Parity Check (LDPC) codes incorporate with STBC improves the code gain by 9dB 

and the turbo code gives very high coding gain along with some other channel coding techniques [16]. In order to improve 

the performance of the space time coding, various combination techniques are proposed in some existing works. A novel 

hybrid STBC scheme is proposed in [17] which give increased performance compared to STBC without joint. The joint 

of STBC and TAS incorporated with TC obtained more than 4 dB SNR gain values [18]. The common selection 

combining technique used in cognitive radio is proposed [19].  

In this paper, to prove the combinations of joint efficiency, the TAS-OSTBC system is the joint with several FEC 

codes in the initial process. TC utilized here as they perform near Shannon limit and the Turbo codes incorporated with 

BCH codes gives an improvement in coding gain [20]. Therefore, the TAS-OSTBC combination is proposed here with 

the internal TC and the external BCH code. The efficiency advantage of the TAS-OSTBC system with the enhanced code 

gain providing by this combination. The system analysis performance is performed on the Raleigh fading channel. By 

using multiple antenna systems all advantages of multiple antenna systems are obtained with complexity of less, improved 

error rates and code gain.  

The main contribution of this paper is given below, 

 To obtain the code gain high error correction with entire capacity advantages the TAS-OSTBC system 

proposed with joint BCH–Turbo codes.  

 The implementation of TAS-OSTBC system analysis is performed under Rayleigh fading. 

 The Transmit Antenna Selection (TAS) system efficiency is analyzed first through joining along various 

FEC codes. From the analysis, the proposed Orthogonal Space Time Block Codes (OSTBC) -Turbo 

provides bit error rate that is around 10-5 for SINR of 9dB but the similar for TAS without Forward Error 

Correction (FEC) would achieved over 15dB. Hence the inner joint is implemented through the TURBO 

codes.  

 This proposed techniques performed better when compared to the OSTBC-LDPC concatenation.  

The following sections of the paper are organized as: The preliminaries are discussed in Section 2 and in Section 3 

the survey of the recent work related to the contribution is described. The TAS-OSTBC technique with the BCH-TURBO 

Code is explained in Section 4. In Section 5 the experimental results and discussions are reported and finally, the work 

is concluded in Section 6.  

 

2. Preliminaries 

2.1. TAS-OSTBC System Joint with Various Coding schemes 

In low decoding problems for multiple transmit antenna systems the STBC provides essential benefits. Space-time 

codes joints with some FEC coding schemes such as TBCH (Turbo BCH codes), CC (Convolutional Codes), TCM 

(Trellis Coded Modulation), Turbo Convolutional codes and TTCM (Turbo Trellis Coded Modulation) for obtaining a 

large code advantages in some existing researches [21]. 
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Fig. 1 - Systematic Structure of STBC with Various Coding Schemes 

 

The MIMO-OSTBC utilizes multiple antennas in the transmitter and receiver and obtain high data rate as well as 

diversity gain [22]. In the transmitter and receiver having TN
,

RN  number of transmitting antennas respectively. Thus, 

 RT NN ,  is denoted as the Multiple Input Multiple Output system without the antenna selection.  The controller sort out 

TL  number of antennas out of TN  antennas for transmission from the receiver based on the estimated CSI received. For 

the receiving antenna selection, it chooses the best RL  antennas out of RN  based on received SNR. If examine the TAS 

system which selects RL antennas, then it is known as RRT NLN ,:  system. The conventional MIMO-OSTBC system 

adopted the TAS technique and joint by FEC is shown in Figure 2.    

