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Abstract— Two of the most important techniques of Peak-to-

average power ratio (PAPR) reduction in orthogonal frequency 

division multiplexing (OFDM) systems are Partial Transmit 

Sequence PAPR (PTS-PAPR) and Cross-Correlation-PTS. This 

paper investigates a complete analysis on these two techniques 

providing simulation and discussion of their performance on 

PAPR reduction and bit error rate (BER). Moreover the 

comparison of these methods by using Saleh model amplifier in 

an OFDM system is provided. The results show that PTS-PAPR 

outperforms the Cross-Correlation-PTS in terms of PAPR 

performance while Cross-Correlation- PTS method is more 

efficient in BER reduction.   
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I. INTRODUCTION 

The characteristics of orthogonal frequency division 

multiplexing (OFDM) like high data rate and robust reliability 

are the causes for its adaption in wireless communication 

systems. The interest in this technique is mainly due to the 

recent advances in digital signal processing technology. 

International standards making use of OFDM for high-speed 

wireless communications are already instated or being instated 

by IEEE 802.11, IEEE 802.16, IEEE 802.20, and European 

Telecommunications Standards Institute (ETSI) committees. 

An OFDM technique is the optimum solution for wireless 

communication systems because it provides greater freedom 

and exemption to multipath fading and impulse noise without 

requiring a complex equalizer. Despite advantages of OFDM 

system, OFDM has a main drawback. Peak-to-average power 

ratio (PAPR).This is because the high PAPR signal when 

transmitted through a nonlinear power amplifier causes 

spectral broadening and system efficiency degradation. Hence, 

to prevent spectral broadening of the multicarrier signal that 

creates out-of-band radiation, the power amplifier has to be 

operated in its linear region. The distribution of PAPR, which 

bears stochastic characteristics in OFDM systems, often 

expressed in terms of Complementary Cumulative 

Distribution Function (CCDF), is the attractive case for 

Researches. Recently, some researchers have reported on the 

determination of PAPR distribution based on different 

theoretics and also various approaches have been proposed to 

overcome high PAPR problem such as partial transmit 

sequence (PTS) that is based on two types: simple PTS [1-5]  

 

 

and Cross-correlation PTS [6].In addition some other PAPR 

techniques are clipping [7], [8], clipping and filtering (CAF) 

[9], companding [10], tone reservation (TR) [11], active 

constellation extension (ACE) [12], and selected mapping 

(SLM) [13]. The PTS is the most common PAPR reduction 

technique because of its less complexity and high PAPR 

reduction. The most important metrics that should be 

evaluated are the mean squared error (MSE) [13], inter-

modulation distortion (IMD) [14], CCDF [15], peak 

interference-to-carrier ratio (PICR), PAPR, and bit error rate 

(BER). An efficient method can be achieved by the best trade-

off between the capacity of PAPR reduction and transmission 

power, data rate loss, implementation complexity, and BER. 

  As mentioned earlier PTS method can be implemented in 

two modes. The first mode is conventional PTS and the 

second mode is by using Cross-Correlation on PTS. As a short 

overview on describing the PTS method, the frequency 

domain and time domain have a role. Dividing the signals to 

“V” sub-blocks [1] at the frequency domain and multiplying 

them by the desired phase sequence at the time domain is the 

main issue of the method PTS. Selecting the optimum phase 

sequence at the most techniques is relevant to PAPR formula, 

but it can be achieved by Cross-Correlation concept as we will 

explain more.  

Our paper explains and illustrates the efficiency of the most 

significant methods on PAPR and BER reduction, PAPR- PTS 

method, and Cross-Correlation-PTS method. The previous 

papers on Cross- Correlation- PTS method have proposed this 

method without simulating the PAPR performance. So, here 

the main objective is to perform analysis on these effects for 

the first time as a new contribution. 

 This paper is organized as follows. In section II, we 

introduce the PTS-PAPR method, section III presents the 

other method named as PTS-Cross-Correlation. The other two 

sections are results and conclusion on the effects of these 

methods on PAPR reduction and BER reduction respectively. 

