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Abstract—Orthogonal  Frequency Division Multiplexing  is considered as one of the most promising technology for future 

communication technology as it provides spectral efficiency robustness against multipath fading & avoids inter symbol interference. 

However one of the major drawbacks of OFDM system is high PAPR resulting in performance degradation of DAC & decreases 

efficiency of power amplifier. In this paper we review on OFDM system, its different types of PAPR  reduction techniques and 

comparison of different PAPR reduction techniques. 

 

Index Terms – Orthgonal Frequency Division 

Multiplexing(OFDM), Peak-to-Average Power Ratio(PAPR), 

Complimentary CumulativeDistribution  Function(CCDF), 

Selective mapping(SLM) 

I. INTRODUCTION 

Modern wireless communication systems offers different 

services such as  voice  communication & multimedia services 

to the users. As it requires high data rate, this is not achieved 

by single carrier communication as it suffers from multipath 

fading & inter symbol interference . Therefore Orthogonal 

Frequency Division Multiplexing(OFDM) is considered as the 

better candidate for recent technology as it provides high 

spectral efficiency ,robustness against multipath fading & 

avoid inter symbol interference using cyclic prefix concept. As 

a result OFDM has been chosen for high data rate 

communication & widely deployed in many wireless 

communication standards such as DAB , DVB & WIMAX 

etc.[1].However OFDM systems suffers from high PAPR, 

requires tight synchronization between transmitter & receiver 

& carrier frequency offset errors. In this paper we review 

different PAPR reduction techniques and   comparison of 

different types of PAPR reduction techniques. 

 
High peak values in OFDM system results from superposition 
of large number of statistically independent sub channels that 
can constructively sum up high peaks[2] .It is shown that as 
number  of carriers increases ,PAPR also increases. The   PAP 
ratio is approximately equal to N, where N is the number  of 
sub carriers. High PAPR results in decrease in SQNR(signal to 
quantization noise ratio ) of ADC (Analog to Digital Converter 
& DAC(Digital to  Analog) while degrading the efficiency of 
HPA(High Power Amplifier).The PAPR problem is more 
important in the uplink since the efficiency of power amplifier 
is critical due to the limited battery power in a mobile 
terminal[3] 
Therefore it is important and necessary to research on the 

PAPR reduction techniques & its effects on DAC,ADC& 

power amplifier. As PAPR distribution is stochastic in nature 

usually is expressed in terms of CCDF( Complimentary 

cumulative distributive function)plots. Various PAPR 

reduction techniques are Clipping & filtering[4-8], nonlinear 

companding[20-22], selective mapping [9-11],Partial transmit 

sequence[12-15] ,Tone Injection[29], Tone Reservation[16], 

Active Constellation[17] and coding techniques[25-26]. 

Although many techniques found in the literature to reduce 

PAPR ratio in OFDM systems ,have its own advantages & 

disadvantages in terms of computational complexity, increase 

in BER, power increase & bandwidth expansion. An effective 

PAPR reduction technique should be given the best tradeoff 

between   implementation complexity, data rate loss 

transmission power & BER performance[1] 

 

This paper is organized as follows Section II  provides 

definition of OFDM, PAPR and CCDF, , Motivation of PAPR 

reduction technique in section III, PAPR reduction techniques 

comparison of different PAPR techniques discussed in section 

IV  ,  followed by  conclusion in section V 

II. BASICS OF OFDM, PAPR AND CCDF 

A .Basics of OFDM  

 OFDM is multicarrier modulation technique where high bit 
rate data stream is transmitted in parallel over a lower data 
rate sub carriers . These subcarriers are orthogonal to each 
other. Advancement in  digital signal processing and Very 
Large Scale Integrated Circuit ,implementation of 
FFT/IFFT highly simplified the implementation of OFDM 
system. 

 

Fig. 1 Block diagram of OFDM system 

Consider an OFDM system as shown in Fig.1 consisting of N 

subcarriers; Let a block of N symbols X= {Xk, k=0,1,---N-1}is 
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a data block,  each symbol modulating on one set  of 

subcarriers. The complex base band representation of 

multicarrier signal consisting of N subcarriers is given by 

 

        (1) 

Where Xk  is transmitted symbol on k
th

  subcarrier and 

j= , is the sub carrier spacing and NT denotes useful 

data block period. 

