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1. Abstract 
Orthogonal Frequency Division Multiplexing (OFDM) is considered to be a promising technique against the 

multipath fading channel for wireless communications. However, OFDM faces the Peak-to-Average Power 

Ratio (PAPR) problem that is a major drawback of multicarrier transmission system which leads to power 

inefficiency in RF section of the transmitter. This paper present two different PAPR reduction techniques and 

comparison of these techniques. Both techniques for different parameter have also been simulated. 

 

Keywords: Orthogonal Frequency Division Multiplexing (OFDM), Peak-to-Average Power Ratio (PAPR), Power 

Amplifiers (PAs), Selected Mapping (SLM), Complementary Cumulative Distribution Function (CCDF). 

 

1. Introduction 

Orthogonal frequency division multiplexing (OFDM) technology is one of the most attractive candidates for 

fourth generation (4G) wireless communication. It effectively combats the multipath fading channel and 

improves the bandwidth efficiency. At the same time, it also increases system capacity so as to provide a 

reliable transmission [1]. OFDM uses the principles of Frequency Division Multiplexing (FDM) [2] but in much 

more controlled manner, allowing an improved spectral efficiency [1]. The basic principle of OFDM is to split a 

high-rate data stream into a number of lower rate streams that are transmitted simultaneously over a number of 

subcarriers. These subcarriers are overlapped with each other. Because the symbol duration increases for lower 

rate parallel subcarriers, the relative amount of dispersion in time caused by multipath delay spread is decreased. 

Inter-symbol interference (ISI) is eliminated almost completely by introducing a guard time in every OFDM 

symbol. OFDM faces several challenges. Therefore, reducing the PAPR is of practical interest. Many PAPR 

reduction methods have been proposed. Some methods are designed based on employing redundancy, such as 

coding [4], [5], selective mapping with explicit or implicit side information [6], [3], or tone reservation [10]. An 

apparent effect of using redundancy for PAPR reduction is the reduced transmission rate. PAPR reduction may 

also be achieved by using extended signal constellation, such as tone injection [10], or multi-amplitude CPM. 

The associated drawback is the increased power and implementation complexity. A simple PAPR reduction 

method can be achieved by clipping the time-domain OFDM signal. In this paper we will discuss the problem of 

high PAPR associated in OFDM. We will discuss what is PAPR, how it causes problem in existing OFDM & its 

effect and give a review of several techniques for sorting out this problem. The remainder of this paper is 

organized as follows. In section 2, some basics definition about PAPR reduction techniques.In Section 4 

Comparison of different PAPR reduction techniques In Section 5 Conclusions are given. 
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2. What is PAPR?  

 
The PAPR is the relation between the maximum powers of a sample in a given OFDM transmit symbol divided 

by the average power of that OFDM symbol. PAPR occurs when in a multicarrier system the different sub-

carriers are out of phase with each other. At each instant they are different with respect to each other at different 

phase values. When all the points achieve the maximum value simultaneously; this will cause the output 

envelope to suddenly shoot up which causes a 'peak' in the output envelope. Due to presence of large number of 

independently modulated subcarriers in an OFDM system, the peak value of the system can be very high as 

compared to the average of the whole system. This ratio of the peak to average power value is termed as Peak-

to-Average Power Ratio  

 

2.1 Mathematical Description of PAPR 

Let the data block of length N be represented by a vector. � � ���	, ��	, … … . . �
���. Duration of any symbol 

Xk  in the set X is T and represents one of the sub – carriers { fn, n = 0,1,…, N-1 } set. As the N sub – carriers 

chosen to transmit the signal are orthogonal to each other, so we can have    fn = n∆f   where  n∆f = 1/NT and 

NT is the duration of the OFDM data block X. The complex data block for the OFDM signal to be transmitted is 

given by 

                                              x�t� � 	 �√� 	∑ X������� e����∆��                                                                  (1) 

The PAPR of the transmitted signal is defined as 

                                                 � �! � "#$|$�&�|'()*+ |$�&�|')*,                                                                           (2)                 

Reducing  -./|/�0�| is the principle goal of PARP reduction techniques. Since, discrete- time signals are dealt 

with in most systems, many PAPR techniques are implemented to deal with amplitudes of various samples of 

x(t). Due to symbol spaced output in the first equation we find some of the peaks missing which can be 

compensated by oversampling the equation by some factor to give the true PAPR value. 

