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ABSTRACT 
 
This paper presents a new approach to tackle the problem of 
high Peak to Average Power Ratio (PAPR) in Orthogonal 
Frequency Division Multiplexing (OFDM) systems. The 
contents of each OFDM symbol are randomly permuted 
before being applied to the Partial Transmit Sequence (PTS) 
algorithm. This results in a greater chance of finding a 
candidate symbol within the constraints of the power 
amplifier at the transmitter side compared to the original 
PTS approach. Computer Simulations show a gain of least 
1.5 dB at the probability value of 10-4 for the tested systems. 
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1. INTRODUCTION 

 
Multicarrier OFDM systems made it possible to have such a 
variety of today’s data transmission and mobile services 
which all require high data rates and sophisticated means to 
tackle impairments caused by communication channels and 
for the most efficient use of their bandwidth.  OFDM has 
been adopted as part of the IEEE 802.11a and 802.11g 
standards for high bit rate data transmission over wireless 
LANs as well as other standards such as digital audio 
broadcasting (DAB), digital video broadcasting (DVB), the 
European HIPERLAN/2 [1], [2], [3]. For a single carrier 
digital transmission system with a modulation scheme such 
as ܯ-QAM or ܯ-PSK, a symbol duration of ௦ܶ , a channel 
of bandwidth ܤ and a delay spread of ߬, the following 
condition has to be satisfied in order to have a reception of 
no inter symbol interference (ISI) [4]: 

߬ ≪ ௦ܶ 
which can limit the highest possible data rate. In multi 
carrier OFDM systems, ܤ is divided into ܰ sub bands 
among ܰ	orthogonal subcarriers. The main serial input 
symbol stream is first partitioned into ܰ sub streams the 
symbol rate on each is ܰ ௦ܶ instead of ௦ܶ. As such, every 
ܶ = ܰ ௦ܶ  an OFDM symbol consisting of ܰ symbols is 
transmitted through the channel after being up converted by 
the final carrier frequency ௖݂. The subcarriers frequencies are 
݇Δ݂,݇ = 0,⋯ ,ܰ − 1 where Δ݂ = ଵ

்
  in order satisfy the 

orthogonality condition on the sub carriers which facilitates 

the demodulation process at the receiver side. Figure (1) 
shows the transmitter side of an OFDM system. Despite all 
of its advantages, a major drawback of OFDM is the large  
 
 
 
 
 
 
 
 
 
fluctuations in its time domain signal which can draw the 
power amplifier into saturation leading to the harmful effects 
of non linear distortion and spectral spreading [5]. The 
PAPR problem in OFDM systems has been extensively 
studied and is still an active research topic [1, 6, 7, 8, 9, and 
10]. The proposed solutions offer different grades of tradeoff 
between computational complexity and performance in 
terms of PAPR, Bit Error Rate (BER) and data rate loss due 
to the transmission of side information necessary for the 
demodulation operation at the receiver side. 
 
2. PAPR IN OFDM SYSTEMS 

 
The transmitter side of an OFDM system is shown in  
Figure (1). The continuous time baseband signal with ܰ 
orthogonal subcarriers is given by [11, eq. 7.1, page 202]: 
 

(ݐ)ݔ =
1
√ܰ

෍ ܺ[݇]
ேିଵ

௞ୀ଴

݁௝ଶగ௞୼௙௧ , 0 ≤ ݐ ≤ ܶ 

 
(1) 

݆ = √−1, ܶ is the OFDM symbol time which is equal to ܰ ௦ܶ 
with ௦ܶ as the symbol time of the incoming serial modulated 
symbols ܺ[݇]’s, ݇Δ݂ is the frequency of the kth subcarrier 
and Δ݂ = ଵ

்
.  The signal (ݐ)ݔ is a vector sum of ܰ signals for 

each value of ݐ which may lead to large amplitudes if added 
constructively. The up converted signal by carrier ௖݂ is just 
the real part of (ݐ)ݔ݁௝ଶగ௙೎௧. 
Setting ݐ = ݊Δݐ with Δݐ = ்

ே
 in (1) we get the discrete time 

domain (DT) representation of the signal (ݐ)ݔ as: 
 

[݊]ݔ =
1
√ܰ

෍ܺ[݇]
ேିଵ

௞ୀ଴

݁௝ଶగ௞
௡
ே , 0 ≤ ݊ ≤ ܰ − 1 

 

(2) 

It is evident from (2) that ݔ[݊] is just the IDFT of the vector 
ܺ[݇]. 
 
The PAPR is defined as: 

ܴܲܣܲ =
max
଴ஸ௧ஸ்

ଶ|(ݐ)ݔ|

{ଶ|(ݐ)ݔ|}ܧ  
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or, in the discrete time (DT) domain: 
 

ܴܲܣܲ =
max

଴ஸ௡ஸேିଵ
ଶ|[݊]ݔ|

{ଶ|[݊]ݔ|}ܧ  

 
where ܧ is the expectation operator. 
In order not to miss the peak values of ݔ[݊] in the DT 
domain for the calculation of PAPR we have to do over 
sampling using the sampling frequency of ௦݂ = ܮ ே

்
 instead 

of 
ே
்
	where ܮ is called the oversampling factor. With 

oversampling, ݔ[݊] is therefore expressed as [12, eq. 2.5, 
page 25]: 

[݊]ݔ =
1
√ܰ

෍ ܺ[݇]
ேିଵ

௞ୀ଴

݁௝ଶగ௞
௡
௅ே , 0 ≤ ݊ ≤ ܰܮ − 1 (3) 

where ݔ[݊] is assumed to mean  ݔ ቂ݊ ்
௅ே
ቃ and the sampling 

time is ்
௅ே

(=	ଵ
௙ೞ

). 

