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Abstract

A high peak-to-average-power ratio (PAPR) is the primary drawback faced by the orthogonal frequency
division multiplexing (OFDM) systems in the practical applications. Meanwhile, Partial Transmit Sequence (PTS)
is regarded as one of the efficient PAPR reduction techniques in OFDM systems. PTS technique depends on
partitioning the input data into the several subblocks in the frequency-domain and weighting these subblocks by a
set of phase factors in the time-domain. As the result, there are three common types of subblocks partitioning
schemes have been adopted in the PTS technique, interleaving scheme, adjacent scheme, and pseudo-random
scheme. Each one of the conventional partitioning schemes has PAPR reduction performance and a co mputational
complexity level different from others. In this paper, a new subblock partitioning scheme named terminals
exchanging segmentation (TE-PTS) scheme has been proposed to improve the PAPR performance in PTS
technique better than that of the interleaving scheme. The simulation results and the numerical calculations
indicate that the PAPR reduction capacity of the proposed scheme is superior to that of interleaving scheme

without increasing the computational complexity .
Keywords: OFDM, PAPR, PTS, IL-PTS, computational complexity

1. Introduction

Orthogonal frequency division multiplexing (OFDM) is regarded as one of the useful modulation systems in high-speed
communications. Many advantages have been defined in OFDM systems such as high capacity [1], easy imp lementation [2],
low complexity [3], and robustness against multipath fading channels [4]. Therefore, OFDM has been adopted in many
wireless communication standards such as IEEE 802.11 standard [5], IEEE 802.16 standard [6], and fourth generation long -
term evolution (4G-LTE) standard [7]. Recently, many researchers focus on filtering OFDM framework as a new waveform
candidate in 5th generation technology such as universal filter-OFDM (U-OFDM) [8], filtered-OFDM (F-OFDM) [9].
Despite the OFDM framework has many features, some obstacles restrict the system in the practical applications such as the
high peak-to-average-power ratio (PAPR), out-off band leakage, and sensitivity to the frequency offset [10]. The high PAPR
value is deemed the essential hurdle that restricts the OF DM system due to the nonlinearity nature of the OFDM signal at the
transmitter. Hence, this leads to decrement in the efficiency in high power amplifiers (HPA) and increment in the comp lexity
of digital-to-analogue and analogue-to-digital converters [11]. Therefore, there is considerable attention has been paid to the

high PAPR problem from many researchers especially for the downlink in the 4G wireless communication systems.
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To overcome the high PAPR problem in OFDM systems, several techniques have been suggested such as clipping [12];
active constellation extension (ACE) [13], tone reservation (TR) [14], block coding [15], selective mapping (SLM) [16], the
interleaving method [17], and partial trans mit sequence (PTS) [18]. Indeed, each one of these techniques has its own PAPR
lessening level and its own computational burden. PTS is one of the non-distortion methods that effectively reduce the PAPR
issue without adding any distortion in the OFDM signal [19]. Meanwhile, the PTS method suffers from a large
computational burden due to complex processing to the signal in the transmitter, where the PTS technique depends on
dividing the input data signal by one of the partitioning schemes into several subblocks, transformation these subblocks by
utilizing inverse fast Fourier transform (IFFT), and rotation the transformed subblocks by a set of phase factors before
combining them again. Therefore, the conventional PTS technique requires two stages of the calculations: IFFT processes,

and finding the optimum phase factor.

