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ABSTRACT

OFDM is a multicarrier transmission scheme that increase data transmission rate. However, OFDM has high
PAPR problem which can cause signal distortion. A PAPR reduction scheme known as SLM-Exp was
introduce in this paper to overcome high PAPR problem of OFDM. To evaluate the PAPR performance of
SLM-Exp, SLM-Exp scheme along with SLM-Mu and Exponential were simulated in MATLAB for PAPR
value at 1 X 10  of CCDF plot. PAPR performance of SLM-Exp was compare with SLM-Mu, and
Exponential scheme as number of subcarrier, phase sequence and modulation scheme varied. The number of
subcarrier concern in this project were 64, 128, 256, and 512. Number of phase sequence concern in this
project were 8, 16 and 32. For modulation scheme, QPSK, 16 QAM, and 64 QAM were concern in this
project. The result shows that PAPR value of SLM-Exp at 1 X 10°3 of CCDF plot was better than SLM-Mu
by 0.53dB to 2.31dB and 0.10dB to 0.61dB for Exponential scheme as number of subcarrier varied. Result
also shows that PAPR performance of SLM-Exp is better than SLM-Mu by 0.99dB to 1.63dB as number of
phase sequence varied.

INDEX TERMS—SLM-Exp, SLM-Mu, Exponential companding, Mu law, SLM, PAPR reduction.

INTRODUCTION

OFDM is multicarrier transmission scheme used for both wireless and wired communication. In OFDM, the
spectrum bandwidth is subdivided into carriers. Then, carriers are modulated with data and multiplex
orthogonally. Since these carriers are orthogonal to each other, the carrier spectrum is null at the central
frequency of another carrier. Hence, there is no interference between carriers and they can space close
together. The advantage of using OFDM scheme are high spectral efficiency, multipath fading and co-
channel interference resistance [1] [3].

Despite the advantages, there are some drawback in OFDM scheme. The first drawback of OFDM signal is
high PAPR which cause signal distortion [1]. PAPR is the ratio of maximum power to the average power of
the OFDM sample within the transmit symbol. An example of high PAPR is N times the average power
occur when N signal which all has the same phase are added together. The high PAPR is sensitive to
nonlinear amplifier and can cause signal distortion as amplifier operate in nonlinear region during high
PAPR. The signal distortion further cause intermodulation and out of band radiation problem [4].
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To overcome high PAPR problem, two categories of PAPR reduction technique has been introduced. The
first category is signal distortion technique and the second category is data scrambling technique [2]. The
examples of signal distortion technique are clipping and filtering (CF), peak cancelation, peak windowing,
and commanding. Its disadvantage is BER degradation. For data scrambling technique, the examples are
Selective Mapping (SLM), and Partial Transmit Sequence (PTS). Unlike signal distortion technique, data
scrambling technique does not cause BER degradation, instead system complexity increases as iteration
number and subcarriers of the system increase [2]. In [2] [5], both the signal distortion technique and data
scrambling technique were combined to reduce PAPR.
The PAPR is the ratio of sample peak power to the sample average power in time domain. Hence, PAPR can
be reduce if the peak power decrease or average power increase. In exponential companding, the PAPR is
reduced by compress sample peak power [13]. In Mu law companding, the PAPR is reduced by increase the
average power of the sample [10]. While in SLM, the PAPR is reduced by phase rotation which reduce peak
power of the sample [11]. In [5], a combination scheme of SLM and Mu law is introduced and result shown
that combination scheme has better PAPR performance than single scheme alone. However, Exponential
scheme is not use in [5]. Since Exponential has better PAPR performance than Mu law [12], SLM-Exp has
better PAPR performance than combination scheme of SLM-Mu, or SLM, Mu law, or Exponential scheme
alone. In this project, combination scheme of SLM-Exp is propose. MATLAB 2016A is use to simulate the
SLM-Exp scheme and only concern transmitter part. Thus, only PAPR performance is evaluate. The PAPR
performance of the schemes is analyze using MATLAB, by plotting CCDF of PAPR with different
parameters. The parameters are types of modulation scheme, number of subcarrier, and number of phases in
SLM.
The section 2 of this paper discuss the background and related works of the scheme, while section 3 discuss
the methodology of this project. Section 4 discuss the results obtained and section 5 is the conclusion.

BACKGROUND AND RELATED WORK

PAPR

PAPR is the ratio of maximum power to the average power of the sample in time domain. Its formula was
given in equation 2.1 [4].

max |x(t)]?

PAPR = Ex@I] a

A large PAPR can occur when subcarrier of OFDM signal add up coherently. For example, N signal which
has the same phase, when added together produce peak power which was N times the average power of the
signal. The high PAPR cause signal distortion as the amplifier force to work in nonlinear region [4]. One of
the method to evaluate PAPR was by Complementary Cumulative Distributive Function. The CCDF was a
plot of probability of maximum PAPR exceed the threshold value T. Its formula was given in Eq. 2 [6].

CCDF(T) = P(Max PAPR > T) 2)

To construct a CCDF plot, 1000 samples of PAPR are compute so that probability can be calculate from the
samples.

