
IJSRD - International Journal for Scientific Research & Development| Vol. 6, Issue 10, 2018 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 273 

Analysis of PAPR based OFDM Signal by using Iterative Companding 

Transform & Filtering Technique 

Miss. Sandhya S. Pande1 Prof. Dr. R.M. Deshmukh2 
2Head of Department 

1,2Department of Electronics & Telecommunication Engineering 
1,2DRGITR, Amravati, Maharashtra, India 

Abstract— High data rate wireless communications in various 

compatible applications are possible because of the 

orthogonal frequency division multiplexing (OFDM) which 

have two criterions required for the high speed wireless 

communications i.e. high data rate and mobility. Unlike 

traditional communication techniques orthogonal frequency 

division multiplexing (OFDM) acts as both modulator as well 

as multiplexer and from past one decade Multiple – Input 

Multiple – Output (MIMO) wireless communication systems 

has gained tremendous importance which has ability to boost 

the data rate and channel capacity. Companding Transform 

and Filtering (ICTF) technique is proposed for reducing the 

Peak-to-Average Power Ratio (PAPR) of Orthogonal 

Frequency Division Multiplexing (OFDM) signal. By means 

of a specially designed iterative procedure, ICTF is used to 

obtain both an improved Bit Error Rate (BER) and minimized 

Out-of-Band Interference (OBI) while reducing the PAPR 

significantly. 
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I. INTRODUCTION 

Orthogonal frequency division multiplexing (OFDM) has 

high data rates compared to traditional communications 

systems and it is used well for frequency selective channels. 

Large delay spreads is a drawback which commonly occurs 

in the high speed wireless communication system and 

orthogonal frequency division multiplexing (OFDM) 

modulation scheme has ability to transform the wide 

frequency selective channel to narrow ones which creates the 

robust environment to resists against occurrence of the large 

delay spreads and preserves the Orthogonality in perfect way 

in the frequency domain. Orthogonal frequency division 

multiplexing (OFDM) to reduce the complexity in the system 

by introducing the cyclic prefix at the transmitter end and 

performing scalar equalization at the receiver end in the 

wireless standards. 

 The basic principle of OFDM is that the high data 

rate stream is split into a number of lower data rate stream 

that are simultaneously transmitted over a number of 

subcarriers. The carriers are made orthogonal by choosing 

appropriate spacing between them.CF is the simplest 

solution. However, clipping is a highly nonlinear processing, 

and causes significant OBI and in band distortion, which 

degrades the Bit Error Rate (BER) performance of OFDM 

system. Compare to the inband distortion, OBI is more 

critical as it interferes with the radio communications in 

adjacent channels. 

 Companding transforms has low computational 

complexity and simple implementation but it consist of 

increased error rate. A non-constant envelope with high peaks 

is a main disadvantage of Orthogonal Frequency Division 

Multiplexing (OFDM). These high peaks produce signal 

excursions into non-linear region of operation of the Power 

Amplifier (PA) at the transmitter, thereby leading to non-

linear distortions and spectral spreading. The ratio of peak 

power and the average power is known as peak-to-average 

power ratio (PAPR). The high PAPR requires transmitter’s 

power amplifier with a large linear range capable of 

accommodating the signal, but practically power amplifier 

has a limited linear region beyond which it saturates to a 

maximum output level. 

II. LITERATURE REVIEW 

As the data rates and mobility supported by the OFDM 

system increase, the number of subcarriers also increases, 

which in turn leads to high PAPR. As future OFDM-based 

systems may push the number of subcarriers up to meet the 

higher data rates and mobility demands, there will be also a 

need to mitigate the high PAPR that arises, which will likely 

spur new research activities. The authors believe that this 

survey will serve as a valuable pedagogical resource for 

understanding the current research contributions in the area 

of PAPR reduction in OFDM systems, the different 

techniques that are available for designers and their trade-offs 

towards developing more efficient and practical solutions, 

especially for future research in PAPR reduction schemes for 

high data rate OFDM systems. We show that the clipping 

noise obtained after several clipping and filtering iterations is 

approximately proportional to that generated in the first 

iteration. Therefore, we scale the clipping noise generated in 

the first iteration to get a new clipping and filtering technique 

that, with three fast Fourier transform/inverse fast Fourier 

transform (FFT/IFFT) operations, obtains the same PAR 

reduction as that of the existing iterative techniques with 

2K+1 FFT/IFFT operations, where K represents the number 

of iterations. 