Several publications have appeared in recent years to improve the PTS technique performance regarding to the
subblocks partitioning schemes as a realistic solution to improve the PAPR performance in the frequency domain. For
example, Hong et al. [20] and Ibraheem et al. [21] suggested new algorithms depending on integrating two types of
partitioning schemes in order to enhance the PAPR performance. Jawhar et al. [22] were proposed new algorithms by
combining a couple of the ordinary segmentation schemes in a new approach to enhance the PAPR performance better than
the ordinary schemes. Also, Jawhar et al. [23] developed a new scenario to distribute the data within the partitioned
subblocks in order to reduce the high PAPR value. Recently, Chen in [24] proposed new algorithm to enhance the PAPR
reduction performance in PTS depending on dividing the input data sequence into non-disjoint subblocks. In this paper, a
new subblock partitioning scheme that improves the PAPR reduction performance without increasing the computational
burden is suggested. The proposed method depends on reshaping the interleaving partitioning scheme to develop the PAPR
performance better than the interleaving scheme without extra computational complexity. The rest of sections are arranged
as follows: Section 2 discusses PTS and PAPR. In Section 3, the interleaving partitioning scheme is analyzed. Section 4
explains the proposed method. The simulation results are described in Section 5. Finally, the concluding remarks are given in

Section 6.

2. Conventional PTS Technique and PAPR Reduction

In OFDM, the input data sequence X¢ =[Xo, X1, ..., Xn-1] IS modulated by the QAM or PSK constellation mapping
technique to generate the baseband signal. After that, the discrete time-domain signal is obtained by applying IFFT operation
to the baseband signal [25],

1 N-1 .
x(nN)=—3" X.eZ%N 0<n<N-1 @)
W

where X, is the input data sequence, x(n) is the time-domain OFDM signal, k is the index of the input sequence, and N
represents the number of subcarriers. Also, The PAPR value of the OFDM signal is defined as the ratio of the maximum

peak power to the average power in the signal [26],

max|x(n)P

E{x()I}

where E{.} is the mean value of the signal. In addition, to get accurate PAPR calculations, the baseband signal is sampled

PAPR =10log,, (dB) @)

multiple times the Nyquist rate (oversampling operation). The oversampling operation is performed by inserting zeros
between the baseband samples in the frequency domain. Moreover, to evaluate the PAPR reduction level in OFDM system,
the complementary-cumu lative-distribution-function (CCDF) is utilized, where CCDF represents the probability of the
PAPR value that exceeds a certain threshold value [27].

Copyright © TAETI



International Journal of Engineering and Technology Innovation, vol. 8, no. 3, 2018, pp. 217-227 219

P (PAPR(X(n) > PAPR,) =1—(1L—e "0 )\ ®)

where L stumbles the oversampling factor, and PAPR, denotes the threshold value.
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Fig. 1 PTS block diagram

Fig. 1 illustrates the OFDM system based on PTS technique. In this system, the input data sequence, X, is divided into
M subblocks.

X=>X, (4)

After that, the subblocks are converted from the frequency-domain to the time-domain by applying IFFT operation.

Therefore, the discrete baseband signalin the time domain can be given by

x(n) = i IFFT{X,} = i X, ()

The transformed subblocks are rotated by a set of the phase factors b= [by, b,, ..., bm], and the elements of rotation phase

factor can be selected within (0, 2x) ; therefore, the phase rotation vectoris generated by [28]

b, =€’ {m=01,....,A-1 )

where by, is the phase factor of mth subblock, j2(Im/A is the angle of phase rotation factor, and A is the number of the
allowed phase factors, which is usually constricted by {1} or {£1, £j} to avoid the complicated multiplication operations.
Each subblock in the time-domain is rotated by the phase factor vectors, and then the weighted subblocks are combined to
produce a set of candidates. Last but not the least, the PAPR value of each candidate is calculated, and the phase rotation
factor that achieves the lower PAPR value is elected to rotate the combined subblocks to generate the OFDM signal that will

transmit to the receiver,

x'(n) = Z:;bmxm @)

The purpose of the phase rotation factors is to equilibrium the directions for combining signals to reduce the PAPR
value of the OFDM signal; with the consideration that the index of the optimum phase factor should be sent to the receiver as
side information (SI) to ensure recovering the data [29].