II.  PAPR- PTS METHOD 

OFDM signals are composed of N subcarriers modulated by 

the data sequence X=[X0, X1, ...,XN−1], where the data 

symbols Xi are selected from an M-ary quadrature amplitude 
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modulation (QAM) constellation , then using IFFT at the 

transmitter and FFT at the receiver. 

We can represent a baseband OFDM signal as follows [1]: 
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where X (k) the data symbol of kth subcarrier, N is the 

number of subcarriers, Δf is the frequency difference between 

subcarriers, and T is the OFDM, symbol duration. In OFDM 

the subcarriers are chosen to be orthogonal (i.e., Δf = 1/NT)  

 

The PAPR of the transmitted OFDM signal can be defined 

as [16]: 
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Here, an approximation is needed for the NL samples of x (t) 

where L is equal to or greater than 1. These L times samples 

are represented as a vector x=[x0, x1,…, XNL-1] 
T
 and obtained 

as xk: 
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Now, xk can be explicated as the inverse discrete Fourier 

transform (IDFT) of data block X with (L-1) N zero padding. 

It is clear that achieving the PAPR of continuous-time signal 

by Nyquist rate sampling is impossible; so, L=4 can supply 

acceptable PAPR results [16]. By these descriptions, the 

PAPR equation seems to be as follows: 
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Note that E [.] is the ensemble average. 

According to the above formula, PAPR is the maximum 

envelope of a signal that crosses an amplifier. The numerator 

conveys the maximum envelope and the denominator 

represents the ensemble average. Therefore, we can calculate 

the probability that the amplitude will be above a threshold. 

The cumulative distribution function (CDF) of the PAPR is 

one of the most frequently used performance measures for 

PAPR reduction techniques. The CCDF of the PAPR explains 

the probability that the PAPR of a data block exceeds a given 

threshold [17]. Hence calculating the CCDF for different 

PAPR values is needed, as follows: 

 

Pr( 0)CCDF PAPR PAPR            (5) 

Where PAPR0 is the threshold of peak to average power 

ratio. At PAPR-PTS (Conventional PTS) method, the input 

signal is divided into sub-blocks d=[x
(0)

,x
(1)

,…,x
(v-1)

], then 

multiplied by the optimum phases at the time domain to 

makes the input data for an adder. The output of this adder can 

be a signal including the minimum PAPR capacity.  

In other words, 

1
( )

0

v
n

n

n

y x b




   where bn is the phase 

sequence, bn= [b0, b1,….b v-1]. The objective is finding the 

phase sequence that minimizes the PAPR; it means the issue is 

minimization of  

0 1max k NL ky                                     (6) 

 

III.    CROSS CORRELATION- PTS METHOD 

This method is based on the statistical description of the Cross 

Correlation scheme. Like the above method (PTS-PAPR), the 

input signal is divided into V blocks [6]: 
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Where v is in the scale of [0, 1,…V-1]. For this method, the 

input of each IFFT block is coming from each branch, 
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The nth sample can be presented as: 
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Therefore, we have 
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As we   mentioned earlier, if the PAPR amount is up to the 

specific threshold by entering the HPA (High Power 

Amplifier), the nonlinear characteristic curve meets that signal 

so that efficiency is lost. We also know that if the HPA has 

pure linear characteristic curve or the maximum OFDM signal 

curve is less than the threshold (the saturation point of the 

amplifier), the input and output of the amplifier are equal and 

they are the same; otherwise, they have different amounts.  

So, as a description on this method, after dividing the input 

signals into several sub-blocks and having an IFFT, there is 

multiplication to the desired phase sequence at the time 

domain.  Hence, the selected phase sequence can be extracted 

by maximizing the similarity of HPA input and output As 

follows: 
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Here, b

(i)
  is the optimum selected phase sequence. The 

reason is that it satisfies the condition of similarity of the input 

and output. For this PTS method, we used the memory-less 

nonlinear power amplifier; Saleh model for describing the 

effects of PAPR in HPA.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  Block diagram of the PTS-PAPR method 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.  Block diagram of the PTS-Cross Correlation method 
 

The AM/AM and AM/PM characteristics of the Saleh 

model are defined as follows [2]: 
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Note that we have used α=2.5 as the gain of this amplifier. 

