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Abstract: Orthogonal Frequency Division Multiplexing
(OFDM) is a potential transmission approach for high
capacity communication systems. Despite the many
advantages of OFDM, the major downside is the high
peak-to-average power ratio (PAPR) which increases
the system complexity, reduces the efficiency of the
system, causes degradation in BER performance, and
makes OFDM sensitive to nonlinear distortion in the
transmission. Various methods have been proposed to
deal with the PAPR problem, including the partial
transmit sequence (PTS) that has attracted consider-
able attention. Hence, this paper presents a hybrid
approach combining an enhanced PTS technique with
Mu-Law companding. The PTS technique was
enhanced through improving its sub-block partitioning
scheme, where the enhanced partitioning scheme con-
solidated a conventional interleaved partitioning into
an adjacent partitioning scheme. This incorporation of
Mu-Law characteristic in time domain for PAPR reduc-
tion in OFDM essentially enhances the PAPR reduction
performance, based on using numerical simulation
results. Consequently, though the pseudorandom sub-
block partition method obtains better PAPR reduction
more than the other sub-block partition schemes
(interleaved and adjacent) of ordinary PTS, it is quite
difficult to be designed. The findings show that the
enhanced PTS technique with Mu-Law companding,
while maintaining low computational complexity, per-
forms significantly better than the pseudorandom par-
titioning PTS on various types of modulation formats
and subcarriers.

Keywords: OFDM, PAPR, PTS, sub-block partitioning
schemes, Mu-Law speech

1 Introduction

Orthogonal frequency division multiplexing (OFDM) sys-
tem is an alluring solution for transmitting a high data
capacity in the wireless communication. OFDM system
has numerous benefits, including high spectral effi-
ciency, resistance to interference, and robustness against
signal fading [1]. OFDM system is commonly used in
digital audio and video broadcasting, mobile multimedia
access communication (MMAC); therefore, it has been
proposed as standard in wireless communication [2].
However, OFDM is subjected to a large peak-to-average
power ratio (PAPR) in the time-domain transmit signal,
which may cause a nonlinear distortion after the power
amplifiers and degrades the performance of OFDM sys-
tem; which are common issues in the multiplexing tech-
niques either in optical domain such as Wavelength
Division Multiplexing (WDM) [3–6], Mode Division
Multiplexing (MDM) [7–10] or wireless domain such as
OFDM Based on reviewing the literature [11], several
schemes have been proposed to reduce PAPR, including
clipping [12], coding [13], clipping and filtering [14], tone
injection (TI) [15], active constellation extension (ACE)
[16], tone reservation (TR) [17], and multiple signal repre-
sentation schemes, such as selected mapping (SLM) [18],
interleaving [19], and partial transmit sequence (PTS)
[20]. Among the current schemes, the PTS is one of the
most important probability technology in enhancing the
statistics of the PAPR of an OFDM signal due to its linear
technique and having no signal distortion [21, 22]. It is
important to mentioned that PTS has two approaches
which are, first is partitioning the original OFDM into a
set of disjoint sub-blocks and second, is to create a set of
candidate signals by adding phase rotated sub-blocks in
order to choose the smallest PAPR for transmission [23].
Therefore, a hybrid technique is proposed in the present
paper which combines an enhanced PTS scheme with
Mu-Law companding approach. The enhanced PTS
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scheme incorporates traditional interleaved partitioning
into an adjacent partitioning scheme to enhance the over-
all PAPR reduction capability of the PTS scheme.

An overview of OFDM system with the concept of
PAPR problem, techniques, and Mu-Law companding
technique is presented in Section 2. The sub-block parti-
tioning schemes is presented in Section 3. Section 4 pre-
sents the enhanced approach with Mu-Law companding
technique. The results are demonstrated in Section 5,
followed by the conclusion in Section 6.