3. Interleaving Subblocks Partitioning Scheme

In the PTS technique, subdividing the input signal into several subblocks is the centric part of the algorithm. There are

three common kinds of the subblock partitioning schemes have been adopted; pseudo-random scheme (PR-PTS), adjacent

Copyright © TAETI



220 International Journal of Engineering and Technology Innovation, vol. 8, no. 3, 2018, pp. 217-227

scheme (AD-PTS), and interleaving scheme (IL-PTS) [30]. All the subblocks dividing schemes have their own PAPR
reduction performance and their own computational complexity depending on distributing the data within the subblocks. In
PR-PTS, the subcarriers are assigned randomly in the subblocks, while the AD-PTS scheme allocates N/M successive
subcarriers inside each subblock, sequentially. However, the IL-PTS scheme assigns N/M subcarriers with a specific distance
interval of M within each subblock. Furthermore, the subblocks must be non-overlapped with each other, each subblock must
be equaled with others in size, and each subblock must contain the same number of the active subcarriers, as demonstrated in
Fig. 2.
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Fig. 2 Conventional subblocks partitioning schemes [22]

As mentioned above, the PAPR performance of each subblocks partitioning schemes is depended on the subcarriers
distribution within the subblocks, where the low correlation level between the subcarriers leads to better PAPR performance
[31]. Accordingly, the PAPR lessening performance of the PR-PTS scheme is deemed as the best among the ordinary
schemes because its subcarriers have a low correlation level inside the subblocks depending on the random feature of the
structure scheme. The AD-PTS scheme is classified in the second level concerning the PAPR performance because its
subcarriers have higher correlation level than the PR-PTS scheme. However, the IL-PTS is the worst PAPR reduction
scheme among the conventional partitioning schemes due to it has a large correlation level between its subcarriers. On the
other hand, the computational complexity of the subblocks partitioning schemes is limited to the computational operations of
the IFFT unit, therefore; the PR-PTS and AD-PTS schemes have larger computational burden level than the IL-PTS scheme
[32]. It is because of PR-PTS, and AD-PTS implement all the stages of IFFT unit to transform the subcarriers from the
frequency-domain to the time-domain, while the IL-PTS scheme needs a part of IFFT stages to implement this
transformation. In this paper, we will focus on the IL-PTS scheme because it has low computational burden compared with

other schemes. Therefore, the number of the addition and multiplications operations of the IL-PTS scheme is given by [33].
. N N
CChi =M [VIOQZ (M)J )]
. N N
CCri° =M {m |092(V) + N} ©

4. Proposed method

In this section, a new dividing scheme named terminal exchanging segmentation (TE-PTS) scheme has been suggested
in order to improve the PAPR lessening performance better than that of the IL-PTS scheme. The proposed algorithm

depends onthe IL-PTS scheme primarily, where the input datais partitioned similar to the IL-PTS scheme,
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X =2 X, (10)

where M is the number of subblocks. Next, each subblock is subdivided into S subsets, denoted by {Si, S, ..., Sm}, where

the total number of subsets, S, equals to the total number of subblocks, M, and each subset contains N/M samples from the
subblock, as shown in the following equations

M

X =Y {X,,1s=12,..,M| (11)

Thus,

(12)

and,

Xm = |:X(1‘1),1 X(1,2),1 e X N :|
(LMJ.l

X1z :|:X(1,N+1),2 X(l,ﬂ+2),z X(l,ZN),2:| (13)
M M M

X

=| X X e X
LM |: (I,WJJ),M (1,%+2),M ALN)M

After that, the first and last samples of each subset are exchanged with each other, so that Eq. (13) is updated to,
xl’,l = |:X(1v’\h/1|)v1 x(1,2),1 x(1,1),1:|

X1, {Xu,ZMN),z x(l%m‘2 x(l’uﬂm} (14)

X! =|X X o X
LM (LN),M (L(MJ)NQ)YM (1’(M;/|1)N+1W|

The terminal exchange operation continues until the last subset of the updated IL-PTS matrix, therefore; the new TE-PTS
matrix is given by

X1’,1 Xl,,2 Xl',M
XI X! ... XI
O (15)
Xh’A,l XI(II‘Z XI\’A,M
in which,
M
X'=>"X, (16)
m=1

