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Abstract- OFDM is a digital modulation technique that is widely used in wireless communications like WiMAX and 4G due
to its high data rate transmission capabilities. It offers advantages such as high data rate, spectral efficiency, and interference
immunity. However, a major drawback is the high Peak to Average Power Ratio (PAPR) of the received signal, caused by
nonlinear components like power amplifiers that distort the signal. Various techniques have been proposed to reduce PAPR,
including clipping and filtering, Selective Level Mapping (SLM), and Partial Transmit Sequences (PTS). Simulations
conducted on MATLAB analyze PAPR reduction and compare the effectiveness of these techniques.

Keywords - OFDM, PAPR, Clipping and Filtering, Selective Mapping (SLM), Partial Transmit Sequence (PTS).

I. INTRODUCTION

Orthogonal Frequency Division Multiplexing (OFDM) is a key technology used in wireless communications such as LTE,
5G, and WiMAX. OFDM technology is a special scheme of multicarrier transmission technique that includes all sub-channels
orthogonal to each, that is, it has a wide bandwidth up to about 20MHz. The basic principle of OFDM technology is to split
a high-speed data stream into several streams of lower rates that are sent alternately over many subcarriers. Thus, the
subcarriers are made to contract independently with each other to avoid interferences between the subcarriers. On each
subcarrier, data is converted from serial to parallel channel for synchronous transmission in different channels. The most
important advantages of OFDM are high data transmission, reduced exposure to selective fading like multipath, and simplified
channel equalization. Also, provides a high spectral efficiency as compared to other modulation sketches and spread spectrum.
The OFDM signal spectrum is characterized by several subcarriers, each subcarrier carrying a bit of total data. These
subcarriers are evenly spaced in the frequency domain to avoid interference, that is, they are orthogonal with each other.
Figure 1 shows the spectrum of the OFDM signal.

In the previous figure, each carrier is represented mathematically by SmT(x)

pulse, where the carrier spacing isTi , where T is
symbol time of each subcarrier. The main disadvantage of OFDM technology is a high PAPR, which occurs due to nonlinear
distortion for the transmitted signal. OFDM has numerous individual subcarriers that are spaced apart, leading to the
possibility of high peak values in the amplitude signals. The high PAPR leads to increased complexity of A/D converters and
D/A converters and also decreases the efficiency of the RF power amplifier [2- 4].
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Figure 1 OFDM Spectrum [1]

II. THE MATHEMATICAL FORMULA OF THE OFDM SIGNAL

It’s important to discuss the mathematical model definition of the OFDM signal because it allows us to know how to generate
an OFDM signal in the transmitter and how to deal with it at the receiver, also in order to understand the impact of signal
distortion caused by the transmission channel at the receiver, it is important to explore the tools available. OFDM technology
relies on a multitude of orthogonal subcarriers in the frequency domain. This necessitates a corresponding number of
modulations and filters at the transmitter, as well as demodulations and equalizations at the receiver. To streamline this
process, digital modulations and demodulations such as Fourier Fast Transform (FFT) and Inverse FFT are recommended.

[5].
Mathematically, each carrier can be written as a complex waveform:
Se(t) = Ac(t)elloct+ 2e(®l] (1
where S, (t) is the carrier signal, A, (t) is the amplitude of the carrier signal and @ (t) is the phase of the carrier signal.

Since the OFDM signal consists of many carriers as shown in Figure 1 . Then S, (t) can be written as:
N-1
1 .
Se(8) = N Z A, (t)elloc+on®)] o
n=0

where N is the number of subcarriers and @,,= @, + nA@

This is for a continue signal. Every component of the signal over one symbol period can take fixed values of the variables like:

ngn(t) - @,

An(t) - Ay
If we applied the sample on the signal by sampling frequency of 1/T , then the resulting signal can be written as:
S,(KT) = lz A, eJl(@o+wAn)KT+0y] 3)
N
Where T is time interval between samples, and K is overlapping factor, if w, = 0, then the signal will become:
N-1
SS (KT) = %Z An ef[(ﬂ)An)KT+®n] (4)
n=0
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We can compare (4) with the general form of the Inverse Fast Fourier Transform (IFFT):

