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Abstract—Orthogonal frequency division multiplexing (OFDM) is known as one of the promising
broadband techniques in wireless communications. One of the major drawbacks of OFDM is its high
peak-to-average power ratio (PAPR) due to the overlay process of all subcarrier signals. This leads to
distortion problems at the receiver. Partial Transmit Sequence (PTS) technique is one of the most
popular to reduce the PAPR in OFDM systems without any distortion. The crucial step in any PTS
system is partitioning of the OFDM frame into digoint sub-blocks. Adjacent partitioning PTS (AP-PTYS)
is an easy partitioning scheme achieving attractive PAPR reduction performance in a trade-off between
cost and performance. This paper offers performance analysis of an enhanced PTS technique based on
the combination of two kinds of sub-block partitioning methods (adjacent with interleaved) for PAPR
reduction in OFDM signals. It also investigates into implementation of Finite Radon Transform (FRAT)
as a modulation technique for data mapping and provides comparative analysis of the performance of
FRAT with the traditional data mapping techniques such as phase shift keying (PSK) and quadrature
amplitude modulation (QAM). The effects of PTS partition length variability of digoint sub-blockson AP
based PTS systems wer e also determined in order to perform the comparative analysis. (AP-PTS) scheme
was applied for both fixed length and variable length partitioning for modulation techniques mentioned
above. Simulation results show that the enhanced PTS technique outperforms reduction in PAPR against
the adjacent with fixed and variable length, which (AP-PTS) is known to perform better than the
interleaved partitioning for all the scenarios of mapping, and show that the traditional mapping for any
types of techniques (PSK or QAM) with various partitioning scenarios had a better PAPR reduction
performance compared to FRAT data mapping.

Keyword-Orthogonal frequency division multiplexing (OFDM), Peak-to-average power ratio (PAPR),
Partial transmit sequences (PTS), Sub-block partitioning, Finite Radon Transform (FRAT)

I. INTRODUCTION

Orthogonal Frequency Division Multiplexing (OFDM) is a transmission technique which involves a blend of
modulation and multiplexing. A high data rate stream splits into a number of low data rate streams which are
modulated onto different orthogonal carriers[1]. OFDM is very attractive which used in digital communications;
it ensures superior transmission rates with spectrum efficiency. The frequency spacing between the carriers and
the orthogonality to each other is established through the use of Fast Fourier transform (FFT). Immunity against
multi-path dispersion is high, by requiring a large number of subcarriers [2]. Newly, OFDM is mainly used in
digital audio broadcasting (DAB), digital video broadcasting terrestrial (DVB-T), mobile multimedia access
communication (MMAC), |IEEE802.11a, IEEE802.16 and |EEE 802.20 [3, 4].

However, one mgjor drawback of the OFDM system is the high peak-to-average power ratio (PAPR) due to
its multicarrier nature. The larger PAPR signal would cause high out-of-band radiation and degradation of bit
error rate (BER) performance when the OFDM signal is passed through aradio frequency power amplifier [5, 6].
Recently, to reduce the PAPR at the transmitter, many methods have been used in the literature [7, 8], such as
clipping [9], clipping and filtering [10], coding [11], selective mapping (SLM) [12], companding methods [13],
tone reservation (TR) [14], tone injection (TI) [15], active constellation extension (ACE) [16], partial transmit
sequences (PTS) [17]. Each of these methods has a diverse cost for bit error rate (BER) and the reduced PAPR.
Among these, the PTS method [18, 19], is one of the more appealing and a distortionless scheme for PAPR
reduction in OFDM systems. In the PTS method, the input data of N symbols are partitioned into M disjoint
sub-blocks. The subcarriers in each sub-block weight by a phase factor. The phase factors are selected such that
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the PAPR of the combined signal is reduced. Also, PTS method works with an arbitrary number of subcarriers
and any modulation technique [2]. In this paper, we present performance analysis of an enhanced PTS technique
that combined two sub-block partitioning schemes adjacent with interleaved to reduce the PAPR. Also, we
implemented Finite Radon Transform (FRAT), which is originally used for image processing as a modulation
technique for data mapping, as done by lIbraheem Zeyid T., et a [20]. A comparative anadysis of the
performance of FRAT with the traditional data mapping techniques such as (PSK and QAM) is also presented.

