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Abstract— We have proposed one of the distortion-less PAPR 
reduction methods which employs the Permutation Sequence 
(PS) in the frequency domain with embedded side information. 
However, the proposed PS method has high computation 
complexity. To improve the computation complexity for the 
previous proposed PS method, this paper proposes a low-
complexity PS method which can keep the better peak-to-average 
power ratio (PAPR). In the proposed PS method, the signals at 
the middle stages of an N-point radix IFFT using decimation in 
frequency (DIF) is considered for PS processing. This paper 
shows that the proposed method has a lower multiplicative 
complexity than conventional PS method with keeping the PAPR 
reduction performance. The proposed method is called PS based 
radix IFFT, where DIF-IFFT is assigned through different stages 
of the IFFT transform. This proposed method can reduce the 
multiplicative complexity relatively with keeping the similar 
PAPR reduction to other methods such as C-PTS and C-PS. The 
proposed method also can reduce the side information as 
compared with the C-PTS. This paper presents the various 
computer simulation results to verify the effectiveness of 
proposed method. 

 
Keywords— Peak-to-Average Power Ratio (PAPR), Permutation 
Sequences (PS), Partial Transmit Sequence (PTS), decimation in 
frequency (DIF). 

I. INTRODUCTION 

Orthogonal Frequency Division Multiplexing (OFDM) is 
very attractive technique for achieving high speed 
transmission in wireless channels. However, there are some 
drawbacks of using OFDM. One of drawbacks of using 
OFDM is its high PAPR (peak to Average Power Ratio) in the 
time domain signal which would lead the significant 
degradation of BER (Bit Error Rate) performance and 
undesirable spectrum regrowth due to the non-linear amplifier 
located at the transmitter, as in [1] and [2]. 

To reduce the occurrence of larger PAPR, various methods 
have been proposed up to today. These methods can be 
categorized into two methods as distortion and distortion-less 
methods. The distortion methods include the clipping and 
filtering method [3, 4]. Although these methods can improve 

the PAPR performance relatively, these methods lead the 
degradation of BER performance due to the clipping distortion. 
The distortion-less methods as proposed in [5]-[10] include 
the coding, tone reservation (TR), tone injection (TI), active 
constellation extension (ACE), and multiple signal 
representation methods such as partial transmit sequence 
(PTS), selected mapping (SLM) and Permutation Sequences 
(PS). Among these distortions-less methods, the PS method is 
considered as one of promising methods which can achieve 
better PAPR performance with smaller side information, as in 
[10]. However, the PS method requires multiple inverse fast 
Fourier transforms (IFFTs) processing which lead high 
computational complexity to achieve better PAPR 
performance. To realize the PS method in the actual hardware, 
it is required to reduce the computational complexity with 
keeping better PAPR performance.  

To solve the above problem on the PS method, this paper 
proposes a low complexity PS based radix IFFT method. In 
the proposed method, the PS processing is done in the middle 
stages of an N-point radix IFFT. We employ decimation-in-
frequency (DIF) which has lower multiplicative complexity 
for the final stages than the decimation-in-time (DIT) as 
proposed in [11]. The proposed PS based radix IFFT method 
can achieve a smaller number of transform computations as 
compared with the conventional PS method (C-PS) in [10] 
with keeping almost the same PAPR performance.  

This paper is organized as follows. In section II, we present 
the basic concept of OFDM system. Section III introduces the 
conventional PTS (C-PTS) and C-PS methods. Section IV 
proposes a low complexity PS based radix IFFT method. 
Section V presents the various computer simulation results to 
verify the effectiveness of proposed PS based radix IFFT 
method, and finally we draw some conclusions in Section VI. 