N-1
1 n . 2mnk (5)
— | ]
9(KT) = - EOG (NT)e N
n=

Where g(KT) is the signal in frequency domain. By comparing (4) and (5) we note that A,, e/®» no more definition of the
signal in frequency domain, and S, (KT) is the signal in time domain. So Eq (4) and (5) are equivalent if:
Aw 1 (6)
ANf =—= —
f 2m NT

Figure 2 shows a simple block diagram of an OFDM system:
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Figure 2 Block diagram of OFDM System [6]

III. PEAK TO AVERAGE POWER RATIO (PAPR)

The CS technique has been applied in various areas, such as imaging, radar, speech recognition, and data acquisition. In
communications, compressive sensing is largely accepted for sparse channel estimation and its variants. With this in mind,
compressive sensing promises to estimate the channel with much less pilot overhead or at higher accuracy with a limited number
of pilots [16]. The channel estimation of the Massive MIMO System with an assisted System is formulated as a sparse signal
recovery problem by exploiting the channel’s angular-domain sparsity. In this paper, the popular compressed sensing (CS)
algorithms, such as the orthogonal matching pursuit (OMP) techniques are applied to recover the channel at a much reduced
number of measurements [20]. Also, the Double Structure-OMP (DS-OMP) based cascaded channel estimation scheme by
integrating the double structured sparsity into the classical OMP is discussed and proposed [21].

One of the main disadvantages of OFDM technology is a high Peak Average Power rate (PAPR). This high value of PAPR is
due to the large number of subcarriers in the OFDM system. For this reason, the peak value will be advanced than the average
value, and this distorts the transmitted signal if the transmitter contains nonlinear factors similar as power amplifiers. These
nonlinear components at transmitter will cause interferences for OFDM symbols in-band and out-of-band [7] [8].

PAPR of the OFDM signal in continuous time can be expressed as:

PAPR = Ppeak :maxlx(t)l2 (7

P average Elx(t)|?
Where E is the expectation operator of the random signal, and PAPR at the discrete time signal is:

max|x(n)|? ®)
Elx(m)|?

PAPR =
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X(n) is transmitted signal.

To analyze the PAPR in OFDM system, we use the Complementary Cumulative Distributive Function (CCDF) which
describes the probability where PAPR exceeds certain threshold values.

CCDF= Probability (PAPR>F, , P, is the threshold value [9].
CCDF =1 — (1 — exp (—P,y))", where N is number of carriers.
To determine the percentage reduction in peak power, we use:

(1 — PAPR;g) 9)
Effecincy = [———————| x 100
PAPR 5

IV. PAPR REDUCTION TECHNIQUES

Several methods have been suggested to mitigate the issues related to (PAPR).
A. Signal Scrambling Techniques
1. Block Coding

2. Selective Level Mapping (SLM)
3. Partial Transmit Sequence (PTS)

B. Signal Distortion Techniques

1. Amplitude Clapping and Filtering
2. Peak Windowing

3. Peak Power Suppression (PPS)

4. Peak Cancellation

This paper primarily focuses on three common techniques employed to reduce PAPR in (OFDM) systems, namely (SLM),
Limiting and Filtering, and (PTS).

A.Selective Level Mapping (SLM)

In this approach, the input data sequence is multiplied by each phase sequence to generate an alternative input symbol
sequence. The basic idea of SLM is based on the phase rotation sequence. In Figure 3, if we consider data block B(U) are
multiple by U phases of length N.

Partition B? (2)
into x® x Select
sub-blocks ." kel one
X S ) X
Data source and [ J [ J with Em—
[ J

serial minimum
to B(U) [ ] PAPR
parallel
conversion o (]
X(L) )
IFFT X

Figure 3 Block diagram of SLM Technique [10]

B(U) = [buy, buy, bu,, bug, ... ce oo .buy_1]7 (10)

then the result of multiplication will be U™ phase sequences after multiplication is
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T (1)
X(U) = [Xo,buor X1, bapg wee ove oo voeeve e e Xy_1boyq |

where u is 1,2,3 .... U. Among the modified data block X(U),u = 1,2,3..... U, Only one with the lower PAPR is selected for
sending. The information side must be sent at the specified phase sequence where the receiver will determine the source of the
information. In this method, each symbol sequence B(U) 1 < 1 < U , is generated by multiplying the input data sequence by
inverse phase matrix P

Where 1 < u < U, U is the modified OFDM signal [11].

