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Abstract 

In this paper, a combinational method is proposed to mitigate the peak-to-average power ratio problem in 

orthogonal frequency division multiplexing signals. The proposed algorithm is an intelligent combination of the 

constellation extension and probabilistic techniques. It is shown that proposed technique achieves the 

significant reduction in peak-to-average power on maintaining sufficient bit error rate with a slight increase in 

computational complexity compared to conventional schemes. 
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1. Introduction 

The growing demands of wireless communication require large data rate transmission with high mobility. 

Multi carrier modulation (MCM) fulfils this requirement very effectively and works very robust in fading 

channel as well as interference. One of the important MCM technologies is orthogonal frequency division 

Multiplexing (OFDM) which applied in several applications such as IEEE 802.11a, IEEE 802.16, Digital 

Audio Broadcasting (DAB), Digital Video Broadcasting (DVB), HIPERLAN/2 and 4G mobile communication 

systems. There are some issues still remain challenging in OFDM system like high peak-to average power ratio 

(PAPR), timing and frequency synchronization and phase offset. The PAPR problem is mostly associated with 

uplink since the efficiency of radio frequency (RF) power amplifier is critical due to the limited battery power 

in a mobile terminal. 

Recently, various methods have been proposed to reduce the PAPR [1-10]. These methods includes coding 

[2], clipping [3], tone reservation (TR), tone injection (TI) [4], selective mapping (SLM) [5, 6], partial transmit 
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sequence (PTS) [7, 8] and active constellation extension (ACE) [9, 10]. The comparison among all above 

techniques [1] shows that probabilistic approaches posses lesser PAPR, i. e. SLM, PTS, TR and TI. On the 

other hand, ACE gives constellation in non bijective way in which points extends to minimize peak power of 

signal. This can be done by two algorithms i.e. project onto convex set (POCS) [11] and approximate gradient 

project (AGP) [10]. 

The objective of this paper is in the direction of combining of two techniques i.e. AGP and PTS, in such a 

way that PAPR is reduced and bit error rate (BER) is maintained as compared with other conventional 

techniques. In Section II, OFDM model and PAPR is formulated. PAPR reduction schemes describes in section 

III. Proposed PAPR combinational algorithm and computational complexity are discussed in section III. Finally 

results and conclusion are presented in section IV and V respectively.  

2. OFDM System 

An OFDM signal is represented in the form of N independent subcarriers which are orthogonal to each other 

with frequency separation of   ⁄ , where,   is the orthogonal symbol period. However, these orthogonal 

frequencies are generated with the help of Discrete Fourier Transform (DFT). The transmitted envelop of 

OFDM can be expressed as- 

     
 

√ 
∑   

   
                                                                                                                       (1) 

Here, information is transmitted in the form of constellation and depends upon type of mapping used such as 

BPSK, QPSK and QAM. After computing inverse Discrete Fourier Transform (IDFT), when all subcarriers are 

added with the same phase, they produce a peak power which is N times the average power. The envelope 

fluctuation creates high values of some peak signal in spectrum to corresponding average values. This increase 

in peak-to-average power ratio (PAPR) [1] of OFDM and represented as- 

            
            [|    | ]

  |    |  
                                                                                                                  (2) 

where, E[.] in (2) denotes the expectation operator. The measurement of PAPR is done in terms of 

complementary cumulative distribution function (CCDF).  

3. PAPR Reduction Techniques 

In this section, probabilistic and constellation extension approaches are discussed. In both approaches two 

important methods are presented.  

3.1 Probabilistic 

The term probabilistic is also known as scrambling in multicarrier communication. In this approach input 

data is scrambled and multiplied with suitable phases so that a minimum PAPR sequence is obtained. The main 

examples of probabilistic approach are SLM and PTS methods. 

3.1.1 Selective Mapping 

Selective mapping, proposed by van Eetvelt et al. [5] and B äuml et al. [6], creates partition in the sequence 

which are then multiplied by different phase array and sequence with minimum peak to average power chosen 
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from all block. The OFDM sequence      [                 ] is divided into U block having same size 

as      . 
All these separate blocks are multiplied by phase sequence       

    
        

   , have same length as 

the original OFDM sequence. This produce new  modified sequence i.e.        {                   
    . The IDFT of all block sequences are computed as-  

      [                     ]
 
                                                                                                         (3) 

Among which, the one, with the lowest peak power is chosen from (3) for transmission i.e.  ̅    . The 

selective phase sequences are transmitted to receiver for recovering the original ODFM sequence, known as 

side information [12].  

