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ABSTRACT 

The orthogonal frequency division multiplexing (OFDM) technique is regarded as one of the transmission 

techniques cardio fate, which will depend on it for the next generation of mobile communications systems because the 

existing features in this system. On the other hand, the important obstacle faced by OFDM system in practical applications 

is Peak to Average Power Ratio (PAPR). PAPR is one of the major drawbacks of the OFDM system because it leads the 

system devices to run out of the scope of the linear region of these devices, thus gives an increase to the non-linear region 

distortion, which affects and changes the superposition of the signal spectrum resulting degeneration in performance. So 

that, it is an important to reduce the PAPR value to be more receptive in real applications. Partial transmits sequence (PTS) 

one of the better techniques, which is proposed to solve the higher PAPR problem. The PTS technique divides the input 

data into several sub-blocks to reduce the autocorrelation between the subcarriers, compute Inverse Fast Fourier transforms 

for each sub-block, rotates the sub-blocks with rotation factor and then combines the sub-block for transmitting. In this 

paper, the new sub-block partition method is proposed by combining two traditional sub-block partition method (adjacent 

and pseudo-random) to reduce the higher PAPR performance. The performance of the new method is investigated by using 

various sizes of the subcarrier. The new method achieved better performance to reduce the PAPR value than the 

conventional sub-block partition interleaving (IP-PTS), adjacent (AP-PTS) and pseudo-random (PR-PTS). MATLAB 

software is used for comparing the new sub-block partition scheme and the other three traditional sub-block partition 

schemes. The simulation result appears the superiority of the new method to reduce PAPR performance with each number 

of the subcarriers compared with ordinary methods. 

 

Keywords: orthogonal frequency division multiplexing (OFDM), peak to average power ratio (PAPR), partial transmit sequence (PTS), 

interleaving partition (IP-PTS), adjacent partition (AP-PTS), pseudo-random partition (PR-PTS). 

 

INTRODUCTION 

OFDM system is considered one of the important 

modulation techniques that have been used in wireless 

communication system. The increasing demand for 

internet service and various multimedia especially in 

commercial fields encouraged many types of research to 

be more interested in high-data-rate speed for a wireless 

communication system [1]. OFDM modulation techniques 

today used effectively in fourth-generation (4G) for 

wireless communication system, due to the ability of this 

technique to offer high spectral efficiency, high power 

efficiency and high immunity to multipath fading. In 

addition, it has low inter-symbol interference (ISI) and 

high channel utilization. The applications of OFDM have 

summarized into IEEE 802.11a/g/n standards, the 

wideband wireless metro-area network (MAN) 

technology, WiMAX and 4G cellular technology standard 

Long-Term Evolution (LTE) [2]. Moreover, Terrestrial 

Digital Video Broadcasting (DVB-T), digital sound 

recording/video broadcasting and the ETS1 HIPERLAN/2 

standard and high-speed cellular data was used OFDM 

technique [3, 4]. The OFDM technique is regarded as one 

of the candidate transmission techniques, which will 

depend on it for the next generation of mobile 

communications systems [5]. On the other hand, there is 

some obstacles faced by OFDM system in practical 

applications such as peak to average power ratio and 

signal synchronization. PAPR is one of the major 

drawbacks of the OFDM system because it leads the 

system devices out of the scope of the linear region of a 

power amplifier, thus gives an increase to non-linear 

region distortion, which affects and changes the 

superposition of the signal spectrum resulting 

degeneration in performance. It is an important to reduce 

the PAPR value to be more receptive in real applications. 

There are several PAPR reduction techniques 

proposed by researchers in the past such selective mapping 

(SLM) [6], partial transmit sequences (PTS) [7, 8], 

compounding methods [9], clipping [10], clipping and 

filtering [11], active constellation extension (ACE) [12], 

coding [13], tone reservation (TR) and tone injection (TI) 

[14, 15]. Each of these algorithms and techniques has 

various costs of the reduced PAPR as well as bit error rate 

(BER). Partial transmits sequence (PTS) technique is one 
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type of PAPR reduction methods of the probabilistic 

schemes [16]. The main idea of the PTS method is based 

on subdividing the original modulated multi-carrier into 

sub-blocks and then combining of the sub-blocks, which 

are multiplied by weighting factors. Multiplying sequences 

with the lowest PAPR are chosen for transmitting [17, 18]. 