Both adjacent for (fixed and variable) length and interleaved PTS methods are implemented and tested for the
sake of comprehensiveness in the analysis. The rest of the paper is organized as follows: In Section Il, we
present an overview of an OFDM system, ordinary PTS technique, and FRAT. Section Il presents the sub-
block partitioning schemes. In section IV, we elaborate on the enhanced PTS scheme for reducing PAPR of an
OFDM signal. In section V, we analyse the simulation results. Finally, Section V1 gives the conclusion.

1. PAPRIN OFDM SYSTEM AND PTSSCHEME
A. PAPRin OFDM System

The complex baseband signal in the OFDM modulation technique x,, with N subcarriersis given by

N-1
1 j2rkn
x(n)=\/—N;)X(k)e( v 0<n<N-1 )

where Xy is denotes the input data symbols at k-th subcarrier modulated by QAM or PSK.

The PAPR of the transmitted signal x,, in Eq. (1) is defined as the ratio of its maximum power divided by its
average power, which can be expressed as[21]
max|x(t)|?

PAPR = ExOF] (2)

where E[22] denotes the average power.

In order to evaluate any PAPR reduction performance, OFDM system uses the complementary cumulative
distribution function (CCDF). The CCDF of PAPR denotes the probability that the PAPR of a data block
exceeds a given threshold PAPRO. CCDF is defined as [23]

CCDF(PAPR,) = P. (PAPR > PAPR,) 3)
B. PTSScheme
The PTS method’'s main mentality is shown in Fig. 1, the frequency-domain signal of data block X is

partitioned into M digoint sub-blocks of equa size, denoted asX,,, wherem =1, 2, ... ... , M, where each sub-
block’slengthis still N. Therefore, is expressed as

M
X= Z Xm 4)

m=1

Next, Inverse Discrete Fourier Transform (IDFT) is used to transform sub-block partitioning from frequency
domain to the time domain, which can represent as

M
X, = Z IDFT { X, } (5)

Then all subcarriers for each sub-block x,,, are multiplied by phase weighting factors and combined together
to produce a group of candidates. The candidate to achieve the lowest PAPR is selected for transmission. Thus,
the time domain signal after the combination is given by

m
X = Z bmXm (6)
m=1

In general, PTS sub-block partition schemes can be classified into three categories; interleaved, adjacent, and
pseudorandom [24]. Out of these partitioning schemes, pseudorandom sub-block partitioning PTS (PRP-PTS)
has the best for PAPR reduction performance. Adjacent partitioning PTS (AP-PTS) scheme used in comparison
is attractive method because of its low computational complexity, and offers performance in PAPR reduction
very closeto PRP-PTS[25].
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Fig.1. Block diagram of the PTS Scheme

C. Finite Radon Transform (FRAT)

Asmentioned in [20], FRAT isone of the discrete types of the Radon transform that used later as anew data
mapping in OFDM systems. This transformation is defined for 2-dimensional signals. This transformation is
defined here in 2-dimensional binary data matrix (A). The FRAT of atwo dimensional square matrix A, with a
condition that the size of the matrix, denoted by p, should be prime can be obtained first by taking the 2D-FFT

of A [26, 27]
ptpt .(27[) .(Zn)
F(r,s) = A(m,n) e \p/ MNP/ 7

After that, a component of the matrix F has been re-distributed according to the optimum ordering agorithm
given in [23]. Therefore, the dimensions of the resultant matrix will be p x (p + 1) and will be denoted by the
symbol F,,.. Fig. 2, shows the optimal ordering of the matrix of Fourier coefficients for matrix dimension p=7.

f1 f8 f15 f22 f29 {36 {43 f1 f1 f1 f1 f1 f1 f1 f1

f2 f9 f16 23 f30 f37 f44 fz fi0 f9 f16 f8 f21 f14 {13
f3 f10 f17 f24 f31 {38 f45 f3 f19 f17 31 fi15 f34 f20 f18
f4 fl11 f18 f25 32 39 f46 |,Fuw=|f4 28 25 f46 f22 f47 {26 {23
f5 f12 f19 f26 f33 f40 f47 f5 f30 f33 f12 f29 f11 32 {35
f6 f13 f20 f27 f34 f41 {48 f6 f39 f41 f27 f36 f24 {38 {40
f7 f14 f21 f28 f35 f42 f49 f7 48 {49 f42 f43 {37 f44 {45