 High peak to average power ratio of the transmitted 

signal is the major limitation of the orthogonal frequency 

division multiplexing technique. The modified technique has 

the inclusion of the idea of sub-block partitioning of signals. 

Then, from a comparative analysis between the conventional 

SLM scheme and the modified SLM scheme, it is shown that 

the modification gives better complementary cumulative 

distributive function (CCDF) of the PAPR of transmitted 

signal. All the simulations works are done in MATLAB. 

 Recently, an optimized ICF method based on 

convex optimization was proposed to dramatically. Decrease 

the number of required iterations. But unfortunately, its 

benefits come at the price of an increased complexity. From 

previous work of CT technique there are two observations, 

the first one is how to obtain an effective trade-off between 

the PAPR reduction and BER performance. The next is how 

to minimize the undesired out-of-band interference. In this 

paper, it is shown that by the iterative filtering approach in 
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ICF method, an Iterative CT and Filtering (ICTF) technique 

is proposed for reducing the PAPR of OFDM signal by using 

an iterative procedure, ICTF can obtain a significant PAPR 

reduction as well as an improved BER performance 

simultaneously. A survey of PAPR reduction techniques 

brought us to the conclusion that perhaps the most widely 

known methods are signal clipping, block coding , selected 

mapping SLM and partial transmit sequence (PTS) Of them, 

clipping is a very simple method to reduce PAPR . This can 

lower the PAPR easily by cutting away the signal above the 

assigned clip level. But it results in out-of-band radiation and 

in-band distortion causing poor signal quality. 

III. REDUCTION TECHNIQUE 

A. Basic OFDM System 

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

input high data rate streams are converted into number of low 

data rate streams. This parallel stream is then modulated 

using QPSK or QAM modulation techniques, which is then 

applied as input to IFFT block producing OFDM samples. 

These samples are then converted into OFDM signal using 

Parallel-to-Serial converter (P/S).The signal is then encoded 

by adding Cyclic Prefix (CP) and is then transmitted over the 

channel. The reverse process is done at the receiver. 

 
Fig. 1: OFDM System using the Companding Technique for 

PAPR Reduction 

1) Clipping 

The clipping is one of the simplest distortion based technique 

to reduce the PAPR of OFDM signal. It reduces the peak of 

the OFDM signal by clipping the signal to the desired level 

but it causes both in-band distortion and out-of-band 

radiation. To limit out-of-band radiation and PAPR, Jean 

Armstrong proposed iterative clipping and filtering scheme. 

2) Companding 

Companding is another mostly used distortion based scheme 

for PAPR reduction in OFDM system. In another work Wang 

et al. proposed a scheme based on μ-law Companding to 

reduce the PAPR of OFDM signal. In μ-law Companding 

scheme the peak value of the OFDM signal before and after 

Companding remains same, which keeps peak power of the 

OFDM signal unchanged but the    average power of the 

OFDM signal after     Companding increases and therefore 

the PAPR of the OFDM signal gets decreased. But due to 

increase in the average power of the OFDM signal the error 

performance of μ-law Companding scheme degrades. 

3) Linear Companding Transform 

Linear Companding transform (LCT) has been proposed by 

Aburakhia et al. to reduce the PAPR of the OFDM signal. 

LCT also treats large and small signals on different scale but 

has two inflexion points to achieve more Flexibility in 

designing the Companding function. The large change in the 

transformed signal at inflexion point degrades the power 

spectral density (PSD). Trapezoidal Companding (TC) 

proposed by Hou et al. is an efficient method to reduce the 

PAPR of OFDM signal with low BER. TC transforms the 

Rayleigh distributed magnitude of original OFDM signal to a 

trapezoidal distribution and called “Trapezoidal 

Companding”. Trapezoidal Companding utilizes a piecewise 

function defined in three intervals of OFDM signal 

magnitude. 

