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ABSTRACT 

Partial transmit sequence (PTS) is a promising technique for reducing the high peak-to-average power ratio 

(PAPR) in orthogonal frequency division multiplexing (OFDM) systems. In Conventional PTS, multiple candidate 

signals are generated and the optimal signal with the lowest PAPR is selected for transmission. One drawback of 

Conventional PTS is that parts of the candidate signals are strongly correlated so as to degrade the PAPR reduction 

performance. The other is the high complexity. In this paper, A new PTS  is proposed in this paper to deal with these 

drawbacks of C-PTS. The candidates can be generated through cyclically Left and Right shifting each subblock 

sequence in time domain and combining them. Theoretical analysis and simulation results shows that the new 

scheme can achieve higher PAPR reduction. 

 

Index Term: OFDM, PAPR, PTS. 

 

I. INTRODUCTION 

 

ORTHOGONAL frequency division multiplexing (OFDM) is an attractive technique for wireless high-rate data 

transmission due to the minimizing effect over frequency-selective fading channels. OFDM has been chosen for 

European Digital Audio Broadcasting (DAB), Digital Video Broadcasting (DVB), WLAN standards (802.11), 

WiMax (802.16) and is being considered for the long term evolution of 3GPP. However, OFDM has some 

drawbacks in the transmission system. One of the major problems of the OFDM system is that it has higher peak to-

average-power ratio (PAPR) than single carrier signal because OFDM signal is the sum of many narrowband signals 

in the time domain. The high PAPR can cause inter modulation and out-of-band radiation due to power amplifier 

nonlinearity. In order to combat this problem, the transmission amplifier must operate within its linear region to 

prevent spectral distortion and the degradation of the bit error rate (BER). High linearity normally implies low 

efficiency and large power dissipation, which is prohibitive for use in portable wireless applications. Therefore, it is 

highly desirable to reduce the PAPR of an OFDM signal. 

Many methods have been proposed including clipping of the OFDM signal, coding techniques, active constellation 

extension (ACE), companding transform, tone reservation (TR), tone injection (TI), partial transmit sequence (PTS), 

selective mapping (SLM) and various combinations of the above. Among them, SLM and PTS are two promising 

techniques because they are simple to implement, no distortion in the transmitted signal and can significantly 
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improve the statistics of the PAPR. However, the conventional SLM and PTS suffer from higher computational 

complexity due to several N–dimension inverse fast Fourier transform (IFFT) operations, where N is the number of 

subcarriers. In order to recover the original OFDM signal successfully, the transmitter has to send the selected signal 

index, called side information, to the receiver using extra subcarrier. It will degrade the OFDM system’s spectrum 

efficiency. The BER performance of the OFDM systems can possibly be degraded significantly since any error in 

the detection of side information can damage the entire data block.  

The rest of the this paper is organized as follows. In Section II, the PAPR Problem of OFDM system is formulated 

and the principle of Conventional –PTS is explained.The proposed PTS is presented in Section III. In Section IV 

Simulation Result are discussed, Finally conclusion are drawn in Section V. 

 

II. OFDM SYSTEM USING CONVENTIONAL PTS TO REDUCE PAPR 

 

In OFDM system, a block of symbols is formed with each symbol modulating by one set of subcarrier. Then, an 

OFDM signal is obtained by summing up all the modulated independent subcarriers, where is the number of 

subcarriers. The subcarriers are chosen to be orthogonal such that the adjacent subcarrier separation where is the 

OFDM signal duration. The mathematical representation of the OFDM signal can be written as 
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The subcarrier vector is formed according to a certain modulation scheme such as quadrature amplitude modulation 

(QAM). Thus, is a vector of constellation symbols from a constellation ξ. 

The PAPR of OFDM signal in one symbol period is defined as the ratio between the maximum instantaneous power 

and its average power, which can be written as  
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Where, Pav is the average power of and x(t) it can be computed in the frequency domain because IFFT is a (scaled) 

unitary transformation. 