Expressing in decibles 

                                                     papr45 � 10 log���papr�                                                              (3) 

Presence of large number of independent modulated modulated sub- carriers in an OFDM system the peak value 

of the system can be very high as compared to the average of the whole system. The ratio of the peak to average 

value is termed as Peak- to- Average Power Ratio. Coherent addition of N signals of same phase produces a 

peak which is N times the average signal. 

2.2 PAPR of a Signal Sine Wave 
Consider a sinusoidal signal 

                                      /�0� � sin 2?@0	 having the period(t).                                                            (4) 

The peak value of the signal is 

                                                           max	B/	�0�/�0�∗D � 	E1                                                              (5) 

 

The mean square value of the signal is 

                                                    EB	x�t�x�t�∗D � �G+ sin�G� �2πft�                                  (6) 

 
Figure 1: PAPR of Single Sine Wave 
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2.3 PAPR of a Complex Sinusoidal 

Consider a sinusoidal signal 

                         /�0� � 	 J�KL&   having the period(t).                    (7) 

The peak value of the signal is 

                                                      maxB/�0�/�0�∗D � E1                                                                        (8) 

The mean square value of the signal is, 

                                             EBx�t�x∗�t� � �G+ eM���G�                                              (9) 

2.4. Cumulative Distribution Function 
The Cumulative Distribution Function (CDF) is one of the most regularly used parameters, which is used to 

measure the efficiency of any PAPR technique. Normally, the Complementary CDF (CCDF) is used instead of 

CDF, which helps us to measure the probability that the PAPR of a certain data block exceeds the given 

threshold. The plot of relative power levels of signal against their probability of occurrence is called CCDF 

curve. This curve illustrates the amount of time the signal remains at or above a given power level. The ratio 

between power level and the average power is expressed in dB.By implementing the Central Limit Theorem for 

a multi – carrier signal with a large number of sub-carriers, the real and imaginary part of the time – domain 

signals have a mean of zero and a variance of 0.5 and follow a Gaussian distribution. So Rayleigh distribution is 

followed for the amplitude of the multi – carrier signal, where as a central chi-square distribution with two 

degrees of freedom is followed for the power distribution of the system. The CDF of the amplitude of a signal 

sample is given by, 

 

                                                  N�O� � 1 − exp	�O�                      (10) 

 

The CCDF of the PAPR of the data block is desired is our case to compare outputs of various reduction 

techniques. This is given by 

 ��� �! > O� � 1 − ��� �! ≤ O� 
                                                                         � 1 − N�O�
                       (11) 

                                                ��� �! > O� � 1 − �1 − exp	�−O�
                                                     (12) 

 

3. PAPR Reduction Techniques  
 

PAPR reduction techniques [3] are divided into two groups:  Signal scrambling techniques and Signal distortion 

techniques.  

 

3.1 Signal Scrambling Techniques:  
 Block Coding Techniques, Selected mapping (SLM), Partial Transmit Sequence (PTS), Interleaving Technique, 

Tone Reservation (TR) and Tone Injection (TI) etc are Signal Scrambling Techniques. 

 

a)  Block coding Technique  
The coding technique [4] is used to select such code words that minimize or reduce the PAPR. It causes no 

distortion and creates no out-of-band radiation, but it suffers from bandwidth efficiency as the code rate is 

reduced. It also suffers from complexity to find the best codes and to store large lookup tables for encoding and 

decoding, especially for a large number of sub carriers. 

 

b) Selected Mapping (SLM) Technique 
The technique of selected mapping (SLM) for PAPR reduction was proposed in 1996 [5]. In SLM from a set of 

candidate signals which are generated to represent the same information, the signal with lowest PAPR is 

selected and transmitted. The information about this selection also needs to be explicitly transmitted along with 

the selected signal as side information. SLM needs to transmit the information to the receiver, about the selected 

signal, as side information. If there is a error in the received side information, then the receiver cannot recover 

the information from the transmitted selected signal. That’s why a strong protection against transmission errors 

is needed regarding side information. Once the receiver has this side information then the decoding process is 

very simple. SLM is can be employed for larger number of sub-carriers with moderate complexity. The 

technique uses codes only for PAPR reduction and does not include error correction capabilities of codes. This 
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scheme is aimed at decreasing the frequency of peak occurrence rather than elimination of peaks.  The SLM 

system block diagram is illustrated below in Figure 2. 