2 Analaytical model

2.1 PAPR in OFDM systems

The OFDM signal for N subcarriers are formed by several
blocks of data symbols X = Xk, k =0, 1, � � � � � � , N − 1f g,
which is chosen from the quadrature amplitude modula-
tion (QAM) or phase shift keying (PSK). The discrete time
domain OFDM signal xn, can be expressed as follows:

xðnÞ= 1ffiffiffiffi
N

p
XN − 1

k = 0

XðkÞ eðj2πknN Þ, 0 ≤ n ≤N − 1 (1)

The PAPR of OFDM signals xðnÞ in eq. (1), is given in
Ref. [24]:

PAPRðxðnÞÞ= max xðnÞj j2

E xðnÞj j2
n o (2)

where E .f g indicates the average power. For performance
evaluation of PAPR reduction technique, the complemen-
tary cumulative distribution function (CCDF) is utilized,

which represents the probability that the PAPR of OFDM
symbol surpasses a given threshold level PAPR0, as
defined in Ref. [25]

CCDFðPAPR0Þ=Pr ðPAPR >PAPR0Þ (3)

2.2 PTS technique

The main role of PTS method is to divide the input
data block X in frequency domain into M disjoint
sub-blocks, which is represented by the vectors
Xm, m=0, 1, � � � � � � , M − 1f g [26] as

X =
XM
m= 1

Xm (4)

Each sub-block’s length is still, and null value is set for
sub-block that does not have the location. Each sub-block
in the time domain is transformed by Inverse Fast Fourier
Transform (IFFT) operation as:

xm =
XM
m= 1

IFFTfXmg (5)

Each IFFT sub-block xm is rotated using a phase factor.
Thus, the time domain signal after combination is pre-
sented as

x =
XM
m= 1

bmxm (6)

The PTS-OFDM method’s sub-block partitioning techni-
ques can be divided into adjacent, interleaved, and pseu-
dorandom partitioning [27]. Among these partitioning
techniques, the pseudorandom sub-block partitioning
has the best PAPR reduction performance. However, this

Figure 1: PTS method: block diagram.
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partitioning incurs a higher computational complexity,
and is difficult to be designed [28, 29]. The mathematical
frameworks of these three different schemes are pre-
sented in detail in Section 3. In order to demonstrate
the comparative performance of these three partitioning
techniques, Figure 2 shows their CCDFs versus PAPR0 in
traditional PTS.

2.3 Mu-Law companding technique

Mu-Law is a powerful compression technique that can
be used to reduce PAPR [30]. In the digital telecommu-
nication system, a Mu-Law (μ-law) companding
method is used in speech processing Mu-Law algo-
rithm companding transform which focuses mainly on
compressing the peak signals and expanding the small
signals for PAPR reducing. Therefore, PAPR is not only
significantly reduced, but the immunity of the small
signals against noise is also increased. The compand-
ing techniques for PAPR reduction were simply
reviewed in Refs [31, 32]. The compression process is
applied after the IFFT at the transmitter end and
expansion before the FFT at the receiver end. An
OFDM transmitter based on Mu-Law companding tech-
nique is shown in Figure 3.

Mu-Law compression signal at the transmitter is
expressed as:

SuðtÞ=
ln 1 + u SðtÞj j

SmaxðtÞ
h i
lnð1 + uÞ SmaxðtÞ. SgnðSðtÞÞ (7)

Where the input instantaneous amplitude denoted as
SðtÞ, SmaxðtÞ is the peak amplitude of SðtÞ, s Sign function
is Sgn, and μ is the Mu-Law compand parameter.

3 PTS scheme sub-block
partitioning

3.1 PTS adjacent partitioning

OFDM Frame’s subcarriers N are divided into equal
sub-blocks size M disjoint, and in each sub-block
IFFT was computed. Then IFFT output in each of the
partitions is multiplied by a set of rotating phase fac-
tors. The blocks are summed to produce transmitted
signal in order to have low PAPR. The transmitted
signal is explained as [33]

~xðnÞ=
XM − 1

i= 0

xðriÞi ðnÞ (8)

where xrii ðnÞ is the phase-rotated version of the time
domain signal for partition Pi with length Li. As men-
tioned, the length partitions are generated as follows:

Figure 2: Comparison of PAPR reduction
performance with different sub-block
partitions.