 ̆                   (               | 
    |)                                                                                               (4) 

3.1.2 Partial Transmit Sequence 

The PTS method, proposed by M üller and Huber [7] and Tellambura [8] presents an efficient method for 

phase factor computation. The OFDM mapped sequence partitions into U disjoint sub blocks       
              , which are consecutively located. The sub blocks of equal in size with zero padding at vacant 

position, known as partial sequence, are transformed into time domain and collected the phase information 

from respective sub block. With the help of phases of partial sequence, the new complex phase vectors 

                  are generated. These partial sequences are multiplied to corresponding phases. The 

phase vector is chosen so that the PAPR can be minimized, which is shown as – 

  ̅    ∑      
                                                                                                                                             (5) 

Then, the time-domain signal with the lowest PAPR, shown in equation (5) is transmitted along with side 

information of phases to recover the original OFDM sequence. 

  ̌       ̌         [      ] (               |∑    
        |)                                                                    (6) 

In general, the selection of the phase vectors in probabilistic approach is very difficult. Therefore, the search 

complexity increases with sub blocks. The main difference between the SLM and PTS is scrambling, which 

applied to all subcarriers and each sub block respectively.  

3.2 Active Constellation Extension 

The ACE, proposed by Krongold and Jones [10], is a convex problem whose solution is guaranteed to be a 

global minimum PAR solution given with ACE constraints [11].  
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Fig. 1. Constellation Extension for QPSK in ACE schemes 

It requires both time-domain and frequency–domain signal processing. The main principle of this technique 

is to shift the outer constellation points towards exterior of original constellation generating an alternative 

representation of the same symbol. Fig. 1 shows the corresponding extension of each point for QPSK. In a 

literature [9, 10], two variance of ACE algorithms are presented i.e. projection onto convex sets (POCS) and 

approximate gradient project (AGP). 

3.2.1 Project onto Convex Sets 

POCS have two convex sets that determine the extended constellation and interior points. The algorithm 

perform clipping at predefined level   but the phase remains same as modulated sequence-  

  ̅    {
                      |    |   

                   |    |   
}                                                                                                               (7) 

where,      |    |      
  

The  ̅    from (5) is transformed into     , enforced all constellation extension constraints by restoring all 

interior points to their original values, while projecting points into the increased margin. This process continues 

until clipping is zero or the PAPR is minimized. The POCS scheme suffers the problem of slow convergence 

and also difficulty to choose appropriate clipping level.  

3.2.2 Approximate Gradient Project  

Steepest gradient direction is used in AGP algorithm to minimize the peak value. This algorithm is 

formulated by considering the clipped signal      , which is expressed as - 

 ̅                                                                                                                                                   (8) 

where ,

Im

Re
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          {
   

   |     |       
 |    |    

 |    |   
                                                                                                (9) 

The importance of this algorithm is ACE constraints [11] for extended constellation as illustrated in Fig. 1. 

Finally, new OFDM sequence can be obtained as-  

                                                                                                                                                     (10) 

where,   is number of iteration ,   is gradient and      is extended time sequence in (10). This process end 

with acceptable PAR or a maximum iteration count has reached.  

4. Proposed Technique 

The PAPR techniques require improvement for other parameters such as BER, computational complexity 

and so on [1, 11]. Fig.2 shows different combinational technique for PAPR reduction. The AGP-PTS 

produces less PAPR compare to other techniques, because of their individual performance are better than other 

methods.  

 

 

Fig.2. Various combinational techniques for PAPR reduction 

 

Fig. 3. Block diagram of proposed scheme 

The algorithms for proposed technique shown in Fig. 3 is as follows-  

 

(1) Get an OFDM symbol in frequency-domain      from modulator. 

(2) Convert this symbol into time-domain y    using IDFT. 

(3) Perform AGP on     . Initialize with iteration,     and set maximum value to     .  

(4) Apply clipping level   on y    and preserve same phase as in original OFDM symbol- 

  ̅    {
                       |     |   

                     |     |   
}                                                                                                         (11)
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where,       |     |       

(5) Obtain clipped signal portion of equation (11)-  

           ̅                                                                                                                                        (12) 

(6) Transform       to frequency domain i.e.      .  

(7) Set direction of constellation point according to ACE constraints. It means restore all interior 

constellation point to original location and project exterior points to outer side of constellation as 

illustrated in Fig. 1.  

