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Abstract: One of the problems of using Orthogonal Frequency Division Multiplexing (OFDM) technique is the
higher Peak-to-Average Power Ratio (PAPR) which leads to the fatal degradation of the system performance in the
non-linear channel. To solve this problem, the partial transmit sequence (PTS) was proposed for Space-Time Block
Code (STBC) with Multi-Input and Multi-Output (MIMO)-OFDM as STBC MIMO-OFDM system which can
reduce the PAPR effectively. However, its complexity in the PAPR reduction process becomes higher in proportion
to the increase of its considered cluster number. To solve this problem, this paper proposes a low-complexity PAPR
reduction by using the modified-PTS with artificial bee colony (ABC) and concurrent algorithm as ABC-Concurrent
algorithm for STBC MIMO-OFDM system which can improve better PAPR with low-complexity and can perform
better Bit-Error-Rate (BER) in the non-linear channel. The silent features of the proposed modified-PTS with ABC-
Concurrent algorithm are to reduce the PAPR with decreasing side information (SI) to half by modifying PTS with
the concurrent algorithm and to reduce the complexity in PAPR reduction process by applying ABC algorithm for
STBC MIMO-OFDM system. From the various results by using computer simulation, it can be confirmed that the
proposed modified-PTS with ABC-Concurrent algorithm can reduce PAPR by approximately 3.4 and 0.4 dB at
CCDF 107 as comparing with the original STBC MIMO-OFDM and conventional PTS methods respectively, and
can use the complexity approximately only 19% in PAPR reduction process which is decreased a lot from using the
conventional PTS method. Moreover, the proposed method can perform the better BER in the non-linear channel
than the original STBC MIMO-OFDM and the conventional. PTS methods which is close to that of operating in non-

linear channel.
Keywords: STBC, MIMO, OFDM, Concurrent, PAPR.

1. Introduction

Up to today, MIMO-ODFM technique [1, 2]
have been a lot of attention in many researches for
the wireless communication because of the potential
capability to high-speed data transmission, resistant
to multipath fading channel, efficient in operating of
spectrum etc. Also, the Space-Time Block Coded
(STBC) [4, 5] which is one of the diversity
techniques is most attractive for these purposes
because the higher diversity gain can be gotten at
the receiver from STBC signals which are sent from
the transmitter with the multiple antennas. However,
because of the higher PAPR which occurs in time
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domain OFDM signal, its performance would be
degraded a lot especially in the non-linear channel
such as the fatal degradation of BER, the larger non-
linear distortion at the output signal of the non-linear
amplifier and spectrum frequency expansion.

To solve the high PAPR problem, many PAPR
reduction methods have been proposed for OFDM
signal such as data coding technique [5, 6], clipping
and filtering technique [7, 8], phase scrambling
technique i.e. selective mapping (SLM) [9, 10], PTS
[11, 12]. The PTS is one of the promising phase
scrambling techniques for reducing the PAPR in
OFDM signal which can reduce PAPR efficiently.
In the main idea of the PTS technique, the whole
subcarriers in each OFDM symbol are clustered in
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Figure.1 The 2x1 STBC MIMO-OFDM systems with concurrent PAPR reduction

the frequency domain then multiplied by pre-
determined coefficient phases in the time domain
after transformed by IFFT (Inverse Fast Fourier
Transform) process, this process continues until the
optimum PAPR value which provides the lower
PAPR value can be selected for the transmitted
signal. Phase information as Sl is required to inform
to the receiver for correcting data demodulation in
the PTS process. Although the high PAPR value
could be reduced by using the PTS with increasing
the number of clusters and pre-determined
coefficient phases, its complexity in PAPR
reduction process is increasing proportionally.

To reduce the high PAPR with low complexity
which is the problem in PTS method as mentioned
before, this paper focuses on the improvement of
PAPR with low computational complexity.
Therefore, this paper proposes the low-complexity
PAPR reduction by using the modified-PTS with
ABC-Concurrent algorithm for STBC MIMO-
OFDM systems. The silent features of the proposed
method are to reduce PAPR by halving cluster of
each OFDM symbol with multiplying two
considered phases in each part separately as
modified-PTS method and to reduce the
computational complexity in the PAPR optimization
process by modifying the artificial bee colony
(ABC) algorithm to generate the pre-determined
coefficient phases for the proposed PAPR reduction
process. However, in STBC MIMO-OFDM system
the PAPR reduction will employ in every
transmitted antenna. From this fact, the Sl-size
required to inform to the receiver becomes larger
which is proportional to the number of transmitted
antennas. To solve this problem, the concurrent
algorithm is applied for the proposed modified-PTS
which can improve the better PAPR with decreasing
the size of SI for STBC MIMO-OFDM system.