Oversampling can also done using DFT properties for real 
time signals and zero padding in the frequency domain as in 
[13] and [14]. 
 
 
3. STATISTICAL PROPERTIES OF THE PAPR 

 
Statistical behaviour of the PAPR is usually described in 
terms of complementary cumulative distribution function 
(CCDF) which describes the probability that the OFDM 
signal envelope exceeds a certain threshold,  ߜ, 

 
(ߜ)ܨܦܥܥ = ܴܲܣܲ)ܾ݋ݎܲ >  (ߜ

 
(4) 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
If the real and imaginary parts of ݔ[݊]are assumed to be 
statistically independent Gaussian random variables then 
from central limit theory the envelope of the OFDM signal 
will follow a Rayleigh distribution and the energy 
distribution becomes an exponential, or equivalently, a 
central chi-square distribution with two degrees of freedom 
with a CCDF given by[15][16]: 
 

(ߜ)ܨܦܥܥ = 1 − ൫1− ݁ିఋ൯ 
 

(5) 

If the ܰ samples of ݔ[݊] are assumed to be mutually 
independent, then: 
 

(ߜ)ܨܦܥܥ = 1− ൫1− ݁ିఋ൯
ே

 
 

(6) 

Since ݔ[݊]is discrete this does not necessarily mean that the 
peak value of the continuous time signal (ݐ)ݔ has been 
considered. 
 Oversampling can help in this regard although that this 
could violate the assumption of independence between the 
signal samples. Taking oversampling into consideration, the 
CCDF can be expressed as [1]: 
 

(ߜ)ܨܦܥ = 1− ൫1− ݁ିఋ൯
ఈே

 
 

(7) 

where ߙ is the oversampling factor. 
Figure (2) shows the above relationship of (7) for the values 
of ߜ from 4 to 13 dB with different values of number of 
subcarriers,   
 

4. THE PROPOSED APPROACH 
 

The proposed method is shown in Figure (3). It differs from 
the Partial Transmit Sequence (PTS) of [17] by doing a 
random permutation on the symbol sequence out of the S/P 

converter before pushing it to the 
ே
ெ

 IFFT blocks where ܯ is 
the block size. It is thought that with the use of the 
interleaver it would be more likely to get an OFDM symbol 
candidate with a lower PAPR. 
 
 
 

Figure 1: Transmitter side of an OFDM system 
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5. RESULTS AND DISCUSSION 

Performance of the proposed method was tested using 
computer simulations with Matlab 2017 (Licensed Student 
Edition) using QPSK and different values of number of sub 
carriers ܰ and the oversampling factor ܮ for the range of 
PAPR values from 4 to 13 dB. In order to get reasonably 
accurate results a very large number of realizations was 
selected of 10଺. Another possible approach is to make 
whatever number of realizations it takes to reach a certain  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
probability value. A comparison was made with the PTS 
method. 
Figures (4) shows the result for the case of  ܰ = 128, 
QPSK, ܮ = 1 while Figure (5) is for the case of ܰ = 256, 
QPSK, ܮ = 4. It is evident from these figures that a gain of 
at least 1.5 dB has been achieved at the probability of	10ିସ.  
 
 

Figure  2: Theoretical CCDF of PAPR for different values of sub carriers ܰ (no oversampling) 
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Figure 3 : The proposed method 
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This remarkable improvement comes at the cost of a slight 
increase in complexity (due to doing the permutations) 
which may be justified for certain applications. 
The computational complexity of the original PTS can be 
found as follows: 
The complexity of the IFFT block using a sequence of 
length ܰ is ே

ଶ
logଶ(ܰ)  complex multiplications and 

ܰ logଶ(ܰ)	complex additions [18] or equivalently 
2ܰ logଶ(ܰ) real multiplications and 3ܰ logଶ(ܰ) real 
additions. The complexity of the PTS is shown in Table (1) 
per decision. The complexity of the proposed method is 
slightly higher by a factor that depends on the allowed 
number of permutations of the interleaver. Table 1 
summarizes the computational complexity findings of the 
PTS algorithm. 
 
 
6. CONCLUSION 

A method has been proposed for the reduction of PAPR in 
OFDM systems that offers a gain of at least 1.5 dB at the 
probability value of 10ିସ over the PTS known approach 
with slight increase in complexity which might be affordable 
in some systems. As with the original PTS, side information 
has to be sent to the receiver side 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
Table 1: Computational Complexity of  the PTS Algorithm 

 
 
 
 
 
 
 
 
 
 
 
 
 

Operation Number of Real 
multiplications 

Number of Real 
additions 

IFFT ܮ2ܰ]ܤ logଶ(ܰܮ)] ܮ3ܰ]ܤ logଶ(ܰܮ)] 

Complex 
weighting  4ܰܮܤ2 ܰܮܤ 

Finding 
PAPR 4ܰܮܤ2 ܰܮܤ + ܰܮ)ܤ − 1) 

 

Selecting 
lowest PAPR  ܤ − 1 

ܰ: number of sub carriers, ܮ: oversampling factor,  
ܤ,Block size:ܯ	 = ே

ெ
: Number of Blocks 

The complex weighting vector is:[ܾଵ,ܾଶ,⋯ ,ܾ௅ே] 
 

Figure (4): Proposed method performance  
with QPSK, ܰ = ܮ ,128 = 1. Figure (5): Proposed method performance 

  with QPSK, ܰ = ܮ ,256 = 4. 
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