 Sub-block partition schemes are the main step, which 

depended from PTS method to decrease the correlations of 

the data signal and thus reduce the PAPR value. There are 

three traditional sub-block partition schemes widely used 

to reduce PAPR high-performance; interleaving partition 

scheme (IL-PS), adjacent partition scheme (AD-PS) and 

pseudo-random partition scheme (PR-PS). Moreover, 

some algorithms were conducted to improve the PAPR 

reduction performance by combining two or more of the 

sub-block partition schemes such as interleaving and 

adjacent partition schemes [19], which led to the improved 

PAPR reduction performance. This paper shows the three 

types of the sub-block partition schemes and indicates the 

best method to reduce the PAPR value as well as presents 

an effective sub-block partition method. The proposed 

method proved superior performance to reduce the PAPR 

value compared with previous sub-block partition 

methods. Moreover, the new hybrid method combines two 

types of ordinary sub-block partition algorithms (pseudo 

random and adjacent) to combat the PAPR value into 

minimum value. The paper is organized as follows: 

Section II describes the PAPR problem. Section III 

discusses the principal operation of PTS method. Section 

IV presents the traditional sub-block partition schemes. 

Section V discusses the new sub-block partition method. 

Section VI shows the simulation results and section VII 

summarizes the conclusion.   

 

PAPR OF THE OFDM SYSTEM 

The peak to average ratio (PAPR) describes the 

envelope fluctuation. The OFDM system should operate in 

the linear region so that the large peaks of signals cause 

the saturation in devices such as power amplifiers, A/D 

converters and D/A converters. The saturation runs the 

devices in non-linear distortion. The envelope fluctuation 

is due to the superposition of the multiple channels, 

therefore the main problem of the multi-carrier system is 

large envelope fluctuation. The principle operation of 

OFDM system is modulation the subcarriers by 

constellation mapping to get independent OFDM symbols, 

and then they are modulated onto sub-channels of equal 

bandwidth [1]. Theoretically, the OFDM symbols after 

modulation with one of modulation schemes are taken 

IFFT operation can be mathematically expressed in eqn. 

(1). 

 � = √ ∑ �� × � � /   , � −−=       (1) 

 

Where N denote the number of subcarriers, x (n) refers the 

OFDM symbols after IFFT operation and XK represents 

the input data sequence after modulation scheme. 

The large peaks of OFDM symbols can be 

described as peak- to- average power ratio (PAPR) [20]. 

The equation (2) expresses the PAPR of x(n) OFDM 

symbols. 
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Where E [.] denotes expected value, Peak 

represents peak output power and Paverage means average 

output power. 

In OFDM system, the peak power will be (N) 

times the average power when the initial phase value is the 

same. So that, if transmit the signal with high peak power, 

it could be out of the scope of the linear region of the 

system devices and then increase the non-linear region 

distortion of those devices, thus may be changing the 

superposition of the signal spectrum and leading the 

system to degeneration in performance. As a result, PAPR 

is one of the major drawbacks of the OFDM system. 

Therefore, this problem should be combat into minimum 

value. 

 

PTS REDUCTION TECHNIQUE  

There are several techniques proposed to 

overcome the high PAPR value, Partial Transmit 

Sequence (PTS) considers one of the methods, which can 

significantly reduce the PAPR performance.  

 

 
 

Figure-1. OFDM system block diagram [21]. 

 

 The basic idea of the PTS is partition the original 

OFDM data sequences into several sub-blocks non- 

overlapping with each other and each one has the same 

size of subcarriers. After that, converts the sub-blocks data 

from the frequency domain into the time domain by 

applying Inverse Fast Fourier Transform (IFFT) [21], eqn. 