In this scheme the reduction of PAPR will be better if we increased number of phase sequence. Therefor the probability of
PAPR can be written as:

12
(PAPR>P)) =1—(1—e Po)N (12
N is the number of subcarriers and U is the phase sequence.
B.Amplitude Clipping and Filtering

Clipping is one of the simplest techniques used to reduce PAPR, which decreases the peak level of the transmit signal. The basic
idea of this technique is to clip amplitude parts of signals that have a high peak outside the permissible area. However, an
excessive clipping of the signal may lead to distortion of the original signal [12].

z(t) = x(t) + n(t) (13)

Where n(t) is noise level, z(t) is the received signal and x(t) = [x(t)| the magnitude
r() = |zl (14)
ne)={% 234 (15)

Where 4: is the clipping level and 7, is the clipped magnitude.

Clipping and Filtering are effective techniques used to reduce (PAPR) and decreases the peak level of the transmit signal.
Clipping is a simple method that involves reducing the amplitude of the signal, while filtering helps remove unwanted
components from the wide spectrum. Although filtering can help reduce spectrum broadening and out-of-band radiation, it may
also cause the clipped signal to experience peak re-growth. To effectively reduce PAPR, an iterative approach of clipping and
filtering is necessary. Figure 3 shows the process of clipping and filtering [13].

OFDM
QPSK Modulati L Filtering
Inputdata |3l Npoqulation | 2| ol a0en Clipping > = (piR,
4
Output | e—— QPSK P OFDM -
data Demodulation Demodulation Channel

Figure 3 Process of Clipping and Filtering [14]

C. Partial Transmit Sequence (PTS)

This is the most effective technique for reducing PAPR. PTS algorithm refers to technology that brings improvements The
signal is multi-carrier static. Basic idea the algorithm of PTS is to segment the OFDM sequence Divide the original sequence
into multiple subsequences, and for each subsequence Each time, the subsequence is multiplied by a different weight whenever
a best value is selected [15].
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In figure 4 shows the block diagram of conventional PTS. The principle of PTS can be explained as follows, first of all we
define the symbol using vector data X, after thar we divide the vector into groups of M, denoted as { X,, wherem =1, 2... M}.
Then Then Group M summarizes as follows:

OEDW WS (16

b,, is s the weighted coefficient, therefore b,,, = e/™ ,where @,,, €[0,27] can usually considered as useful information, later
adopted by Inverse Discreet Fourier Transform (IDFT) on X (b) , so we can get X'(b) = IDFT {X(b)}. We can use instruction
of IDFT for M separate as:

X'(0)= Y by IDFT(X,} = X'(0)= Y by, (17

The weighted coefficient is selected so that the PAPR can be reduced, which is written as:
2

m=1

[by, by, ... bpy] = ar guin{bs, by, ... by } (Max15n5N

Argument (.)represents the sentence condition that defines the function that archives its smallest value [16].

X4 » X4
N-Point IFFT @
by
S/’P X5
and =2 5] N-Point IFF'T £2 ,8
Input | X e x
Data > Partition b> +
nto
subblocks
X X
M| nr Point IFFT L
b

Phase Rotation Factors Optimization

Figure 4 Block Diagram of PTS Technique [17]

V. SIMULATION AND RESULTS

In this part, we have chosen MATLAB's communication toolbox for conducting the paper simulation. The simulation is
carried out using MATLAB version 7.14.0. The performance evaluation of three PAPR reduction techniques (SLM, Clipping
and filtering, and PTS) is done and simulated. These three techniques are compared with each other. In table 1 Lists the
parameters used for this simulation. In this simulation, we chose QPSK modulation for clipping and filtering to decrease
PAPR, and also, we used the CCDF of the PAPR.