 
Figure 2: Block diagram of Selected Mapping Technique 

 

The drawbacks include multiple numbers of IFFT operations leading to increased complexity and the need for 

transfer of side information to the receiver without any margin for transmission errors. New extension 

techniques of SLM but with no need for transmission of side information have been proposed [6]. 

 

c) Tone Reservation (TR) 
 The main idea of this method is to keep a small set of tones for PAPR reduction. This can be originated as a 

convex problem and this problem can be solved accurately. Tone reservation method is based on adding a data 

block and time domain signal. A data block is dependent time domain signal to the original multicarrier signal to 

minimize the high peak. This time domain signal can be calculated simply at the transmitter of system and 

stripped off at the receiver. The amount of PAPR reduction depends on some factors such as number of reserved 

tones, location of the  reserved tones, amount of complexity and allowed power on reserved tones This method 

explains an additive scheme for minimizing PAPR in the multicarrier communication system[4]. It shows that 

reserving a small fraction of tones leads to large minimization in PAPR ever using with simple algorithm at the 

transmitter of the system without any additional complexity at the receiver end. Here, N is the small number of 

tones, reserving tones for PAPR reduction may present a non–negligible fraction of the available bandwidth and 

resulting in a reduction in data rate.  The advantage of TR method is that it is less complex, no side information 

and also no additional operation is required at the receiver of the system.   

  

d) Partial Transmit Sequence (PTS) 
In partial transmit sequences (PTS) [7], initially partitioning of the data block into non-overlapping sub-blocks 

is done. Then these sub-blocks are rotated with rotation factors which are statistically independent. 

Subsequently the information about rotation factor, which generates the lowest peak amplitude in time domain 

data, is transmitted to the receiver. The block diagram of PTS is illustrated in Figure 3. 

 
Figure 3:  Block diagram of PTS technique 

 

e) Tone Injection Technique (TI) 
This technique is based on general additive method for PAPR reduction. Using an additive method achieves 

PAPR reduction of multicarrier signal without any data rate loss. TI uses a set of equivalent constellation points 

for an original constellation points to reduce PAPR. The main idea behind this method is to increase the 

constellation size. Then, each point in the original basic constellation can be mapped into several equivalent 

points in the extended constellation, since all information elements can be mapped into several equivalent 

constellation points. These additional amounts of freedom can be utilized for PAPR reduction. The drawbacks 
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of this method are; need to side information for decoding signal at the receiver side, and cause extra IFFT 

operation which is more complex. 

 

3.2. Signal Distortion Techniques 

Signal distortion techniques are Peak Windowing, Envelope scaling, Clipping and Filtering. 

 

a)  Peak Windowing 
The peak windowing method has been suggested by Van Nee and Wild. This method, proposes that it is 

possible to remove large peaks at the cost of a slight amount of self interference when large peaks arise 

infrequently. Peak windowing reduces PAPRs at the cost of increasing the BER and out-of-band radiation. 

Clipping is a one kind of simple introduces PAPR reduction technique which is self interference. The technique 

of peak windowing offers better PAPR reduction with better spectral properties. In peak windowing method we 

multiply large signal peak with a specific window, for example; Gaussian shaped window, cosine, Kaiser and 

Hamming window. In view of the fact that the OFDM signal is multiplied with several of these windows, 

consequential spectrum is a convolution of the original OFDM spectrum with the spectrum of the applied 

window. Thus, the window should be as narrow band as possible, conversely the window should not be too long 

in the time domain because various signal samples are  affected, which results an increase in bit error rate 

(BER). Windowing method, PAPRs can be obtained to 4dB which from the number of independent subcarriers. 

The loss in signal-to-noise ratio (SNR) due to the signal distortion is limited to about 0.3dB. A back off relative 

to maximum output power of about 5.5dB is needed in spectra distortion at least 30dB below the in-band 

spectral density. 