Figure 3: Mu-Law companding technique in the
OFDM transmitter.
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X = P′0 P′1 � � � � � �P′M − 1½ � (9)

P0 = P′0 , 0000 � � � � � �0½ � (10)

P1 = 0000 � � � � � �0, P′1, 0000 � � � � � �0½ � (11)

PM − 1 = 0000 � � � � � �0, P′M − 1½ � (12)

Then by taking IFFT out of these partitions as shown by
eq. (13), time domain signal is obtained as follows:

xiðnÞ= IFFTðPiÞ (13)

where i=0, 1, 2, � � � � � � ,M − 1. Then the phase-rotated ver-
sion xrii ðnÞ of the time domain signals is obtained by
multiplying the phase factors, ’ðriÞ= ej’i as in eq. (14)
where ’i are the rotation angles.

xðriÞi ðnÞ=’ðriÞ xiðnÞ (14)

3.2 Interleaved Partitioning PTS Scheme
(IP-PTS)

The partitions of the M groups given by L=N=M and the
ith interleaved partition that is formed by assigning ith

subcarrier of each group to the ith interleaved partition
can be represented as [34]

P0 = ½Pð1Þ
0 0 � � �0Pð2Þ

0 0 � � � � � �0PðMÞ
0 00 � � �0� (15)

P1 = ½0Pð1Þ
1 0 � � �00Pð2Þ

1 0 � � � � � �00PðMÞ
1 0 � � �0� (16)

PL = ½00 � � �0Pð1Þ
L 0 � � �0Pð2Þ

L 0 � � � � � �0PðMÞ
L � (17)

where, Pj
i is the jth element of the ith IP.

3.3 PTS pseudorandom partitioning scheme

In the pseudorandom scheme, the subcarrier signal and
the partitions are assigned into each other randomly. The
partitions can be represented as [35]

P0 = ½0Pð1Þ
0 000PðMÞ

0 0000Pð3Þ
0 Pð2Þ

0 0000� (18)

P1 = ½PðMÞ
1 0000Pð3Þ

0 00Pð2Þ
1 0 � � �00Pð1Þ

1 � (19)

PL = ½00 � � �0Pð2Þ
L 0 � � �0Pð1Þ

L 0 � � � � � �0PðMÞ
L � (20)

where, Pj
i is the jth element of the ith pseudorandom parti-

tion. Residual steps to produce transmitted signal are simi-
lar to those of partitioning schemes mentioned above.

4 Proposed enhanced hybrid PTS
scheme

This section presents the proposed hybrid approach
which combines an enhanced PTS technique with Mu-
Law companding technique as shown in Figure 4. The
enhanced PTS scheme, which incorporates IP into adja-
cent partitioning scheme, was proposed [36]. Similarly,
for adjacent partitioning, the enhanced PTS scheme starts
with a data input frame partitioned into v adjacent
blocks. Then, blocks are divided into s size sub-blocks.
Eventually, interleaved partitions Pi are constructed by
assigning the sub-blocks into the partitions as follows:

pi
q
r

� �
= SbriðqÞ (21)

where, Pi
q
r

� �
represents the qth which is the sub-block

elements r in Pi as the partition, sbriðqÞ indicates the qth

component of the i sub-block within the block r of the
original data. The interleaved partition of the blocks con-
sists of several sub-blocks v. s is the size of the sub-block.