4) Trapezium Distribution 

Jeng et al. proposed trapezium distribution based 

Companding (TDBC) to transform the Rayleigh distribution 

of original OFDM signal to biased linear distribution called 

“Trapezium distribution”. All the Companding schemes 

distort the shape of the original OFDM signal and PAPR 

reduction capability is achieved at the cost of BER 

performance degradation. 

IV. PAPR CONCEPT 

For an OFDM signal x(t), the PAPR is given as: 

PAPR{ϰ (t) } =  
𝐦𝐚𝐱{⃓𝛞(𝐭)⃓𝟐}

𝐅{⃓𝛞(𝐭)⃓𝟐}
 

Where max {⃓x(t)2 ⃓} is the peak signal power and E{⃓ x(t)2 

⃓}  is the average signal power. The generic formulas and 

basic procedure of ICTF technique are presented in this 

section. 

A. Complementary Cumulative Distributive Function 

(CCDF) 

The performance of PAPR is done using the parameter named 

as Complementary Cumulative Distributive Function 

(CCDF). CCDF is defined as the probability by which the 

PAPR is greater than the threshold value of given PAPR0. 

CCDF is mathematically represented AS: 

CCDF = Pr [PAPR > PAPR0]. 

V. PROPOSED METHOD 

The basic procedure of ICTF technique is as follows: 

A. Companding & Filtering in ICTF 

The aim of ICTF technique is to obtain a significant PAPR 

reduction, but at the expense of a less amount of inband 

distortion and out-of-band spectral regrowth. First, the peaks 

of original symbol are compressed subject to a specified 

signal attenuation level caused by the Companding distortion, 

which is directly related to the BER degradation. Second, a 

frequency-domain filtering is used for minimizing the OBI. 

In order to suppress the peaks regeneration due to the 

filtering, both the Companding and filtering operations are 

repeated several numbers to obtain a desire trade-off among 

PAPR reduction, BER and out-of-band performances. 
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Fig. 2:  

 Figure shows the block diagram of an OFDM 

transmitter using ICTF technique for PAPR reduction. The 

input complex vector X є C N is first converted using an over-

sampled Inverse Fast Fourier Transform (IFFT). In the initial 

iteration, if the iteration number m = 1 , the original time-

domain OFDM symbol x є C JN is given as the input to ICTF 

unit when switch K1 is set to 1. During each K1 switching, 

ICTF processes the input signal on a symbol-by-symbol 

basis. 

 When both K1 and K2 are set to 2, the Companding 

and filtering operations are iteratively performed for the same 

symbol. In the last iteration (m=M), both switches are 

returned to position 1 and the desired symbol x᷉ m є C JN is 

output, where M is the presented maximum number of 

iterations. Let cm є C JN and c᷉ m є C JN are present the 

frequency-domain OFDM symbol before and after the 

filtering operation at the mth iteration, respectively. The 

Signal Attenuation Factor (SAF) can be used to quantify the 

level of Companding distortion, and it is time-invariant for 

the non-stationary Gaussian signal and is calculated as, where 

f(x) is the Companding function. 

SAF = 
𝟏

𝛔𝟐
 ∫ x· f(x)· p(x) dx 

 A smaller SAF value corresponds to a larger 

Companding distortion, i.e.a reduced BER performance. In 

the ICTF procedure, the desired PAPR reduction PAPR des 

and SAF threshold SAFthod are presented to select the optimal 

parameters in Companding function. The PAPR of current 

symbol is recalculated in each iteration. The proposed ICTF 

procedure is summarized as follows: 

1) Step 1:  Initialization setting: set PAPRdes, SAFthod and 

the maximum iteration number M. Select Companding 

parameters. 

2) Step 2:   convert the frequency domain symbol X to 

oversampled time domain OFDM symbol   x using   NJ 

points IFFT. Set K1 to 1 and let m=1, new symbol enters 

the iterative loop, then both K1 and K2 are set to 2. 

3) Step 3:  If m = 1, let xo
 1 = x; otherwise, let xo

m = xm-1 

4) Step 4:  xo
m is companded by CT function to generate cm 

using NJ points FFT. 

5) Step 5: convert ym to frequency domain to generate cm 

using NJ points FFT. 

