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Abstract: OFDM is a special kind of Multi Carrier modulation technique which forms the basis for 4G 

Wireless system. OFDM is a key broadband technology that can  supports data rates in excess of 100 Mbps that 

is essential for next generation 4G broadband communication..  Peak To Average Power ratio is one of the 

serious problems in OFDM technology that is problem of extreme excursions of transmitted signal, which 

reduces the efficiency of transmit high power amplifier.  This paper explores the problem of PAPR and focus in  

reduction of PAPR using µ law technique. This proposed technique shows the better performance in the 

presence of non linear high power amplifier by significantly reducing PAPR more than 5.5 db, signal to noise 

ratio is also deceases by 6 db at BER=     
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I. Introduction  
 OFDM [1] is frequently referred to as multi-carrier modulation because it transmits signals over multiple 

subcarriers simultaneously, it can support WLAN data rates up to 54 Mb/s. It uses Fast Fourier transform (FFT) 

and inverse fast Fourier transform (IFFT) algorithm  instead of bank of modulators  and demodulators, which 

allows the multiple subcarriers to overlap yet maintain their integrity. Subcarriers are sent to lower data rates in 

OFDM ,that’s make it to perform robustly in severe multi-path environments. Inter Symbol Interference (ISI) is 

almost completely eliminated by introducing a guard time between every OFDM symbol,  As a result, this 

modulation approach is being widely adopted in 5-GHz WLAN implementations [2]. 

            For wireless applications, an OFDM based systems are demanding because it provides greater 

immunity to multipath fading and impulse noise, and the need for equalizers is also eliminated, while using Fast 

Fourier Transform (FFT) Technique hardware implementation can be realized efficiently.  

           The basic concept of OFDM is to divide the total bandwidth into sub narrow band by splitting single 

carrier into multicarrier also called subcarrier (because it occupies smaller band),  which are transmitted in 

parallel. That’s why its spectral efficiency is high than conventional single carrier communication system. 

           The most concerned  issue with OFDM which are preventing it for implementing in next generation 4G 

wireless communication are its high PEAK TO AVERAGE POWER RATIO. A high peak power in the OFDM 

signal will occur when   most of the sub-carriers align themselves in phase. 

  

           The PAPR value is directly proportional to number of subcarrier used in OFDM signal, given by: 

                          PAPR (db) = 10log (N) 

       Where N denotes the no. of subcarrier 

        Because of occurrence of high peaks in OFDM signal,  power amplifier must be oversized in terms of 

its average power requirement, traditional OFDM modems are not power efficient, since its DC power 

consumption is determined by the peak power level, efficiency of the Power Amplifier will suffer dramatically. 

        To put this in perspective, when  PAPR of 10 db occur in OFDM signal, the maximum power 

efficiency of a Class B power amplifier drops from 78.5% to 7.85%. Hence there are a loss of DC power 

consumption of 1.3 W when 100mW power level is desirable. This very high DC power consumption is one of 

the main obstacles for the practical implementation of OFDM modulation for portable applications, including 5-

GHz WLAN enabled devices such as smart phones, palmtop laptops and personal digital assistants. [3]  

       The OFDM modulation scheme also requires highly linear up converters due to its high peak-to-

average power ratio. And due to high PAPR, up converter must have a high-level compression point, which 

results in high DC power consumption. 

         Finally, To sustain high power consumption, and thereby increasing the component cost , 

semiconductor manufacturers will have to use more expensive packaging design to compensate high PAPR 

problem. 

         Therefore to meet consumer expectations for user autonomy (long battery life in portable applications), 

there are need to work on designing low power consumption that’s why   manufacturers are specifying low 

power consumption as part of their system requirements. But, merely specifying a change 
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in power level mean does not solve the problem. So this is a challenging task for the OFDM modem designers to 

achieve acceptable levels of power consumption in their designs. Until then, the penetration of WLANs and next 

generation communication system like 4G using OFDM will likely be limited to high-end, low-volume 

products. [3] 

        In this paper, we suggest very effective technique for reducing the PAPR of OFDM signals. That are 

based on the properties of the μ-law to reduce dynamics range of the signal . 

 The paper is organized as follows: In Section II, the PAPR in OFDM is introduced. Section III , The  technique 

will be explained. Section IV, simulation results will be made. Section V, conclusions will be done. 