This paper is organized as follows. Section 2
presents the STBC MIMO-OFDM with PAPR
reduction. Section 3 presents the modified-PTS with
ABC-Concurrent algorithm. The effectiveness of the

International Journal of Intelligent Engineering and Systems, Vol.13, No.1, 2020

proposed PAPR reduction method can be verified
from the various computer simulation results as
compared with the other methods presented in
Sect.4. Finally, we draw some conclusions in Sect.5.

2. System model

In this paper, we consider a MIMO-OFDM
system which encodes by STBC [4] as STBC
MIMO-OFDM. Fig. 1 shows the block diagram of
STBC MIMO-OFDM system including two
transmitted antennas (T: and T») and one received
antenna (Ri1) with the concurrent PAPR reduction
technique. In the figure, the modulation data Xmed =
[XO,n, Xl,n, ceey XLsym-Z,n, XLsym-l,n] (OSHSM-].) with M
active data subcarriers will be encoded by STBC.

The encoded data symbols Xi; and X for two
transmitted antennas can be given by

X, = |:X0,n’_X£n""’ XLSymf2,n’_X:Symfl,nj|’

X, :|:X1,n’ X(;,n"“’ XLsym—l,n’ XE —2,n:|’

sym

1)

where Lsym is the number of OFDM symbols in one
OFDM frame. The conjugation operator is denoted
by *. From Eq.(1), X1 and X: in the frequency
domain are transformed into the time domain by
IFFT process with N points for every symbol then
reduced their PAPR values explained in Sect.3.
Finally, the time domain signal with optimum PAPR
after adding the guard interval (GI) for avoiding the
inter-symbol interference (ISI) in the multipath
fading channel of each antenna is inputted to D/A
converter and the non-linear amplifier respectively.
Meanwhile, the transmitted signal s, at m-th
symbol after amplified by Input amplitude and
Output Amplitude (AM/AM) characteristic for Solid

State Power Amplifier (SSPA) [13] can be
expressed as
j{arg(Ym)
5 = F[|ya[Je", @)
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where yn is the time domain signal after PAPR
reduction and conversion characteristic of amplifier
is denoted by F[.].

The PAPR value of the transmitted time domain
OFDM signal is defined by dividing the maximum
signal power by the average signal power which can
be defined by

Max(y,,)
PAPR{y,} :l\/lgT(y)' (3)

Furthermore, the complementary cumulative
distribution function (CCDF) is evaluated as the
PAPR for the PAPR reduction methods which can
be defined by

CCDF,pp, = Prob.(PAPR > PAPR,)). (4)

where PAPRy is the PAPR reference.

3. Proposal of PAPR reduction by using the
modified-PTS with  ABC-Concurrent
algorithm for STBC MIMO-OFDM

3.1 PAPR reduction by proposed modified-PTS
method

Fig. 2 shows the PAPR reduction by using PTS
for OFDM signal. In the Fig.2, the modulation data
Xm at each m-th symbol will be divided into V
clusters (1<v<V) as X;, then transformed by IFFT
with N-points into time domain signal as x5, which
can be expressed by

27k

IFFT {X} b=x, :ﬁNixgm-e" L)
n=0

where the time index in IFFT is denoted by k. To
find the optimum PAPR value for OFDM signal, x,
is multiplied by weighting factor b, (= e/%m) where
05 € {2i=0...w-1} and W is the number of pre-
determined coefficient phases which can be given

by
\Y
Yo =D X by (6)
v=1

From Eq.(6), the optimum PAPR values are
selected by the following equation

V= rr\)vin[mﬁx{yan Eq.(s)ﬂ , 7
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where ¥ is the desired weighting factor which gives
the optimum PAPR values for the transmitted
OFDM signal in the time domain.

From the Fig.2, if four data inputs are operated a
QPSK modulation with four subcarriers as 1+i, -1+i,
-1-i and 1-i respectively. In its PAPR reduction by
using the PTS with two rotated phases [0,7] (W=2),
the total possible PAPR values for the OFDM signal
calculated in ref.[14] are 256. From Fig.3 which
shows the possible 256 values of PAPR, it can be
seen that the PAPR from 1th to 128th subcarriers
have the same values as that from 129th to the last at
256th subcarriers. From this result, it can be divided
the PAPR values into two parts as the 1st and 2nd
parts respectively, this means that the considered
PAPR values can be computed only in the 1st part.
From this reason, this paper proposes a modified-
PTS method to reduce the PAPR for OFDM signal
which is shown in the Fig.4.