(3) and (4) expressed the partition of the input data 

sequence into several sub-blocks and then execute IFFT to 

the partition sub-blocks as shown the following: 

 

Xm= ∑ X�Mm=                      (3) 
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Where m=1, 2… M and XK refers to input data 

sequence partition into M sub-vector Xm. 

 xm = ∑ IFFT {Xm}=        (4) 

 

The second step is multiplying all the subcarriers 

for each sub-block by the phase weighting factors, and 

then combines the sub-blocks together to obtain the 

OFDM symbol candidates. The candidate that has the 

minimum PAPR will be chosen for transmitting. Equation 

(5) represents the multiplying operation of the sub-blocks 

vectors with the phase rotation vector. 

 �̂ = ∑ � �=                      (5) 

 

Where g (weighting factor) = g1, g2… gm. 

Selecting one suitable weighting factor makes the result to 

achieve the optimum. On the other hand, the cost is extra 

M-1 times IFFTs operation. The block diagram in figure-1 

shows the PTS operation. 

 

TRADITIONAL SUB-BLOCK PARTITION 

SCHEMES FOR PTS 

There are three types of partition schemes 

adopted to sub-divide the input subcarrier sequence in PTS 

reduction method on OFDM system. Interleaving, adjacent 

and pseudo-random partition schemes consider the 

traditional algorithms, which depended from PTS method 

to reduce the high PAPR performance. Each algorithm 

scheme has different performance of each other depending 

on the autocorrelation between the subcarriers for each 

sub-block partition. In PTS method, the main idea is 

reduction the autocorrelation between the subcarriers by 

segmentation the input subcarrier sequence into several 

sub-blocks vectors [22]. Therefore, the reduction of 

autocorrelation subcarriers depends on the segmentation 

type. The general point of the segmentation, the 

subcarriers are assigned only one time for each sub-block 

and the length of each sub-block is same. Below is a brief 

explanation of the ordinary types of partition sub-block 

scheme.  

 

A. Interleaving partition scheme 

Interleaving partition scheme (IP-PTS) is one of 

the sub-block partition types. The main idea of this 

algorithm is dividing the input subcarrier (N) into (L) sub-

blocks for each one contains N/V contiguous subcarriers. 

The main goal of this operation breaks down the high 

correlation patterns of the input data frames on OFDM 

signal [23].  

 
 

Figure-2. Interleaving partition scheme. 

 

In interleaving partition scheme, the subcarriers 

are contiguous and the subcarriers signal is spaced equally 

when assigned at the same sub-block. Figure-2 and the 

equations below show the operation of interleaving 

partition scheme. 
 � = [� … � … … � � … ]     (6) 

 � = [ � … � … … � � … ]     (7) 

 � = [ … � … � … … � � ]     (8) 

 

Where V=N/L (subcarrier elements) are 

interleaved in each sub-block. Although interleaving 

partition scheme has low computational complexity, it is 

considers the worst PAPR reduction performance of the 

other methods. 

 

B. Adjacent partition scheme 

Adjacent partition scheme (AP-PTS) is a simple 

method to implement the partition process, and its 

performance is better than the interleaving partition 

scheme. An adjacent partition scheme divides the 

sequence into (L) sub-block vectors similar to the 

interleaving partition scheme but each sub-block contains 

N/V of the consecutive subcarriers. Figure-3 and the 

equations bellow illustrate the principle idea of the 

adjacent partition scheme. 
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Figure-3. Adjacent partition scheme. 

 � = [� � � , … … . . ]                   (9)  

 � = [ … . , � � � , … … . . ]  (10) 

 �� = [ … . , … … , �� �� �� ]  (11) 

 

In the adjacent partition scheme, the sub-carriers 

are assigned into the same sub-block vector sequentially 

so that, it achieves low autocorrelation pattern thus it 

provides high reduction of the PAPR performance. 

 

C. Pseudo-random partition scheme 

Pseudo-random partition scheme (PR-PTS) has 

the best PAPR reduction performance compare with 

interleaving and adjacent partition schemes. Each 

subcarrier can be randomly distributed on any position of 

the sub-block (L). A pseudo-random scheme is the best 

method to decrease the correlation subcarriers due to the 

subcarrier signal is assigned into any sub-block partition 

randomly, so that it can achieve a significant value of the 

PAPR reduction performance. Figure-4 and equations 

bellow indicate the partition method of the pseudo-random 

scheme. 