 

Fig. 2 - TAS based MIMO system with joint STBC with FEC 

 

The size of the channel array consists of 
 RT LL  here, TLi 1 , RLj 1

 and  jik ,
  are channel coefficients 

and the channel array represented as
K

.Examples of Rayleigh fading function are these fading coefficients. Then the 

Rayleigh distribution is followed by amplitude jik , . If noise vector 
m

 and signal vector 
a

 encoded by OSTBC, at the 

receiver side then the received signal input are consider by the following equation, 

ma*kb                                                                                                                                          (1) 



Nitin Tejram Deotale et al., International Journal of Integrated Engineering Vol. 13 No. 6 (2021) p. 190-201 

193 

 

A Pilot-based training method is used to evaluate the SNR obtained. The Maximal Ratio Combining (MRC) method 

is utilized on the receiver to find the subset index with greater SNR. This subset index of the single selected TA indicated 

as  
'' S  the following equation is, 
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j
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1

,

1
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(2) 

 

Let us assumed that the channel for data transmission is static and within the module this constant exist changes 

separately. The optimum values of BER are provided by the TAS system, where the OSTBC provides all diversity 

benefits with less hardware complexity. It is important to joint OSTBC system with few external codes to maximize code 

gain. FEC codes like convolutional code and block code performs the concatenation operation. In serial mode the one or 

very little bits of data are encoding by the Convolutional codes, whereas the block codes encoding the block of data. 

Various FEC codes such as Convolution Code (CC), Reed Solomon (RS), BCH, Trellis Coded Modulation (TCM) and 

Turbo Code are utilized here for verifying the performance of the TAS system. 

The Multiple Input Multiple Output (MIMO) system efficiency improves with joint of convolutional codes as given 

in [23]. The combination of coding and modulation is named as the TCM system proposed by the Ungerboeck to improve 

the code gain. It contains the Trellis Code and the Constellation Mapper and the combination of coding and modulation 

decreases the Euclidian distance among the constellations. This provides the advantages of code gain due to the trellis 

code and overcome the power drawback of higher constellations.  

Space-time trellis coding is scheming modulation, channel coding, variance of transmit and variance of optional 

receiver. By space-time trellis codes the operation performed is much better in more complex costs. MIMO-STBC joint 

with various FEC code improves the channel performance. The connection of two or more convolutional codes in parallel 

generated the Turbo code. It has two Recursive Systematic Convolution (RSC) codes. The bits of data are provided to 

the first RSC and the output is given to the second RSC is depicted in Fig 3. 

 

Fig 3. Generalized structure of TURBO Encoder 

 

The resulting code word has systematic bits
 ih

, and two parity check streams 
   ixix 21 ,

 where 
hi ,...2,1

.  The 

turbo decoder has two joint decoders as shown in Figure 4.  
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Fig. 4 - Generalized structure of TURBO decoder 

 

In the first Decoder 1x
 the systematic data and extrinsic information is provided. The result of the Decoder is a soft 

output and this soft output is a posteriori probabilities (APP) [24]. The second Decoder 2x
 will process the similar data 

to examine the APP and it utilizes the BCJR algorithm for each iteration [25]. 

 

3. Literature Survey 
 

S.No Authors Methodology Advantages Disadvantages 

1 Chen, et al [26], 2019 For the antenna selection issues in the 

massive MIMO system a self-supervised 

learning based Monte Carlo Tree Search 
(MCTS) method was proposed. The 

complexity of search is reduced by a 
regression module of linear and extracted 

the features of channel from CSI 

(Channel State Information). 

The searching complexity 

was reduced. 

The hardware complexity 

was high in this massive 

MIMO antenna selection. 

2 Damrath, et al [27], 
2018 

Spatial transmission techniques in 
multiple-input multiple output (MIMO) 

system diffusion-based molecular 

communications (DBMC) were 
introduced for improved bit error rate. 

It was easy to access and 
the time for computation 

is less. 

The performance was not 
better using this method 

there was no code gain. 

 

3 Eskandari, et al [28], 

2018 

A novel antenna selection algorithm have 

utilized for improved Energy Efficiency 

(EE) and allocation of power issue and in 

MIMO spatial multiplexing schemes, 

there sends antenna’s optimum subset 
hint and power return level to the 

transmitter through receiver. 

