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Abstract– OFDMA is promising technique for new high speed 

wireless data networks. It provides high speed data transfer with 

high spectral efficiency and noise immunity for in band and out 

band spectrum. Multiple slow speed data streams can be 

transmitted simultaneously. But the main problem associated 

with this type of networks is PAPR. PAPR occurs due to limited 

linear operation of high frequency power amplifier. This 

drawback is so severe that all the advantages of OFDMA become 

unattractive. However this problem can be overcome by pre-

coding technique that is presented in this paper and the fruits of 

OFDMA can be enjoyed. 
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I.    INTRODUCTION 

FDMA is found to be very efficient in Digital Television 

Broad casting (DTB), Digital Audio broadcasting (DAB) 

& Digital Video Broad casting (DVB). Multiple slow 

speed data streams are transmitted simultaneously using a 

single high speed carrier. The slow speed data streams are 

modulated using orthogonal carriers which improve the 

bandwidth utilization. The orthogonal carriers have inherited 

property of noise immunity for in band and out of band 

spectrum. OFDMA is becoming the most popular technique 

for wireless data transmission due to its advantages. It offers 

the considerable high data rate transmission, high spectral 

efficiency, immunity to the frequency selective fading 

channels multipath delay spread tolerance and high power 

efficiency [1]. Most of the high speed wireless 

communication standards have adopted OFDM e.g., IEEE 

802.11, IEEE 802.16, IEEE 802.20, European 

Telecommunication Standards Institute, BRAN (Broadcast 

Radio Access Networks) committee [2], [3]. 

OFDMA can fulfill the ever growing needs of high speed 

wireless transmission. OFDMA is a type of OFDM in which 

the high speed data stream is split into several low speed data 

streams. Each data stream is assigned a subcarrier and every 

subcarrier is orthogonal to other which minimizes the inter-

carrier-interference (ICI). It provides the simple solution with 

less computational complexity and hardware requirements 

[4]-[9]. Due to its fascination and attractive advantages, it is 

becoming very popular now-a-days [10]-[12]. 

The inherited features of OFDMA such as noise immunity, 

low multipath fading and simplicity on hardware 

implementation by using only FFT techniques make it ideal 

fulfill the needs of high speed wireless communication. 

Impulse noise immunity eliminates the need of equalizer [13]. 

In OFDMA, the data streams are mapped and modulated 

with subcarriers. These subcarriers are transmitted in parallel 

which significantly increases the bandwidth and the inter 

symbol interference remains minimum due to inherit property 

of OFDMA [30], [31].  

 

 

 
 

Fig. 1.  Localized OFDMA 

 
 

The symbol duration is transmitted to provide framing for 

the receiver to detect symbol and to retrieve the data      

correctly [32].  

There is one major drawback and that is PAPR of 

transmitting signal. If the peak is limited due to some 

constraint then the average power will also be constrained 

relatively because of constant power modulation technique 

and in the consequence of this, the range of multicarrier 

O 
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transmission will be reduced. The transmit amplifier must 

operate in a linear region to avoid out-of-band radiation and 

intermodulation of subcarriers. Since the power conversion is 

poor, it reduces the battery life in portable devices. Due to this 

major drawback of PAPR, multicarrier transmission 

(OFDMA) is not suitable for portable devices [13]. 

Due to high PAPR, the complexity of analog to digital and 

digital to analog converters increases significantly and it also 

affects the efficiency of high power RF amplifier [14].  

Due to nonlinear operation of high frequency power 

amplifier also results on high BER which is undesired in a 

reliable data transmission [13]. 

II.    LITERATURE REVIEW 

In the literature, a number of techniques like Amplitude 

Clipping and Filtering [15]-[17], Partial Transmit Sequence 

[18]-[20] and Selected Mapping technique [21]-[23] have 

been introduced to reduce PAPR but all of them have some 

drawbacks as well.  

Usually the techniques of reducing PAPR disturb the wave 

shape of signal that results in inter-carrier-interference, out of 

band noise, increase in BER and most of them reduce PAPR 

at the expense of bandwidth. On the other hand, the coding 

techniques do not affect the signal rather they transform or 

code the data using different algorithm to minimize PAPR. 

These algorithms increase the computational complexity and 

demand more time for more complex algorithms which is 

undesirable for high speed communication. This problem with 

coding techniques can be overcome by using pre-coding 

techniques.  

III.    PRE-CODING TECHNIQUES 

In pre-coding techniques, the data is transformed or coded 

before transmission that saves time and ensure high speed 

transmission. The block diagram of Pre-coded localized 

OFDMA is shown in Fig. 2. 