The transmitted discrete signal x[n] is usually generated by sampling the continuous time signal x(t) . Hence, x[n] is 

usually oversampled by a factor L to have a better estimation of the PAPR value of continuous time signal x(t). The 

oversampling by the factor L can be realized by inserting (L-1)N zeros in the middle of the N–point frequency 

domain signal X and passing the new LN -point data sequence through the LN-point IFFT unit. Therefore, the 

oversampled IFFT output can be expressed as 
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It is shown L = 4 is sufficient to capture the peak information of x(t). The Block Diagram of  Ofdm System Using 

Conventional PTS is shown in Fig.1. 

 

FIG.1. BLOCK DIAGRAM of  OFDM SYSTEM USING CONVENTIONAL PTS 

 

In OFDM system with PTS approach to reduce the PAPR, the input data block in is divided by means of a certain 

partitioning scheme into disjoint sub-blocks, which are represented by the vectors   VvX v .....,.........2,1,   . 

Therefore, we can get  





V

v

vXX
1

                                                                                                                                              (4) 

Where, all the subcarrier positions which are presented in another block must be zero so that the sum of all the sub-

blocks constitutes the original signal. Then, the sub-blocks are transformed into time-domain partial transmit 

sequence, which can be represented as  

 

 }XvIFFTx LNXNv                                                                                                    (5) 

After that, these partial sequences are independently rotated by the phase factors P = [P1,………PV] and combined 

together to create a set of candidates 
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Suppose that alphabet R denotes the set of the value of Pv, v = 1,2,…..V, and K is the number in set R . Usually, the 

choice of R from  1  for K= 2 or   j ,1  for K =4 is interesting since no actual multiplication is performed to 

rotate the phase. Finally, the candidate with the lowest PAPR is chosen by exhaustive search of the candidates for 

transmission.  

 

III. PROPOSED PTS SCHEME TO REDUCE PAPR 
 

3.1 Proposed PTS Scheme 

The diagram of Proposed PTS Scheme for Lower the PAPR value of the OFDM System is shown in figure (2). The 

aim of the proposed PTS scheme is to lower the PAPR Value of the transmitter and detector while the receiver can 

recover the original signal without side information. The conventional interleaved partitioning PTS scheme are not 

fully independent, which leads to performance inferior to Proposed PTS scheme. After enhancing the independence 

among the candidates, the PAPR performance of the amended interleaved partitioning PTS scheme can be 

improved. After obtaining the time domain signal ),........,1( Vvxv   in eq. (5), instead of applying different 

phase vectors P on vx as the C-PTS scheme, the proposed scheme generates new candidates by cyclically shifting 

with up (or to the left) and down (or to the right) signals vx  and combining them together.  
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Where k = 1,2,……………,2
V
 . 

V is the sub-block of  OFDM signal 4,8, 16. 

k  is the shifting number for left or right. 

),~()(~ kxcircshiftkx vv 
                                                                                                                      (8)          

 

 For positive k right shift 

 )1(),......,1(),0(),1(.,),........()(~  kxxxLNxkxkx vvvvvv                                                              (9)
 

 For negative k left shift 

 )(......,),........1(),0(),1(.,),........1()(~ kxLNxxxkxkx vvvvvv 
                                                  (10)

 

Here ),()(~ kxcircshiftkx vv   circularly shifts the values in the OFDM sub block ′ vx ′ by shift size ‘k’ 

Elements. 
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Shift size ‘k’ is a vector of integer scalars where the i
th

 element specifies the shift amount for the i
th 

dimension of 

OFDM sub block′ vx ′. If an element in shift size ‘k’ is positive, the values of OFDM sub block ′ vx ′ are shifted 

down (or to the right). If it is negative, the values of OFDM sub block ′ vx ′ are shifted up (or to the left). 

The candidate with the lowest PAPR is chosen for transmission. The following are the advantages of the shifting 

technique in the proposed PTS scheme. First, no multiplication is required. Second, by utilizing the property of IFFT 

for different shift number , cyclically shifted signal will have distinct phase constellation in some of frequency 

domain signals. Thus, in the receiver, the detector can determine which shift number operated on the sub-block 

according to the phase constellation of the received signal (after FFT). The receiver will not require the side 

information. 

 

 

 

FIG.2. Block Diagram of OFDM System Using Proposed PTS 

 

3.2 Analysis of Computational Complexity for the C-PTS and the Proposed PTS 

 

By using the Cooley-Tukey FFT algorithm, interleaved partitioned C-PTS scheme has the lowest computational 

complexity but it has the lower PAPR performance because the generated candidates are not fully independent. In 

this section, the overall computational complexity for the C-PTS and the proposed PTS scheme are analyzed. 

