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Multiple TAS-OSTBC in MIMO with Outer
BCH Concatenation under Nakagami-m Fading

Vaibhav Hendre, Nitin Deotale

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 givesimprovement 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)

. 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 atechnique 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.

Revised Manuscript Received on August 30, 2019.
* Correspondence Author

Vaibhav Hendre*, Department of Electronics &
Telecommunication Engineering, G. H. Raisoni College of Engineering &
Management, Pune, Maharashtra, India

Nitin Deotale, Department  of Electronics  &amp;
Telecommunication Engineering, Lokmanya Tilak College of Engineering,
Navi Mumbai, Maharashtra, India.

© The Authors. Published by Blue Eyes Intelligence Engineering and
Sciences Publication (BEIESP). Thisis an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Retrieval Number F8409088619/2019©BEIESP
DOI: 10.35940/ijeat. F8409.088619
Journal Website: www.ijeat.org

3054

Chack far
updatas

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. TAStechniqueis not ableto 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 MIM O 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 initialy
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.
Thefading channel is considered here as Nakagami- m fading
channel whichincludesboth 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 codeis as shown
inFig. 1.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication


https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.35940/ijeat.F8409.088619&domain=www.ijeat.org

Multiple TAS-OSTBC in MIM O with Outer BCH Concatenation under Nakagami-m Fading

g

Switch

TURBO
Encoder

STBC
Encoder

—=| BCH >

out of
Encoder L

;
.
L Selection
T

[

1
}J Mobile Y
cﬁadml : Switeh 3 TURBO BCH
; : Lgout of STBC [ Decoder Decoder | =

Np-1 N, H Decoder
Selection La
T

W\ MRC
Estimation
Fig. 1 TAS-OSTBC system with concatenated with outer BCH Code
organized in descending order as

The numbers of transmitting antennas are referred as My
and number of receiving antennas as Ng. The MIMO system
is refereed as (MNt.MNg) system without antenna selection.
The switch selects Ly out of My antennas for transmission
based on the estimated CS| received from receiver. If we
consider TAS system selecting Lg, antennas, it is referred as
{Np:Lg. Ng) system. The channel matrix is denoted by H and
has size of (Lt X Lg). The channel coefficients are denoted
by hjj, where, 1 =i=Lrand 1 =j = Lg.

The channel coefficients are considered as the samples of
Nakagami- m fading function. Here, the channel gain|hi1-|
follows a Nakagami- m fading distribution given by PDF

yrRT Y 1
pyly) = ?Terp(—mﬂ @
(L) remip)
where, vy is the instantaneous SNR estimated at the
receiver, the gamma function is represented as -
y(z) = [, x**e*dx, and m- is the fading parameter for

Nakagami fading channel. If the transmitted signal isx, the
channel gainisdenoted as h and additive white noise as i1, the
received signal ¥ isgiven as

y=h:x+n 2

The pilot based training technique is used to estimate the
received SNR. The Maxima Ratio Combining (MRC)
techniqueisused 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 'I" and is given as[4]

Ly
1= 2040 = ) gy )
j=L

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 Ly isthe number of antennas selected
for transmission and C(1} are the indices of antennas
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C(1) =c(2) = -~ = C(Ly). For single TAS/MRC case, the
instantaneous SNR yi(L; ) isgivenasy(Ly} = C(Lz)y.

The norm based method is used for selecting the subset of
antennas. Let h;where (j = 1,2...., Lt} is the columns of
the channel matrix H. The columns of the matrix h; are
aranged in the increasing order of Norms,
I, !l =...= |y || Here, iy & {1.2.....Ly} The best
possible transmit antenna is selected which minimizes the
BER.

The parwise error probability is denoted by
F (G — GlHp, p, ..p,}) . Here the channel is considered as

I-I[l:ll P F'_.}-j *1.