Power loading and the 

complexity was 

decreased. 

 

4 Huang, Yu, et al [29], 

2019 

Random antenna selection (RAS) along 

fast radio-frequency switching the 
deterministic antenna selection based 

PSM (DASPSM) was developed to PSM 

(pre-coding-aided spatial modulation) for 
improving secrecy performance. 

The complexity of 

hardware was reduced. 

Selection process of the 

transmit antenna was 
difficult. 

5 Jabire, et al[30], 2018 The Authors proposed a full wave 

simulation and MIMO antenna 
characteristic mode-based structure for 

wireless local area network applications. 

It increased the isolation 

among the two monopoles 
and reduced the 

electromagnetic 

interference. 

The antenna selection was 

poor and the convergence 
speed was low due to 

complex computation. 

6 Ratnam, Vishnu V., et 

al [31], 2018 

For better selection of antennas a variant 

of hybrid beamforming called hybrid 

beamforming with selection (HBwS) 

It reduced the hardware 

cost of multi-user 

Massive Multiple-Input-
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program was recommended for the better 

selection of antennas and the switch bank 
architecture was utilized for the number 

of users and channel estimation overhead 

the effective system performance. 

Multiple-Output systems 

and  user separability, 
beamforming gain, as 

well as hardware 

complexity is low. 

7 Yang et al [32], 2019 A novel MIMO transmission method 
based on pattern recognition (PR) was 

introduced. KNN (K-nearest neighbor 

algorithm) and SVM (support vector 
machine algorithm) are the two PR 

algorithms utilized for low-complexity as 

well as high-efficient TAS. 

It has the capability to 
solve the transmit antenna 

selection problem and the 

redundancy was reduced. 

The convergence speed was 
low and required large 

dimensional space. 

8 Zilli, et al [33], 2019 An adaptive beamforming technique was 

utilized to solve the problem of 

beamforming for uplink reception and 
joint antenna selection in mobile 

communication network systems. 

It increased the number of 

antennas and reduced the 

computational as well as 
the hardware complexity. 

Due to the coupling among 

the antenna selection matrix 

and beamforming 
coefficients, the 

implementation of this 

method was difficult. 

 

In 2019, a self-supervised learning based Monte Carlo Tree Search (MCTS) method was introduced by Chen, et al 

[26] for the solution of antenna selection issues in a massive multiple inputs multiple output system. The complexity of 

search was reduced and the features of the channel from CSI (channel state information) were extracted by a regression 

module of linear. In this massive MIMO antenna selection the complexity of searching was reduced and the hardware 

complexity was high. 

Damrath, et al [27] in 2018 have been proposed a spatial transmission technique and diffusion-based molecular 

communications (DBMC) for an enhanced BER in MIMO system. It was easy to access and time computation less. The 

performance was not better using this method because there was no code gain generated. 

Eskandari, et al [28], 2018 have been utilized a novel antenna selection algorithm for Energy Efficiency (EE) 

improvement and problem of power allocation in MIMO spatial multiplexing schemes, where the hint of the antennas 

optimum subset was send by the receiver and level of the power return to the transmitter. Power loading and the 

complexity was decreased. 

In PSM (pre-coding-aided spatial modulation), Deterministic antenna selection based PSM (DASPSM) and random 

antenna selection (RAS) along fast radio-frequency switching have been proposed by Huang, Yu, et al [29] in 2019 for 

improving performance of secrecy. The complexity of architecture was reduced but selection process of the transmit 

antenna was difficult. 

For wireless local area network applications, a full wave simulation and multiple-input-multiple-output (MIMO) 

antenna characteristic mode-based structure have been introduced by Jabire, et al [30] in 2018. This increased the isolation 

among two monopoles and reduced the electromagnetic interference. The antenna selection was poor and the convergence 

speed was low due to complex computation. 