Last but not the least, each subblock of the TE-PTS scheme is passed to the IFFT unit and the other procedures of the PTS
technique are performed to generate the OFDM signal.
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Interleaving Matrix
ILlI=[X; 0 0 0 Xs 0 0 0 X 0 0 0 X3 0 0 0]

M2=00 X 0 0 0 X, 0 0 0 X0 0 0 X4 0 0]
3= [0 0 X3 0 0 0 X, 0 0 0 X; 0 0 0 Xs 0]

IL4= [0 0 0 Xxa 0 0 0 Xz O 0 0 X2 O 0 0 X6l

Terminals Exchange Operation

/\ PN /\ Pl
TE-1=[| X 0 o Xs 0 0 0 o |[xs o 0o o]]
\/

\_/\/'

TE2=[[ 0 X 0 o 0 X6 0 0 mlo Xy 0 o]
TE3=[[ 0 0 X o o 0 x 0 [0 0o x; 0][0o o x5 o0]]

TE4=[[ 0 0 0 x |[[0 0o o x| [0 0 0 xp|[0 0o 0 Xg|]

TE-PTS Matrix
Subblock-1= [0 0 0 X, 0 0 0 Xs 0 0 0 Xo 0 0 0 X3]
Subblock-2= [0 X, 0 0 0 X¢ 0 0 0 X O 0 0 Xig 0 0 ]
Subblock-3= [0 0 X3 0 0 0 X, 0 0 0O X; 0 0 0 X3 0 ]

Subblock-4= [X4 0 0 0 Xg 0 0 0O X2 0 0 0 X;6 0 0 0]

Fig. 3 TE-PTS scheme when N= 16 and M=4

Fig. 3 illustrates an example of the TE-PTS scheme. For this example, the number of subblocks is chosen 4, and the
number of subcarriers is set to 16. According to the TE-PTS mechanism, the number of the subset, S, is determined to 4, and
each subset contains (N/M=16/4 = 4) samples. It is clear that the TE-PTS algorithm reshapes the samples distribution inside
the subblocks differently to that of the IL-PTS algorithm. Accordingly, the TE-PTS scheme attempts to reduce the
correlation level between the subcarriers within the subblocks; thus the PAPR reduction performance is improved (as will be

seenin the next section).

On the other hand, the computational comp lexity of the T E-PTS scheme can be calculated depending on the divide-and-
conquer approach combined with the Cooley-Tukey IFFT algorithm [34]. Therefore, for each subblock of the TE-PTS
matrix, the samples are arranged as columns-wise mapping. Table 1 illustrates the columns-wise mapping for one subblock
of TR-PTS, where the number of subsets, S, represents the total number of columns, while the number of rows equals the
total number of subblocks, M, in TE-PTS scheme.

Table 1 The columns-wise mapping for one Subblock of TE-PTS [35]

m\s 1 2 S
l le Xa+1 e XS(SA)A
2 X3 X2 ervr;(s -1)+2
M Xu | X | ... Xnis

The Cooly-Tukey IFFT algorithm is applied to the rows and columns in Table 1, therefore; the OFDM signal of TE-
PTS scheme in the time-domain can be written as [35]

o0 =3y 20 [ ] Jwe an

where S the number of columns in Table 1, M is the number of rows in Table 1, X s is the input sequence of mth subblock, 1
<p<Mand 1<q <Sisanelement in pth row and gth column of row-wise mapping of the x(p,q), and W, =e'**'" represents

the twiddle factor. According to Table 1, the active subsets at each subblock are located at only mth row depending on the
interleaving property of TE-PTS. Therefore, the inner S-point IFFT of Eq. (17) is applied only to mth row of each subblock,
and Eq. (17) can be simplified as
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1

S
X(p,q) — ﬁV\/’\T(Spw) z Xm,SWSSq (18)

s=1

but, W0 —WS™W™ and W™ =W,™ =W® =1, if M =1, thus

N/S

1

Xpa) = W

S
WD X W (19)
s=1

Based on Eq. (18), each subblock of TE-PTS can be performed only one S-point IFFT and N-times complex

multiplications. Therefore, the number of complex computations for the TR-PTS scheme can be given as

TR-PTS _ N N
CC~~=M [Vlog2 v (20)
y N N
CCTRITE _ [_ZM g, N+ N} 1)

Obviously, the number of computational complexity for the TE-PTS scheme is similar as the IL-PTS scheme; it is
because of the subcarriers for both schemes are distributed as interleaving manner within the subblocks. Hence, the

subblocks require a part of the IFFT stages for converting them to the time-domain.