B. PAPR 

In general the PAPR of OFDM signal is defined as the ratio of  

the maximum instantaneous power to its average power. 

 

                                   (2) 

To better approximate the PAPR of continuous signals, the 

OFDM signals are L times oversampled. From the literature 

It is studied that L is approximately equal to 4 is sufficient to 

get accurate PAPR results. Therefore the L-times oversampled 

time domain OFDM signal samples can be defined as 

 

              (3) 

Where  E{.} denotes the expectation operator 

C. Complimentary Cummulative Distribution        

Function(CCDF) 

It is a statistical technique that provides the amount of time ,a 

signal spends above given power level. In modern 

communication CCDF measurement is considered as one of 

the precious tool offers comprehensive analysis of signal 

power peaks. For   sufficient  large number of sub carriers ,the 

amplitude of multicarrier signal, CCDF expression for OFDM 

signal can be written as 

 
    

                                      (4) 

Where N signal samples are statistically independent 
uncorrelated.  

 

            Fig 2. Distribution of PAPR of OFDM signal samples oversampled     

by different L. 

III. MOTIVATION OF PAPR REDUCTION 

 

A. Nonlinear Characteristics of HPA and ADC 

Transmitted signals in an OFDM can have high peak values in 

the time domain since many carriers added up via IFFT 

operation. These  OFDM systems known to have high PAPR 

compared to single carrier system. The High PAPR makes the 

power amplifier to work with large dynamic range & 

decreases SQNR(Signal to quantization noise ratio) of 

ADC/DAC. Therefore it motivates to reduce PAPR ratio 

before applying it to DAC and Power amplifier 

 

B. Power Saving 

From the Literature[1] it can be shown that by reducing the 

PAPR would result in increase in efficiency. For linear model 

of HPA efficiency is given by  

η=0.5/PAPR                    (5) 

where η is HPA efficiency and is given by Pout/PDC 

PDC is constant amount of power regard less of input power. 

Pout is average output power. 

OFDM signals with 256 subcarriers and its CCDF has been 

shown in Fig. 2. In order to guarantee that probability of the 

clipped OFDM frames is less than 0.01%, we need to apply an 

input back off (IBO) equivalent to the PAPR at the 10
-4

 

probability level,PAPR=14.02 dB i.e.( 25.235), referring to 

Fig. 2, and thus the efficiency of HPA becomes 

η=.5/25.235≈1.98%. Therefore, so low efficiency is a strong 

motivation to reduce the PAPR in OFDM systems[1]. 

IV. PAPR REDUCTION TECHNIQUES 

In the literature several  techniques have been proposed to 
reduce PAPR of  OFDM system.  These are broadly classified 
as signal scrambling, signal distorted and other techniques.  In 
signal scrambling, signals are scrambled to minimize the 
PAPR of time domain OFDM signal, where codes can be 
scrambled or by modifying the phase of the signal.  Shape of 
the signal  is distorted in distortion based methods 

A.Signal distortion based Technique 

Clipping is one of the Signal distortion based techniques 

used to clip the signal amplitude to desired level. Although 

clipping is less complex and simplest solution to reduce PAPR 

which  results in BER degradation and also introduces out of 

band interference signals to adjacent channels while 

destroying the orthogonality among subcarriers. 

For amplitude clipping, that is 

       

         (6) 

 

Where A is preset clipping level and it is a positive real 

number. 

 

Filtering can reduce out  of  band radiation  and clipping of 

the signal amplitude causes peak re growth . To reduce peak  

re growth, repeated clipping and filtering technique is used[4]. 

The other techniques such as peak windowing ,peak 

cancellation & optimization along with clipping is proposed in 

the literature[ 26-29 ] 

B.Signal scrambling techniques  

This is used to scramble an input data block OFDM Symbols 

and transmit  one  of them with the minimum PAPR. So that 

PAP ratio can be reduced. This approach includes SLM, PTS, 

Tone reservation and Tone injection techniques.  
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  1) PTS and SLM technique. 