Figure 4: Block diagram depict-
ing the hybrid approach invol-
ving enhance PTS technique
and Mu-Law companding.
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Then each of the blocked interleaved partitions contains
s.v elements. Regarding the original frequency of the
frequency domain data Xk, the IDFT of each of the parti-
tions is taken independently. Thus, IDFT output for the
partition Pi is given by

xðiÞn =
Xs − 1
q=0

Xv − 1
r = 0

Pi
q
r

� �
e j2πðrl + is + qÞ n=N (22)

where xðiÞn represents nth PTS sequence sample that corre-
sponds to partition Pi, the number of subcarrier is pre-
sented as N, whereas l is the block’s number ðl=N=vÞ. r is
the index of the sub-block in the partition, whereas q is
the sub-block index xðiÞn is the PTS sequences that have
phase rotation with a factor wi, excluding the first
sequence xð0Þn that remains constant w0 = 1. The phase
factors wi is expressed as follows:

wi = ej’i , i=0, 1, � � � � � � ðz − 1Þ (23)

where ’i randomly selects numbers between
0 ≤’i ≤ 2π0 ≤’i ≤ 2π, z is interleaved partition block’s
number, ~xðiÞn =wi . x

ðiÞ
n is the rotated sequences that are

used to be combined in order to generate the candidate’s
transmit signal ~xn that has similar information in the
phase factor.

~xn =
Xv − 1
i=0

~xðiÞn (24)

Consequently, through the application of Mu-Law com-
panding technique as given by eq. (7) on the transmit
signal candidate ~xn, the new signal is obtained as
follows:

xuðtÞ=
ln 1 + u ð~xnÞj j

maxð~xnÞ
h i
lnð1 + uÞ maxð~xnÞ . Sgnð~xnÞ (25)

The process is repeated by number of times ðτÞ, each time
with a various set of phase rotation values. In every
repetition, PAPR of the candidate signal and the candi-
date signal itself are computed and the corresponding set
of the phase factors is stored. After τ iterations, the OFDM
symbol with the lowest PAPR is transmitted.

5 Simulation results

The numerical simulations to evaluate and compare the
performance of the combined technique with the ordinary
PTS schemes of three different types of sub-blocks parti-
tioning (IP-PTS, AP-PTS, and PRP-PTS) are presented. In
the simulation, the number of the sub-carriers was set to
N = 128, which was further divided into M = 4 sub-blocks.
In addition, the different modulation schemes, QPSK,
8PSK, 16QAM, and 64QAM, were accounted for as well.
In the Mu-Law compression compand parameter μ was
set to 1, and for the CCDF analysis, a threshold of
CCDF= 10−3 was set.

Figure 5 shows the performance analysis of the
combination of enhanced PTS scheme with Mu-Law
technique (combined technique) compared to the
ordinary PTS schemes and the original OFDM signal
(signal without PTS) for QPSK modulation. For the
ordinary PTS scheme, three kinds of partitioning
schemes (IP, AP, and PRP) are considered, whereby
the PAPR0 of the original OFDM signals is 11.3 dB, IP-
PTS is 9.7 dB, AP-PTS is 8.5 dB, PRP-PTS is 7.2 dB, and
combined technique is 6 dB. Therefore, the combined
technique reduced PAPR by around 5.3 dB, PRP-PTS by
3.9 dB, AP-PTS by 2.5 dB, and IP-PTS by 1.8 dB from the
original signal.

The simulation results for 8PSK modulation are shown
in Figure 6, which compares the combination of enhanced

Figure 5: PAPR performance evaluation of
the enhanced PTS scheme in combination
with Mu-Law technique (combined
technique) for QPSK modulation.
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PTS method with Mu-Law technique (combined technique)
against the ordinary PTS and the original OFDM signal.
For 8PSK modulation, the PAPR0 of the original OFDM
signal is 11.1 dB, IP-PTS is 9.2 dB, AP-PTS is 8.6 dB, PRP-
PTS is 7.2 dB, and the combined technique is 5.8 dB. The
enhanced PTS with Mu-Law scheme reduced PAPR by
around 5.3dB, PRP-PTS by 3.9 dB, AP-PTS by 2.5 dB, and
IP-PTS by 1.9 dB from the original signal.