 

 

 
 

Fig. 2.  Pre-coded Localized OFDMA 

 

 

The pre-coding part is shown with block “P” in the Fig. 2. 

The pre-coding is usually done after IFFT on the transmitter 

side and inverse pre-coding is done before FFT on receiver 

side. The pre-coding and inverse pre-coding cancel the effect 

of each other and provides a mechanism to reduce PAPR by 

reshaping the data. The Pre-coding technique can be any 

algorithm that helps to reduce PAPR. The pre-coding 

techniques like WHT, DHT, ZCT and DFT are briefly 

discussed below: 

A) Walsh-Hadamard Transform (WHT) 

This is the simplest and linear transformation that is applied 

as butterfly structure of FFT. WHT does not increase the 

complexity of the system. Mathematically, WHT [24] can be 

expressed as: 

 

       

   
 

  
 
  
   

  

   
 

   
 
    
    

    

Where   
   is the binary complement of   . 

Although this technique helps to reduce PAPR but it is not 

as efficient as the later techniques which are described below: 

B) Discrete Hartley Transformation (DHT) 

The DHT is also a linear transformation of data. In DHT,   

real numbers              are transformed into   real 

numbers             . According to [25], the N-point 

DHT can be defined as follows: 

 

           
    

 
      

    

 
  

   

   

 

 
The pre-coding based matrix   can be constructed as 

follows: 

 

    

      
      

 
 

       
       

    
                          

  

 
A is pre-coding matrix of size     shown in above 

equation,   and   are integers from   to    . The DHT is 

also invertible transform which allows us to recover      from 

    and inverse can be obtained by simply multiplying DHT 

of     by   
 

 
. 

C) Zadoff-Chu Transformation (ZCT) 

The Zadoff-chu (ZC) sequences have optimum correlation 

properties with ideal periodic autocorrelation and constant 
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magnitude. According to [26], [27] ZC sequences of length L 

can be defined as: 

 

    
 
    
 

 
  

 
    

           

 
    
 

 
      

 
    

          

  

 
Where              ,   is any integer and   is any 

integer relatively prime to  . The By reshaping the Zadoff-chu 

sequence by       , the ZC transformation matrix 

(ZCMT) for       can be written as: 

 

    

      
      

 
 

       
       

    
                          

  

 
Here   is the row variable and   the column variable. In 

other words, the    point long    sequence fills the kernel of 

the matrix transform row-wise. 

ZCMT is applied to the uplink signal and in the simulation; 

it is found that the ZCMT reduces PAPR significantly as 

compared to conventional WHT pre-coding based technique. 

This technique is independent of the nature of input signal and 

also it can offer substantial gain in fading multipath channels 

due to frequency variation in communication channels. 

D) Discrete Fourier Transform (DFT) 

In DFT pre-coding technique, the size of pre-coder is same 

as it is of IFFT used to combine separate signals and the 

resultant signal need only a single carrier because DFT and 

IDFT cancel each other [28], [29]. In this way, the system 

becomes just like a single-carrier system but its PAPR is 

improved. The Pre-coding matrix P of dimension       is 

used before the IFFT to reduce the PAPR. The pre-coding 

matrix P can be written as: 

 

   

      
      

 
 

       
       

    
                          

  

The signal with   subcarriers can be written as complex 

base band OFDM as follows: 

     
 

  
       

        
   

   
           

The vector signal with   subcarriers modulated OFDM can 

be written as: 

              

The PAPR of OFDM signal can be written as: 

     
          

          
 

The DFT and IDFT sequence of length   can be written as: 

                  
   

   
                

     
 

 
            

   

   
                

Where,       
     

 ,   and   are integers from   to 

   . 

This technique is better than the clipping and clipping, 

filtering pre-coding and ZCT techniques in reducing the 

PAPR of OFDM signal. Also the BER is improved as well. 

IV.    CONCLUSION 

The traditional techniques are not so efficient in reducing 

PAPR. Most of them reduce PAPR at the expense of 

Bandwidth and high BER. Coding techniques does provide 

the solution to reduce PAPR but they increase the 

computational complexity and high BER. Therefore, a pre-

coding must be employed to achieve better results. By 

reviewing all the above briefly discussed pre-coding 

techniques, it is concluded that the DFT is best and effective 

technique to reduce PAPR of OFDM signal. DFT technique 

does not require any special hardware to implement and it has 

less computational complexity as compared to the other 

techniques. However, the DFT converts the multicarrier 

transmission to single carrier which is its drawback. 

V.    FUTURE WORK 

A new pre-coding based technique will be proposed to 

reduce PAPR. The proposed techniques will have the similar 

results as DFT in reducing the PAPR as well as it will also 

facilitate the multicarrier transmission instead of single 

carrier. 
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