II. PAPR IN OFDM SYSTEMS 

An OFDM symbol consists of large number of narrow band 
sub-carriers which are modulated by constellations mapping. 
This mapping can be achieved from the phase-shift keying 
(PSK) or quadrature amplitude modulation (QAM). After 
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serial to parallel (S/P) conversion for the high-speed binary 
serial input stream and constellation mapping, a new parallel 
signal sequence  0 1 1, , , NX X X     is obtained, where iX is 
discrete complex-valued modulated signal. The parallel signal 
is assigned to N orthogonal sub-carriers. Finally, the 
modulated signals are added together to form an OFDM 
symbol in the frequency domain. The frequency domain signal 
is converted to the time domain signal as given in the 
following equation. 
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The PAPR of an OFDM signal is defined as the ratio of the 
peak to the average power of the signal, which is given by, 
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where nx is the time domain signal at n-th sampling time and 
 E denotes the expected value. 
The PAPR performance is usually evaluated by the 

complementary cumulative distribution function (CCDF) 
which is given by, 
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III. CONVENTIONAL PTS AND CONVENTIONAL PS METHODS 

A. Conventional PTS Method 

In PTS method, the input data sequence of N subcarriers is 
firstly partitioned into V disjoint sub-blocks where all 
subcarriers which are occupied by the other sub-blocks are set 
to zero. The frequency domain input sequence is given by, 
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Let ij
ib e  be the set of weighting factors with 

i   

[0, 2 ]  which are applied to the sub-blocks ( )i
kX . The 

substitute frequency-domain signal are given by, 
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The time domain signal can be obtained by converting the 
frequency domain signal given in (5) by IFFT, which is given 
by, 
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In the practical application of PTS, a set of phase weighting 
factors is usually selected for generating phase weighting 

sequences. Assuming W predetermined phase weighting 
factors, we can set phase weighting factor for the first sub-
block to one fixed phase and ( 1)V  sub-blocks to be 

optimized. To select the optimal phase weighting sequence for 
each input data sequence, 1VW  possible combinations should 
be checked, and then the candidate sequence with the 
minimum PAPR is selected. 

For the C-PTS, the optimum PAPR performance can be 
found after searching 1VW  alternative combinations if the 
number of sub-blocks is V and the number of predetermined 
phase weighting factors is W. In the processing for the 
optimization of phase weighting sequence, a large numbers of 
complex multiplications are required and the computational 
complexity becomes very large. 

At the receiver, the side information about phase weighting 
factors which is selected at the transmitter is required for the 
correct demodulation of data information. The required side 
information for the C-PTS when the number of clusters is V 
and the number of predetermined phase weighting factors is W 
is given by 1

2log VW  bits. 

B. Conventional PS Method 

In this section, we introduce the Permutation Sequences 
method which was proposed by authors in [10]. Figure 1 
shows the structure of frequency domain OFDM symbol for 
the PS method when performing the permutation only for the 
first M/2 subcarriers. The OFDM symbol consists of (M-3) 
data sub-carriers, two dummy sub-carriers and one parity sub-
carrier which can be expressed by, 

0 1 2 0 1 /2 3 /2 2 ( 4)[ , , , , , , , , , ]M M MX D D P X X X X X         (7) 

where D is the dummy subcarriers with power of 0 (Null 
subcarriers) and P is the parity check subcarrier with power 
of  of which power is taken as the same as the averaged 
power of data subcarriers. The dummy (null subcarriers) and 
parity subcarriers will be used for the detection of location for 
the first data subcarrier 0X at the receiver for the correct 
demodulation of data information. After the insertion of zero 
padding, two null subcarriers and one parity sub-carrier, the 
optimization of PAPR performance can be achieved by 
circular rotation of subcarriers only for the first part of M/2 
subcarriers so as to improve the PAPR performance as shown 
in Fig. 1. 

 

Data subcarriers
Zero 
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M/2 M/2

M subcarriers
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Permutation direction

 

Figure 1.  Structure of frequency domain OFDM symbol for PS method. 

In the PS method, the first half of M/2 subcarriers are 
simply rotated in the frequency domain so as to achieve the 
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better PAPR performance. The number of rotation of 
subcarriers performed at the transmitter can be detected by 
using the dummy and parity check subcarriers at the receiver. 
When the number of rotation for the first M/2 subcarriers is 6 
(L=6) as an example, the resultant ordering of subcarriers is 
given by, 

6 2 3 /2 3 1 2 0 1 ( 4)[ , , , , , , , , , , ]L M MX X X X D D P X X X        (8) 

Figure 2 shows the above example of PS method with L=6. 
 

/ 2M Subcarriers

1D 2D P 0X 1X 2X 3X /2 3MX 
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/2 2MX  1MX  MX

1MX  MX2X 3X 0X 1X /2 2MX P2D1D







( / 2 5)M L th subcarriers  
 

Figure 2.  Example of permutation sequence when L=6. 