In 2018,Ratnam, Vishnu V., et al [31]have been proposed a variant of hybrid beamforming called hybrid 

beamforming with selection (HBwS) scheme for the better selection of antennas and the controller framework for several 

users and the overhead estimation of channel effective system performance. It reduced the cost of hardware of multi-user 

Massive MIMO systems and user separability, beamforming gain, as well as hardware complexity was low. 

In 2019, a novel multiple-input multiple-output (MIMO) transmission method based on pattern recognition (PR) was 

developed by Yang et al [32] for the best searching solution. KNN (K-nearest neighbor) algorithm and SVM (support 

vector machine) algorithm are the two PR algorithms utilized for low-complexity as well as high-efficient TAS. It has 

the capability to solve the transmit antenna selection problem and the redundancy was reduced and low BER (Bit Error 

Rate). The speed of convergence was low and required large dimensional space. 

Zilli, et al [33], 2019 introduced an adaptive beamforming technique was utilized in this paper for solving the 

problem of beamforming for uplink reception and joint antenna selection in mobile communication network systems. 

This increased the number of antennas growth and reduced the computational as well as the hardware complexity. Owing 

to the connection among the selection matrix of the antenna and the beamforming coefficients, the implementation of 

this method was difficult. 

 

4. Proposed Joint of TAS-OSTBC System with BCH-TURBO Code 

As described in section 2, turbo codes are utilized in this paper because of their exceptional performance. The Turbo 

codes give improved performance as compared to LDPC codes [34].  The bit error rate is improved when the OSTBC 

system integrates with Turbo codes. The turbo code efficiency is increased by the outer BCH code by reduces the error 

base with rectification in the remaining errors. It increases the effects caused due to iterative APP Decoder and 

corresponding BER. Therefore, the combination of the BCH-TURBO code is considered in the proposed TAS-OSTBC 

system represents in fig 5. 
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Fig 5. - Block diagram of proposed TAS-OSTBC with joint BCH-TURBO Code block diagram 

 

The first data set is encoded using the external BCH encoder. Further the BCH code words encodes through inner 

TURBO code. The Turbo encoder processes the message with the packet length 
H

and generates the code word with 

length
l
.  OSTB 

C is used to encode the code words generated by the Turbo Code using the matrix
N

. The pilot based method is 

utilized to send pilots from TN  transmitting antennas in each frame. In receiver for every pilot symbol, the corresponding 

received SNR is approximated.  

The index 
IN

 of antenna subset along maximum value of received SNR is feedback to the transmitter as given in 

Eqn. (2). For transmission, the switch at the transmitter side will choose the best possible antenna based upon this 

feedback.  Channel is considered flat blur i.i.d. channel whose arrival are i.i.d. with variance one zero mean circular 

random variable of Gaussian. The best state of channel data is accessible in receiver. Therefore the selection of TL  out

TN  antennas becomes simple for transmission RL out of RN  antennas in receiver. 

As proposed [35] in terms of selection of suboptimal several AS is observed.  According to the equation (3) the 

Maximal Ratio Combining (MRC) maximum value were given by the antenna’s first subset that is chosen. In descending 

order arrangement, the antenna’s subset indices evaluated through Maximal Ratio Combining (MRC). TL
represents as 

the number of antenna selected for transmission and
 1D

are the indices arranged as 
     TLDDD  ....21

in 

descending order. The instantaneous SNR 
 TL provides

    TT LDL 
 for single TAS/MRC case (single Transmit 

Antenna Selection/Maximal Ratio Combining).    