Fig.2. Optimal ordering of FRAT coefficients for matrix size: p =7
Finally, the FRAT can be obtained by taking the 1D-IFFT for each column of the matrix Fp.

p-1
r; = Re {% mzzo f(i)ej(%)km} (8)

Now, the matrix with the r; columns represents the FRAT of A

|,r0'0 royl cee eee rO,p]

F1_0 1’1,1 oo e rl‘p

R=| i f 9
rp_ rp_ eee rp_
1,0 1,1 - - 1’p
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A modification is made on R which is the matrix of FRAT coefficients, for the purpose of raising the bit per
Hertz of the mapping before resizing the mapped data and that’s by constructing the complex R matrix from the
real matrix R according to
fim =Tyj +i1j41,0< (L)) <p (10)
where, T, refers to the elements of the matrix R, and r;; refersto the elements of the matrix R.

The recovered vector can be obtained by reversing the above procedure, i.e. by taking the matrix resizing,
retrieve a real matrix, taking the 1-D FFT, retrieving the original Fourier coefficients ordering, taking the 2-D

IFFT and finally resizing the 2-D matrix to 1-D matrix. Fig. 3 shows the main procedure of taking the FRAT
and IFRAT.

I V I

Y U

Fig. 3.Block diagram of the FRAT and inverse FRAT

[11.SUB-BLOCK PARTITIONING ON PTSMETHODS FOR PAPR REDUCTION
1. Adjacent Partitioning PTS (AP-PTS)
In this section, we simulated the PTS scheme with an adjacent method for variable and fixed length of sub-
blocks partitioning. Mathematical frameworks of these two different adjacent methods can explain by [28].
A. Adjacent Partitioning with Variable length (VL-AP)
In this method, the input data OFDM symbol was first partitioned into M digoint with equal variable sub-

block size. Each sub-block has IFFT was computed. The output of IFFT in each sub-block was a phase rotated
by the rotation factors and combined to achieve PAPR as low as possible. The transmitted signal in this scheme

can be represented by,
M-1
) = ) 1w (1D

i=0
where xir I(n) is the phase rotated of the time domain signal for partition P, with length L;. As mentioned, first
variable length partitions are generated as follows.

X=[FBP,.... Pvo1] (12)

PBb=[ P ,00000 ......0] (139)

P, = [00000......0, P;, 00000 .....0] (13b)

Py_1 = [00000......0, Py_4] (13c)
Then the time domain signal is obtained by taking |FFT of these partitions as showed by Eq. (14).

x;(n) = IFFT(P),i=0,1,2,....,M—1 (14)

Phase rotated xiri (n) of the time domain signals are obtained simply through multiplication by phase
factors,p(r;) = /% asin Eq. (15) where9; are the rotation angles.
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% (n) = o(r)x;(n) (15)
B. Adjacent Partitioning scheme with Fixed Length

We repeated the procedure in step (a) with fixed length size of sub-blocks partitioning for the same input data
OFDM symbol.

2. Interleaved Partitioning PTS (IP-PTS)

In interleaved partitioning, the N subcarrier is first divided into M groups with each group having L = N/M
contiguous subcarriers. Then the i-th interleaved partition is formed by assigning i-th subcarrier of each group to
thei-th interleaved partition. The partitions can be represented by the following equations [28],

P, = [PM0..0P0 .....0PM00..0] (16a)
P, =[0~™0..002%0.....00~""0..0] (16b)
P, =[00..0~70..0%0.....0P""] (16¢)

where, Pi' is the j-th element of the i-th interleaved partitioning. In the above this method, the remaining steps
to generate a transmitted signal are similar to those of AP-PTS method, after partitioned an input symbol
sequence of N sub-carriersinto M disjoint sub-blocks with equal size. The sub-blocks partitioning are converted
into the time domain by using IFFT operation. The output of al these IFFT results was rotated by a set of
rotating phase factors and finally combined to achieve the minimum PAPR. The mathematical process is
represented by