The comparison process is repeated as shown in
Figure 7. In this figure, the PAPR0 of the original OFDM
signal is 10.8 dB, IP-PTS is 9 dB, AP-PTS is 8.3 dB, PRP-
PTS is 7.1 dB, and the enhanced PTS with Mu-Law scheme
is 5.7 dB. Thus the enhanced PTS scheme with Mu-Law
technique (combined technique) reduced PAPR by
around 5.1 dB, PRP-PTS by 3.7 dB, AP-PTS by 2.5 dB, and
IP-PTS by 1.8 dB.

Figure 8 shows the comparisons of the PAPR reduc-
tion evaluation performance between the enhanced PTS
scheme with Mu-Law technique (combined technique)
against the ordinary PTS scheme and the original
OFDM signal for 64QAM modulation. The results simu-
lated when the CCDF = 10−3, the PAPR0 of the original

OFDM signal is 10.5 dB, IP-PTS is 8.8 dB, AP-PTS is
7.9 dB, PRP-PTS is 7.2 dB and the enhanced PTS with
Mu-Law scheme is 5.7 dB. Hence, it is noticeable that
the enhanced PTS with Mu-Law scheme can achieve
further 1.5 dB, 2.2 dB, and 3.1 dB PAPR reduction com-
pared to the ordinary PTS scheme PRP-PTS, AP-PTS,
and IP-PTS.

The significant results show that better results are
obtained by using enhanced PTS scheme with Mu-Law
technique (combined technique) against the ordinary PTS
and original OFDM signals when the modulation techni-
ques are QPSK, 8PSK, 16QAM, and 64QAM. These experi-
ments clearly indicate that the enhanced PTS scheme
with Mu-Law technique has positive PAPR reduction
more than the ordinary PTS techniques with IP, AP, and
PRP sub-block partitioning schemes. To be more specific,
its PAPR reduction performance is better than that of PTS
with the pseudorandom sub-block partition; the latter is
considered to have the best PAPR reduction performance,
but at the same time, it has the highest design and
computational complexities among the traditional PTS
techniques. The results show that the combined approach

Figure 6: PAPR performance evaluation of
the enhanced PTS scheme in combination
with Mu-Law technique (combined
technique) for 8PSK modulation.

Figure 7: PAPR performance evaluation of
the enhanced PTS scheme in combina-
tion with Mu-Law technique (combined
technique) for 16QAM modulation.
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can substantially reduce the PAPR and enhance the over-
all performance of OFDM. In addition, the combined
technique can be applicable with any numbers of sub-
carriers, modulation format and is attractive for its sim-
plicity and effectiveness. Therefore, it is evident that the
proposed hybrid approach can significantly enhance the
performance of PAPR reduction. Moreover, the improve-
ment in PAPR reduction capability is achieved without
adding much overhead in terms of computational cost
and design complexity.

6 Conclusion

This paper presented a hybrid approach to the PAPR
reduction problem; the approach is a combination of
the enhanced PTS technique and Mu-Law companding.
The enhanced PTS scheme incorporates IP into an
adjacent partitioning scheme, and an appropriate Mu-
Law with low computational complexity is applied on
the output of this enhanced PTS. The basic principle of
the nonlinear companding transform scheme, being a
compression of large signals and an enhancement of
small signals that keep the overall power of the signal
unchanged, significantly reduces PAPR in addition to
the PAPR reduction provided by enhanced PTS. Thus,
beside the PAPR reduction, the immunity of small sig-
nals against noise is also achieved. Consequently, the
simulations results confirm that the suggested scheme
on various types of modulation format and subcarriers
is better than the pseudorandom partitioning PTS.
Since the suggested scheme has low computational
complexity, this makes the proposed approach an
effective technique to achieve a significant reduction
of PAPR.

References

1. Nee RV, Prasad R. OFDM for Wireless Multimedia
Communications. Norwood, MA: Artech House, Inc, 2000.

2. Han SH, Lee JH. An overview of peak-to-average power ratio
reduction techniques for multicarrier transmission. IEEE
Wireless Commun. 2005;12:56–65.

