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Abstract: One of the challenging issues for OFDM (Orthogonal Frequency Division Multiplexing) systems are 

its PAPR. Proposed review and analysis of various OFDM PAPR reduction methods are based on 

computational, complexity, spectral spillage and performance. Our aim is a non linear companding technique is 

proposed to reduce high PAPR of OFDM. Which can use companding for Peak to Average Power Ration 

control is explored for linking a nonlinear transmit power amplifier with OFDM. In this article analyses the 

improvement in Bit Error Rate and overall system performance by employing non linear companding technique 

for PAPR reduction in Digital Video Broadcasting system. 

Index-terms: Bit Error Rate (BER), DVB-T, OFDM, PAPR. 

 

I. Introduction 
In remote and wire-line communication Orthogonal Frequency-DivisionMultiplexing is a multicarrier 

transmission scheme that has become the technology of choice for next generation system, due to its high speed 

data rates, quality service, efficiency, robustness against narrow band interference and frequency selective 

fading. These carriers (subcarriers) have different frequencies and they are orthogonal to each other. By making 

the sub-channels the narrowband and individual channel experiences almost no fading, this makes receiver as 

simple design as possible. Later on, Saltzberg analyzed the OFDM performance and observed that the crosstalk 

was the severe problem in this system. Although each subcarrier in the principal OFDM systems overlapped 

with the neighborhood carriers are the orthogonality can still be preserved through the staggered QAM method. 

However, the difficulty will emerge when a large number of subcarriers are required. Early OFDM applications 

have number of subcarriers can be chosen up to 34. Those 34 symbols will be appended with redundancy of a 
guard time interval to eliminate inter-symbol interference (ISI). In the 1990s, OFDM systems have been 

exploited for high data rate communications. IEEE 802.11 standard the carrier frequency can go up as high as 

2.4 GHz to 5 GHz. The developments of Researchers tend to pursue OFDM operating at even much higher 

frequencies nowadays. The best example is IEEE 802.16 standard proposes yet higher carrier frequencies 

ranging from 10 GHz to 60 GHz. 

 Today OFDM used in many wireless standards such as terrestrial digital video broadcasting (DVB-T), 

digital audio broadcasting (DAB-T), and adopted in wireless local area networks (WLANs) (IEEE 802.11a, 

ETSI Hiperlan2) and wireless metropolitan area networks (IEEE 802.16d). The main drawback of OFDM is its 

high (PAPR) which causes serious degradation in performance when nonlinear power amplifier (PA) is used. 

This high PAPR forces the transmit PA to have a large input back off (IBO) in order to ensure linear 

amplification of the signal, which significantly reduces the efficiency of the amplifier, Furthermore, high PAPR 
requires high resolution for the receiver analog-to-digital converter (A/D). Since the  dynamic range of the 

signal is much larger for high PAPR, a high-resolution quantizer is required to reduce quantization error, which 

requires more bits and places a complexity and power burden on the receiver front end Many PAPR reduction 

schemes based on different techniques , such shaping , block coding , partial transmit sequence (PTS) technique 

and selective mapping (SLM) technique, phase optimization , tone reservation and injection and non linear 

companding transform schemes have been proposed in literature [4]. In this paper, we proposed and analyse non 

linear companding technique to reduce the PAPR of OFDM signal. Non linear companding has better system 

analysis including Peak to Average Power reduction and Bit Error Rate, the implementation complexity is less 

and no bandwidth expansion. 

 

II. Related Work 
The most attractive schemes are nonlinear transform due to the reason it’s a good system performance 

including PAPR reduction and BER. The implementation is complex and no expansion of bandwidth. In the 

stage of nonlinear companding transform is the 𝜇-law companding which are based on the audio or video 

processing algorithm low and then shown optimal performance than compare to clipping methods, 𝜇-law mainly 

focuses on enlarging signals which are very less amplitude and keep peak signals are unchanged thus it can 
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improve the peak to average power of the transmitted signals and are possibly results in exceed the saturation 

region of HPA make system performance worse. Main variation in between clipping and nonlinear Companding 

transform is described as: 1) Clipping is a method deliberately it clips high signals when the ampitude of the 
original OFDM signals are higher than of given threshold and then clipped signals cannot be recovered at the 

destination side. However nonlinear companding transform is compand to original OFDM signals use the strict 

monotone increase function. Finally the companded transform signals are at the transmitter it can be recovered 

effectively through the corresponding inversion of nonlinear function at the receiver side 2) Nonlinear 

companding transform extract small signals while coding a large signals to increase the signals immunity from 

noisy signals  then after while the clipping method does not  change small signals in that channel. Therefore 

clipping method suffers from mainly three problems: In-band distortion, then out-of-band radiation, and peak re-

growth after DAC conversion. Based on these results the system performance is degraded due to the clipping it 

may not be optimistic. In this work to transform the amplitude of the original Orthogonal Frequency Division 

Multiplexing signals are described into the distribution with its PDF  

FSC(s) = kS + b     (k<0,b>0) .  
Finally this nonlinear transform function is derived as . 