 

II. Papr In Ofdm Systems 
If we consider N modulated data symbols from a particular signaling constellation,      = (X0, X1, …., 

    ), over a time interval [0, T], the  OFDM symbol can be written as 
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       The discreet time version is obtained by replacing t= n    and   =T/N 
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        The peak to average power ratio is then given by: 
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         Which is ratio of peak instantaneous power to average power where E [.] is the expectation ratio. 

In practice, during signal transmission the occurrence of these large fluctuations in OFDM signal 

causes the large PAPR requires very high linear dynamic range and inefficient hardware design and also affects 

BER during OFDM signal transmission.. The PAPR ratio measures  the dynamic range in OFDM signals. So 

high PAPR induces a high dynamic range which shows high variability in the signal range. The large PAPR 

levels increases the implementation complexity like the number of quantization bits of the Analog to Digital and 

the Digital to Analog converters such that large peaks of composite signal can be represented with good 

precision. To avoid any information loss, these large dynamic ranges must be compensated by the hardware 

design which is practically very tough task and seems to impossible. Because high PAPR signals generally 

exhibit high energy concentrations over small portions of the signal, the designing of hardware to compensate 

for only a small fraction of the signal leads to increase complexity, inefficiency in design and implementation 

costs. 

         Non linear distortions is another major problem which is produced by OFDM signals because of its 

high PAPR. High  power amplifiers at the transmitters side will show effective performance only  when OFDM 

signals are within the dynamic range which are passed through the amplifier. When amplifiers limit the transfer 

of large induced peak powers in signals, amplifiers are then forced to operate in the non-linear regions creating 

non-linear distortions which causes out of band radiation which influences BER performance. The ideal 

condition is that the power amplifier is intuitively recoverable to their original form. if distortions are nonlinear, 

the changing in signals is no longer predictable or recoverable. [4] 

          In addition, when PAPR problem occurs the choices of power amplifier and up-converters will also be 

crucial. As a result, power efficiency is decreased significantly due to PAPR problem. For example, the 

maximum power efficiency of a Class B power amplifier drops from 78.5% to 4.6%, when the PAPR increases 

0dB to 17dB, as stated in the IEEE 802.11a standard. Power efficiency is pivotal in mobile communications 

such as laptop and PCs. 

 

III. Description Of The Technology Used To Reduce Papr 
There are at least two ways to reduce the PAPR as defined in equation (3). Firstly the numerator can be 

made variable. The objective is to reduce the peak power of the transmitted signal as much as possible to 

achieve the overall reduction of PAPR. Some techniques that are based on this motivation deal with signal 

clipping and filtering to reduce the peak powers of the transmitted signal. On the other hand, the PAPR can be 

reduced by increasing the denominator. To do that new technique will be suggested. This technique depends on 

a simple logarithmic computation that can only handle a positive signal. The logarithm computation is known as 

a compressor. 
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       The logarithm computation is known as a compressor. Computation of a compressor is called an 

expander. The combination of a compressor and expander is called a compander (compress and expand) [5]. 

               The two most popular compressing functions used worldwide are μ-law and A-law. In this paper we 

will use these two companders to reduce PAPR in OFDM which are described below: 

 

A.          μ-law Compander 

   The compression characterstics for μ-law is : 

 

               g    
       | | 

        
                      (4) 

 

        where x : input signal . 

       μ : parameter controls the amount of compression .Title 

 

B.      A-law Compander 

The characterstic of this compander is given by : 
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}      (5)  

 

A : parameter controls the amount of compression . 

 

               In this paper, we use the compression after the IFFT process at the transmit end and expansion prior to 

FFT process at the receiver end. The block diagram of digitally       companded OFDM system shows in Fig. 1. 

 
Figure 1: OFDM system with companding technique for PAPR reduction [6] 

 

 A μ-law companding scheme to reduce the PAPR of OFDM signal was first proposed by Wang et al, In 

[7]. According to this scheme, to produce a companded OFDM signal    , the time domain OFDM signal (x[n]) is 

applied to a μ-law compressor given by 

 

                        
      | |   [  |

 [ ]

 
|]

       
                  (6) 

  where, μ is the parameter controlling nonlinearity of the companding function and A is the peak value of 

the OFDM signal before companding. ln(.) and Sgn(.)are the standard natural and signum logarithmic function 

respectively. The discrete time domain companded OFDM signal is first converted to analog signal using D/A 

converter and then amplified using High Power Amplifier (HPA) to achieve the desired power level. The amplified 

signal is then transmitted over the communication channel. At the receiving end, to recover the transmitted time 

domain signal, the received signal (r[n]) is applied to the expander. The time domain OFDM signal at expander 

output is given by 

 

                       
     {

 [ ]

        [ ] 
        }

       [ ] 
             (7) 

 

Here, the received signal (r[n]) is nothing but the companded OFDM signal (    [n]) corrupted by 

quantization and channel noise. Before companding, the real and the imaginary parts of the complex time domain 
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OFDM signal have Gaussian distribution. But, after applying the μ-law companding scheme, the PDF of real and 

imaginary parts no longer remains Gaussian distributed. Fig. 3 shows the PDF of real part before and after 

companding of OFDM signal.  

