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Abstract— Filtered-OFDM (F-OFDM) is one of the proposed
candidate for 5G system. In order to support the diversity in
services, it requires the capability to support the multiple
asynchronous sub-band transmission. However, the multicarrier
transmission systems with different sub-carriers are suffer from
high Peak-to-Average Power Ratio (PAPR) of the transmit signal.
Consequently, the major problem of the F-OFDM system is the
high PAPR value in the system that causing the performance
degradation due to the various distortions. This paper presents, a
method based on manipulation of the codeword by altering its
structure known as Cluster Scrambling Codeword (CSC) is
proposed to achieve better PAPR reduction. This is a new
formulation on bit data sequence shifting technique, which can
give better PAPR reduction compared to conventional scheme.
The simulations result show that CSC gives 27.08% at 7.0dB
which is better PAPR reduction performance compared to the
conventional F-OFDM system.
Index Terms— Cluster Scrambling Codeword (CSC),
Orthogonal Frequency Division Multiplexing (OFDM), Filtered
Orthogonal Frequency Division Multiplexing (F-OFDM), Peak-toAverage Power Ration (PAPR)
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I. INTRODUCTION

ILTERED-OFDM (F-OFDM) implement by 5G network
system a new proposed multicarrier modulation scheme
where it introduces to support the diversity in future services
and have the capability to support the multiple asynchronous
sub-band transmission. The system bandwidth is separated into
several sub-bands to a certain width and each sub-band is
filtered separately [1]. Basic layout for 5G system are able to
provide facilities such reduced out of band emission and relaxed
synchronization [2]. The major problem of the F-OFDM system
is the high PAPR value and low performance of the BER in the
system which is one major issue faced by every multicarrier
modulation technique that cause the performance degradation
and high-power consumption due to the various distortions.
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An OFDM signal is a high-speed transmission which consists
of numbers of independent modulated sub carriers. For OFDM
system, the transmit signals may have high peak values in the
time domain throughout an OFFT operation since there are
several subcarrier components are added. Hence, it is known
that OFDM systems have high PAPR compared to the singlecarrier systems. There are two major weaknesses on OFDM
systems performance which are high Peak to Average Power
Ratio (PAPR) and poor bit error rate (BER) in fading
environments when added up coherently. To support the
diversity in future services, Filtered-OFDM (F-OFDM) was
introduce to be implement by 5G network system due to the
suitable filtering criteria such as flat pass-band over the
subcarriers in the sub-band, sharp transition band that
minimized the guard bands and sufficient stop-band attenuation
[3]. With F-OFDM network system, this will benefit in terms to
reduce PAPR and improve BER degradation. As the aim of the
F-OFDM system is to get high spectrum efficiency for ultrareliability and low latency communication with larger
subcarrier spacing [4].
There are multiple methods that can be used in order to
overcome the high PAPR and low BER performance such as
the clipping and filtering, selective mapping (SLM), peak
windowing and Block Coding Technique [5]. As for the PAPR
reduction, there are several methods have been introduced by
researcher which is Selective Mapping (SLM), Partial Transmit
Sequence (PTS) and codeword shifting [6][7][8]. These are the
examples of multiple signaling technique and probabilistic
method. Referring to previous study, this is a distortion-less
PAPR reduction technique for OFDM system as it is basically
using symbol scrambling idea. Multiple signaling is a technique
that focus on permutation of multicarrier signal and the signal
with lower PAPR value will be selected for transmission while
probabilistic technique is focusing on modification of certain
parameters in OFDM signal and optimize them to achieve better
PAPR reduction [8]. These techniques can achieve significant
PAPR reduction without introducing distortion effect.
Throughout this paper, overall of F-OFDM system
performance as the promising evolution of 5G network system
will be analyse and evaluate. In order fulfil current user demand
on diversity usage and high speed data transmission, the
implementation of the scheme that can offer more spectral
efficiency with optimal cost become one of the main features to
be considered compared to existing 4G OFDM system. Hence,
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a good algorithm is required in order to perform a substantial of
PAPR reduction with low computational complexity, better
BER performance and with consideration of signal data rate
loss problem [9]. This paper proposed a new scheme called the
Cluster Scrambling Codeword (CSC) shifting method to deal
with high PAPR problem. Main methodological approach is by
the manipulation of codeword structure and permutation
process is the key to achieve better PAPR reduction by design
a new bit sequence technique which that can reduce high PAPR
in the F-OFDM system that able generate alternative codeword
by altering the codeword structure followed by shifting process.
By lowering the codeword shifting distance, it leads to better
PAPR as the distance and length relates to the cost of power
amplifier in multicarrier communication system.
II. PEAK-TO-AVERAGE POWER RATIO (PAPR)
Multicarrier transmission systems with different subcarriers are suffer from high Peak-to-Average Power Ratio
(PAPR) of the transmit signal. High value of PAPR signal
causes transmitter of front-end high power amplifier (HPA) to
suffer of non-linear distortion which leads to saturation of HPA
[10]. Thus, the high dynamic range amplifiers are needed which
will increase the system cost [11]. With the high value of PAPR,
the conversion of OFDM signals from A/D and D/A will be
saturated and this leads to reduction of power consumption
efficiency. Additionally, the transmit power amplifier need to
be operated in its linear region in order to avoid spectral growth
of the multicarrier signal in the form of intermodulation among
subcarriers and out-of-band radiation, where the it results to
inefficient power conversion.
PAPR of OFDM signals is calculated by the ratio of the peak
output power and its average output power [7];
𝑃𝑃𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(𝑑𝑑𝑑𝑑) = 10 log �
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 =

𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎

𝑚𝑚𝑚𝑚𝑚𝑚𝑡𝑡 |𝑥𝑥(𝑡𝑡)|2

�

𝐸𝐸𝑡𝑡 [|𝑥𝑥(𝑡𝑡)|2 ]

(1)
(2)

where signal power average of OFDM system calculated by,
𝐸𝐸 =

𝑆𝑆𝑆𝑆𝑆𝑆 𝑜𝑜𝑜𝑜 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎𝑎𝑎 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

For discrete time signal;

𝑁𝑁𝑁𝑁. 𝑜𝑜𝑜𝑜 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (𝑁𝑁)

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 =

𝑚𝑚𝑚𝑚𝑚𝑚𝑛𝑛 |𝑥𝑥(𝑛𝑛)|2
𝐸𝐸𝑛𝑛 [|𝑥𝑥(𝑛𝑛)|2 ]

(3)

where 𝑁𝑁 is number of OFDM symbol and 𝑊𝑊(𝑘𝑘) is Additive
White Gaussian Noise (AWGN) in frequency domain.
The peak power of received signals is 𝑁𝑁 times the average
power when phase values are the same, for an OFDM system
with sub-carriers. he amplitude of OFDM signals having a
Rayleigh distribution with cumulative distribution given as
[12];
(6)
𝐹𝐹(𝛾𝛾) = 1 − 𝑒𝑒 𝛾𝛾

Probability of PAPR that is below certain threshold level, 𝛾𝛾
expressed;
(7)
Pr{𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 < 𝛾𝛾} = (1 − 𝑒𝑒 −𝛾𝛾 )𝑁𝑁
Complementary Cumulative Distribution Function (CCDF) is
commonly presented for PAPR performance, as the number of
subcarriers, 𝑁𝑁 increases, PAPR CCDF is increases too;
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶(𝑃𝑃𝑃𝑃𝑃𝑃𝑅𝑅) = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 > 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃0 )

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 (𝛾𝛾) = Pr{𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 > 𝛾𝛾} = 1 − (1 − 𝑒𝑒 −𝛾𝛾 )𝑁𝑁

𝑥𝑥𝑛𝑛 =

∑𝑁𝑁−1 𝑋𝑋 𝑊𝑊 𝑛𝑛𝑛𝑛
√𝑁𝑁 𝑘𝑘=0 𝑘𝑘 𝑁𝑁

(9)