Muller and Huber [13] propose   a method for reduction of 

peak using PTS method. The  input data block in X is 

portioned into M disjoint sub blocks which are represented by 

the vectors  as shown in Fig3 

Therefore 

 

 
Fig. 3  Block diagram of PTS technique 

 

 
Fig.4  Block diagram of SLM  technique 

 

 

Subblock   partining can be categorized into adjacent partition, 

interleaved partion and pseudo random. Among these pseudo 

random provides the best performance random partition. Then, 

the subblocks are transformed into  M time-domain partial 

transmit sequences. 

 

            (7) 

 

                  (8) 

M subblocks are multiplied  with independently rotated with 

phase sequences. The  resultant signal  will give minimum 

PAPR. Here PTS suffers from complexity of searching for the 

optimum set of phase factor ,especially when sub blocks 

increases. In the literature various schemes have been 

proposed to reduce this complexity[9-15] 

In SLM technique as shown in Fig. 4 the data block   

 is multiplied with different 

phase sequences [b0,b1,…..bv-1]  which produces modified data 

block . Among which the signal with minimum PAPR is 

selected. In this method the phase sequences must be known to 

both transmitter and receiver. In the literature different 

methods which does not require side information are proposed 

 

2)Tone reservation and Tone injection technique. 

Tone reservation technique partions N sub carrier into data 

tones and peak reduction tones (PRT).Symbols in PRT are 

chosen such that OFDM signal in time domain has a lower 

PAPR. The positions of PRT are known to receiver and 

transmitter. With this technique additional power is required 

for transmitting PRT symbols and effective data rate decreases 

since PRT tones are not carrying any information it is 

considered as overhead. 

In tone injection method, PRTs to be overlapped with data 

tones, data rate is not decreased. This is also requires 

additional power. 

C.Other Techniques 

1)The coding technique used to select code words that 

minimize or reduce PAPR .It causes no distortion and no out 

of  band radiation but it suffers from bandwidth efficiency and 

also suffers from cmplexity to find the best code ,to store look 

up table for encoding and decoding.Golay complimentary  

codes,Reed Muller code and Hadamard code are used  

proposed in the literature[ 25-26 ].  

2)Non linear companding technique. 

This is the most attractive, low implementation complexity 

offers better BER performance than clipping technique, this 

based on µlaw companding with various types of distribution 

without the sacrifice of bandwidth[20-22].  

 There  are many hybrid PAPR reduction techniques are 

proposed in the literature such as SLM and clipping DCT 

precoded SLM/PTS. These techniques applicable to MIMO 

OFDM,LTE and WIMAX environment. 

 

D.Criteria  for selection of PAPR Reduction Techniques 

Selection of PAPR reduction techniques based on 
following parameters 

1)PAPR reduction technique should be computationally  
Less complex , no in band and out of band radiation 
2) It should use less average power, it results amplifier to 

work in less dynamic linear range it leads to minimize the cost 
of power amplifier 

3) Since bandwidth is limited , in  probabilistic and coding 
technique it requires more bandwidth which should be 
minimized 

4) Selection of PAPR reduction should not lead to BER 
    Degradation 
5) It should not require additional power 
Based on the above factors , comparision of different 

PAPR reduction techniques are compared in the table11 
provided 

TABLE I 
COMPARISION OF DIFFERENT PAPR REDUCTION TECHNIQUES 

V. CONCLUSION 

OFDM is a very promising  technique for wireless 

communications due to its spectrum efficiency and channel 

robustness. One of the major drawback of OFDM is it exhibits 

high PAPR. In  this paper we reviewed the importance of 

OFDM system, its draw back  i.e. exhibits PAPR. Many 

techniques to reduce PAPR, comparison of  PAPR reduction 

techniques. Although many techniques available in literature 

there is scope to propose new simplified low complexity, 

hybrid techniques to improve the performance of OFDM 

system. 

 Power 
increase 

Implementation  
complexity 

Band 
width 

expansion 

BER 
degradation 

Clipping No Low 

 

No Yes 

Coding No Low Yes No 

PTS/SLM No High Yes No 

NCT No Low No No 

TR/TI yes High Yes No 
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