Fig. 4 shows the PAPR reduction by using the
proposed modified-PTS for OFDM signal. In the
proposed method, the whole data subcarriers in each
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Figure.4 PAPR reduction by using proposed modified-PTS for OFDM signal

cluster are halved into two parts. The data subcarrier
in the 1st and 2nd parts of cluster are multiplied
independently by two different pre-determined
coefficient phases which can be given by

\
_ partlv ,partly part2,v |, part2,v
ym - Z { Xm bm +Xm bm }

v=1

(8)

where P (= /05" and pPA(= ei0h )
are the weighting factors multiplied in the 1st and
2nd parts respectively. The relationship between
@R and @R can be defined by

¢r[TJ]an2,v Zﬂ.¢r;;an1,v, (9)
where the constant value A is decided for the
proposed modified-PTS to optimize the desired
PAPR value in Sect.4 [15].

From Egs.(8) and (9), it can be expected that the
high PAPR of OFDM signal can be reduced by
using the proposed modified-PTS with keeping the
same Sl-size as that of using the conventional PTS
method.

3.2 Proposed low-complexity PAPR reduction
with modified ABC-phase optimization

For reducing the complexity in the PAPR
reduction process, the artificial bee colony (ABC)
algorithm [16] is applied for optimizing phases in
the PAPR reduction procedure. In the basic concept
of ABC, the food sources optimization can be found
by employed, onlooker and scout bees respectively
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which the 1st position of food source would be
randomly generated. From its concept, the food
source is defined as the optimum pre-determined
coefficient phases for PAPR reduction including the
employed or onlooker bees. A new food source is
looked by employed bees from the neighbourhood
of the previous food source. When the honey of the
new food source becomes greater than that of the
previous food source, the new food source is stored
as the possible optimum solutions. From this process,
it can modify the ABC for the solution of pre-
determined coefficient phases in the proposed
modified-PTS which can be expressed as

where p and s=1,2,...,S, and q is 1,2,...,V when p#£q.
The size of a randomly distributed the initial
population and a random number between [1,1] are
represented by S and f, q respectively. From Eq.(10),
the phase coefficients @?2""” of the 1st part in

Eq.(9) when W=4 can be selected by the following
equation

Jpartl,v
m,p.q

7 partl,v
m,p,q

partl,v

= o+ Boa (o =t (10)

z if Iz < gpartly _ 37
2! If 4 < ¢m,p,q < 4
if 37 o gpartly _ 5
¢Partl,v_ z, it 3 S¢5m,pq <% 11
m B 3 £ 5 Zpartl,v 7 . ( )
T T 1 T
2 if Ts¢m,p,q <%
0, if else
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3.3 PAPR reduction by proposed modified-PTS Table 1. Weighting factor mapping
with concurrent algorithm for STBC Cluster
MIMO-OFDM system 1st Part 2nd Part
In STBC MIMO-OFDM system, more than one Symbols Xun +Xm X X
antenna is employed at the transmitter for sending gPartLy gpart2y
the information data to the receiver. From this fact, 0 0
the required Sl-size which is informed to the Phase
receiver becomes larger which is proportional to the Coefficient | ™2 3ni2 Eq.(9)
number of transmitted antennas. To solve this n n
problem, the concurrent algorithm is applied for the 3n/2 n/2
proposed modified-PTS which can reduce PAPR
with decreasing the Sl-size to half for STBC MIMO-
OFDM system as shown in Fig.5. R =X H +X . H
From the above reason, the PAPR reduction can mnoTmnriLmn i ment 2 mn? (12)
employ only for the odd symbol sequence in the Roin = XnanHimen ¥ XoaHoman |

proposed method. Fig. 5 shows the proposed
modified-PTS with concurrent algorithm for STBC
MIMO-OFDM with two transmitted antennas. The
PAPR reduction of two data symbol encoded by
STBC as given in Eqg. (2) will be operated only for
the odd symbol sequence signal which can obtain
the desired weighting factor for giving the optimum
PAPR values. Meanwhile, the desired weighting
factor of the even symbol sequence signal can obtain
by mapping with the weighting factor of the odd
symbol sequence signal which can be described in
Table 1.