III. CLUSTER SCRAMBLING CODEWORD SHIFTING
METHOD
A new PAPR reduction method is proposed in this paper by
using permutation process (circulates shift) in order to generate
a scramble data sequence. CSC is focusing on the codeword
structure and the bit arrangement as the way to reduce PAPR.
By manipulating this two parameters, CSC will produce an
alternative codeword having a lower PAPR. Finally, the
alternative F-OFDM signal with lowest PAPR value will be
chosen for transmitted.
This proposed technique is stimulated by the Artificial Bee
Colony (ABC) algorithm as studied in [13][14][15]. The ABC
is a swarm based optimization algorithms that having a good
PAPR reduction performance [13]. It is simulated based on the
behaviour of honeybee mining colonies. Main purposed of
ABC algorithm is to search around the neighbourhood for the
best solutions that has mutation operator. A new food source is
looked by employed bees and when the honey of the new food
source becomes greater than that of the previous food source, it
is stored as the possible optimum solutions [15]. On the other
hand, this idea also being used in CSC as this proposed
technique will select codeword that has the best PAPR value to
be transmitted.

(4)

An analogue signal is the input signal to the amplifier in the
OFDM system and the time domain samples of the output from
the inverse fast Fourier transform (IFFT) is 𝑥𝑥𝑛𝑛 which represent
the transmitted OFDM signals obtained after passing through
IFFT operation process on modulated input symbols [12].
1

(8)

(5)

Fig. 1. Block diagram of CSC technique

The formation of OFDM signal for 𝑁𝑁 number of subcarriers
begin with the conversion of input data into information symbol
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via serial-to-parallel block process. Then, modulating process
will be conducted using 64-QAM and mapped the information
symbol into the constellation point. Finally, Inverse Fast
Fourier Transform (IFFT) will transform the modulated symbol
into an OFDM signal as shown in Fig. 1.
As shown in Fig. 2, 𝐶𝐶 represents the binary sequence
codeword having 𝑧𝑧 total number of input bits and can be
indicated as 𝐶𝐶 = [𝐶𝐶1 , 𝐶𝐶2 , … , 𝐶𝐶𝑧𝑧 ]. The serial to parallel converter
will divide the codeword sequence into 𝑝𝑝 number of sub-block
denoted by 𝐶𝐶′ = �𝐶𝐶′1 , 𝐶𝐶′2 , … , 𝐶𝐶′𝑝𝑝 �. and each sub-block will
have 𝑟𝑟 number of bits per symbol where 𝑝𝑝 = 𝑧𝑧/𝑟𝑟.
For the first step, is by altering the structure of the
codewords into few cluster grouping that is within 2 columns.
As for the example shows on Fig. 2, with 4 codewords it is
divided into 2 parts which is part A and part B. Then for the
second alternative codeword, it can be obtained by shifting the
codeword position in part B while remain idle the codeword on
part A.
Part A
(within 2 columns)
𝐶𝐶1

𝐶𝐶2

𝐶𝐶1

Part B
(within 2 columns)
𝐶𝐶3

𝐶𝐶2

𝐶𝐶4

random input symbols are generated and they are all mapped
using 64-QAM modulation. The OFDM signal being
transmitted over AWGN channel. Cyclic prefix with the length
of ¼ is added to the OFDM symbols in order to minimize the
inter symbol interference (ISI) effect. In Table 2, shows the
summarized of parameter that used in the MATLAB simulation
process [16].
TABLE II
SIMULATION PARAMETER ON DOWNLINK OFDM MODULATION [16]
Parameter
Value
Channel Bandwidth
1.25 MHz
Sampling Frequency
1.92 MHz
Sub-carrier spacing
15 kHz
FFT size
128
Modulation technique
64 QAM
Cyclic Prefix
¼
Channel Model
Rayleigh Fading