5. Simulation and Results

In this section, the PAPR reduction performance of the TE-PTS scheme compared with IL-PTS scheme as a
conventional scheme is evaluated in three scenarios, when the number of subcarriers is 128, 256, and 512. The rest
parameters that utilized for this simulation are the number of subblocks, M, and the number of allowed phase factor, A, are
set to 4, while the oversampling factor L= 4. Moreover, 16-QAM constellation mapping is utilized to modulate the input data
sequence, and CCDF is employed to evaluate the PAPR performance of 1000 of the input OFDM sub-streams. However, the

MATLAB software program is adopted in this simulation.
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Fig. 4 Comparison the TE-PTS and IL-PTS schemes when N=128

Fig. 4 illustrates the comparison between the TE-PTS scheme and the IL-PTS scheme when the number of subcarriers

is set to 128. It is clear that the proposed scheme outperforms the IL-PTS scheme regarding to the PAPR reduction capacity
by 0.73dB. Also, Fig. 5 shows the PAPR level of the TE-PTS, IL-PTS, and the original OFDM signal (without PTS), when
the N= 256. From this figure, it can be seen that the TE-PTS scheme records the best PAPR reduction level at 8.19dB, and
the IL-PTS scheme achieves the second level at 8.72d B, whereas the PAPR level of the original OFDM signal is 11.03dB
when the CCDF= 103, Furthermore, the third scenario is conducted to evaluate the PAPR reduction performance when the

number of subcarriers is 512, as exhibited in Fig. 6. In this scenario, the PAPR performance of the proposed scheme is better
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than that of IL-PTS and the original OFDM by 0.46dB, and 2.62d B, respectively. Therefore, the simulation results of the

three scenarios indicate that the proposed scheme can surpass the conventional scheme, IL-PTS, at any number of

subcarriers.
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Fig. 5 Comparison the TE-PTS and the IL-PTS schemes Fig. 6 Comparison the TE-PTS and IL-PTS schemes when
when N= 256 N= 512

In addition, the proposed scheme does not largely change the PAPR performance when the modulation families
changing, where the PAPR performance is simulated based on various modulation families (QPSK, 16-QAM, and 64-QAM),
as shown in Fig. 7. The results show that there is a very small effect to change the modulation family on the PAPR
performance. The reason behind that is the QPSK, 16-QAM, and 64-QAM digital modulation schemes do not change the
amp litude of the data signal. Since, the PAPR produced by the fluctuation of the signal power, thus the PAPR value does not
change greatly by changing the type of the modulation scheme. Therefore, different types of the modulation schemes have a

very small influence on the peak to average power ratio performance.
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Fig. 7 Comparison the TE-PTS and IL-PTS schemes for various modulation families when N= 128
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Table 2 the PAPR reduction ratio of the TR-PTS and IL-PTS schemes

M=4, A= 4
N | PAPR of Original OFDM | PAPR of IL-PTS | PAPR of TR-PTS | PRR of IL-PTS | PRR of TR-PTS
128 10.76 8.49 777 21.09% 27.87%
256 11.03 8.72 8.19 20.94% 25.74%
512 11.21 9.05 8.5 19.26% 23.37%

Also, Table 2 records the PAPR reduction ratio (PRR) of the TE-PTS scheme and the IL-PTS scheme compared with
the original OFDM signal for the three above scenarios. The results show that the proposed scheme has the superiority to the
IL-PTS scheme concerning the PAPR reduction for all the three scenarios. Therefore, the PRR of the proposed scheme

compared with the original OFDM signal can be defined as
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PAPR of the proposed scheme

PRR (proposed scheme) = — -
PAPR of the original OFDM signal

x100% (22)

On the other hand, Table 3 records the number of complex computations for the TE-PTS scheme and the IL-PTS
scheme which is considered the lowest computational complexity among the conventional schemes. As mentioned earlier,
the number of addition and multiplication operations of the proposed scheme is similar to that of the IL-PTS scheme. Hence,

there is no additional computation burden when applying the TE-PTS scheme in the PTS technique.

