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Abstract
Orthogonal frequency division multiplexing (OFDM) undergoes a problem known as peak to average power ratio (PAPR).
Selected mapping (SLM) and clipping are the efficient techniques to diminish the PAPR. Hence, in this paper, a frequency
domain cyclic shift sequence (FDCSS) based scheme combined with SLM and clipping technique is proposed for the
reduction of PAPR. Careful selection of the shifting values, clipping level, and phase sequence reduces PAPR and improves
the performance OFDM system. The results of this novel scheme are validated through Matlab simulations under various
phase sequences, sub-carriers and shifting values.
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1. Introduction

Orthogonal frequency division multiplexing technique
(OFDM) is the most promising and efficient multiplexing
technique which helps in attaining high data rate due to
a specific characteristic known as orthogonality among
sub-carriers1. Due to this, it has been adopted by several
communication system such as wireless local area
network (WLAN), digital audio broadcasting (DAB),
digital video broadcasting (DVB), etc. Besides all these
advantages, OFDM has the predominant PAPR problem
which degrades system performance. Hence, it is highly
desirable that PAPR should be diminished by applying
efficient algorithm.
A cyclic shifted scheme (CSS) presented by Kee-Hoon
Kim2 which improves OFDM system performance by
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reducing its PAPR by cyclically shifting OFDM signals
and by adding partial cyclic shifted sequence and finally
selecting the sequence which generates minimum PAPR.
Recently a technique has been proposed by Woo. JunYoung et. al.3 in which class-III SLM scheme was presented
in which only one inverse fast Fourier transform (IFFT)
was being used for the generation of time domain OFDM
signal and it was emphasized to randomly select cyclic
shifting values. Hill. G. et.al.4,5 depicts cyclic shift and
time inversion for partial transmitted sequence (PTS)
OFDM signal for the reduction of PAPR.
Coding technique6,7 is also used for the reduction of
PAPR but its large look-up table requires huge amount
of memory. Another important distortion-less technique
is called as partial transmitted sequence (PTS)8. In this
technique, frequency domain sequence is divided into
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several partial sequences after time domain conversion
using inverse fast Fourier transform (IFFT). These
sequences are then added and hence sequence which
generates minimum PAPR is selected for transmission.
Also, selected mapping (SLM)9-14 is the most important
distortion-less technique for the PAPR reduction which
uses various phase sequences in frequency domain where
elementary multiplication of these phase sequences take
place with data sequence and after that time domain
transformation takes place through inverse fast Fourier
transform and finally, the sequence which generate
minimum PAPR is selected for the transmission.
Clipping15,16 technique is used for the reduction of
PAPR; it clips the sequence which generates very high
instantaneous power by making use of a certain clipping
level threshold. Henceforth, in this paper, a technique is
being proposed which uses frequency domain cyclic shift
sequence (FDCSS) selected mapping (SLM) combined
with clipping techniques under multiple phase sequences,
clipping level and right circular shift. This paper is
organized as follows: Section-I represents introduction
about OFDM, its application and problems associated
with it; Section-II presents mathematical equations
associated to OFDM, complementary cumulative
distribution function (CCDF) and PAPR; Section-III
presents proposed work, i.e., FDCSS combined with
SLM and clipping technique along with its block diagram
shown in Figure 4; Section-IV shows parameters, various
simulations for validating output of proposed work;
Section-V represents conclusion.

2. OFDM, PAPR and CCDF
In OFDM, frequency domain sequence6 X(k) passed
through inverse fast Fourier transform (IFFT) gets
converted into its corresponding time domain sequence
x(n) as,
j (2 Π n k )
1 N-1
x (n ) =
n ∈ [0, N − 1]
∑ X (k ) e
N
N k=0

(1)

where N, n and k are Number of sub-carriers, time
and frequency indices, respectively .
In OFDM system, all the sub-carriers are orthogonal
to each other and this orthogonality among sub-carriers
is created by the above mentioned IFFT equation (1).
Peak to average power ratio is explained as the ratio
of peak power to that of average power of time domain
signal generated by IFFT and is represented as follows6,
2
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PAPR(x [n] ) =

2
max(| x [n] | )
			
2
E[x [n] ]

(2)

Above depicted equation is applicable after generation
of time domain signal from equation (1) in order to
calculate PAPR from equation (2) so that appropriate
measure should be taken in order to diminish this
problem.
Complementary cumulative distribution function
(CCDF) is explained as the probability that the PAPR of
time domain sequence is found to be larger than specific
threshold as6,
CCDF(PAPR(x [ n ] )) = Pr(PAPR(x [ n ] > PAPR0 )) (3 )

(3)

where Pr= Probability and PAPR0 is specified
threshold.
After calculating PAPR of time domain OFDM signal
by equation (2) it is mandatory to statistically analyze the
time domain conventional OFDM signal or proposed
algorithm based OFDM system in order to clarify and
compare the efficiency of conventional OFDM system
and proposed algorithm based OFDM system.