A. PAPR Analysis of Different Shifting Method for OFDM
Conventional OFDM

𝐶𝐶4

SCS
CSC

𝐶𝐶3

CCDF=Probability(PAPR>PAPR0)

Fig. 2. Example cluster grouping for 4 codewords

By altering the structure of the codeword has a significant
impact on PAPR performance lower codeword distance will
lead to better PAPR reduction. The advantage of shifting
process in CSC is that it can generates an alternative codeword
flexibility to the system to choose signal with lower PAPR to
be transmitted. Meanwhile, conventional OFDM because it has
only one output signal. For better interpretation, the alternative
positions bits of codewords for numbers of shifting process is
shown in Table 1. Therefore, the alternative OFDM transmitted
signal given as;
𝑥𝑥

′ (𝑛𝑛)

=

1

∑𝑁𝑁−1 𝐶𝐶′𝑘𝑘 𝑊𝑊𝑁𝑁𝑛𝑛𝑛𝑛
√𝑁𝑁 𝑘𝑘=0

PAPR for OFDM System (64QAM)

10 0

In this section, the PAPR reduction performance of CSC
will be evaluated through simulation. In the simulation, 𝑁𝑁=128
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Fig. 3: PAPR Performance for CSC
TABLE III
PAPR ANALYSIS ON DIFFERENT CODEWORD SHIFTING METHOD
Method
PAPR (dB)
Improvement (%)
Conventional OFDM
10.4
SCS
8.6
17.3
CSC
7.5
27.9

where 𝑁𝑁 is number of OFDM symbol and 𝑊𝑊(𝑘𝑘) is Additive
White Gaussian Noise (AWGN) in frequency domain

IV. RESULT AND DISCUSSION

10

PAPR0[dB]

(10)

TABLE I
BIT ARRANGEMENT OF CODEWORD FOR CSC TECHNIQUE
FOR 64-QAM (6 CODEWORDS)
Sub block codeword bits
Position of bits
Codeword
C1, C2, C3, C4, C5, C6
Codeword Shift 1
C1, C2, C3, C4, C6, C5
Codeword Shift 2
C1, C2, C4, C3, C5, C6
Codeword Shift 3
C1, C2, C4, C3, C6, C5
Codeword Shift 4
C2, C1, C3, C4, C5, C6
Codeword Shift 5
C2, C1, C3, C4, C6, C5
Codeword Shift 6
C2, C1, C4, C3, C5, C6
Codeword Shift 7
C2, C1, C4, C3, C6, C5

10

-1

Fig. 3 shows the comparison of PAPR performance between
conventional OFDM, Circulant Shift Codeword (SCS), and
Cluster Scrambling Codeword (CSC). By comparing the results
obtained at CCDF of 10-3, SCS give 17.3% improvement at 8.6
dB compared to the conventional OFDM. As in Table 3,
apparently CSC manage to outperformed the PAPR reduction
compared to other shifting method by 27.9% at 7.5 dB. By
altering the structure of the codeword has a significant impact
on CSC PAPR performance. Hence, by reducing the distance of
the codeword shifting, it can improve the performance of
PAPR. The PAPR outperformed better with shorter codeword
shift distance. By divided te codeword structure into a lower
codeword distance compared to unaltered codeword as used in
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SCS technique, in shows that the lower distance lead to better
PAPR performance.

TABLE V
PAPR ANALYSIS ON OFDM VS F-OFDM
System
PAPR (dB)
Improvement (%)
Conventional OFDM
13.8
Conventional F-OFDM
9.6
CSC OFDM
12.7
7.97
CSC F-OFDM
7.0
27.08

B. PAPR Analysis of Different Modulation Technique
PAPR for OFDM System (QAM vs APSK)

10 0

64QAM

CCDF=Probability(PAPR>PAPR0)