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

ol Hip, p,..p,3Eij I
B (Ci - Ci|H[F'|F':---F'_'}) =0 J 2N~

p U Hp, b, 5B IF (5)

E (Ci - Ci|H[F'| Paw F_'}) = exp (_ 4N

Here, the number of antenna subset selected that minimizes
the upper bound as per Eq. (4) isdenoted by  andisgiven as

PR = argmax IH JEijlE (6)

{l 2 - } F'-,FE_... Ps A, e B

{Pfrpt :rrptm,,P;Pt}= argmax  Hpp p, p) (7
[ 4

HygH
EiiEi; Hip,p, .0}
Further, with @ selected antennas of (B}, , the average

SNRisgiven as

P .
o, p..2 = g I Hle.pa.py) lIF (8)
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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 isgiven as
P

. . p
0 I H ||§- = rl[F'| Pa.By) = — (9)

Nr

The performance analysisfor single TAS-MIMO system
is presented in [14] under Nakagami- m fading channel is
extended in this paper for multiple antenna selection case.
Theinstantaneous BER isgivenas B (B) = Q(,/kBy) where
E= %which ischannel power gain for BPSK. Asper [14], the

average BER isgiven as

2tar (£ +3) (10)

Bp = ———=

=i+ 10 ——(t+1]
Trrn SPH)

The average BER for single TAS-OSTBC system by
considering Nakagami- m fadi ng_channel isgiven as

m™alt [ (mlrLg +3) (11)
B =—+— = (y)-tmbrlel o
2vm [M(mLg + 1)1t
where, k=2 is assumed for BPSK and x = ofy~™Ltk& ) angd

m and Ly are constant. The case of single antenna selection is
represented as, (Lr.1:; Ly and the BER equation is given as
mTLrle (2m L Ly — 10 _

PE = 22mly LH[{mL :I']LI. {.:, Lole — - ].{Y]—IITJL-L Ly +

L 0 AN R ] H

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 (4.1; Lg}, The probability of error is given as

m LR (Bmly — 11!

— 2emle [(mLg }1]4(8mLg — 1)!

Similarly, the B is calculated as presented in [15]. The
value of F,and B is calculated from equation (7) for the case
of (4.2: Lg). The BER for {4.2; Lg) case i.e. selection of 2
subset antennas from 4 transmitting antennasis 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.

By

[11. PERFORMANCE ANALY SISOF 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- m 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 whichisaround 10° for SINR of
10 dB whereasthe samewill be obtained above 16dB for TAS
without FEC. Therefore for the proposed system, TURBO
codes are used as inner code for the concatenation with
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BER analysis of TAS-OSTBC with concatenated FEC
T T T T

; ; ;
-=-©-- TAS without FEC
--©-- TAS-OSTBC-CC
--©---TAS-OSTBC-BCH
TAS-OSTBC-RS
=+0-*- TAS-OSTBC-TCM
TAS-OSTBC-TURBO |

Bit Error Rate
[
o,

T
’
’
4
0]
s
/
/
-4

s
o

[ ., N\
10°% ®, AN
o

6 r r r r r 9 ®.
0 2 4 6 10 12 14 16

10° p
SINR
Fig. 2 BER analysisof TAS-OSTBC system with
concatenated FEC Code
TAS-OSTBC-BCH-TURBO gives BER in the range of 10°
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.

BER analysis of TAS-OSTBC concatenated with BCH-TURBO
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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 givenin [7]. Itisobserved
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 TASisreferred 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.

BER analysis of OSTBC-BCH-TURBO system for multiple TAS
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Figure5 BER anaysisof OSTBC-BCH-TURBO system for
multiple TAS system with m=0.5

The performance analysis of the proposed system is aso
verified for different values of m in Nakagami fading
channel. Thefading parameter with m = 1 isaspecial case of
Rayleigh fading. It is observed from the Fig. 6 that the
performance of the system improves by increasing the value
of m. Them = 0.5 isa specia case of Nakagami- m fading
and considers the practical fading scenario for wireless
communication. It is observed that the proposed system
outperform even for the case of m = 0.5.
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Figure6 BER anaysisof OSTBC-BCH-TURBO system for
multiple TASwithm=0.5, 1, 2.
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[V. CONCLUSION

The TAS-OSTBC system is proposed in this paper with
new concatenation of BCH-TURBO codesin order to achieve
the coding gain along with al the benefits of capacity and
high error correction. The channel is assumed to be faded by
Nakagami- m fading channel coefficients. The performance
of TAS-OSTBC systemiisfirst verified by concatenating with
different FEC codes. It is observed that OSTBC-TURBO
gives BER which isaround 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 givesimprovement of 5dB
at 10-6 as compared to concatenation of TURBO code only.
The proposed system gives improved results for
Nakagami- m fading withm = 0.5. The new concatenation
of BCH-TURBO code to TASOSTBC system achieves
optimum BER with coding gain.
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