When L=6, the location of parity check subcarrier P 
becomes (M/2-L+5)-th subcarrier in the OFDM symbol. In 
this case, the sign of parity check subcarrier P is set by the 
following equation in order to detect the number of rotation 
for the subcarriers with higher accuracy at the receiver. 

( /2 5)( 1) M LP                (9) 

The permutation for the rotation of the first part of M/2 
subcarriers is taken from 0 to M/2-1. In the proposed method, 
the best PAPR performance will be selected from among the 
rotation of subcarriers from 0 to (M/2-1). Then the selected 
ordering of subcarriers with the best PAPR performance will 
be converted to the time domain signal by using IFFT. 

IV. PROPOSAL OF LOW-COMPLEXITY PS METHOD 

A. PS Based Radix IFFT Technique 

The discrete Fourier transform (DFT) of an N-point 

sequence nx  can be directly computed as 
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Since the IDFT can be computed by taking the complex 
conjugate of the input and output sequences while using the 
same DFT parameters, as in [11], we need only consider the 
DFT calculation. Thus, we only use the corresponding FFT 
computation in the following. 

An FFT algorithm recursively converts the DFT 
computation to /r N r -point DFTs recurring through

logrm N  stages. The value corresponds to a radix-r IFFT 

algorithm. The DIF radix-r IDFT of (10) is given by 
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where 0 0,1, , 1k r    is the index of the butterfly outputs. 
As we consider the inputs to stage  for PS processing, 

symbols and indices are represented with subscript : x and
n  for an input x  and time index n , respectively, and X and 
k  for an output X and frequency index k , respectively. 
Considering the form of (11), the butterfly outputs at stage  
are given by 
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where 0,1, ,( / ) 1k N r      , 0,1, ,( / ) 1n N r      and
10,1, ,r      denotes a particular 1( / )N r  -point DFT at 

stage . Figure 3 shows the recursive reduction of the -th
1( / )N r  -point DFT to ( / )N r -point DFTs with DIF radix-

r at stage . Hence, there are 1 1/v vr N r  -point DFTs at stage
 . It is assumed that the input sequence is in normal order, 
and the output is in digit-reversed order. 
 

0
1

Stage v

point
DFT

point
DFT

point
DFT

 
 

Figure 3.  Recursive reduction of the  -th 1( / )N r  -point DFT to 

( / )N r -point DFTs with DIF radix- r  at stage  . 

In the proposed PS based radix method, OFDM signal is 
generated without two dummy sub-carriers (D) and one parity 
(P) sub-carriers. From this fact, the side information about the 
location of PS processing is required at the receiver in order to 
recover the received signals correctly which is the same as the 
C-PTS method. Figure 4 shows an example of proposed PS 
based radix method. From the figure, the inputs 

( ( / ) )x n N r i 
   at stage are used for PS Processing and 

then the remaining ( )m  stages are used to compute the 
multiple transforms. 

As a consequence, if stage  is used to obtain the PS 
processing, the data is recovered at ( )m  stage at the 
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receiver since the value of is known at the receiver. Figure 5 
shows the structure of transmitter for the proposed PS based 
radix method. 

/ 2M Subcarriers
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/2 1MX 
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



4X 5X 6X

2X 4X3X
 

 
Figure 4.  Example of proposed PS based radix method when L=6. 
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Figure 5.  Structure of transmitter for the proposed PS method. 

B. Computational Complexity Analysis 

In this section, we evaluate the multiplicative complexity 
for the DIF algorithm as a number of complex multiplications 

by twiddle factors 0
1/

n k

N r
T 

   and 0ik
rT  as shown in Fig. 3. The 

twiddle factors 0ik
rT are trivial ( 1and ),j  if we consider only 

radix-2 and radix-4 and so they do not introduce any 
multiplicative complexity. By using (12) and Figure 3, the 

number of twiddle factors 0
1/

n k

N r
T 

  and 0ik
rT at stage  for the DIF 

algorithm can be obtained by the following equation. 
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In (13), since it is clearly that 1
DIF DIF
    is satisfied, DIF


could decreases through successive stages. In order to 
compare the multiplicative complexity between two different 
PAPR techniques, we define the reduction ratios by the 
following equation. 