3. Fazea Y, Amphawan A. 5× 5 25 Gbit/s WDM-MDM. J Opt
Commun. 2015;36:327–33.

4. Fazea Y, Amphawan A. 40Gbit/s MDM-WDM Laguerre-Gaussian
mode with equalization for multimode fiber in access net-
works. J Opt Commun. 2016:In press.

5. Fazea Y, Amphawan A, Abualrejal H. Wavelength division mul-
tiplexing-mode division multiplexing for MMF in access net-
works. Adv Sci Lett. 2017;23:5448–51.

6. Fazea Y, Amphawan A. 32 channel DQPSK DWDM-PON for local
area network using dispersion compensation fiber. EPJ Web
Conf. 2017;162:1–3.

7. Fazea Y, Amphawan A. Mode division multiplexing of helical-
phased LG modes in multimode fiber with electronic disper-
sion compensation. Adv Sci Lett. 2017;23:29–34.

8. Fazea Y, Amphawan A. Mode division multiplexing of helical-
phased spot mode and donut mode in multimode fiber inter-
connects. In: 2017 IEEE Symposium on Computer Applications
& Industrial Electronics (ISCAIE), 2017:200–5.

9. Fazea Y, Amphawan A, Ahmad A. Spot mode excitation for
multimode fiber. In: 4th International Conference on Internet
Applications, Protocols and Services (NETAPPS2015),
2015:235–40.

10. Fazea Y, Alobaedy MM, Ibraheem ZT. Performance of a direct-
detection spot mode division multiplexing in multimode fiber. J
Opt Commun. In press.

11. Lim DW, Heo SJ, No JS. An overview of peak-to-average power
ratio reduction schemes for OFDM signals. J Commun
Networks. 2009;11:229–39.

12. DeepaT, SwethaK, KumarR. A joint clippingand logarithmicbased
companding for the reduction of peak-to-average power ratio in
OFDM system. In: 2013 International Conference on Information
Communication and Embedded Systems (ICICES), 2013:655–9.

13. Qu D, Li L, Jiang T. Invertible subset LDPC code for PAPR
reduction in OFDM systems with low complexity. IEEE Trans
Wireless Commun. 2014;13:2204–13.

Figure 8: PAPR performance evaluation of
the enhanced PTS scheme in combination
with Mu-Law technique (combined
technique) for 64QAM modulation.

Z. T. Ibraheem et al.: PAPR Reduction in OFDM Signal 7

Brought to you by | The University of Manchester Library
Authenticated

Download Date | 2/28/18 6:09 AM



14. Zhu X, Xia J, Li H, Hu H. Ultimate performance of clipping and
filtering techniques for PAPR reduction in OFDM systems. In:
2013 IEEE 24th International Symposium on Personal Indoor
and Mobile Radio Communications (PIMRC), 2013:782–5.

15. Chen JC, Wen CK. PAPR reduction of OFDM signals using cross-
entropy-based tone injection schemes. IEEE Signal Process
Lett. 2010;17:727–30.

16. He J, Yan Z. Improving convergence rate of active constellation
extension algorithm for PAPR reduction in OFDM. In: 2013 IEEE
International Conference on Information and Automation
(ICIA), 2013:280–4.

17. Jiang T, Ni C, Xu C, Qi Q. Curve fitting based tone reservation
method with low complexity for PAPR reduction in OFDM sys-
tems. IEEE Commun Lett. 2014;18:805–8.

18. Adegbite S, McMeekin S, Stewart B. Low-complexity data
decoding using binary phase detection in SLM-OFDM systems.
Electron Lett 2014;50:560–2.

19. Rahmatallah Y, Mohan S. Peak-to-average power ratio reduc-
tion in OFDM systems: A survey and taxonomy. IEEE Commun
Surv Tutorials 2013;15:1567–92.