[IFFT]
xo(n) = IFFT(P,) (179)
x,(n) = IFFT(P,) (17b)
xy-1(n) = IFFT(Py_1) (17¢)
[Rotation]
x5 (n) = xo(n) (189)
£ () = x,(n) (18b)
XM () = xy_q () (18¢)
[Transmitted Signal]

M-1
%) = ) x"(w) (19)

i=0
I'V.ENHANCED PTSMETHOD

The enhanced PTS method can be found in our earlier paper Ibraheem Zeyid T., et al. in [28]. The enhanced
PTS approach reduces PAPR during the improved combination of partitioning. In this method to break down the
long correlation patterns, a fixed permutation (adjacent and interleaved) sub-block partitioning schemes are
employed, which are provided in the section below.

This enhanced method is similar to other sub-blocks partitioning, which it begins through the frequency
domain data frame as an input into v adjacent blocks. Then, the blocks are divided into sub-blocks of sizes.
Finally, blocked interleaved partitions P, are constructed by appointment the sub-blocks into the partitions, as
follows

R (7) = sbu(a) (20)

where, P, (?) represents the g-th element of the sub-block r within the partition P, and Sb,;(q) represents the g-th

element of the sub-block i within the block r of the original data. A blocked interleaved partition consists of a
sub-block from each of the v blocks. Each sub-block has a size of s, and thus, the partition sizeiss. v.

Now, in the enhanced PTS approach, each of the blocked interleaved partitions containss. v elements. The
IDFT of each partition is then obtained independently. The output of the IDFT in each of the partitionsP, is

given by
s—-1 v-1

Xr(ll) — Z Z P (E) eizn(ri+is+q)n/N (21)
q=0 r=0
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where xr(,i) represents n-th sample in the PTS sequence corresponding to the partition P, N is the total number of
subcarriers, and | is the number of blocks (I = N/v). Moreover, r is the sub-block index within the partition and
g isthe index within the sub-block.

The PTS sequences xr(li) are phase rotated with a rotation factor w;, while the first sequence x,(lo) is kept

constant, that is, wy=1. The phase factors w; are given by the exponentials
w;=el%  i=0,1,.... (z—1) (22)
where, ¢, are randomly selected numbers within the range 0 < ¢, < 2=, z is the number of block interleaved
partition. Subsequently, rotated sequences ﬁf,i) = wi.fo are then combined to generate a transmission signa
candidate %, that contains the same information within a phase factor.
v—1 .
=) & (23)
i=0
This process is repeated with a different set of phase rotation values. With each repetition, the PAPR of the
candidate transmitted signal is computed. The candidate OFDM symbol with the lowest PAPR is transmitted.

V. SIMULATION RESULT

In this section, we present numerical simulation to evaluate and compare the performance of our enhanced
PTS method with the conventional PTS sub-blocks partition schemes (interleaved and adjacent) for fixed length
is carried out through simulation compared to the variable length adjacent PTS (VL-AP), when the numbers of
subcarriers N=64, number of sub-blocks M=8, and different types of modulation techniques including QPSK,
8PSK, 16QAM, and 64QAM that compared with another type of modulation namely, Finite Radon Transform
(FRAT). In order to generate CCDF of the PAPR, 2000 OFDM blocks are generated randomly. The
performance will be analyzed using MATLAB version 7.8 for the simulation and the computation of CCDF.

Fig. 4 show the performance of fixed length traditional PTS schemes and variable length adjacent scheme
PTS (VL-AP) by using FRAT as a mapping technique which is compared with the ordinary QPSK modulation
technique based OFDM system. At CCDF=10", it can seen that the PAPR, of original OFDM (signal without
PTS) under FRAT mapping was 9.9 dB, original OFDM (signal without PTS) in QPSK modulation was 9.8 dB,
(VL-AP) in FRAT mapping was 8.4 dB, interleaved partitioning (IP) with QPSK modulation was 7.6 dB, (VL-
AP) in QPSK modulation was 7.3 dB, adjacent partitioning fixed length (AP) was 7.2 dB, and enhanced method
with QPSK modulation was 6.8, respectively. Therefore, the enhanced method with QPSK modulation reduced
PAPR by 3.1 dB, AP with QPSK modulation by 2.7 dB, VL-AP with QPSK modulation by 2.6 dB, IP with
QPSK modulation by 2.3 dB, VL-AP with FRAT by 1.5 dB, and original OFDM with QPSK modulation by 0.1
dB from the original signal under FRAT mapping technique. Ordinary modulation QPSK for enhanced method
and traditional PST with fixed and variable length sub-blocks partitioning is better in PAPR reduction
performance than the FRAT mapping technique.