Computational Complexity for the Transmitter:  It is known that a LN-point IFFT requires LN/2 log2 (LN) 

numbers of complex multiplication (nmul) and LN log2 (LN) numbers of complex addition (nadd) .The C-PTS scheme 

uses Cooley-Tukey FFT algorithm, which can reduce the (Nmul) and (nadd) of the IFFT operations to LN/2log2 

(LN/V) and LN log2 (LN/V) , respectively. In addition, K
(V-1) 

(V-1) LN complex additions are required for 

combining the M sub-block signals to obtain K
(V-1)

 candidates and searching for the minimum PAPR out of them. 

Thus, the total nmul and nadd for the transmitter of  the C-PTS scheme are LN/2log2 (LN/V)  and LN log2 (LN/V) + 

K
(V-1) 

(V-1) LN, respectively. 
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For the proposed PTS scheme, the nmul and nadd are LN/2log2 (LN/V) and LN log2 (LN/V) , respectively. which are 

the same as C-PTS scheme. Additional K
(V-1)

 2LN  complex additions are required by the proposed PTS scheme to 

combine the V sub-block signals to obtain the  K
(V-1)

 candidates and search for the minimum PAPR out of them. 

Thus, the total nmul  and nadd  for the transmitter of  the proposed PTS scheme are LN/2log2 (LN/V) and LN log2 

(LN/V)+ K
(V-1)

 2LN , respectively. 

Computational Complexity for the Receiver:  The computational complexity of the receiver for the proposed 

PTS and C-PTS include two parts- (1) a LN-point FFT operation and (2) the detector. The FFT operation for the C-

PTS and the proposed PTS scheme requires a LN/2log2 (LN)  nmul and LN log2 (LN) nadd , respectively. The detector 

requires (Q+2)N  nmul and 2QN  nadd respectively, where Q is the size of constellation for  PSK or QAM modulation. 

Whereas for the proposed PTS scheme, the nmul and nadd  increase to (Q+2)KN and 2QKN , respectively, 

Therefore, the total no. of nmul and nadd for the C-PTS scheme is given as 

nmul = LN/2 log2 (L
2
N

2
/V) + (Q+2) N                                                                                                               (11) 

nadd = LN log2 (L
2
N

2
/V) + K

(V-1)
 (V-1) LN + 2QN                                                                                          (12) 

Therefore, the total no. of nmul and nadd  for the Proposed-PTS scheme is  given as 

nmul = LN/2 log2 (L
2
N

2
/V) + (Q+2)KN                                                                                                              (13) 

nadd = LN log2 (L
2
N

2
/V) + K

(V-1)
 (V-1) 2LN + 2QKN                                                                                     (14) 

As one complex multiplication equals to four complex additions,  

The overall computational complexity for the C-PTS scheme can be written as  

CC-PTS = 3LN log2 (L
2
N

2
/V) + K

(V-1)
 (V-1) LN + (6Q+8) N                                                                             (15) 

The overall computational complexity for the Proposed-PTS scheme can be written as  

CP-PTS = 3LN log2 (L
2
N

2
/V) + K

(V-1)
 (V-1) 2LN + (6Q + 8) KN                                                                         (16) 

In order to demonstrate the complexity reduction ability of the proposed scheme, the computational complexity 

reduction ratio (CCRR) of the proposed PTS scheme over the  C-PTS scheme is defined as 
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The CCRRs of the proposed PTS scheme over the C-PTS scheme for values of  N, V and Q are given in Table 1 , 

where K=4 and L=4.  It is shown in Table 1 that the CCRRs of the proposed PTS scheme over the  C-PTS scheme is 

reduced rapidly with the increase of  N. This observation can be explained that the complexity on the search of 

minimum PAPR value in the transmitter increases significantly with the increase of V. The proposed PTS scheme 

for reduction of the complexity is more efficient with the increase of  V. 