20. Gouda M, Hussien M. Partial transmit sequence PAPR reduc-
tion method for LTE OFDM systems. In: 2013 4th International
Conference on Intelligent Systems Modelling & Simulation
(ISMS), 2013:507–12.

21. Yang L, Soo KK, Li S, Siu YM. PAPR reduction using low com-
plexity PTS to construct of OFDM signals without side infor-
mation. IEEE Trans Broadcast. 2011;57:284–90.

22. Cho YJ, No JS, Shin DJ. A new low-complexity PTS scheme
based on successive local search using sequences. IEEE
Commun Lett. 2012;16:1470–3.

23. Wang LX, Yang K, Xu B. Using the union algorithm of SLM and
PTS to reduce PAPR in OFDM system. In: ISECS International
Colloquium on Computing, Communication, Control, and
Management, 2009. CCCM 2009, 2009:475–477.

24. Wang Y, Chen W, Tellambura C. PAPR reduction method based
on parametric minimum cross entropy for OFDM signals. IEEE
Commun Lett. 2010:14:563–5.

25. Gao J, Wang J, Wang B. PAPR reduction with phase factors
suboptimization for OFDM systems. In: 2010 IEEE International
Conference on Automation and Logistics (ICAL), 2010:302–5.

26. Muller SH, Huber JB. OFDM with reduced peak-to-average
power ratio by optimum combination of partial transmit
sequences. Electron Lett. 1997;33:368–9.

27. Joo HS, No JS, Shin DJ. A new subblock partitioning scheme
using subblock partition matrix for PTS. In: 2011 International
Conference on ICT Convergence (ICTC), 2011:127–8.

28. Goel A, Gupta P, Agrawal M. SER analysis of PTS based tech-
niques for PAPR reduction in OFDM systems. Digital Signal
Process. 2013;23:302–313.

29. Xia L, Yue X, Shaoqian L, Kayama H, Yan C. Analysis of the
performance of partial transmit sequences with different sub-
block partitions. In: 2006 International Conference on
Communications, Circuits and Systems Proceedings,
2006:875–8.

30. Hsu CY, Liao HC. PAPR reduction using the combination of
precoding and mu-law companding techniques for OFDM sys-
tems. In: 2012 IEEE 11th International Conference on Signal
Processing (ICSP), 2012:1–4.

31. Jiang T, Zhu G. Nonlinear companding transform for reducing
peak-to-average power ratio of OFDM signals. IEEE Trans
Broadcast. 2004;50:342–6.

32. Jiang T, Yang Y, Song YH. Exponential companding technique
for PAPR reduction in OFDM systems. IEEE Trans Broadcast.
2005;51:244–8.

33. Ibraheem ZT, Rahman MM, Yaakob S, Razalli MS, Kadhim RA,
Ramli MF, et al., Variable length adjacent partitioning for PTS
based PAPR reduction of OFDM signal. In: AIP Conference
Proceedings, 2015:070080.

34. Ibraheem ZT, Rahman MM, Yaakob S, Razalli MS, Ali ZG,
Ahmed KK. Efficient PAPR reduction of OFDM signal using PTS
technique with hybrid partitioning method, 2014.

35. Ibraheem ZT, Rahman MM, Yaakob S, Razalli MS, Kadhim RA.
Effect of partition length variability on the performance of
adjacent partitioing PTS in papr reduction of OFDM systems.
In: 2014 IEEE Symposium on Computer Applications and
Industrial Electronics (ISCAIE), 2014:24–8.

36. Ibraheem ZT, Rahman MM, Yaakob S, Razalli MS, Salman F,
Ahmed KK. PTS method with combined partitioning schemes
for improved PAPR reduction in OFDM system. TELKOMNIKA
Indonesian J Electr Eng. 2014;12:7845–53.

8 Z. T. Ibraheem et al.: PAPR Reduction in OFDM Signal

Brought to you by | The University of Manchester Library
Authenticated

Download Date | 2/28/18 6:09 AM
View publication stats

https://www.researchgate.net/publication/323419002