 1 21 /mul
total totalR M M             (14) 

where the overall multiplicative complexity for the PS based 
radix IFFT technique using DIF is given by, 

1

1

( 1)
v m

total v v
i i v

M L 


 

                (15) 

From the above considerations, it can be observed that 
higher radix algorithms have more twiddle factors per stage 
but fewer nontrivial multiplications compared to lower radix 
algorithms. From the above facts, the multiplicative 
complexity for the proposed PS based radix method can be 
reduced for the remaining stages by using a high radix 
algorithm with keeping the same PAPR reduction per stage. 

V. PERFORMANCE RESULTS 

This section presents extensive simulations results to verify 
the effectiveness of proposed PS based radix method. The 
simulation parameters to be used in the following evaluations 
are shown in Table I. 

TABLE 1. SIMULATION PARAMETERS 

Modulation 64QAM 
Demodulation Coherent 
Allocated bandwidth 5MHz 
Number of IFFT points 256 
Number of sub-carriers 256 
Number of cluster (V) 4 
Number of discrete phase (W) 4 
Symbol duration 56.1µs 
Guard interval 5.61µs 
 

Figure 6 shows the PAPR performance for the conventional 
OFDM, C-PTS, C-PS and proposed PS based radix methods. 
From the figure it can be observed that the PAPR reduction 
performance for the proposed PS based radix method can 
achieve the same performance as that for the conventional 
PTS method and PS method when the middle stages of IFFT 
are 2( ) 2,3,4 5radixm and   , respectively.  

Table II shows the comparisons for the multiplication 
complexity for the conventional PS and proposed PS based 
radix methods. From the table, it can be concluded that the 
proposed PS based radix-2 method can reduce the 
multiplication complexity by 64.12% at 2( ) 4radixm    and 
can reduce the multiplication complexity up to 90.96% at 

2( ) 2radixm    without decreasing of PAPR performance 
when comparing with the C-PS method. 

Figure 7 shows the multiplication complexity for the 
conventional PS and proposed PS based radix methods when 
changing the number of subcarriers N=256, 512 and 1024. 
From the figure, it can be observed that the proposed PS based 
radix method at stage 2( ) 2radixm    can achieve better 
reduction of multiplication complexity than that for the C-PS 
method when increasing the number of subcarriers. 

TABLE 2. MULTIPLICATION COMPLEXITY FOR PROPOSED PS METHOD 
OVER CONVENTIONAL PS METHOD 

 Multiplication Complexity 
(m-v=6) (m-v=5) (m-v=4) (m-v=3) (m-v=2) 

Conventional 
PS method 

0% 0% 0% 0% 0% 

Proposed PS 
based radix 32.64% 48.63% 64.12% 78.57% 90.96% 

 

ISBN 978-89-968650-2-5 276 February 16~19, 2014 ICACT2014



Figu

F

T
redu
PAP
perf
radi
con
perf
com

T
for 

[1] 

[2] 

C
C

D
F

(P
b

P
A

P
R

>
A

b
i

)

ure 6.  Comparis

Figure 7.  Compa
proposed PS m

This paper pro
uce the comp
PR performan
form the PS p
ix IFFT. From

nfirmed that t
formance an

mpared with C

The authors w
their variable 

D Dardari, V. 
Nonlinear Dis
Comm., Vol. 4
J. Tellado, “
Academic Pub

3 4
10

-3

10
-2

10
-1

10
0

C
C

D
F

(P
ro

b.
 P

A
P

R
 >

 A
bs

ci
ss

a)

 

Number of 
Number of 
Modulation 

256
0

0.5

1

1.5

2

2.5
x 10

6

M
u

lt
ip

lic
at

io
n

 C
om

p
le

xi
ty

 

sons of PAPR red
radix-2

arisons of multipl
methods when ch

VI. CON

oposed the PS
putation comp
nce. The featu
processing in 
m the comput
the proposed 
nd lower m

C-PS method. 

ACKNOW

would like to 
 comments. 

REFE

Tralli and A Vac
stortion Effects 
48, no. 10, pp.177
“Multicarrier M
blishiers, 2000. 