6) Step 6:  perform the frequency domain filtering on Cm 

using Hrect to null the out of band spectral components. 
7) Step 7:  Convert the cm to time domain symbol xm using 

NJ points IFFT. Calculate the PAPR of xm denoted by 

PAPRm. 

8) Step 8:   If PAPRm ≤ PAPRdes or m>M, set K2 to1 to 

transmit xm, and reset m =1, return to step 2 to process 

the next original symbol. Otherwise, let m=m+1, return 

to step 3 to repeat the iteration for current symbol. 

 In Step 6, to eliminate the out-of-band components, 

CT is followed by the filtering, which is defined by a 

rectangular window with the frequency response H, 

 

VI. PROPOSED TRANSFORM 

We propose in this section a new Companding technique that 

can effectively reduce the PAPR of transmitted (companded) 

OFDM signals by transforming the statistics of the 

amplitudes of these signals into uniform distribution .The  Let 

| tn | d, the dth power of the amplitude of companded signal tn 

,have a uniform distribution in the interval [ 0, α]. The 

exponent d is called the degree of a specific exponential 

Companding scheme. 

 At the receiver side, the inverse function of h (x) is 

used in the de-Companding operation, i.e., where sgn is a sign 

function 

h-1(x) = sgn(x)√-σ2log e(1-xd/ɑ) 

 Where h-1(x) is the de-Companding function, or the 

inverse function of h (x). 

 
Fig. 3: Transform Profile 

 Figure shows the Companding function h(x) with 

degree d as a parameter. Referring to (9), the companded 

signals have uniformly distributed amplitudes and powers, 

respectively, for the cases d=1 and d=2. When d ≥ 2, the 

proposed function h(x) can compress large input signals and 

expand small signals simultaneously. 

VII. PERFORMANCE SIMULATION 

The waveform of OFDM signal before Companding is 

plotted in figure.2.The OFDM system used in the simulation 

consists of 64 QAM-modulated data points. The size of the 

FFT/IFFT is 256, meaning a 4× oversampling. Given the 

compander input power is 3dBm. 

 
Fig. 4: OFDM signal 
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A. Companding Algorithm 

The selection criterion for Companding parameters in Step1 

is derived in this subsection. Two typical linear Companding 

profiles are adopted in ICTF procedure to evaluate its overall 

performance. Note that, other well-known linear and 

nonlinear CT functions can also be adopted to replace them. 

1) 𝜇−Law Companding Algorithm 

 A simple but effective Companding technique to 

reduce the peak-to-average power ratio of OFDM signal is 

evaluated in this paper. The idea comes from the use of 

Companding in speech processing. Since OFDM signal is 

similar to speech signal in the sense that large signals only 

occur very infrequently, the same Companding technique 

might be used to improve OFDM transmission performance. 

A QAM-OFDM system diagram is shown in Figure 1. The 

incoming bit stream is packed into x bits per symbol to Form 

a complex number 𝑠𝑘 where x is determined by the QAM 

signal constellation. For a real sequence output at the IDFT, 

the complex input to the IDFT has Hermitian symmetry and 

is constrained as follows 

𝑆𝑁−𝐾  = 𝑆𝐾 

 Where k=0, 1, 2…………, (N/2)-1, and S(0)=0. 

Suppose N is even and 𝑠𝑘=𝑎𝑘−𝑗𝑏𝑘the output of IDFT. μ− law 

Companding technique can then be introduced. The samples 

of OFDM signal s(n) are companded before it is converted 

into analog waveform 

 The degree of Companding depends upon factor 𝜇 

.A is normalization constant, after D/A conversion the signal 

is transmitted through channel. At the receiver end, received 

signal first converted into digital form, the sampling result is: 

𝑠 (𝑛) = 𝑠𝑐( 𝑛) +𝑞( 𝑛) +𝑤 (𝑛) 

 Where q is analog to digital conversion error and w 

is AWGN channel factor. 