 

TABLE 1. CCRRs of THE PROPOSED SCHEME OVER THE C-PTS SCHEME WHEN V= 4, L = 4, K =4  

 

 Q = 4 (V=4, L=4, K=4) Q=16 (V=4, L=4, K=4) 

N 64 128 256 64 128 256 

CCRR 16.5 % 16.13 % 15.75 % -5.38 % -5.26 % -5.14 % 
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IV. SIMULATION RESULTS 

To Show the effectiveness of the proposed scheme, We simulate results to evaluate the performance in terms of 

PAPR reduction and CCRR. The results of the simulation are based on the transmission of randomly generated 

3x10
5
 OFDM symbols with the carriers N= 64, 128 and 256 under the condition of an oversampling factor L = 4 for 

V =2 and V =4 with 16-QAM/QPSK modulation techniques. The complementary cumulative density function 

(CCDF) of the PAPR is used to measure the performance. The CCDF of the PAPR is defined as 

CCDF (PAPR ( x[n] )) = Pr ( PAPR ( x [n] > PAPR0 ) 

where PAPR0 is a certain threshold value that is usually given in decibels relative to the root mean square (RMS) 

value. The CCDFs of the proposed PTS scheme with sub-block V = 2 and  V= 4 with 16-QAM/QPSK modulation 

and phase set K = 4 are shown from Figure 3 to Figure 8 . The CCDFs of the original OFDM system without PAPR 

reduction and Conventional PTS for each value of V for comparison purpose are also plotted. It is observed that the 

performance of proposed PTS scheme in terms of PAPR reduction is better than the Conventional PTS. It also 

improves as the no of sub-block increases. This is because the proposed PTS scheme has the ability to generate more 

candidates with the same parameters. For example, when , the proposed PTS scheme will generate 16 and 256 

candidates respectively, when V=2 and V = 4. For the C-PTS scheme, only 4 and 64 candidates can be obtained 

when V = 2 and V =4. The performance improvement of the proposed PTS scheme relative to that of the C-PTS 

scheme are found to be 1.7 dB and 3.0 dB for V = 2 and V=4with K = 4, N = 256 when Pr = 10
-4

 , when compared 

with C-PTS scheme. 

 

 

Figure 3. PAPR performance of the proposed PTS, C-PTS and original OFDM symbole for N= 64, V=2, K=4. 



International Journal Of Advance Research In Science And Engineering           http://www.ijarse.com   

IJARSE, Vol. No.2, Issue No.8, August 2013                                                      ISSN-2319-8354(E) 

74 | P a g e  

www.ijarse.com 

 

 

Figure 4. PAPR performance of the proposed PTS, C-PTS and original OFDM symbole for N= 128, V=2, K=4. 

 

 

Figure 5. PAPR performance of the proposed PTS, C-PTS and original OFDM symbole for N= 256, V=2, K=4. 
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Figure 6. PAPR performance of the proposed PTS, C-PTS and original OFDM symbole for N= 64, V=4, K=4. 

 

 

Figure 7. PAPR performance of the proposed PTS, C-PTS and original OFDM symbole for N= 128, V=4, K=4. 
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Figure 8. PAPR performance of the proposed PTS, C-PTS and original OFDM symbole for N= 256, V=4, K=4. 

V. CONCLUSION 

An interleaved partitioning PTS scheme making use of the recursive combination of cyclically shifting sub-block 

sequences and linear property of IFFT is presented in this paper. No multiplication is performed by the cyclically 

shifting. By utilizing cyclically shifting of the sub-block sequence, a set of candidates with different phase 

constellation will be generated according to the different shifting number of the subblock. As such, the detector can 

distinguish which candidates had been transmitted without any side information. Cyclically shifted sub-block 

sequences also increase the independence and the total number of candidates compared with the conventional PTS 

scheme. The PTS technique requires V IFFT operations for each data block. The PAPR performance of the PTS 

technique is affected by the number of subblocks, V, and the number of the allowed phase factors w. As discussed 

above, the PTS technique suffers from the complexity of searching for the optimum set of phase vector, especially 

when the number of subblock increases. Figure 3 to Figure 8 shows the CCDF of PAPR for  16-QAM/QPSK OFDM 

system using Proposed PTS, Conventional PTS and Original OFDM Signal. It is seen that the PAPR performance 

improves as the number of subblocks increases with V = 2 and V = 4. 
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