5 6 7

PAP

Subcarriers = 256
IFFT points = 256
= 64QAM

512
Number of 

duction among C-
2 methods. 

lication complexit
hanging the numbe

NCLUSIONS 

S based radix 
plexity with 
ures of propo
the middle st

ter simulation
method show
multiplication

WLEDGMENT 

thank the ano

RENCES 
ccari, “A Theoret
in OFDM Syste

75 1764, Oct 2000
Modulation with 

7 8 9

APR0 (dB)

Non
PTS

PS 

PS 

PS 

PS 
PS 

768
f Subcarriers (N)

Conv
PS b

-PTS, PS and PS 

ty between C-PS 
er of subcarriers.

method whic
keeping the b

osed method a
tages of an N-
n results, this 
ws the same P
n complexity

onymous revie

tical Characteriza
ems,” IEEE Tran
0. 

Low PAR,” K

10 11 12

nModified
S (V=4,W=4)

method

based radix (m-v=5)

based radix (m-v=4)

based radix (m-v=3)
based radix (m-v=2)

102

 

ventional PS
based radix (m-v=2)

 
Based 

 
and 

ch can 
better 
are to 
-point 
paper 

PAPR 
y as 

ewers 

ation of 
ns. On 

Kluwer 

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

2

24

X. Li and L. J
Performance of 
pp. 131–33. 
J. Armstrong, 
Repeated Clippi
38, no. 8, Feb. 2
A. E. Jones, T. A
for Reduction o
Transmission S
2098–99. 
B. S. Krongold 
Constellation Ex
2003, pp. 258–6
L. J. Cimini Jr
reduction of an 
Communication
R. W. Bauml, 
toaverage power
IEEE Electron L
H. G. Ryu, J. E.
for PAPR Redu
Transactions on
P. Boonsrimua
Kobayashi, “Pr
signal by using p
on Advanced C
19-22, 2012. 
Ghassemi, A.; G
FFT Method 
Transactions on
2008. 
 

 

include transmi
systems and nex
 

high-speed mob
 
 
 
 
 
 
 
 

. Cimini, Jr., “E
OFDM,” IEEE C

“Peak-to-Averag
ing and Frequenc

2002, pp. 246–47.
A. Wilkinson, and
of Peak to Mean 
cheme,” Elect. L

and D. L. Jones, 
xtension,” IEEE 

68. 
r., N. R. Sollenb
OFDM signal us
s Letters, vol. 4, n
R.F.H.Fischer a

r ratio of multicar
Lett., vol. 32. no.2
. Lee and J.S. Par
uction in the OF
n Consumer Electr
ng, P. Boonsrim
oposal of new 
permutation sequ

Communication Te

Gulliver, T.A., "A
for PAPR Red

n Signal Processin

Arttapol 
degree in
King M
Ladkraban
now pu
Telecomm
place. H
communi
 

Pornpawi
M.Eng 
engineerin
Technolog
and Ph.D.
Mie Univ
respective
Sunandha 
Bangkok, 

ssion techniques 
xt generation of m

Pongsatho
and M.En
Engineerin
Technolog
2010, and 
support 
Thailand f
working t
University

ile communicatio

Effect of Clippin
Commun.Lett., vo

ge Power Redu
cy Domain Filter
. 
d S. K. Barton, “B
EnvelopePower 

Lett., vol. 30, no

“PAR Reduction
Trans.Broadcast

berger, “Peak-to
sing partial trans
no. 3 pp. 86-88, M
and J.B.Huber, 
rrier modulation 
22, pp.2056-2057

ark, “Dummy Seq
FDM Communic
tronics, Vol. 50, N
muang, K. Lim
PAPR reduction

uences,” 14th Inte
Technology (ICAC

A Low-Complex
duction in OFD
ing, vol.56, no.3, 

Reangsuntea r
n Instrumentatio

Mongkuts Institu
ang (KMITL), Th
ursuing his M
munications Eng

His special inter
ications and wirel

it Boonsrimuan
degrees in 

ng from King M
gy Ladkrabang 
. in Communicat

versity, Japan, in 
ely. He is curren
a Rajabhat U

Thailand. Hi
s for future mult
mobile communic

orn Reangsunte
ng degrees in 
ng from King M
gy Ladkrabang (K

2012, respective
Huawei Techn
from 2012 to 2
toward the Ph.D
y, Japan. His rese
ons and wireless L

g and Filteringo
ol. 2, no. 5, May 

uction forOFDM
ring,” Elect. Lett.

