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Abstract— Orthogonal frequency division multiplexing 

(OFDM) is a promising modulation technique for 

transmitting large amounts of digital data through radio 

waves. One major drawback in OFDM communication is 

peak-to-average power ratio (PAPR). OFDM Suffers as the 

no of Subcarriers operating in the large dynamic range 

operates in the non-linear region of amplifier due to OFDM 

suffer the PAPR problem. Application of high power 

amplifiers results in increased component cost. Mainly 

because of the nonlinearity of the high power amplifier, these 

results in high out-of-band radiation, inter-carrier 

interference, and bit error rate performance degradation. 

There are many techniques are available for PAPR reduction. 

Partial Transmit Sequence (PTS) technique is an attractive 

technique for peak-to-average power ratio (PAPR) reduction 

of orthogonal frequency division multiplexing (OFDM) 

signals. However, optimum PTS (OPTS) requires an 

exhaustive search over all combinations of allowed phase 

weighting factors, resulting in high computational 

complexity. Partial transmit sequences (PTS), an attractive 

technique of PAPR reduction, provides significant PAPR 

reduction performance for (OFDM) signals. 
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I. INTRODUCTION 

Orthogonal frequency division multiplexing (OFDM), a 

multi-carrier modulation system, is a promising technique 

for wireless communications. OFDM is adopted in various 

communication applications such as, digital video 

broadcasting (DVB), digital audio broadcasting (DAB) and 

wireless local area networks (WLAN). However, OFDM 

systems suffer from many of the problems such as 

sensitivity of carrier frequency offset and high peak-to-

average power ratio (PAPR).As a result, high PAPR of 

transmitted signals causes nonlinear distortion at high power 

amplifier (HPA) and reduces its power efficiency. Also, a 

distortion of the signal leads to degradation of adjacent 

channel interference and high bit error rate (BER). To avoid 

the appearance  of large PAPR of OFDM signals, different 

methods for PAPR reduction have been proposed in the 

literature, such as coding, companding, clipping and 

filtering, tone reservation and injection, selected mapping. 

In this paper, we discuss the performance of different PAPR 

reduction techniques. Among all existing methods, the 

partial transmit sequence (PTS) is an attractive solution due 

to its good performance of PAPR reduction without any 

distortion of transmitted signals. In the PTS method, input 

data symbols are divided into disjointed sub-blocks and the 

sub-blocks are separately phase-rotated by individually 

selected phase factors through the process of improving 

performance of the PAPR. The paper is organized as 

follows. In Section II, we present the basic concept of 

OFDM system. Section 3 present definition of PAPR 

problem. Section 4 present CCDF (complementary 

cumulative distribution function) of OFDM system. Section 

5 present different PAPR Reduction techniques. Section 

6presents the comparison table of different PAPR reduction 

techniques. In Section VII, the simulation results are shown. 

Finally, conclusions are presented in Section 7. 

II. OFDM SYSTEM 

The block diagram of OFDM system is shown in figure 1. 

The transmit signal can be generated by a simple IDFT 

operation and at the receiver; a DFT can be performed to 

recover the transmitted signal. In OFDM systems, a fixed 

number of successive input data samples are modulated first 

and then jointly correlated together using IFFT at the 

transmitter side. IFFT is used to produce orthogonal data 

subcarriers. Mathematically, IFFT combines all the input 

signals to produce each signal of the output OFDM symbol. 

 
Fig. 1: Block diagram of OFDM system [5] 