In Fig. 5, the original OFDM signal for 8PSK modulation obtains much 1.5 dB of PAPR reductions than the
original OFDM signal under FRAT mapping when CCDF=10°. The enhanced PTS method for 8PSk
modulation compared with (AP, VL-AP, and IP) in 8PSK modulation, and (VL-AP) with FRAT reduced PAPR
by 0.5dB, 0.7 dB, 0.9, and 2 dB, respectively.

Fig. 6 presents the PAPR reduction performance of FRAT and 16QAM modulation based on an OFDM
system when CCDF=10". The enhanced PTS method with 16QAM modulation scheme can obtain PAPR
reduction about 0.6 dB, 0.7 dB, 0.9 dB, 1.7 dB, 3.7 dB, and 4 dB better than AP-PTS, VL-AP, IP in ordinary
16QAM modulation, VL-AP with FRAT, original OFDM with 16QAM modulation, and original OFDM with
FRAT, respectively. In this figure, the ordinary 16QAM modulation gives PAPR reduction performance better
than FRAT based on OFDM at the same CCDF.

Also, in Fig. 7, the performance of the enhanced algorithm is analyzed, to compare the performance of PAPR
reduction of the ordinary PTS schemes for fixed and variable length by using ordinary 64QAM against FRAT
based on OFDM when. At CCDF=107, it can see that the enhanced method with 64QAM modulation reduced
PAPR by around 4.1 dB, AP with 64QAM modulation by 3.8, VL-AP with 64QAM modulation by 3.8, IP with
64QAM modulation by 3.5 dB, VL-AP with FRAT by 3 dB, and original OFDM with 64QAM modulation by
0.7 dB from the origina signal in FRAT. It can be observed that the PAPR reduction for the enhanced PTS
method compared to ordinary PTS schemes with (fixed and variable) when using ordinary mapping for any
types of techniques (PSK or QAM) against FRAT data mapping islisted in Tablel.

Finally, it can be observed that the enhanced PTS method can achieve the best PAPR reduction performance
as the traditional PTS schemes. Therefore, PAPR reduction performance for any type of ordinary modulation
techniques is better than FART modulation.
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TABLE |
Numerical simulation of comparison enhanced PTS technique and ordinary PTS for different types of modulation
) = =
—~ — —
c g -;_gé o % = 0 < 2 2 <
k=) =3 = S = e) o
= 5 3 50 5L 55 5oL |6 =
s e e o n o c | ® c
=] LL x s x H X < X Xog= | X< x c-=
E 8 |28 |24 |%3@ (%% |2%@ [22@ |2o@
S O AWl |a< A>3 | ol >3 |as8 [as2
QPSK 103 6.8 7.2 7.3 7.6 8.4 9.8 9.9
8PSK 10° |64 6.9 7.1 7.3 8.4 10.3 11.8
16QAM 10° |61 6.7 6.8 7 7.8 9.8 10.1
64QAM 10° |65 6.8 7.1 7.4 7.8 10 10.3

Fig.4. Comparison of PAPR reduction performance of the enhanced PTS method with the ordinary PTS schemes with fixed and variable
partition lengths for QPSK modulation and FRAT

Fig.5. Comparison of PAPR reduction performance of the enhanced PTS method with the ordinary PTS schemes with fixed and variable
partition lengths for 8PSK modulation and FRAT
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Fig.6. Comparison of PAPR reduction performance of the enhanced PTS method with the ordinary PTS schemes with fixed and variable
partition lengths for 16QAM modulation and FRAT

Fig.7. Comparison of PAPR reduction performance of the enhanced PTS method with the ordinary PTS schemes with fixed and variable
partition lengths for 64QAM modulation and FRAT