Block Coding Sc
Ratio of Multic

o. 22, Dec. 1994

n in OFDM via A
t., vol. 49, no. 3, 

o-average power 
mit sequences”, I
March 2000. 
"Reducing the p
by selected mapp

7, Oct. 1996. 
quence Insertion (
cation System,” I
No. 1, Feb 2004.

mwattanachai an
n method for O
ernational Confer
CT), pp.342-345,

xity PTS-Based R
DM Systems," I

pp.1161-1166, M

received the Bac
ns Engineering 
ute of Techno

hailand in 2012, a
Master’s Degree
gineering at the 
rests are on m
less LAN system

g received the B
telecommunica

Mongkut’s Institu
(KMITL), Tha

tins Engineering 
2003, 2007 and 

ntly a lecturer at 
University (SS
s research inte
imedia wireless 

cation systems. 

ea received the B
Telecommunica

Mongkuts Institu
KMITL), Thailan

ely. And he work
nologies Co., 
2013. He is curr
D. degree at the
arch interests inc
LAN systems. 

n the 
1998, 

M by 
., vol. 

heme 
arrier 

4, pp. 

Active 
Sept. 

ratio 
IEEE 

peak-
ping," 

(DSI) 
IEEE 

d H. 
FDM 
rence 
 Feb. 

Radix 
IEEE 

March 

chelor 
from 

ology 
and is 
e in 
same 

mobile 
s. 

B.Eng. 
ations 
ute of 
ailand 
from 
2013 
Suan 

SRU), 
erests 
LAN 

B.Eng 
ations 
ute of 
nd in 

ked as 
Ltd., 

rently 
 Mie 

clusde 

ISBN 978-89-968650-2-5 277 February 16~19, 2014 ICACT2014



 

next generatio
Student Awar
IEICE Tokai 
technology fro
and 2008,respe
KMITL. His c
and broadband

was with INM
development o
was with NEC
involved in 
communicatio
University. 
communicatio
 
 
 
 

Pisit Bo
M.Eng,an
Telecomm
1997,200
an assoc
Institute 
Ladkraba
interests 
future m

on of mobile com
rd of Young R

branch and D
om Nation Resear
ectively. Since 20
current research i
d wireless access 

 
Hideo K
PhD in 1
Tohoku U
1977, a
developm
satellite c
1990, he 
Staff and
INMARS

MARSAT as a 
of future INMAR

C UK as the techn
the developme

ns system. Since
His current 
ns and wireless L

oonsrimuang r
nd Doctor 
munications 
0,and 2007 respe
iate professor a

of 
ang(KMITL),Thai

include transm
multimedia wirele

mmunication sys
Researchs Encour
Doctor Thesis A
rch Council of Th
012 he has been a
nterests include m
technologies. 

Kobayashi receiv
1975, 1977 and 1
University in Jap
and engaged i
ment on digital fix
communications 
 was with INMA

d involved in the
SAT systems. Fr

Technical Staff
RSAT systems. F
nical consultant a
ent of the IC
e 1998 he has be
research intere

LAN systems. 

received the
degrees 

Engineering, 
ectively.He is cu
at the King Mo

Tech
iland. His re

mission techniqu
ess LAN system
stems. He receiv
ragement Award

Award for infor
hailand(NRCT) i
a Associate Profe
mobile communi

ved the B.E., M.E
1989, respectivel
pan. He joined KD
n the research
xed satellite and 
systems. From 1

ARSAT as a Tec
e development of
rom 1988 to 19
f and involved 
From 1997 to 19
at its London offi
CO personal s
een a Professor 
ests include 

B.Eng, 
in 
in 

urrently 
ongkuts 
hnology 
esearch 

ues for 
ms and 
ved the 
d from 
rmation 
in 2005 
essor of 
ications 

E., and 
ly from 

KDDI in 
h and 
mobile 

1988 to 
chnical 
f future 
990, he 

in the 
998, he 
fice and 
satellite 
of Mie 
mobile 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ISBN 978-89-968650-2-5 278 February 16~19, 2014 ICACT2014