From Fig.5 and Table 1, it can be seen that the
proposed modified-PTS with concurrent algorithm
can reduce the PAPR with decreasing the Sl-size for
STBC MIMO-OFDM system.

3.4 STBC decoder of information data for STBC
MIMO-OFDM system with the proposed
PAPR reduction method

From Fig.1 and Eq.(1), the received signal at Ry
after FFT process can be given by the following
equation
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where H; and H; are the channel frequency response
between T; and R, and T, and R; respectively. In the
assumption, the perfect channels H; and H; known
at the receiver are employed to the data
demodulation.

From Eq.(10), the decoded data signal Xmn, and
Xm+1n  Can be rewritten by

*

-R,,H

m,n m,n

--R

+R

1,m,n

H

m+1,n

+ Rm’nH

2,m+ln?

(13)

*

m+1,n

*

2,m,n

X

m+1,n 1,m+1,n

From Egs.(12) and (13), the information data
signal X,,, for odd symbol and X,,,,, for even
symbol can be decoded correctly before
demodulation by the following Eq. (14).
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~ . Xm,n{‘Hl,mﬂ,n‘2+‘H2,m,n‘2}_Xm+1.n{Hl*,m,nHz,m,n_H£m+1,nH2,m+l,n}
mn {‘Hl,m,n‘2+‘H2,m+l,n‘2}{‘Hl,m+1,n‘2+‘H2,m,n‘2}7{H;m,nH2,m,n7Hl*,m+1,nH2,m+1,n}{Hl,m,nH;,m,anl,erl,nH;,m+1,n} ’
, , ) ) (14)
~ Xm+1,n{‘H1,m,n‘ +‘H2,m+l,n‘ }_Xm,n{Hl,m,nHZ,m,n_Hl,m+1,nH2,m+1,n}
m-+1,n =

4. Simulation and discussion

In this section, the parameters listed in Table 2
were used for evaluating by the computer simulation
which the various results can demonstrate the
effectiveness of the proposed method.

To get better PAPR for the proposed method by
considering the optimum 2 value given in Eq.(9), the
average PAPR value of the proposed method with
S=256 patterns (maximum of possible number) for
STBC MIMO-OFDM systems with two transmitted
antennas is evaluated when changing 1 value as
shown in Fig.6. In the figure, it can be seen that the
optimum A value is taken by “0” because its average
PAPR shows the lowest PAPR value even when
increasing M data subcarriers. From this result, it
can be concluded that the PAPR optimization is not
necessary to be employed in the 2nd part which
leads to the reducing computational complexity of
PAPR reduction.

Furthermore, the complexity in PAPR reduction
methods can be calculated by

M

Conv'PTSCOmplexity = V WY

. (15)
Proposed =(1+ A)M—S

Complexity — N

From Eg.(15), it can be seen that the
computational complexity of the proposed PAPR
reduction method can be considered by deciding S
phase pattern numbers. From this reason, the
average PAPR is evaluated when changing S phase
pattern numbers as shown in Fig.7. In the Fig.7, it
can be seen that the average PAPR values from
S=98 to 256 patterns are small change. From this
result, the optimum S phase patterns in the proposed
method are taken by “98” which is enough to get the
lower PAPR for STBC MIMO-OFDM system.
From the results in Figs. 6 and 7, the optimum A =0
and S = 98 patterns are taken in the proposed
modified-PTS with ABC-Concurrent algorithm.

The CCDF function is evaluated as PAPR
performance for the proposed PAPR reduction
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{‘Hl,m,n‘2+‘H2,m+l,n‘2}{‘Hl,m+1,n‘2+‘H2,m,n‘2}7{H;m,nH2,m,n*H;m+1,nH2,m+1,n}{Hl,m,nH;,m,n*Hl,mﬂ,nH;,m+1,n}

method which is shown in Fig.8. In the figure, the
original STBC MIMO-OFDM [15] and the
conventional PTS (conv.PTS) [14] methods are
shown to compare with the proposed method. From
the Fig.8, it can be seen that the proposed modified-
PTS with ABC-Concurrent algorithm shows the
better PAPR which is approximately 2.4dB and
0.2dB gain over the original STBC MIMO-OFDM
[15] and the conv.PTS [14] methods respectively.
Unquestionably, the PAPR at 10! of CCDF
dominates the degradation of BER in the non-linear