Where x (t) is the absolute value of the input signal, Zsat 

describes the amplifier input saturation voltage behaviour, and 

 Y a t   and  ( )a t   are AM/AM and AM/PM of the power 

amplifier, respectively. 

IV.  RESULTS 

 We have simulated two PTS methods for PAPR reduction. 

To simulate these methods, we have used QPSK modulation 

with IFFT length of N=256. To obtain the CCDF, 100,000 

random OFDM symbols are generated. Also, the number of 

sub blocks is assumed V=4. 

Fig. 3 illustrates the CCDF of PTS-PAPR and Cross- 

Correlation –PTS methods with approximately 3.5 dB and 3 

dB reduction, respectively. We can obtain better results such 

as 4 dB reduction for PTS-PAPR method and 3.5 dB reduction 

for the other method depends on the number of sub-blocks and 

the number of IFFT. It should be noted that in simulation of 

Cross-Correlation method, the similarity percentage of HPA 

input and output is 90% and if we are able to increase this 

amount, then we can achieve the optimum result. Hence the 

effect of this method on PAPR is simulated and shows that the 

efficiency of this method on PAPR is not comparable to the 

PTS-PAPR method, but PTS-Cross-Correlation method has an 

advantage on BER performance. 

The other part of our results is based on a comparison 

between these two methods on BER reduction. 

In the case of QPSK modulation and Additive White 

Gaussian Noise (AWGN) channel as our work, the BER as a 

function of the Eb/N0 is given by: 
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Where Eb is energy per modulation bit and N0 is noise spectral 

density. We have calculated the BER of the PTS-PAPR and 

Cross-Correlation PTS methods by sampling factor L=1 and 

V=4 on WIMAX application by using MATLAB software. 

 
Figure 3. CCDF of the PAPR-PTS method and Cross-Correlation-PTS 

method. 
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Figure 4. A Comparison for BER Reduction among PAPR-PTS method and 
Cross -Correlation-PTS method. 

 

 

As we can observe from figure 4, the Cross-Correlation-

PTS method improves the BER of the OFDM signals while 

PTS-PAPR method is not effective as well as Cross-

Correlation-PTS method in term of BER reduction metric. It 

means that Cross-Correlation-PTS technique can reduce the 

BER degradation due the nonlinear characteristics of the 

power amplifier compare to PTS-PAPR method. As 

mentioned in the previous stage, if we could increase the 

similarity of the input and output of the amplifier (more than 

90%), we can have more reduction on BER by Cross-

Correlation method. There is a trade-off between PAPR 

reduction and BER performance.  

V. CONCLUSIONS 

 OFDM is the most optimum multiplexing technique in 

wireless communication systems. The PTS-PAPR and PTS–

Cross-Correlation are the most recent methods on PAPR 

reduction. We have simulated the effect of these methods on 

PAPR reduction and BER reduction as two new results, which 

has never been done before. Both these methods reduce the 

PAPR   by selecting the optimum phase sequences and 

multiplying them to the input sub carriers. The PTS-PAPR 

select the phase sequence by minimizing the calculation of 

PAPR, while PTS-Cross- Correlation method does this by 

maximizing the similarity of the HPA input and output. The 

PAPR reduction is 3.5dB and 3dB respectively. Moreover this 

paper investigates a new low complexity technique and 

compared it by the Conventional PTS in terms of BER 

performance which shows degradation caused by the 

nonlinear characteristics of the PA. The BER performance of 

the Cross Correlation method seems to be better in which 

reduce BER more than the other method; also, we can 

improve the PTS-Cross-Correlation method by increasing its 

threshold to the amount of up to 90%, which is left for future 

study. The impact of the PAPR reduction results in 

enhancement in power efficiency and hence less power 

consumption and prolonged battery life. 
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