3. Proposed FDCSS Combined
with SLM and Clipping
Technique
Proposed scheme is detailed as under:
• Information in frequency domain is defined as
follows, X = [X(0), X(1), X(2)...........X(N - 1)] which is
generated from source and passed through 8-PSK
modulator and the modulated data is represented
as Xm where N is the number of sub-carriers used is
depicted as,
Xm = [ Xm (0 ), Xm (1 ), Xm (2 )...Xm (N - 1 )]

•

		

(4)
(4)

Modulated data Xm passed through FDCSS block and
circular right shifting block leads to the generation of
q different circular right shifted data rows represented
as Xs.

 X1 (0), X1 (1), X1 (2)..........................X1 (N - 1) 
 2

2
2
2
 X (0), X (1), X (2)..........................X (N - 1) 
Xs =  X 3 (0), X 3 (1), X 3 (2)..........................X 3 (N - 1) 


, .....
, ........, .................... , ........... 
.....
 q

q
q
q
 X (0), X (1), X (2)..........................X (N - 1) 

(5)
( 5)
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where 1 < s ≤ q .
Phase sequence defined below is used for optimization,
ϵ{-1,
P v = [P v (0, )P v (1), P v (2), P v (3)..................P v (N - 1)]
+1, -j, +j} (where 1 ≤ v ≤ U ) is used for elementary
multiplication in frequency domain with data
sequence generated through FDCSS block results,

•

based selected mapping (SLM) combined with clipping
technique where sub-carriers N=32, 64, and 128; phase
sequences=6, and 11; clipping threshold=0.85; digital
modulation technique=8-PSK, up-sampling=4, OFDM
blocks=5000, circular right shift= 20 has been used.
0

10

s

v

s

v

X = [X (0) * P (0), .....X (N - 1) * P (N - 1)] 		(6)

Now considering v=1 and s=1 to 5 which results in,
 X1 (0) * P1 (0), .....X1 (N - 1) * P1 (N - 1) 
 2
 		
1
2
1
 X (0) * P (0), .....X (N - 1) * P (N - 1) 
X1 =  X 3 (0) * P1 (0), .....X 3 (N - 1) * P1 (N - 1)  ( 7 )


 X 4 (0) * P1 (0), .....X 4 (N - 1) * P1 (N - 1) 
 5

1
5
1
 X (0) * P (0), .....X (N - 1) * P (N - 1) 

•

-1

(7)

{

B ; x (n ) > B

X (n ) ; x (n ) ≤ B

}

-2

10

-3

(8)

where 1 < s ≤ q
• If time domain sequence generates very high PAPR
values, clipping is applied using specific threshold as,

x clip (n ) =

10

10

After defining frequency domain sequence and
applying IFFT equation (1) to generate time domain
signal henceforth, PAPR for the above time domain
generated sequence represented by x v is calculated
by equation (2) and minimum PAPR sequence after
U times repetition is stored which is shown as,

x = [x1 , x2 , x3 ,x4 ,...........xq ] 			
(8)
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Figure 1. Comparative analysis of original OFDM system,
SLM, clipping, and FDCSS-SLM-clipping under N=32, phase
sequence=6, circular shift= 20, and clipping level=0.85.

In Figure 1, simulation results at CCDF=10-3 shows
PAPR(dB) levels for Original OFDM system, SLM,
clipping and FDCSS-SLM-clipping at N=32, number of
phase sequence=6, clipping level=0.85 and right circular
shift=20 are 9.55, 8.35, 9.1 and 7 respectively. Therefore,
it can be concluded that maximum PAPR reduction is
achieved by the proposed work FDCSS-SLM-clipping.
0

10
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CLIPPING
FDCSS-SLM-CLIPPING

(9)

where

x( n ) =time

domain signal, B=Clipping level,

x clip ( n ) =clipped signal

•

Finally, all the FDCSS sequence from 1 to q are
stored, and ultimately the sequence which generates
minimum PAPR is selected for the transmission from
the transmitter side.

x = min[xclip1 , xclip 2 , xclip 3 ,xclip4 ,...........xclipq ] (10)

(10)

4. Simulations, Results and
Discussion
Simulations generated from Matlab have been used for the
proposed frequency domain cyclic shift sequence (FDCSS)
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Figure 2. Comparative analysis of original OFDM system,
SLM, clipping and FDCSS-SLM-clipping under N=64, phase
sequence=6, circular shift= 20, and clipping level=0.85.