Table 2. Simulation parameters

Information Parameter
Modulation technique 16QAM
Demodulation Coherent
OFDM occupied bandwidth 5MHz
N-points IFFT/FFT 256
M-data subcarriers 64
V-clusters and W-weighting factor 4 and 4
Partition Type Interleave
Symbol duration 14.3uS
Duration of Guard interval (Gl) 1.3uS
r-parameter of AM/AM-SSPA 2
TXR antennas 2x1
Encoder/Decoder STBC
Multipath fading model
Power delay profile Exponential
Delay path and decay constant 9and 1dB
7
—O— M=64, N=256
—B— m=128, N=512
o 65 3/4"'
S B 58— °
<
o 6
5.5
5O 0.25 0.5 0.75 1
A values

Figure.6 Average of PAPR vs. A values
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Table 3. Computational complexity between proposed and conventional PAPR reduction methods

PAPR Reduction Methods Complexity computed in Eq.(15) Sl-size
Conventional PTS [14] 4,096 100% T
Proposed modified-PTS with ABC-Concurrent 100
algorithm (S=98 patterns) 784 ~19% 172

*T is the number of transmit antennas

7.5

—¢— At ant T1
. —o—Atant T,
| STBC MIMO-OFDM
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6.5 -
g 4 T-antennas = 2
x ] Average of PAPR = 5.7097dB
g /
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2 34 66 (98) 130 162 194 226 256
S phase pattern numbers
Figure.7 Average of PAPR vs. S patterns
10° e 3
R —+— Original STBC MIMO-OFDM i
‘ R —8— Conv.PTS method i
—@— Proposed method i
10" \ X, Oversampling = 3|
? '\\ = * T-antennas =2 3
< @\ N
o \ N
5 10 x\ \-‘.:
Ry a) \
I R LY
a N
3 10° R \‘L
'* L \
\ \
\ * \
10" \ \I -\%
5 6 7 8 9 10 1 12
PAPR, (dB)

Figure.8 Prob.(PAPR>PAPRg) vs. PAPRy(dB)

Oversampling = 3
T-antennas = 2
R-antennas = 1

3
10 ¢ e

10°1

1075 ~ - '1}...

V4

[] === Original STBC MIMO-OFDM (Linear CH) 7‘\ \f

10 & —%— Original STBC MIMO-OFDM ®

H —— Conv.PTS method

H —@— Proposed method
; T

1077 I T
10 15 20 25 30 35 40
CNR (dB)

Figure.9 BER vs. CNR(dB)

channel. From this reason, it can be expected that
the BER of STBC MIMO-OFDM systems with the
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PAPR reduction by using the proposed modified-
PTS with ABC-Concurrent algorithm would be
better than that with the PAPR reduction by using
the conv.PTS method [14].

Fig. 9 shows the BER for the original STBC
MIMO-OFDM and STBC MIMO-OFDM with
PAPR reduction methods in the non-linear channel
when changing the carrier-to-noise power ratio
(CNR). From the figure, it can be seen that the
proposed method can perform the better BER than
those for the original STBC MIMO-OFDM [15] and
the conv.PTS [14] methods respectively.

From Table 3 and the results in Figs 8 and 9, it
can be concluded that the proposed modified-PTS
with ABC-Concurrent algorithm can provide better
both the PAPR and BER with low complexity than
the conv.PTS method [14].

5. Conclusions

In this paper, the PAPR reduction by using the
modified-PTS with ABC-Concurrent algorithm is
proposed for STBC MIMO-OFDM systems in the
non-linear channel. The silent feature of the
proposed PAPR reduction method is to reduce the
PAPR with decreasing the Sl-size and reducing the
complexity of PAPR reduction process by applying
the proposed modified-PTS with ABC-Concurrent
algorithm for STBC MIMO-OFDM system. The
various computer simulation results show that the
proposed modified-PTS with ABC-Concurrent
algorithm can reduce PAPR by approximately 3.4
and 0.4 dB at CCDF 10 as comparing with the
original STBC MIMO-OFDM and conventional
PTS methods respectively, and can use the
complexity approximately only 19% in PAPR
reduction process which is decreased a lot from
using the conventional PTS method even when
increasing the number of transmitted antennas.
Moreover, the proposed method can perform the
better BER in the non-linear channel than the
original STBC  MIMO-OFDM  and  the
conventional.PTS methods which is close to that of
operating in non-linear channel.
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