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Abstract— High Peak-to-average-power-ratio (PAPR) is a problem associated with OFDM systems. Various companding schemes are used to reduc e 

the problem of PAPR in orthogonal frequency division multiplexing schemes. High PAPR drives the power amplifiers used at the transmitter’s side into 

non-linear region and leads to high power dissipation in hand held devices. Signal companding is one of the widely used techniques to reduce high 

PAPR.  

Index Terms— Orthogonal Frequency division Multiplexing(OFDM),Peak-to-average power ratio(PAPR), Non-linear Companding TransformCom-

panding(NCT),Quadrature Amplitude Modulatipon(QAM),Inverse Fast Fourier Transform(IFFT), High power amplifier(HPA),Complemetry Cumultive Distribution 

Function(CCDF). 

——————————      —————————— 

1 INTRODUCTION                                                                     

FDM has many important properties due to which it has 

become one of the preferred techniques for the imple-

mentation of 4G (fourth generation mobile communica-

tion) systems. Multipath fading has little impact on OFDM 

and it provides high spectral efficiency which makes it a suit-

able technique for 4G systems [1]. Due to these properties 

OFDM has also been adopted by 3GPP LTE (Long Term Evo-

lution) for downlink transmission. However this technique 

also suffers from some critical drawbacks such as high PAPR 

and ICI. High PAPR may further lead to undesired spectral 

regrowth. Due to this the High Power Amplifiers (HPA) re-

quired in the OFDM signal generation are need to be highly 

linear which is a difficult condition to meet. High PAPR may 

also lead to in-band-distortion across various subcarriers used 

in the process [2].This paper deals with the problem of high 

PAPR by using one of the companding methods to reduce the 

effect of high PAPR.The companding technique used is of 

non-linear nature and can redistribute the power in OFDM 

signal. 

 

 

2  OFDM System Model  

The relationship between different sub-carriers in OFDM sys-

tem must be carefully controlled to maintain the orthogonali-

ty property. For this reason, first the spectrum requirement is 

computed based upon the input data and the modulation 

scheme used [3].  

 

Each sub-carrier to be produced is assigned some da-

ta to transmit. The required amplitude and phase is calcu-

lated based on the modulation scheme. The digital data 

stream in serial form is converted to parallel form using a 

serial to parallel convertor [4]. Inverse Fast Fourier Trans-

form (IFFT) is used to convert back the required spectrum to 

its time domain signal as shown in Fig. 1. In most applica-

tions, an Inverse Fast Fourier Transform (IFFT) is used [5]. 
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The IFFT block performs the time domain transformation 

very efficiently and provides a simple way of ensuring that 

the carrier signals produced are orthogonal to each other. 

The output of the IFFT is provided as an input to the com-

pander.  The companded data is converted to analog form 

and transmitted after amplification through a high power 

amplifier (HPA).At the receiver side the data is converted 

back to digital form and applied to a decompander. This 

paper deals with the first four blocks of the OFDM system 

model. OFDM signal is generated and applied to the com-

panding block. This companding block applies the non-

linear companding function to the OFDM signal. The pur-

pose of applying the companding function is to reduce the 

high value of PAPR.  

                                                 Decomanpder performs the in-

verse process of compander. The output is again converted to 

parallel form and applied to FFT block. The Fast Fourier 

Transform (FFT) transforms a cyclic time domain signal into 

its equivalent frequency domain spectrum. The amplitude 

and phase of the sinusoidal components represent the fre-

quency spectrum of the time domain signal  

  

3  Peak-to-Average-Power Ratio  

  The reason for high PAPR in OFDM systems is that in time 

domain, a multicarrier signal is the sum of many narrow-

band signals. At some time instances, this sum is large and at 

other times it is small which means that the peak value of the 

signal is substantially larger than the average value[7]. 

 

The peak to average ratio for a signal x (t) may be defined as 

PAPR=max[x (t) x*(t)]/E[x (t) x*(t)] ---------------------- (1) 

In decibels PAPR may be expressed as 

PAPR dB=10 log 10 (PAPR) ------------------------------ (2) 

                                                     In the presence of a large num-

ber of independently modulated sub-carriers in an OFDM 

system, the peak value of the signal can be very high as com-

pared to the average value of the whole signal. This ratio of 

peak to average power value is termed as Peak-to-Average 

Power Ratio. Coherent addition of N signals of the same 

phase produces a peak which is N times the average sig-

nal.The large amplitude variation results in increase in in-

band noise and the Bit Error Rate (BER) [8]. 