64APSK

10

-1

10

-2

10

-3

10

-4

As in Fig. 5 shows the PAPR performance on conventional
OFDM and F-OFDM vs CSC technique. With this proposed
method, the PAPR performance outperformed the conventional
OFDM by 7.97% at 12.7dB while CSC F-OFDM gives better
performance compared to the conventional F-OFDM by
27.08% at 7.0dB respectively as shown on Table 5. By dividing
the codeword structure into lower codeword distance, this may
lead to better PAPR reduction. As the shifting process in CSC
can generate alternative codeword, it gives flexibility to the
system to select the one with the lowest PAPR for transmission.
6

5.5

5

7

6.5

7.5

8

8.5

D. PAPR Analysis for Higher Order Modulation

9

PAPR0[dB]

Fig. 4: PAPR Performance of Different Modulation Technique

CSC F-OFDM 256QAM

TABLE IV
PAPR ANALYIS ON OFDM SYSTEM (64 QAM VS 64 APSK)
Modulation
PAPR (dB)
Improvement (%)
Technique
64 QAM
7.9
64 APSK
8.0
1.25

CSC F-OFDM 64QAM
Convetional F-OFDM
CSC OFDM 256QAM

10

CCDF=Probability(PAPR>PAPR0)

F-OFDM

CCDF=Probability(PAPR>PAPR0)

OFDM

10

-2

10

-3

10

-4
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6

7

8

9

10

11

12

13

14

PAPR0[dB]

Fig. 5: PAPR Performance for CSC F-OFDM (64 QAM)
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TABLE VI
PAPR ANALYSIS ON HIGHER ORDER MODULATION
System
PAPR (dB)
Improvement (%)
Conventional OFDM
13.7
CSC OFDM (64 QAM)
12.5
8.75
CSC OFDM (256 QAM)
11.2
18.24
Conventional F-OFDM
9.6
CSC F-OFDM (64 QAM)
6.8
2.92
CSC F-OFDM (256 QAM)
6.2
35.42

PAPR for OFDM vs F-OFDM system

CSC OFDM

-1

10

Fig. 6: PAPR Performance for Higher Order Modulation of CSC Technique

CSC F-OFDM

10

CSC OFDM 64QAM

PAPR0[dB]

C. PAPR Analysis of OFDM vs F-OFDM
10

-1

Conventional OFDM

Fig. 4 shows PAPR performance comparison between 64
QAM and 64 APSK modulation technique using CSC method
in OFDM system. Based on results obtained as in Table 4, 64
QAM gives outperformed better PAPR reduction compared to
64 APSK by 1.25% improvement at 8.0dB. By reffering to the
results, since QAM modulation technique gives better
performance and it is being considered to be implemented as
input signal digital modution for the proposed shifting method.

0

PAPR for OFDM vs F-OFDM system

10 0

15

The Fig. 6 shows the PAPR performance of CSC technique
in different modulation order for OFDM and F-OFDM system.
By the proposed method, for OFDM system with 256 QAM
gives better PAPR at 11.2dB at 18.24% improvement compared
to conventional OFDM and OFDM with 64 QAM which is
13.7dB and 12.5dB respectively. Meanwhile for F-ODFM
system, with 256 QAM manage to outperformed the PAPR
reduction of conventional F-OFDM and F-OFDM with 64
QAM by 35.42% improvement at 6.2dB. As shown in Table 6,
apparently system with higher modulation order (256 QAM)
gives better PAPR reduction performance. Refer to the PAPR
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performance obtained in different modulation order scheme,
PAPR performed better for higher number of modulation order.

[14]

V. CONCLUSION
In this paper, the method proposed to deal with the high
PAPR problem in F-OFDM system is called Cluster
Scrambling Codeword (CSC) shifting technique have been
performed and evaluated. By comparing the conventional
OFDM and F-OFDM scheme with CSC scheme, the proposed
method can provide significant improvement to the
performance of PAPR value. Simulation results demonstrate
that the proposed algorithm outperforms other evolutionary
computation techniques by providing a better PAPR reduction
of the 7.0 dB with 27.08% improvement compared to
conventional F-OFDM system.
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