Pair wise probability error is indicated by    
PQQQjix KDDQ ,...., 21

|
 . Here the channel is considered as

  ijK
PQQQ ,,...., 21 . To the pair-wise error probability the upper limit is expressed as,  
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According to Equation (3) the number of chosen antenna subset reduces the upper limit is represented as P and expressed 

as 

 

    HGKQQQ jiQQQ
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P
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2

,21 ,...,2,1
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maxarg,....,,




                                            
(5) 
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Moreover, with 
P

chosen antennas of  P

iiQ
1
, the average SNR is represented as 

 

    HGK
P

jiQQQQQQ PP

2
,,....,2,1,.....,2,1


 

                                                                                (7) 

 

Based on eqn (6) and (7) the antenna subset is chosen. The received average SNR then the selection of optimal
P

 antennas 

is given as 

 
T

QQQ
N

HK
P







,....,2,1

2

P                                                                              
(8) 

 

The pair wise error probability is measured by taking inner space time turbo code, eqn (4) is rearranged by applying 

Chern-off bounds and substituting the values of  
K

 as given in  
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where
o

s

N

G
  , Substituting    22

,2,1
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j

N

i
tjit Yk

1 1

2
,, . Also, consider that tY  is a random 

variable and have square distribution of chi each along RT NN2   freedom degree. By considering the PDF of Rayleigh 

fading channel as given below, 
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Substituting Eqn (10) into (9) and solving.  
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Substituting   tt ZW 12
  and solving, the probability of pair wise error for TAS system is represented as, 
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By assuming       CDDDD ,....2,1  are independent, the total pair wise error probability of inner TURBO code with 

antenna selection is represented as, 

 

   cc

C

c

TAS DDQDDQ ,2,1
1

  

                                                                                           (14) 

 

Additionally, all C  received code vectors are assembled together; the pair wise error probability of the outer BCH code 

with antenna selection is expressed as 
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If the eqn (15) is compared with normal conventional MIMO system without antenna selection, it is studied that the code 

gain loss is upper limited by dB
L

N

R

R
10log10 . 

 

5. Experimental Results and Discussion 

The TAS-OSTBC system efficiency analysis implemented by the Rayleigh fading channel and proved at initial for the 

Forward Error Correction codes. In section 2, the TAS-OSTBC system efficiency combination is discussed with 

generalized FEC codes. TURBO, CC, BCH, RS, TCM are the various FEC coding methods taken for analysis. The 

Transmit Antenna Selection (TAS) system efficiency is analyzed by comparing with and without combining of Forward 

Error Correction codes with OSTBC. The parameters for the performance analysis are given in below table 1. 

 

Table 1 - The performance analysis parameters 

S.No Parameters Value 

1 BCH Message Length (k) 04 

2 BCH codeword Length (n) 13 

3 TURBO code Block Length 12000 

4 BCH Code Rate 0.33 

5 Convolution Code Rate 0.5 

 

Table 1 shows the performance analysis parameters. The value for BCH message length is 04, BCH code word length is 

13, TURBO code Block Length value is 12000, BCH Code Rate value is 0.33 and Convolution Code Rate is 0.5.  

Figure 6 represented the performance of the OSTBC-Turbo code with various coding techniques and result of the 

OSTBC-Turbo code is best to compare other methods. The OSTBC-Turbo provides bit error rate that is nearly 10-6 to 

SINR (signal-to-interference-plus-noise ratio) of 9 dB. At the same time, similar would achieve over 15dB for Transmit 

Antenna Selection (TAS) without Forward Error Correction (FEC). Hence, OSTBC are utilized as inner code joint along 

with Turbo codes for the proposed method. 

 

 
Fig 6. Bit error rate evaluation of TAS-OSTBC (Transmit Antenna Selection-Orthogonal Space Time Block 

Codes) with joint FEC 
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Fig 7. BER evaluation of TAS-OSTBC (Transmit Antenna Selection-Orthogonal Space Time Block Codes)with 

joint Bose-Chaudhuri-Hocquenghem (BCH)-Turbo Code 
 

BER(Bit Error Rate) analysis implemented by the Rayleigh fading channel to the presented TAS-OSTBC joint along 

Bose-Chaudhuri-Hocquenghem-Turbo code as shown in above Figure 7. In view of TAS-OSTBC (Transmit Antenna 

Selection-Orthogonal Space Time Block Codes)-Bose-Chaudhuri-Hocquenghem (BCH) gives Bit Error Rate (BER) at 

the 10-5 limit for SINR of 7 dB at similar time obtained to greater than 14 dB to joint Transmit Antenna Selection-

Orthogonal Space Time Block Codes-Turbo code. From figure 7, TAS without FEC achieves the highest value compared 

to the remaining three curves.  TAS-OSTBC- BCH-TURBO attains lowest value in this figure.  