VI.CONCLUSION

In this paper, we offer performance analysis of an enhanced PTS technique that combined two sub-block
partition schemes (adjacent with interleaved) to reduce the PAPR in OFDM signals, and implemented Finite
Radon Transform (FRAT), which is originaly used for image processing as a modulation technique for data
mapping. A comparative analysis of the performance of FRAT with the ordinary data mapping techniques such
as (PSK and QAM) is also presented. For the sake of comprehensiveness in the analysis, we investigate and
analyse the effects both adjacent partitioning (with fixed and variable lengths) and interleaved partitioning in
PTS schemes. Simulation results show that the enhanced PTS technique outperforms, in PAPR reduction, the
adjacent partitioning scheme (with fixed and variable lengths) which is known to perform better than the
interleaved partitioning for all the scenarios of mapping. The results also show that the ordinary mapping for
any types of techniques (PSK or QAM) with different partitioning scenarios had better PAPR reduction
performance compared to FRAT data mapping. Also, FRAT-OFDM incurs a computational complexity because
of the usage of two dimensional FFT in the data mapping and in the sub-carrier modulation. Therefore, sub-
blocks partitioning PTS with fixed and variable length in ordinary modulation techniques have better
performance compared to FRAT.

ISSN : 0975-4024 Vol 6 No 6 Dec 2014-Jan 2015 2813



(1

(2

(3]
(4]

(5]
(6]

(7
(8]

[9]
[10]
[11)
[12]
[13]
[14]
[15]
[16]
[17
[18]
[19]

[20]

[21]
(22
(23]
[24]
[29]
(26]

[27]

Zeyid T. Ibraheem et a. / International Journal of Engineering and Technology (IJET)

REFERENCE

S. Bhatnagar, S. Beakta, and R. Manchanda, "Comparative analysis of the techniques for reducing PAPR in OFDM," in Computational
Technologies in Electrical and Electronics Engineering (SIBIRCON), 2010 |EEE Region 8 International Conference on, 2010, pp.
233-238.

H. Ait Saadi, A. Guessoum, and J.-Y. Chouinard, "Differentia evolution algorithm for PAPR reduction in OFDM systems," in
Systems, Signal Processing and their Applications (WOSSPA), 2011 7th International Workshop on, 2011, pp. 175-178.

R.v. Nee and R. Prasad, OFDM for wireless multimedia communications: Artech House, Inc., 2000.

S. H. Han and J. H. Lee, "An overview of peak-to-average power ratio reduction techniques for multicarrier transmission," Wireless
Communications, |EEE, vol. 12, pp. 56-65, 2005.

J. Tellado, Multicarrier modulation with low PAR: applications to DSL and wireless: Springer, 2000.

D. Dardari, V. Trali, and A. Vaccari, "A theoretical characterization of nonlinear distortion effects in OFDM systems,”
Communications, | EEE Transactions on, vol. 48, pp. 1755-1764, 2000.

D.-W. Lim, S-J. Heo, and J-S. No, "An overview of peak-to-average power ratio reduction schemes for OFDM signals,”
Communications and Networks, Journal of, vol. 11, pp. 229-239, 2009.

V. Kulkarni and A. Bhalchandra, "An overview of various techniques to reduce the Peak-to-average power ratio in multicarrier
transmission systems," in Computational Intelligence & Computing Research (ICCIC), 2012 |EEE International Conference on, 2012,
pp. 1-5.

E. B. Al-Safadi and T. Y. Al-Naffouri, "Peak reduction and clipping mitigation in OFDM by augmented compressive sensing,”" Signal
Processing, | EEE Transactions on, vol. 60, pp. 3834-3839, 2012.

B. K. Shiragapur, U. Wali, and S. Bidwai, "Novel technique to reduce PAPR in OFDM systems by clipping and filtering," in
Advances in Computing, Communications and Informatics (ICACCI), 2013 International Conference on, 2013, pp. 1593-1597.

H. Yoo, F. Guilloud, and R. Pyndiah, "OFDM-PAPR reduction using coded frequency division binary mask," in Wireless Conference
2011-Sustainable Wirel ess Technologies (European Wireless), 11th European, 2011, pp. 1-6.

H.-B. Jeon, J.-S. No, and D.-J. Shin, "A low-complexity SLM scheme using additive mapping sequences for PAPR reduction of
OFDM signals," Broadcasting, | EEE Transactions on, vol. 57, pp. 866-875, 2011.