 

b) Envelope Scaling 
The Envelope Scaling technique has been proposed by Foomooljareon and Fernando. They anticipated a new 

algorithm to reduce PAPR by scaling the input envelope for some subcarriers before they are sent to IFFT. They 

used 256 subcarriers with QPSK modulation technique, so that envelopes of all the subcarriers are equal. The 

key idea of this scheme is that the input envelope in some sub carrier is scaled to achieve the smallest amount of 

PAPR at the output of the IFFT. Thus, the receiver of the system doesn’t need any side information for decoding 

the receiver sequence. This scheme is appropriate for QPSK modulation; the envelopes of all subcarriers are 

equal.  Results show that PAPR can be reduced significantly at around 4 dB. 

 

 c) Clipping and Filtering 
This is a simplest technique used for PAPR reduction. Clipping [8] means the amplitude clipping which limits 

the peak envelope of the input signal to a predetermined value. Let x[n] denote the pass band signal and xc[n] 

denote the clipped version of x[n], which can be expressed as 

                                                           /SBTD � U−/, / < 0/, / ≥ 0                                                                         (13) 

                                                          /SBTD � X− 											/BTD ≤ 	− /BTD								|/BTD| < 	  												/BTD 			≥ 	 	                                                           (14) 

where A is the pre-specified clipping level. However this technique has the following drawbacks: 

• Clipping causes in-band signal distortion, resulting in Bit Error Rate performance degradation. 

• It also causes out-of-band radiation, which imposes out-of-band interference signal to adjacent 

channels. This out-of-band radiation can be reduced by filtering. 

• This filtering of the clipped signal leads to the peak re-growth. That means the signal after filtering 

operation may exceed the clipping level specified for the clipping operation. 

So we came to know that this clipping and filtering [9] technique has some sort of distortion during the 

transmission of data. 

 

d) Companding Technique 
Companding technique was proposed [8], based upon the assumption that the OFDM signal has Gaussian 

distribution and occurrence of high peaks is infrequent. In OFDM system on transmitter side after IFFT, the 

signal undergoes companding and quantization while on receiver side the signal is first digitized and then 

expanded. The block diagram of OFDM system with companding technique is shown in Figure 4 
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Figure 4: Block diagram of OFDM system with companding 

 

Companding was initially employed for speech processing because of infrequent occurrence of peaks. Since the 

OFDM signal also shows infrequent peaks, hence the authors planed to apply the technique for reduction of 

peaks in OFDM system. Since frequency of small signals is much more as compared to large ones hence there is 

improved quantization resolution for small signals as compared to large signals. The overall BER performance 

is considerably degraded because the quantization error is increased notably for large signals. Hence the overall 

improvement in PAPR which is achieved by companding is at the cost of BER performance. 

 

4.1 Overall Analysis of Different Techniques  
There are many issues to be considered before using the PAPR reduction techniques in a digital communication 

system. These issues include PAPR reduction capacity, power increase in transmit signal, BER increase at the 

receiver, loss in data rate, computational complexity increase and so on. Simultaneously most of the techniques 

are not proficient to obtain a large reduction in PAPR with low coding overhead, with low complexity, without 

performance degradation and without transmitter and receiver symbol handshake. Table 1 summarizes 

advantages and drawbacks of various techniques presented to reduce PAPR in OFDM systems 

 

Table 1.Comparison of PAPR Reduction Techniques 

Techniques Distortion Power increases Data rate loss 

Clipping and Filtering NO NO NO 

Coding Yes No Yes 

Partial Transmit Sequence 

(PTS) 

Yes No Yes 

Selective Mapping (SLM) Yes No Yes 

Interleaving Yes No Yes 

Tone Reservation(TR) Yes Yes Yes 

Tone Injection Yes Yes No 

 

5. Conclusion 

 
Multicarrier systems are proving better in transmission than single carrier systems. OFDM is a digital multi-

carrier modulation method where a large number of closely spaced orthogonal subcarriers are used to carry data. 

One of the serious drawbacks of in OFDM systems is that the composite transmit signal can exhibit a very high 

PAPR when the input sequences are highly correlated. In this paper, we described several important aspects 

related to the PAPR & its overall effect on the OFDM system & give names several techniques adopted by the 

system according to the requirement. These techniques to reduce PAPR can be used to reduce the PAPR at the 

cost of loss in data rate, transmit signal power increase, BER performance degradation, computational 

complexity increase, and so on. 
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