Table 3 The computational burden of the TE-PTS and IL-PTS schemes

N [ M| CCuyq (IL-PTS or TE-PTS) | CCyuit (IL-PTS or TE-PTS)
128 640 832
256 | 4 1536 1792
512 3584 3840

As a result, the simulation plots and the numerical calculations indicate that the proposed scheme can mitigate the
PAPR value better than that of the IL-PTS method without an additional computational burden; with the consideration that
the IL-PTS scheme has the lowest computational complexity among the conventional partitioning schemes in the PTS

technique.

As a comparison, the schemes that proposed in reference [23] and [24] will be compared with the proposed scheme,
TE-PTS, regarding to the PAPR reduction performance and computational comp lexity level. In [23] Jawhar proposed a new
subblock partitioning scheme in PTS technique by dividing each subblock of IL-PTS scheme into two equal parts to generate
several groups in each part, thereby some of the groups in each part are exchanged with each another. When N =256, V =4,
and the CCDF probability of PAPR is 10°, the proposed partitioning scheme in reference [23] achieves better PRR
percentage than that of the TE-PTS scheme, where the PRR percentage for the TE-PTS scheme is 6.077% compared with
IL-PTS, while the PRR percentage for the proposed scheme in [23] is 9.97% compared with IL-PTS. This enhancement in
PAPR performance of Jawhar’s scheme was at the expense of computational complexity degradation, where the number of
addition and multiplication operations of the TE-PTS scheme is lower than the proposed scheme in reference [23] by 57.14%
and 36.36%, respectively. Therefore, the TE-PTS scheme is better than the proposed method in reference [23] regarding to
the computational complexity level.

On the other hand, Chen [24] presented a modified PTS algorithm for PAPR reduction in OFDM systems by
partitioning an OFDM block into non-disjoint OFDM sub-blocks. Chen’s method depended on reshaping a QAM
constellation into several QPSK constellations. When N = 256 and the CCDF probability of PAPR is 10, the TE-PTS
scheme achieves better PRR percentage than that of the method in [24], where the PRR percentage of the TE-PTS is 6.077%
compared with IL-PTS, while the PRR percentage for Chen’s method is 4.95% compared with IL-PTS; with the
consideration that Chen’s method divided the input data sequence into 8 subblocks, whereas the TE-PTS adopted only 4
subblocks. Moreover, the computational complexity of the proposed scheme in [24] is higher than the TE-PTS method,
where the number of addition and multiplication operations for the TE-PTS scheme is lower than the Chen’s method by 50%
and 62.16%, respectively. Therefore, the TE-PTS scheme is better than Chen’s method in terms of PAPR reduction

performance and the computational complexity level.

6. Conclusion

In conclusion, this paper proposed a novel subblock partitioning scheme named terminals exchanging segmentation
(TE-PTS) scheme in PTS technique. The TE-PTS scheme could improve the PAPR reduction performance better than that

the interleaving partitioning scheme without additional computational complexity. The proposed scheme depended on
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subdividing each subblock of interleaving matrix into the specific subsets and exchanging the terminal samples of each
subset with each other. Based on the results, the proposed scheme could enhance the PAPR reduction ratio about 6% better
than that the IL-PTS scheme for any number of subcarriers. Furthermore, the proposed scheme has the computational
complexity level similar to the IL-PTS scheme. Therefore, the TE-PTS scheme can be adopted as effective subblock

partitioning scheme in the PTS technigque to enhance the PAPR reduction performance with low computational complexity.
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