Parameters Specifications
Number of transmitted Symbol 256
Modulation Type QPSK
Number of Bits 16

SNR 20
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Table I: Channel
Parametres

AWGN Simulations
Clipping Factor (L) 1.2

Before applying the clipping and filtering for OFDM signal, we generate waveform of QPSK signal by adding odd and
even sequences modulated waveforms as shown in Figure 5.

Odd sequence modulated cosine waveform
1

B VAVAVAVAVAYAVAY AVAVAVAVAVAVAY,

800 1000 1200 1400 1600 1800 2000
Time (in msec.)

AP ANAVATYATVATAAYLYATATRANAVA:

Time (in msec.)
QPSK waveform

o 200 400 600 800 1000 1200 1400

1600 1800 2000
Time (in msec.)

Figure S QPSK signal
In Figure 6, we applied clipping and filtering for the OFDM signal, before we applied clipping and filtering, we note the

peak power of the original signal is 2, and after applying clipping the peak amplitude of the signal decreases to 1.5. After
filtering the signal, the peak power level decreases to 1.2 along with an increase in the sampling number without any distortion
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Figure 6 Clipping and Filtering Signal

In Figure 7, we apply the SLM technique for the OFDM signal, before applying the selective mapping we note the normal
OFDM signal it has a very high amplitude peak value of approximately 1.5 but after applying the SLM the peak power

decreases to 0.05 and hence low PAPR is experienced.

Normal OFDM signal
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0.04 -

i :"!ir
I |'i.-| | II.
iii ‘lrl' ‘lml |||l!!m
aSN \
gt 1 |||| [

150 200 250

0.02 -

o
)
[

ln-l“

Figure 7 SLM Modified Signal
Table 2 shows the percentage of the reduction for these two techniques and compare them with each other.

Table 2: Comparisons between clipping &filtering and SLM.

Type PAPR in dB Efficiency in Percentages
Normal OFDM 22.4521

Clipping and Filtering 10.4420 54.4898

SLM 17.5066 20.2397

A. CCDF Comparing Clipping &Filtering, SLM and PTS
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Figure 8 shows the performance of all techniques to reduce PAPR. The best suitable result is provided by the PTS technique
as the performance of the CCDF for the PTS technique is better compared to other techniques, but the complexity of the
system increases. In the SLM method, if we increase the number of subcarriers, we will get the same result of the PTS method,

but this will lead to more complexity of the system. Clipping and Filtering is the most appropriate technique to decrease
PAPR.

: Original Signal : PTS
=
S 0.5 S 0.5
o o
(o] 10 20 30 - 4.5 5 5.5 6
original signal, xdB PARTIAL TRANSMIT, x dB
Clipping SLM
0.8 - 2 1 \_‘
a g =.
S o4 i 2 05 H
[y —— - = H
0.2 R 1
i | B L
o o
5 10 15 20 5 10 15 20 25

AMP CLIPPING, xdB SELECTIVE MAPPING, x dB

Figure 8 CCDF for Clipping, SLM and PTS methods

VI. CONCLUSION

In this study, we conducted simulations of methods employed to reduce PAPR in OFDM systems including Clipping &
Filtering, Selected Mapping (SLM), and Partial Transmit Sequence (PTS). Upon evaluating the PAPR values across different
scenarios, we observed that while the clipping and filtering technique effectively minimizes PAPR, it also introduces signal
distortion due to amplitude reduction. SLM and PTS techniques are also studied to reduce PAPR. All these techniques have

the potential to significantly reduce PAPR. PTS technique as the performance of the CCDF for the PTS technique is better
compared to other techniques, but the complexity of the system will increase.

REFERENCES

(2024) Family of Nyquist pulses to Enhance OFDM. [Online]. Available: https://www.researchgate.net/figure/OFDM-signal-
spectrum_figl 285404024

(1]

[2] J. Lorca Hernando and A. G. Armada, "Frequency-Modulated OFDM: A New Waveform for High-Mobility Wireless
Communications," in I[EEE Transactions on Communications, vol. 71, no. 1, pp. 540-552, Jan. 2023, doi:
10.1109/TCOMM.2022.3224212.