In OFDM signal xn, a data block of Nsymbols, 

Xn,n= 1,2,……,N-1, is formed with each symbol 

modulation. In the discrete time domain OFDM signal x (n) 

is generated by taking an N-point IDFT on frequency 

domain of Xk, can be written as, 

X (n) = 
1

 √𝑁 
∑ 𝑋𝑘 

𝑁−1  
𝑘=0 𝑒𝑗2𝜋𝑘 

𝑛

𝑁  , 0 ≤ n ≤ N – 1 

III. PEAK TO AVERAGE POWER RATIO 

OFDM has become a popular technique in various high-

speed wireless data transmission systems. Due to the nature 

of the IFFT it sums N sinusoids through superposition; some 

combinations of the sinusoids create large peaks. The 

drawback of a large dynamic range is that it places pressure 

on the design of components such as the word length of the 

IFFT/FFT pair, DAC and ADC[5], mixer stages, and most 

importantly the HPA which must be designed to handle 

irregularly occurring large peaks. Failure to design 

components with a sufficiently large linear range results in 

saturation of the HPA. Saturation creates both in band 

distortion, increasing the BER and out of band distortion. 

 
Fig. 2: Graphical Interpretation of PAPR 
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The PAPR (in dB) of the transmitted OFDM signal 

is defined as the ratio between the maximum instantaneous 

power and its average power, which can be written as, 

PAPR = 
𝑇ℎ𝑒 𝑝𝑒𝑎𝑘 𝑜𝑟 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑝𝑜𝑤𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑖𝑔𝑛𝑎𝑙 𝑥(𝑛)

𝑇ℎ𝑒 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑝𝑜𝑤𝑒𝑟𝑜𝑓 𝑡ℎ𝑒 𝑠𝑖𝑔𝑛𝑎𝑙 𝑥(𝑛)
 

= 
max[|𝑥(𝑛)|]2

𝐸 [|𝑥(𝑛)|2]
 

IV. CCDF OF THE PAPR 

The complementary cumulative distribution function 

(CCDF) of the PAPR is the most frequently used 

performance measure for PAPR reduction techniques. A 

CCDF curve shows how much time the signal spends at or 

above a given power level. A CCDF curve is basically a plot 

of relative power levels versus probability. Mathematically 

CCDF can be explained with a set of data having the 

probability density function (PDF) [6]. To obtain the 

Cumulative Distribution Function (CDF), the integral of the 

PDF is computed. Then inverting the CDF results in the 

CCDF. It concludes that the CCDF is the complement of the 

CDF or CCDF = 1 – CDF. CCDF measure the efficiency of 

any PAPR technique. The CCDF of the PAPR denotes the 

probability that the PAPR is below the threshold level 

PAPR0, which can be expressed as, 

CCDF=Pr (PAPR>PAPR0) 

V. PAPR REDUCTION TECHNIQUES 

PAPR reduction based on that various schemes have been 

developed to address this issue. These schemes mainly 

classified as PAPR reduction technique with signal 

distortion and PAPR reduction without signal distortion. 

Signal distortion methods are easy to implement and which 

are used in situation where BER degradation is acceptable. 

PAPR reduction without signal distortion methods are hard 

to implement but there is no signal distortion.In this paper 

we discuss only distortion less techniques.There are 

different distortion less techniques available. 

 Tone Reservation(TR) 

 Tone Injection(TI) 

 Selective Mapping(SLM) 

 Partial Transmit Sequence(PTS) 

A. Tone Reservation (TR) 

The key idea in TR [7] is that both transmitter and receiver 

reserve a subset of tones for generating PAPR reduction 

signals c. These tones are not used for data transmission. 

The objective is to find the time domain signal c to be added 

to the original time domain signal x to reduce the PAPR 

(Fig. 3).The technique results in a power increase in the 

transmit signal due to the reserved signal. 

 
Fig. 3: Block diagram of TR/TI for PAPR reduction [4] 

B. Tone Injection (TI) 

The basic idea in TI is to extend the constellation and thus 

the same data point corresponds to multiple possible 

constellation points. This method is called tone injection 

because substituting a point in the basic constellation for a 

new point in the larger constellation is equivalent to 

injecting a tone of the appropriate frequency and phase in 

the multicarrier signal. The TI technique is more 

problematic than the TR technique since the injected signal 

occupies the same frequency band as the information 

bearing signal. The TI technique also results in a power 

increase in the transmit signal due to the injected signal. 