In Figure 2, simulation results at CCDF=.001 shows
PAPR (dB) levels for original OFDM system, SLM,
clipping, and FDCSS-SLM-clipping at N=64, number of
phase sequence=6, clipping level=0.85 and right circular
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shift=20 are 10.75, 9.10, 10.15, and 7.9 respectively.
Therefore, it can be concluded that maximum PAPR
reduction is achieved by the proposed work FDCSSSLM-clipping.
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Figure 3. Comparative analysis of original OFDM system,
SLM, clipping and FDCSS-SLM-clipping under N=128,
phase sequence=6, circular shift=20, and clipping level=0.85.

In Figure 3, simulation results at CCDF=.001 shows
PAPR (dB) levels for original OFDM system, SLM,
clipping and FDCSS-SLM-clipping at N=128, number of
phase sequence=6, clipping level=0.85 and right circular
shift=20 are 10.60, 9.55, 10.0, and 8.5 respectively.
Therefore, it can be concluded that maximum PAPR
reduction is achieved by the proposed work FDCSSSLM-clipping.
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Figure 5. Comparative analysis of original OFDM system,
SLM, clipping and FDCSS-SLM-clipping under N=32, phase
sequence=11, circular shift= 20, and clipping level=0.85.
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In Figure 5, simulation results at CCDF=.001 shows
PAPR (dB) levels for original OFDM system, SLM,
clipping, and FDCSS-SLM-clipping at N=32, number of
phase sequence=11, clipping level=0.85 and right circular
shift=20 are 10, 7.3, 9.55, and 5.6 respectively. Therefore,
it can be concluded that maximum PAPR reduction is
achieved by the proposed work FDCSS-SLM-clipping.
In Figure 6, simulation results at CCDF=.001 shows
PAPR (dB) levels for original OFDM system, SLM,
clipping and FDCSS-SLM-clipping at N=64, number
of phase sequence=11, clipping level=0.85and right
circular shift=20 are 10.15, 8.05, 9.7 and 6.55 respectively.
Therefore, it can be concluded that maximum PAPR
Xs X IFFT
P0
Xs X IFFT
P1

s

S/P
S/P

X

s

Xs X IFFT
P2

SELECT
SELECT
MINIMUM
MINIMUM
PAPR
PAPR
FROM
FROM U
U
DIFFERENT
DIFFERENT
SEQUENCES
SEQUENCES

APPLY
APPLY
CLIPPING
CLIPPING

STORING
STORING
11 to
to qq
FDCSS
FDCSS
SEQUENCE
SEQUENCE
AND
AND
SELECT
SELECT
MINIMUM
MINIMUM
PAPR
PAPR

x

Xs X IFFT
PU-1
PHASE_SEQUENCE
PHASE_SEQUENCE

Figure 4. Block diagram of proposed frequency domain cyclic shift sequence (FDCSS) combined with selected mapping
(SLM) and clipping techniques.
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reduction is achieved by the proposed work FDCSSSLM-clipping.
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Figure 6. Comparative analysis of original OFDM system,
SLM, clipping and FDCSS-SLM-clipping under N=64, phase
sequence=11, circular shift=20, and clipping level=0.85.

In Figure 7, simulation results at CCDF=.001 shows
PAPR (dB) levels for original OFDM system, SLM,
clipping and FDCSS-SLM-clipping at N=128, number of
phase sequence=11, clipping level=0.85 and right circular
shift=20 are 11.05, 8.25, 10.45 and 7.01 respectively.
Therefore, it can be concluded that maximum PAPR
reduction is achieved by the proposed work FDCSSSLM-clipping.
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this paper. Total number of phases 6 and 11 under 32, 64,
and 128 sub-carriers with 20 right circular shifts has been
used. Each simulation result clearly depicts the remarkable
performance of proposed algorithm. Significant gain
is achieved in all the above mentioned cases shown by
corresponding CCDF simulation results. Thus, proposed
algorithm is much more significant in reducing PAPR as
compared with original OFDM, SLM, and clipping.
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Figure 7.
Comparative analysis of original OFDM
system, SLM, clipping and FDCSS-SLM-clipping under
N=128, phase sequence=11, circular shift=20, and clipping
level=0.85.

5. Conclusion
Frequency domain cyclic shift sequence (FDCSS)
based selected mapping (SLM) combined with clipping
technique for diminishing PAPR of OFDM is proposed in
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