                                                               Due to these inherent dis-

advantages of high PAPR it needs to be reduced before the 

OFDM signal is to be transmitted through the channel. Many 

techniques have been proposed in the literature to reduce 

high value of PAPR in OFDM signals. Block Coding, Selective 

Mapping and Partial Transmit Sequence are some of the tech-

niques which may be used for the reduction of high PAPR in 

OFDM. But these techniques put some restrictions on various 

parameters used in the OFDM system such as frame format, 

constellation size etc [9]. The system designer has to work 

within these restrictions to use any of these techniques for the 

reduction of high PAPR. The another category of techniques 

used for PAPR reduction are based upon signal distortion 

before transmission of OFDM signal.Signal clipping and sig-

nal companding fall under this category. These signal distor-

tion techniques have the advantage that they do not put any 

restrictions on the system parameters but use of these tech-

niques also increases the Bit-Error-Rate (BER) and spectral 

regrowth. The clipping method is suitable only at low data 

rates and companding is suitable for high data rates. 

Companding is a combination of compression and expansion 

[10]. The reverse process of companding is known as decom-

panding. For PAPR reduction in OFDM system companding 

is done at the transmitter side and the decomapnding is done 

at the receiver side. Companding is basically the process of 

making quantization levels unequal. In companding the 

quantization levels are kept very close for the small ampli-

tude signals and larger spacing between quantization levels is 

used for high amplitude signals. 

 

             The Non-Linear Companding Transform (NCT) is 

suitable to be used in OFDM system due to it’s advantages 

such as low complexity in implementation and good efficien-

cy 

 

4 Formulation of Companding-Transform 

In this paper we have used non-linear companding transform 

technique for reducing the PAPR of OFDM signal. The com-

panding function transforms the statistics of the amplitude of 

the signals into a uniform distribution.The companded signal 

has almost constant average power level which relieves the 

strict linearity requirements on the HPA(High Power Ampli-

fiers) used in the process. 

       The companding function h(x) can transform the original 

OFDM signal xn into a form which leads to the reuction of 

PAPR.The companded signal may be expressed as 

               yn=h(xn)--------------(3) 

 

  

     h(x) = F|yn| -1[ F|xn| (x)]. sgn(x)--------(4) 

 

where    F|x| (x)   is the cumulative distribution function for 

the input signal x and may be given as 
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           F|xn| (x )= 1-exp(-x2/σ2)-----------(5) 

       

       By using these expressions the companding function may 

be derived as 

    If X0=p(mT)q+1/(q+1) 

 

                   [{(q+1)/pT}.(F|xn|x))]1/(q+1).sgn(x)         x  X0      

h(x)=                                                                          -------(6)                

                      

                    (F|xn| (x) )/p(mT)q+1. sgn(x)               x> X0 

The proposed companding function h(x) has the ability to 

compress large amplitude signals and at the same time ex-

pand the small amplitude signals which is the primary re-

quirement for PAPR reduction. The proposed function pro-

vides the flexibility and some adjustable parameters which 

can be changed to obtain different profiles for the com-

panding transform.           

4.1 Profile of the Comapnding Transform: 

 For values q=0.5,m=0.25 
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5 Simulation Results: 

Simulation has been performed for OFDM system using fol-

lowing parameters 

Modulation Type: 16QAM.  

FFT length: 64.  

Number of data points used for the purose of simulation: 6.4 

 105.  

q=0.5 

m=0.25 

 

Graphs have been plotted for CCDF of the original OFDM 

signal(without NCT) and the companded OFDM signal. 

 

5.1PAPR vs CCDF Graph of Original OFDM (without 
NCT) signal:        

 The graph shows CCDF Vs PAPR for the original OFDM 
signal on which no companding function has been applied 

  

5.2 PAPR vs CCDF Graph After Comapnding: 

 

The graph shows the change in PAPR Vs CCDF graph for 
the OFDM signal on which the proposed companding 
transform has been applied 
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6.Conclusion:   

The proposed companding transform is able to reduce the 

PAPR of the OFDM signal by considerable extent. The com-

panding transform is able to compress the large signal values 

simultaneously enhancing the small signal values. By choos-

ing the value of companding transform parameters the value 

of PAPR can be reduced. The original OFDM signal is Gaussi-

an distributed and the proposed NCT is able to transform this 

Gaussian distribution in such a way that reduces the PAPR 

value by a significant extent as can be observed from the sim-

ulation results. 
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