(8) Apply IDFT to obtain new extended constellation i.e.      .  

(9) Select suitable gradient   and compute new sequence by equation – 

                                                                                                                                               (13) 

(10) Perform check operation on         . There are two conditions for checking. First, the PAPR 

comparison with original sequence and second, iteration has been reached to maximum.  

(11) Update       and get final value of      . 

(12) Now, apply PTS to      . Partition the sequence into U disjoint sub block of equal size. 

(13) Generate set of phase vector                and multiply with partial sequence        

             . 
(14) Perform check operation equal to candidate sequence i.e.        

for minimum PAPR symbol to 

original signal. 

     ∑        
                                                                                                                                     (14) 

(15) Consider minimized PAPR sequence  in (14)  

(16)           ( | ̂   |           
    )

[       ]

                  
                                                                                           (15) 

(17) Prepare side information for receiver to know the corresponding phase sequence by (15) 

5. Computational Complexity 

The complexity of proposed method is evaluated in terms of multiplications and addition. The PAPR 

reduction schemes have complex nature of computation. For a probabilistic approach computation of 

complexity is done with N (number of subcarrier), U (sub block) and   (bit information i.e.        ). The 

complexity of SLM and PTS in terms of number of complex multiplications per OFDM symbol is 

respectively,               and         , while the number of complex additions is       

and               respectively [11]. Here, M is number of candidate sequence as shown in step 

14. As U increases PAPR reduces but complexity increases. On the other hand, constellation extension methods 

perform many iterations (i.e.  ) to converge. Therefore, POCS requires          complex multiplications 

and       complex additions, while AGP needs complex multiplications   {             and 

complex additions   {        . However, computational complexity for series cascade combination 

technique can be calculated through addition of both techniques on removing common IFFT. 

6. Results 

This section provides simulation results along with discussion on the performance of conventional and 

proposed techniques. In simulation, 10,000 QPSK modulated OFDM symbol for IEEE 802.11a and IEEE 
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802.16e standard subcarrier. Simulation set up for SLM and PTS divides sequence into four sub blocks, 

followed by POCS and AGP perform with two iterations.  

In Fig.4 (a) it is shown that proposed method reduces PAPR by 0.4 dB as compared to PTS method and 0.2 

dB to POCS-PTS at 0.0024 CCDF [13]. This schemes further reduces the PAPR by increasing the subcarriers 

(N=256). It is also shown in Fig. 4 (b) the improvement of 2 dB is found to conventional methods i.e. AGP and 

PTS both on 0.0027 CCDF. Fig.5 (a) and (b) illustrates that in presence of additive white Gaussian noise 

(AWGN), the proposed schemes maintains the same BER. Moreover, for 256 subcarriers the BER performance 

is found better than conventional method at 8 dB signal-to noise ratio (SNR). The power spectral density 

graphs of proposed serial method for both the OFDM standards are shown in figure 6 (a) and b respectively. In 

proposed method, though the in-band-ripples have small ripples but out-of-band radiations are significantly 

lesser than the other schemes.  

The computational complexity [14, 15] of conventional and proposed methods is summarized in Table 1. 

Though POCS-SLM shows least complexity among combinational techniques but it posses high PAPR than 

proposed AGP-PTS technique. From Table 1, it is illustrated that in series cascade technique, complex 

multiplication is increased by huge margin i.e. 85% and 76% in WLAN and WiMAX standards respectively 

and at the same time, 4% increment in complex addition for both standards compared to PTS. 

 

  
(a)                                                                             (b) 

Fig. 4. PAPR comparison (a) IEEE 802.11a (b) IEEE 802.16e 

  
(a)                                                                               (b) 

Fig. 5. BER performance (a) IEEE 802.11a (b) IEEE 802.16e
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(a)                                                                                                 (b) 

Fig. 6. Power spectrum performance (a) IEEE 802.11a (b) IEEE 802.16e 

Table 1. Computational Complexity  

7. Conclusion 

In this paper, various combinational techniques for PAPR reduction are presented. Out of which, the 

proposed scheme is a series combination of AGP and PTS method. The proposed scheme provides a good 

performance in PAPR reduction as well as in BER to conventional methods. Moreover, for large number of 

subcarrier, the PAPR further reduces and simultaneously BER improves. The proposed method reduces the 

PAPR significantly (1dB), maintains the BER performance as well spectral spreading compared to 

conventional technique. However, the increment of 85% and 76% has been observed in complex 

multiplications for WLAN and WiMAX respectively. 
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