 

 
Figure 2: PDF of real part of original and μ-law companded OFDM signal amplitude 

 

IV. Simulation Results 
Simulations are used to clarify the PAPR reduction capability and BER performance with the 

companding technique. Here we used N =256 , 512 ,and 1024 sub carriers using QPSK ,16 QAM, and 64 QAM 

respectively. Rapp’s solid state power amplifier model (SSPA) [8],[9] for the high power amplifier (HPA) are 

used  with the characteristic given by: 

                                    
   

{  (
|   |

    
)
   

}

 
   ⁄

      (8) 

Where, vin = the complex input,  

vout =complex output signals . 

vsat = output saturation level . 

The parameter p, also called “knee factor,” controls the smoothness of the characteristic. We also define 

the input back-off (IBO) w.r.t the saturation values: 

                                   {
     

  |   | 
}    (9) 

In this paper , we considered  a rapp model HPA with knee factor p=2 , IBO=3.5 dB and used Additive 

White Gaussian Noise (AWGN) channels to evaluated the BER performance.. CCDF and BER performances will 

be investigated In the following  : 

 

A. CCDF Performance: 
A CCDF curve shows the time spent by a signal  at or above a given power level (expressed in dB) 

relative to the average power. A CCDF curve  plots  relative power levels against probability,[5,6] and can be 

explained with a set of data having the probability density function (PDF). To obtain the CCDF first we compute 

Cumulative Distribution Function (CDF)  by taking  integral of the PDF, then inverting the CDF results . It means 

that CCDF = 1 – CDF. 

  PAPR statistics are given in terms of the CCDF. The CCDF shows the probability of an OFDM frame 

exceeding a given PAPR , 

CCDF (PAPR (x)) = Pr (PAPR (x) > PAPR0) . 

Figs. 3 shows  the performance improvement of the new scheme over a original OFDM (without peak 

reduction) system for the μ- law. PAPR is reduced by almost 5.8 dB smaller than without PAPR reduction when 

the probability goes to        in this scheme the same number of frame will be sent for each modulation. However, 

The same improvements can be obtain by using A-law compander. 

 

B. BER Performance: 

The BER performance of OFDM is evaluated using computer simulation. In this study, the channel is 

assumed to be known perfectly at the receiver. The modulated signal is affected by SUI multipath channels [10] 

and AWGN. 

The BER performances of OFDM systems over the AWGN channel are given by the BER curves in Fig 

We see that Eb/N0 required for BER=    is improved by 6 dB.The BER performances of OFDM systems over 

the AWGN channel  shown in Fig 4. The improvements that are seen in BER in proposed system which includes 
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the amplifier is just another way of visualizing the PAPR reduction. The achievement of PAPR reduction that was 

our goal, means the amplifier is operating more in its linear region, which means we don't see as many errors 

related to clipping from saturation region of power amplifier. In other words, the dominant effect that is causing 

the errors is the amplifier and not channel. The proposed technique reducing that and thus it makes sense that we 

are seeing a lower BER. 

 

V. Conclusions 
This paper, presents a better technique for PAPR reduction of OFDM signals. This technique uses the μ- 

law or A-law compression with optimum values of μ and A here 255 for μ,  which gives better performance 

,where the μ-law and A-law reduces dynamics range of the signal. Increasing the compression (via the 

companding parameter, u) reduces the  

                

 
Figure 3: comparison of CCDF of PAPR with the proposed technique to the without companded OFDM signal. 

 

 
Fig. 4. BER performance with the proposed technique over    AWGN 

 

  Non-linear distortion and suggests that moving the operating point towards saturation might be 

beneficial      

The main advantage of  this technique the reduction of PAPR more than 5.8 dB and decreasing the BER 

over original system where the new technique is evaluated in presence of nonlinear power amplifier                                        
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