 The parameters used to check the performance are 

bit error rate (BER), signal to noise ratio (SNR) are discussed 

below. The simulation results of The BER vs. SNR are 

plotted in Fig.3. Bit Error rate of No companded OFDM 

signal is compared with the 𝜇− law companded, 

 
Fig. 5: simulation results of The BER vs. SNR 

2) Exponential Companding Algorithm 

A nonlinear Companding algorithm, called “exponential 

Companding”, developed to reduce the high Peak-to-Average 

Power Ratio (PAPR) of Orthogonal Frequency Division 

Multiplexing (OFDM) signals. Exponential Companding 

technique adjusts both large and small signals and can keep 

the average power at the same level. By transforming the 

original OFDM signals into uniformly distributed signals, the 

exponential Companding schemes can effectively reduce 

PAPR for different modulation formats and sub-carrier sizes 

[7]. Let |𝑡𝑛|𝑑 be the 𝑑𝑡ℎ  power of the amplitude of 

companded signal, have a uniform distribution in the interval 

[0,∝]. The exponent ∝ is called the degree of a specific 

exponential Companding scheme the CDF of |𝑡𝑛|𝑑 is simple. 

𝐹 ⃓𝑡𝑛⃓𝑑 (𝑥)= 
𝐱

𝐚
 𝐹 ⃓𝑡𝑛⃓𝑑 (𝑥) 

 The simulation results of The BER vs. SNR are 

plotted in Fig. Bit Error rate of No companded OFDM signal 

is compared with the Exponential companded signal. 

 
Fig. 6: simulation Result of No Companding & Exponential 

Companding Technique 

 It is observed that Exponential Companding scheme 

shows better improvement in BER as compared with 𝜇−law 

Companding scheme. 

 
Fig. 7: Effect of number of total number of sequences used 

on PAPR reduction 

 Figure shows the effect of OFDM frame size on the 

performance of proposed technique. It is seen from figure that 

for basic OFDM, PAPR increases for greater frame size (that 

is, for greater number of subcarrier). It is also seen that the 

proposed technique performs better for larger frame size. The 

reason for this is that as frame size increases the number of 

possible combinations also increases. Hence the probability 

to find signal with lower PAPR also rises. 
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Fig. 8: Effect of number of subcarrier on the performance of 

proposed technique 

 
Table 1: 

 While comparing 𝜇-law & Exponential Companding 

algorithm based on the bit error rate and signal to noise ratio 

is evaluated .It is observed that Exponential Companding 

scheme shows better improvement in BER as compared with 

𝜇−law Companding scheme. 

VIII. CONCLUSION 

In this paper, an ICTF technique has been proposed for 

reducing the PAPR of OFDM signal. In contrast to existing 

CTs, by using an iterative procedure, ICTF is able to obtain 

both an improved BER and minimized OBI while reducing 

the PAPR significantly. Therefore, a favorable trade-off 

among PAPR (power efficiency), BER and out-of band 

performance (bandwidth efficiency) can be offered to satisfy 

various design requirements. A comprehensive theoretical 

study is derived, and the analytical results regarding the 

achievable PAPR gain G, impact of Companding distortion, 

selection criterion for Companding parameters and iteration 

number are presented. Simulations demonstrate that, 

compared to classic ICF method, the proposed ICTF 

technique not only obtains significant PAPR reduction with 

improved BER and OBI performance, but also dramatically 

decreases the iterations number. In addition, ICTF procedure 

can also be extended to other well-known linear and nonlinear 

Companding profiles. 

IX. FUTURE SCOPE 

In this study, different problems of OFDM system have been 

considered and suitable solutions have been provided. As it is 

an established fact, that research is never ending process, a 

new beginning is always waiting. Therefore, following are 

the works that may be considered as a future scope in this 

direction: 

1) The channel estimation is an area which required a lot of 

attention and improper channel estimation degrades the 

performance of system. In this work, it is assumed that 

channel is estimated perfectly. Hence one can evaluate 

the performance of proposed work with different channel 

estimation method. 

2) The algorithm of timing offset estimation can be 

extended for channel estimation in OFDM system. 

3) The proposed timing offset and frequency offset 

estimator can be utilized for MIMO OFDM system. 

4) The proposed PAPR reduction method can be used with 

MIMO OFDM system. 

5) The closed form expression of BER can be derived for 

OFDM system with proposed PAPR reduction method. 

6) The windowing method of ICI reduction can be clubbed 

with ICI self-cancellation scheme 
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