 

 

 
 

Figure-4. Pseudo-random scheme. 

 � = [� … � � … … � … ]   (12) 

 � = [ � � � . . � … ]    (13)  

 � = [ … . � . . � � � . . ]  (14) 

 

Each of the sub-block partition is converted from 

frequency domain into time domain by applying IFFT, and 

then the result of each one is rotated with the optimum-

weighting factor before combining the sub-blocks vectors 

to choose the OFDM symbols, which have the minimum 

PAPR for transmitting. 

 

NEW HYBRID SUB-BLOCK PARTITION METHOD 

In the OFDM signals, the data sequences have 

high autocorrelation between their elements so that the 

PAPR is high value due to the large envelope fluctuation 

of the OFDM signals. The main reason of using PTS 

technique is combat the increasing of PAPR value; this 

will be achieved if it decreases the autocorrelation 

between the subcarriers into minimum value. 

The new sub-block partition method depends on 

the decreasing the autocorrelation subcarriers by 

combining two traditional methods (adjacent and pseudo-

random) partition method to generate a new hybrid 

algorithm for achieving better reduction PAPR 

performance than traditional methods. The new algorithm 

is employed to combine the pseudo-random and adjacent 

sub-block partition schemes. The first stage of the 

algorithm begins at frequency domain by rearranging the 

completely input data frame randomly. After that, the 

sequence is divided into sub-blocks similar to the adjacent 

partition scheme. Finally, the subcarriers into each sub-

block assigns randomly like pseudo-random partition 

scheme. This method satisfies lower correlation pattern 

thus the PAPR reduction performance improves better 

than tradition sub-block scheme. The other steps of PTS 

technique are conducted normally. The sub-blocks 
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partitions converts from frequency domain into time 

domain by applying IFFT and then rotating the subcarriers 

of each sub-block with a set of optimum rotation factors. 

Finally, the sub-blocks partitions combine together to 

generate the OFDM symbol candidates and the symbols 

that have the lowest PAPR value will be chosen for 

transmitting. Figure-5 and the equation (15-19b) illustrate 

the operation of the new sub-block partition method. 

 

Stage 1 

 
 

Stage 2 

 
 

Stage 3 

 
 

Figure-5. New hybrid sub-block partition method. 

 � = [� � � � � … … … � � ]   (15) 

 

Random � = [� � � � � � … … … � ]   (16) 

Adjacent partition    

 � = [� � � � � … , … . . ]       (17a)   

 � = [ … . . … . , � � � … . . � ]       (17b) 

 

Pseudo-random partition 

 � �  = [  �   �  … . ]               (18a) 

 � � = [ � �  … … �  . . ]         (18b) 

 � �  = [  �  …   �  … . ]       (19a) 

 � � = [ �  … …  �  . . ]        (19b) 

 

The equations below show the transferring 

partitions data from the frequency into the time domain. 

 �  = ��� � �                   (20a) 

 �  = ��� � �                  (20b) 

 �  = ��� � �                   (20c) 

 �  = ��� � �                                (20d) 

 

The sub-blocks partition data rotate with the 

optimum rotation factor (�  and combine together to 

generate the OFDM candidates. The OFDM symbols that 

have the lower PAPR value are chosen for transmitting. 

The equation (21) bellow clarifies the operation. 

 �̃ = ∑ � �.= �      (21) 

 

The new partition method is compared with the 

other traditional methods and it reduces the PAPR value. It 

can be seen in the next section. 

 

SIMULATIONS AND RESULTS 

Firstly, we analyzed the traditional partition 

methods (interleaving partition, adjacent partition and 

pseudo-random partition). The simulation results show the 

influence of sub-block partition schemes on the PAPR 

performance of OFDM system.  