[3] Y. D. Kapse and S. P. Mohani, "Comparative Analysis of OFDM Signal on the Basis of Different Modulation Techniques," 2022

International Conference on Signal and Information Processing (IConSIP), Pune, India, 2022, pp. 1-5,

doi:
10.1109/ICoNSIP49665.2022.10007451.

[4] L.J. Cimini, “Analysis and Simulation of a Digital Mobile Channel Using Orthogonal Frequency Division Multiplexing,” IEEE
Trans. Common., vol. 33, no. 7, pp. 665-675, July 1985.

[5] R.van Nee and R. Prasad, “OFDM Wireless Multimedia communications,” Artech House, Boston, MA, 2000.

[6]

(2024) Design and Analysis of OFDM system for powerlin. [Online]. Avalible: https://www.researchgate.net/figure/OFDM-Block-
diagram figl 261712467.

Submitted 27 Mar. 2024; Final Version Received 26 May 2024; Accepted 15 May 2024; Published Online in 27 May 2024
www.ejeee.elmergib.edu.ly Email: ejece@elmergib.edu.ly  Phone No:++218913748971  Copyright © 2024 EJEEE




EJEEE’ Volume 3, Issue 1, May 2024

Peak to Average Power Ratio PAPR Reduction Techniques in OFDM System

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

Arpit M, Puneet K, Neelu T. PAPR Reduction in OFDM System by Using Discrete Cosine Transform and p-law Companding. IJCSE
International Journal of Computer Sciences and Engineering. 2015; 3(6): 22-25.

Iram M, Norulhusna A, Hazilah M, Mohd, Norliza M. PAPR Reduction Techniques in Generalized Inverse Discrete Fourier
Transform Non-Orthogonal Frequency Division Multiplexing System. Indonesian Journal of Electrical Engineering and Computer
Science. 2018; 10(3): 1045-1052.

Aquino GP, Mendes LL. PAPR Reduction and Performance Improvement in OFDM Systems Using WHT-Based Schemes. Journal
of Communication and Information Systems. 2017; 32(1).

(2024) Selected Mapping Technique Using Interleave for PAPR Reduction in OFDM [Online].Available
https:///www.researchgate.net/figure/The-block-diagram-of-the-conventional-SLM-scheme_figl 321756281

YasirRahmatallah, Seshadri Mohan, Member, “Peak-To-Average Power Ratio Reduction in OFDM Systems: A Survey and
Taxonomy”, IEEE Communications surveys & tutorials, vol. 15, no. 4, fourth quarter 2013.

S. H. Han and J. H. Lee, “An overview of peak-to-average power ratio reduction techniques for multicarrier transmission,” IEEE
Wireless Comm, vol. 12, no.2, pp.56-65, Apr. 2005.

X. Li and L.J.Cimini ,Jr., “Effect of Clipping and Filtering on the Performance of OFDM,” IEEE Commun. Lett., vol. 2, no. 5, pp.71-
75, May 1998.

(2024) A new approach to improve the performance of OFDM signal for 6G communication. [Online]. Available:
https://www.researchgate.net/figure/ OFDM-with-clipping-and-filtering_figl 361135727

Pawan Sharma, Seema Verma (2010), Performance Analysis of Peak-to-Average Power Ratio Reduction Techniques for Wireless
Communication Using OFDM Signals, IJCSI International Journal of Computer Science Issues, Vol. 7, Issue 6, ISSN (Online): 1694-

0814 www.lJCSlL.org.
Gaber Ahmed Mahmoud Maha, H. H. M. , Nelly** M.Hussien Ghouz, Novel PAPR Reduction Technique Based On Conventional
Partial Transmit Sequence (PTS), International Journal of Engineering & Technology IJET-IJENS, Vol:12 No:06.

(2024) PAPR reduction in OFDM systems. [Online]. Available: https://www.researchgate.net/figure/Block-diagram-of-the-PTS-
technique-for-PAPR-reduction-in-OFDM _figl 328583535

Submitted 27 Mar. 2024; Final Version Received 26 May 2024; Accepted 15 May 2024; Published Online in 27 May 2024
www.ejeee.elmergib.edu.ly Email: ejece@elmergib.edu.ly  Phone No:++218913748971  Copyright © 2024 EJEEE