The TAS-OSTBC system provided in the Bose-Chaudhuri-Hocquenghem (BCH)-Turbo code shows better than the 

combined TAS-OSTBC system in combination with the Turbo code and the Transmit Antenna Selection-Orthogonal 

Space Time Block Codes (TAS-OSTBC) system combined with the LDPC code. From Figure 8 perceived that BER (Bit 

Error Rate) of 10-4 is obtained in 7 dB at presented system when compared to Orthogonal Space Time Block Codes 

(OSTBC)-LDPC system which obtained in11dB. 

 

 
Fig 8. Comparison of performance analysis of TAS-OSTBC analysis with various systems 

 

 

 
Fig 9.OSTBC-BCH-TURBO systems bit error rate analysis for several TAS 

 

The bit error rate evaluation of the proposed method is implemented for multiple Transmit Antenna Selection 

technique is depicted in Figure 9. The conventional MIMO system refers to (4x4) MIMO (Multi Input Multi Output) 

without TAS (Transmit Antenna Selection). Hence, from (4x4) MIMO the single Transmit Antenna Selection (TAS) 
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system is denoted as (4:1.4). Finally, from the four transmit antennas the (4:3, 4) and (4:2, 4) system represents three and 

two antenna selection respectively. The bit error rate evaluation comparison for 4×4 MIMO with and without FEC is 

done for verifying the system performance. Therefore, the comparison for single and double antenna selection with and 

without Forward Error Correction (FEC) with TAS (Transmit Antenna Selection) case is done. Comparatively, the 

performance of the system is improved compared to that of the system (4, 1. 4) by selecting two transmit antennas (4, 2. 

4). The number of selected subset transmitting antennas increasing along with the system efficiency improves as shown 

in the above figures. 

Table 2: Comparison of the performance of the proposed method with the existing method 

Performance Proposed Method Existing [35] 

Bit error rate evaluation of TAS-

OSTBC with joint FEC 

10-2 

 

10-1 

 

BER evaluation of TAS-OSTBC 

with BCH Turbo Code 

10-2.5 

 

10-2 

 

OSTBC-BCH-TURBO systems bit 

error rate analysis for several TAS 

10-2 

 

10-1 

 

 

 

6. Conclusion 

In this paper to obtain the code gain high error correction with entire capacity advantages the TAS-OSTBC system 

proposed with joint BCH–Turbo codes. The implementation of the TAS-OSTBC system analysis is performed under 

Rayleigh fading. The Transmit Antenna Selection (TAS) system efficiency is first analyzed by combining various FEC 

codes. From the analysis, the proposed Orthogonal Space Time Block Codes (OSTBC) -Turbo provides bit error rate that 

is around 10-5 for SINR of 9dB but more than 15dB for a TAS without Forward Error Correction (FEC). Hence the inner 

joint is implemented through the TURBO codes. In addition, the outer joint is implemented using the Bose-Chaudhuri-

Hocquenghem (BCH) code to increase the code gain. From the simulation results, the proposed method provides an 

improvement of 4dB at 10-6 with OSTBC-LDPC concatenation when compared to the Turbo code combination and the 

proposed method performance also analyzed. This proposed technique is performed better compared to the OSTBC-

LDPC concatenation. The performance of the TAS-OSTBC techniques is improved through the number of subsets that 

transmitting antennas with reduced hardware complexity, which provides the advantages of increased capacity with 

coding gain. In future work will expand the scope of our research into multi-cellular scenarios. 
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