S.-S. Jeng and J-M. Chen, "Efficient PAPR reduction in OFDM systems based on a companding technique with trapezium
distribution," Broadcasting, |EEE Transactions on, vol. 57, pp. 291-298, 2011.

S. Lu, D. Qu, and Y. He, "Sliding window tone reservation technique for the peak-to-average power ratio reduction of FBMC-OQAM
signals," Wireless Communications Letters, |EEE, vol. 1, pp. 268-271, 2012.

J.-C. Chen and C.-K. Wen, "PAPR reduction of OFDM signals using cross-entropy-based tone injection schemes," Signal Processing
Letters, IEEE, vol. 17, pp. 727-730, 2010.

M. Niranjan and S. Srikanth, "Adaptive active constellation extension for PAPR reduction in OFDM systems," in Recent Trends in
Information Technology (ICRTIT), 2011 International Conference on, 2011, pp. 1186-1189.

J. Gao, J. Wang, B. Wang, and X. Song, "Minimizing PAPR of OFDM signals using suboptimal partial transmit sequences," in
Information Science and Technology (ICIST), 2012 International Conference on, 2012, pp. 776-779.

L. Yang, K. Soo, S. Li, and Y. Siu, "PAPR reduction using low complexity PTS to construct of OFDM signals without side
information," Broadcasting, | EEE Transactions on, vol. 57, pp. 284-290, 2011.

Y.-J. Cho, J-S. No, and D.-J. Shin, "A new low-complexity PTS scheme based on successive local search using seguences,”
Communications Letters, |[EEE, vol. 16, pp. 1470-1473, 2012.

Z. T. Ibraheem, M. Rahman, N. Yaakob, M. S. Razdli, S. A. Dawood, and K. K. Ahmed, "Performance Comparison of Partitioning
PTS Based PAPR Reduction of OFDM Systems Under Different Modulations Techniques,” Journal of Theoretical and Applied
Information Technology, vol. 66, 2014.

Y. Wang, W. Chen, and C. Tellambura, "PAPR reduction method based on parametric minimum cross entropy for OFDM signals,”
Communications Letters, IEEE, vol. 14, pp. 563-565, 2010.

J. Gao, J. Wang, and B. Wang, "PAPR reduction with phase factors suboptimization for OFDM systems," in Automation and Logistics
(ICAL), 2010 |EEE International Conference on, 2010, pp. 302-305.

H.-S. Joo, J-S. No, and D.-J. Shin, "A new subblock partitioning scheme using subblock partition matrix for PTS" in ICT
Convergence (ICTC), 2011 International Conference on, 2011, pp. 127-128.

A. Goel, P. Gupta, and M. Agrawal, "SER analysis of PTS based techniques for PAPR reduction in OFDM systems," Digital Signal
Processing, vol. 23, pp. 302-313, 2013.

T. Peter, "The Radon Transform-Theory and Implementation," PhD thesis, Dept. of Mathematical Modelling Section for Digital Signal
Processing of Technical University of Denmark, 1996.

F. Matus and J. Flusser, "Image representations via a finite Radon transform," Pattern Analysis and Machine Intelligence, |EEE
Transactions on, vol. 15, pp. 996-1006, 1993.

Z. T. Ibraheem, M. M. Rahman, S. Yaakob, M. S. Razalli, F. Salman, and K. K. Ahmed, "PTS Method with Combined Partitioning
Schemes for Improved PAPR Reduction in OFDM System," TELKOMNIKA Indonesian Journal of Electrical Engineering, vol. 12, pp.
7845-7853, 2014.

ISSN : 0975-4024 Vol 6 No 6 Dec 2014-Jan 2015 2814



	Performance Analysis of a Combined PTSPartitioning Scheme for PAPR Reductionin OFDM Signals under DifferentModulation Techniques
	Abstract
	Keyword
	I. INTRODUCTION
	II. PAPR IN OFDM SYSTEM AND PTS SCHEME
	III.SUB-BLOCK PARTITIONING ON PTS METHODS FOR PAPR REDUCTION
	IV.ENHANCED PTS METHOD
	V. SIMULATION RESULT
	VI.CONCLUSION
	REFERENCE