In this simulation, the Complementary 

Cumulative Distribution Function (CCDF) was employed 

to determine PAPR distribution for 1000 samples of 

OFDM signal. The simulation parameters are as follows: 

number of subcarriers N=128, 16-QAM adopted as a 

modulation scheme, oversampling rate OF=8, rotation 

phases are W= [1, -1, j, -j] and the number of 

segmentation V= 2, 8. 
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Figure-6 shows the influence of interleaving sub-

block partition scheme (IP-PTS) to reduce the PAPR 

performance compared with the normal case when the 

numbers of segmentation (V=2, 8) and N=128. The 

simulation result showed the PAPR values at 10.26 dB and 

8.4 dB when the number of sub-blocks partition V= 2, 8 

respectively. Moreover, the normal case of the original 

OFDM signal (signal without PTS technique) was 11.4 

dB. Therefore, the IP-PTS reduction method reduced the 

PAPR value of OFDM signal by (1.14 dB) and (3 dB) 

when V=2 and 8, respectively. 

 

 
 

Figure-6. CCDF of the PAPR values with interleaving 

sub-block partition (V=2, 8) and the number of sub-

carriers N=128. 

 

Figure-7 illustrates the CCDF of PAPR when 

using an adjacent sub-block partition scheme (AP-PTS). 

The simulation result appears improvement to reduce the 

PAPR performance when applying (AP-PTS) compared 

with (IP-PTS) by 10 dB when V=2 and 7.65 dB when 

V=8, while the PAPR of the original signal is 11.42. 

 

 

 

 

 
 

Figure-7. CCDF of the PAPR values with adjacent sub-

block partition (V=2, 8) and the number of sub-carriers 

N=128. 

 

The simulation result is shown in Figure-8. The 

PAPR performance of OFDM signal with the pseudo-

random partition scheme (PR-PTS) is the best of other 

traditional methods in PTS technique. It can be seen 

clearly the (PR-PTS) scheme reduces the PAPR value 

about (2.41 dB) and (4 dB) when V= 2 and 8 respectively. 

 

 
 

Figure-8. CCDF of the PAPR values with pseudo-random 

sub-block partition (V=2, 8) and the number of sub-

carriers N=128. 

 

On the other hand, the new sub-block partition 

method is presented by the simulation result as shown in 

Figure-9. The blue curve indicates the CCDF of the PAPR 

for the new partition method when V= 2 while the red 

curve marks the CCDF of the PAPR when V= 8. The new 

partition method recorded (8.55 dB) when V= 2 and 

(7.067 dB) when V= 8, thus the proposed method appears 

the best reduction of the PAPR performance compared 

with other three traditional methods. The reducing of 

PAPR by using the new sub-block method compared with 
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the best conventional method (PR-PTS) is (0.5 dB) when 

V= 2 and about (0.4 dB) when V= 8 at the same 

circumstance. Therefore, the new method is suitable to 

reduce the PAPR performance of OFDM system more 

than the ordinary sub-block partition schemes. 

 

 

 

 

 

 

 

 
 

 

Figure-9. CCDF of the PAPR values with new sub-block 

partition method (V=2, 8) and the number of 

sub-carriers N=128. 

 

The simulation results of PAPR for different 

scenarios of sub-block partition schemes are listed in 

Table-1. 

 

Table-1. Numerical simulation parameters for PAPR with different sub-block 

partition schemes with N=128. 
 

Partition 

method 

No. of 

 Subcarriers 

PAPR of original 

OFDM (dB) 
PAPR of PTS 

when V=2 (dB) 
PAPR of PTS 

when V=8 (dB) 

New 

method-PTS 
128 11 8.55 7.06 

PR-PTS 128 11.46 9.05 7.45 

AP-PTS 128 11.42 10 7.65 

IP-PTS 128 11.4 10.26 8.4 

 

The simulation results in Figure-10, Figure-11, 

Figure-12, Figure-13 and Figure-14 respectively, have 

shown the comparison of the PAPR performance of the 

new partition method and the ordinary sub-block partition 

methods with consideration the PAPR of the original 

OFDM signal (PAPR without PTS) as a reference. 

The parameters used in this simulation are: 16-

QAM modulation mapping, over sampling factor OF= 8 

and the number of subcarriers N= 64, 128, 256, 512, 1024 

while the number of sub-block partition was chosen as 2 

and 8. 