C(x)= 6𝜎  1− 𝑒𝑥𝑝 −  
𝑥2

2𝜎2
                  (1) 

This nonlinear companding transform belongs to the exponential companding scheme. Problem design 

criteria are two types of nonlinear companding transformation which is based on error function and exponential 

function, respectively, have been proposed. The well-known original signls are highly sharp rectangular-like 

power spectrum. The well-known property will be affected on PAPR reduction technique, ex. slower spectrum 

roll-off, side-lobes are more, and higher adjacent channel interference. Lot of PAPR reduction schemes cause 

spectrum side-lobes getting, but the nonlinear companding transforms cause less side-lobes spectrum. Error and 

Exponential companding transform have very less impact on original power spectrum differencing to the 𝜇-law 
companding scheme. The major reason is Error, Exponential companding methods are not only extracting the 

small amplitude signals but also coding the large amplitude which can maintain the average unchanged average 

power based on optimal parameters, and it can raise the immunity of small amplitude signals from various noise 

signals. Therefore 𝜇-law companding transform can increases or maintain reliable power level and therefore it 

requires linear operation region in HPA.    

 

III. Proposed Criteria For Papr Reduction In Ofdm Systems 
Most of the existing solutions still have some drawbacks. one is the trade-off between Peak to Average 

Power reduction and some factors such as bandwidth. Proposed criteria is the Peak to Average power reduction 

are to find the approach that it can reduce Peak to Average Power largely and at the same time it can keep better 

performance in terms of the following factors as possible.  

 

 Capability of PAPR reduction:  Primary factor is considered to selecting the PAPR reduction algorithm 

which has few harmful sides of the effects on such as in-band distortion and out-band radiation. 

 Average Power: This can also reduce the PAPR in OFDM by using mean of the power on original 

signals to increase a higher linear operation region in High Power Ampilfier and thus resulting in the 

reduction performance of BER. 

 Implementation complexity: Basically, the complexity of these techniques are exhibits besr capability 

of PAPR reduction. In this work both delay, and hardware requirements for the PAPR reduction very 

less. 
 Bandwidth expansion: one of the rare resources in this work is bandwidth. The bandwidth expansion 

directly results in the data code rate loss due to beside information. Therefore, when channel coding is 

used the loss in data rate is increased further due to side information. Therefore, the loss in bandwidth 

due to side information should be avoided. 

 BER performance degradation: Aim of the PAPR reduction is to obtain efficient preformance including 

Bit Error Rate than that of the original Orthogonal Frequency Division Multiplexing system. All the 

methods have an improved Bit Error Rate at the receiver it should be paid more attention in practice. 

However the side information is received in error at the receiver part, which may also result in whole 

erroneous data frame and thus the Bit Error Rate performance, is reduced. 

 No need additional power: The design of a wireless system should always take into consideration the 

efficiency of power. If an operation of the technique which reduces the Peak to Average Power needs 
more additional power, then it degrades the Bit Error Rate performance when the transmitted signals 

are normalized back to the original power signal. 
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3.1. Performance Analysis 

In this paper we consider a typical model of Orthogonal Frequency Division Multiplexing system with 
256 sub-carriers and 16-Quadurature Amplitude Modulation constellation in which oversampled Orthogonal 

Frequency Division Multiplexing sequences with the oversampling rate of 4 are used to analyze Peak to 

Average Power Ratio reduction and Bit Error Rate performance based on different schemes as shown in the 

following fig.1.  At preset the clipping levels has been selected to 80% of the maximum of the original 

Orthogonal Frequency Division Multiplexing symbols in the clipping scheme and the number of the reserved 

tone is 20 in Transmit Receive scheme. In this article we used Partial Transmit Ssequence scheme, for that the 

rotation vectors belong to set {+1, -1}, and number of sub-blocks is 16. However we got the 215 searches is for 

each optimal Partial Transmit Sequence. These two schemes are Partial Transmit Sequence and Transmit 

Receive is used for all the side information has not been submitted to the receiver. We refer the nonlinear 

companding transform the error companding is that proposed in [11] and the exponential companding is based 

on [9]. 

 
. Fig.1. Comparision of CCDF based on different PAPR reductions 

 

            As shown in Fig. 1, different curves of the Complementary Cummulative Distribution Function have 
been given for random original Orthogonal Frequency Division Multiplexing symbols generated and different 

Peak to Average Power Ratio reduction schemes. From Fig. 1 it is very clear that all schemes can reduce the 

Peak to Average Power Ratio largely in Orthogonal Frequency Division Multiplexing system.  

Their performances of the Peak to Average Power Ratio reduction are different. For example when various 

PAPRs are 2 dB, 4.3 dB, 6.5 dB, 6.6 dB, 7 dB and 11.9 dB for the exponential companding, error companding, 

Partial Transmit Sequence, TR, clipping scheme and original Orthogonal Frequency Division Multiplexing 

signals, respectively.  Obviously, the signals companded by the nonlinear companding transform with 

exponential function can reduce the Peak to Average Power Ratio largest and the Peak to Average Power Ratio 

reduction of the clipping scheme is the smallest among these typical methods. Although clipping scheme can 

improve its performance of the Peak to Average Power Ratio reduction through reducing its preset clipping 

level A. However, the performance of the Bit Error Rate will be degraded largely when its preset clipping level 

is reduced. 
 

3.2. BER Performance analysis using Nonlinear Companding Transform 

 
Fig.2. BER Vs SNR 
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From fig-2 the SNR of the companded Orthogonal Frequency Division Multiplexing (OFDM) signals 

obtained by using the Nonlinear Companding Transform is equal to 12 dB at a Bit Error Rate (BER) of 10-0.6 for 

QPSK. 
 

IV. Conclusion 

   In this article we have proposed a PAPR reduction scheme to improve the Bit Error Rate performance 

in OFDM system. PAPR reduction can be reduced by applying non-linear companding technique. This 

methodology gives 1-1.5db reduction in PAPR with the comapnding technique is achieved. The simulation 

results have shown that the proposed Nonlinear Companding Transform algorithm could offer better 

performance in terms of PAPR reduction without increasing the complexity of the system performance. 
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