C. Selective Mapping 

Selective Mapping method (SLM) is a distortion less PAPR 

reduction method. In this technique, the transmitter 

generates a set of sufficiently different candidate data 

blocks, all representing the same information as the original 

data block each block is multiplied with u different phase 

vectors and selects the most favorable for transmission. 

Information about the selected phase sequence should be 

transmitted to the receiver as side information to allow the 

recovery of original symbol sequence at the receiver, which 

reduces the data transmission rate. U IDFT [6] operations 

for each data block. 

 
Fig. 4: Block Diagram of SLM Technique 

This approach is applicable with all types of 

modulation and any number of subcarriers. The amount of 

PAPR reduction for SLM depends on the number of phase 

sequences U and the design of the phase sequences. 

D. Partial Transmit Sequence 

Partial Transmit Sequence (PTS) technique is another 

method for PAPR without signal distortion. In this technique 

the input data block of N symbols is partitioned into disjoint 

sub blocks. The subcarriers in each sub block are weighted 

by a phase factor for that sub block [6]. The phase factors 

are selected such that the PAPR of the combined signal is 

minimized. Thus Peak to average power ratio has been 

reduced in OFDM using partial transmit sequence. 

 
Fig. 5: Block Diagram of PTS Technique 

Its need to transmit the phase factor information as 

side information to the receiver to extract the original signal. 

It is the best technique compare to all above techniques. 

Main drawbacks of this technique are searching complexity 

increases exponentially with the number of sub blocks. 
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E. Comparative Analysis of Different PAPR Reduction       

Techniques 

PAPR Reduction 

Techniques 

Implementation 

Complexity 

Power 

Loss 

Ber 

Increase 

PTS yes no no 

SLM yes no no 

TR yes yes no 

TI yes yes no 

Table 1: Comparison of Different PAPR Reduction 

Techniques 

Fig.4: Comparison table of different PAPR reduction 

techniques 

VI. SIMULATION RESULTS 

In this section, the simulation result has been done to find 

out the best techniques over different techniques. In this 

section, first we get the results of PAPR of OFDM with 

different subcarriers. There are the result for different 

subcarriers such as, N=64, 128, 256, 512, 1024.We can see 

the result; there is PAPR increase with increase in 

subcarriers. So, we can say that number of subcarriers 

increase there is also increase PAPR. The Partial transmit 

technique to reduce PAPR for OFDM system is efficient 

technique. Finally, we compare the performance of different 

PAPR reduction techniques to find out the best technique for 

the PAPR reduction in OFDM system. The complementary 

cumulative distribution function (CCDF) of the PAPR is the 

most commonly used performance measures for PAPR 

reduction techniques. 

 
Fig. 6: PAPR with Different Number of Carriers 

Now we compare the techniques of PAPR 

reduction. Here, there are four techniques: TR, TI, SLM, 

PTS. In simulation results we can see PAPR reduction for 

different techniques. 

 
Fig. 7: Comparison between SLM and PTS technique [3] 

There are results of comparison of SLM and PTS 

techniques. We conclude that PTS technique is the best 

technique over other techniques. 

VII. CONCLUSION 

OFDM has been seen as the core technique of the future 

communication systems because it has many advantages. On 

the other hand, the OFDM system suffers from different 

drawbacks. High PAPR results in reduction of efficiency of 

the Power Amplifier. In this paper different PAPR reduction 

techniques are described. Selection Mapping Technique 

(SLM) and Partial Transmission Sequence (PTS), Tone 

Reservation (TR), Tone Injection (TI). In TI and TR 

methods there are we inject tones and reserve tones. 

Therefore there is problem of power loss. So this both 

techniques are less usefull. Although SLM and PTS are 

important probabilistic schemes for PAPR reduction, SLM 

can produce independent multiple frequency domain OFDM 

signals, PTS divides the frequency vector into some sub-

blocks before applying the phase transformation. Therefore 

some of the complexity of several full IFFT operations can 

be avoided in PTS, so it is more advantageous than SLM if 

amount of computational complexity is limited. The PTS 

method performs better than other method in reducing 

PAPR. 
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