The simulation results are shown in Figure-10, 

Figure-11, Figure-12, Figure-13 and Figure-14 appear the 

superiority of the new partition method to reduce the 

PAPR performance compared with other traditional sub-

block partition method pseudo-random, adjacent and 

interleaving. 

The simulation results of PAPR for different 

scenarios of the sub-block partition schemes are 

summarized in Table-2 and Table-3. 
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Table-2. Numerical simulation parameters for PAPR with different scenarios of the 

sub-block partition schemes with V=2. 
 

No. of 

Sub-

carriers 

PAPR of 

original 

OFDM (dB) 

PAPR of 

new method 

PTS (dB) 

 PAPR of 

PR-PTS    

(dB) 

PAPR of 

AP-PTS  

(dB) 

PAPR of 

IP-PTS 

(dB) 

64 10.5 8.34 8.91 9.42 10.07 

128 11 8.8 9 9.63 10.37 

256 12.72 9.1 9.7 10.03 11.1 

512 14 9.58 10.17 12.06 12.6 

1024 15.8 9.96 10.63 13.64 13.9 

 

Table-3. Numerical simulation parameters for PAPR with different scenarios of the 

sub-block partition schemes with V= 8. 
 

No. of 

Sub-

carriers 

PAPR of 

original 

OFDM (dB) 

PAPR of 

new method 

PTS (dB) 

PAPR of 

PR-

PTS(dB) 

PAPR of 

AP-PTS  

(dB) 

PAPR of 

IP-PTS 

(dB) 

64 10.5 6.42 7.08 7.1 7.78 

128 11 7.17 7.6 7.8 8.24 

256 12.72 7.65 8.07 8.6 9.05 

512 14 8.23 8.38 9.04 9.74 

1024 15.8 8.69 8.75 10.18 11.6 

 

It can be observed clearly from the simulation 

results, the new method reduces the increasing of PAPR 

value more than 4 dB when the number of subcarriers N= 

64, 128 and 256 as shown in Figure-10, Figure-11, Figure-

12. In addition, Figure-13 and Figure-14 show the 

reduction of the PAPR performance more than 6 dB. 

Moreover, the new sub-block partition scheme has the 

superiority of reduction PAPR performance more than the 

best traditional sub-block partition method (pseudo-

random). The new sub-block partition method achieved at 

least a 0.6 dB reduction when the number of sub-blocks 

equals two while the reduction was between 0.4 dB and 

0.6 dB when the number of sub-blocks equals eight. 

Therefore, the PTS considers the best reduction technique 

to overcome the high PAPR performance and the new sub-

block partition method proved the ability to improve the 

PTS technique to be more suitable in practical 

applications. 

 
 

 

Figure-10. Comparison the PAPR values of traditional 

sub-block methods and new partition PTS method 

(V=2, 8) and the number of sub-carriers N=64. 
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Figure-11. Comparison the PAPR values of traditional 

sub-block methods and new partition PTS method 

(V=2, 8) and the number of sub-carriers N=128. 

 

 
 

Figure-12. Comparison the PAPR values of traditional 

sub-block methods and new partition PTS method 

(V=2, 8) and the number of sub-carriers N=256. 

 

 

 
 

Figure-13. Comparison the PAPR values of traditional 

sub-block methods and new partition PTS method 

(V=2, 8) and the number of sub-carriers N=512. 

 

 
 

Figure-14. Comparison the PAPR values of traditional 

sub-block methods and new partition PTS method 

(V=2, 8) and the number of sub-carriers N=1024. 
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effectiveness to overcome this problem. Many types of 

research proposed to combine two traditional sub-block 

partition schemes to improve the performance of PTS 
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has been proposed to reduce the higher PAPR value. The 

new method combines two conventional sub-block 
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analyzed. The simulation results proved this method could 

reduce the PAPR value more than 6 dB compared with the 

original PAPR value when the number of sub-block 

partition equal 8. Moreover, several comparisons were 

conducted and they proved the new method has better 

performance to reduce the PAPR value compared with the 

traditional sub-block partition methods. 
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