PAPR Reduction Schemes

1) Selective Mapping (SLM)

In SLM, original input data in frequency domain with N size, for example D{ Do Dy . Dz ... Dy_1 }is multiply
with a set of independent phase sequence with M as number of phase sequence, for example P {
Fo A Fo Byt 3 The first phase sequence has zero phase to keep the original signal as one of the phase
sequence. After input data is multiply with each phase in the phase sequence, it produces M number of
alternative data sequence. Each alternative data sequence is shift by phases in phase sequence. Then, IFFT is
apply to transform each alternative data sequence in frequency domain to time domain. The PAPR among
these alternative data sequence is calculated and sequence with lowest PAPR is select to transmit [6] [7]. In
SLM scheme, PAPR reduction is achieve by phase rotation of input data in frequency domain which reduce
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the chance of data with same phase [11]. In [6] [7], the PAPR reduction performance decrease as the number

of subcarrier increase. In [6], the PAPR reduction performance improve as number of phase sequence
increase.
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Figure 1. Block diagram of Selective Mapping [6]
2) Mu law

The formula for Mu law is shown in Eq. 3 [9]. The *max is maximum amplitude of the input, u is the Mu law
constant where standard value is 255, san(x} was the sign function of the input x [10]. Mu law reduce PAPR

by increase average power of the signal [9].
lng 14 bl ]

Output(x] = Yoy Io (Hn;u:lx gﬂ( ) 0< |I| < gy

3) Exponential Companding
The characteristic of exponential companding are peak signal compression and small signal expansion while
maintain average power. This create uniform signal distribution without increase the average power of the
signal like Mu law and A law [12] [13]. The formula for exponential companding is shown in Eq. 4 [14].

output(x) = sgn(x)ja |:1 — exp (_ j__z):l

e Ellsal’]
ij s | “
E 1—exp

4) Combination of SLM and Mu law

In [5], a combination scheme of modified Selective Mapping (MSLM) and Mu law is proposed. Modified
SLM (MSLM) reduce the number of IFFT require to perform which in turn reduce computational
complexity [7]. In [5], coding technique is applied before the MSLM to improve BER performance. The
parameter involve in this scheme are QPSK, DOPSK and 8 QAM modulation, 64 subcarriers, and 900
symbols. The block diagram of the combination scheme is shown in figure 2 where it is cascade of Modified
Selective Mapping (MSLM) and Mu law technique. Although combination of SLM and Mu law is not
shown directly in this paper, the combination of SLM and Mu law scheme is build and compare to the
combination of MSLM and Mu law scheme for its PAPR performance. The result of this paper show that the
combination scheme is better than Modified Selective Mapping (MSLM) and Mu law alone.
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Figure 2. Block diagram of combination scheme [5]

The formula for Mu law is shown in Eq. 3 [9]. The *max is maximum amplitude of the input, W is the Mu law
constant where standard value is 255, sa7(x) was the sign function of the input x [10]. Mu law reduce PAPR
by increase average power of the signal [9].

lng|:1+x# ‘|.

max

Output(x) = x sgn(x) ;0 < |x| < xpay

MET logl 1+x) (3}

METHODOLOGY

There are 2 objectives in this project, to build SLM-Exp scheme and to evaluate PAPR performance of the
SLM-Exp scheme. The SLM-Exp scheme is first build follow by CCDF plot to evaluate the performance of
SLM-Exp scheme.

A. SLM-Exp scheme
For explanation purpose, the parameter is set to, 128 subcarriers, 16 phase sequences, 16 QAM modulation.
Figure 3 show the block diagram of SLM-Exp scheme.

1) Data Source
There are 2 types of data generate at this block, data for transmission and phase sequence for SLM.

a) Data for transmission
The data values are generated randomly and are depend on type of modulation used. For example, QPSK
data has random value range between 0 to 3, while 16 QAM data has random value range between 0 to 15.
A total of 128 data are generated as system use 128 subcarriers.

b) Phase sequence for SLM

For phase sequence, phase 0, 90, 180 and 270 are randomly assign to phases in each phase sequence. Each
phase sequence has 128 number of phases as there are 128 subcarriers.

2) QAM Modulation
The data are modulated according to types of data generated. QPSK data are modulated using QPSK
modulator and 16 QAM data are modulated using 16 QAM modulator.

3) SLM
Modulated data are replicate 16 times as 16 phase sequences are used. Each replicated data is multiplied
with its respective phase sequence to produce 16 alternate data sequences. Each alternate data sequence is
convert to time domain via IFFT for PAPR calculation. Data sequence with lowest PAPR is then select to
proceed for Exponential companding.

4) Exponential companding
Data sequence selected at SLM is undergo exponential companding operation in time domain.

5) PAPR
After exponential companding operation, PAPR of data sequence is calculated and recorded.
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Figure 3. Block diagram of SLM-Exp scheme

B.Performance evaluation

To evaluate the performance of SLM-Exp scheme, CCDF of SLM-Exp and other scheme like SLM-Mu,
Exponential, Mu law and SLM are computed and plotted on the same CCDF plot. Figure 4 show the flow
chart of CCDF computation.

In order to compute CCDF plot, probability of PAPR greater than PAPR threshold is require to compute.
Various schemes are simulated 1000 times to create data needed to compute the probability. From this
probability, CCDF of PAPR for various scheme is plotted.

The process of CCDF computation is repeated with different parameter for performance evaluation of SLM-
Exp under different parameter. The parameters involve in performance evaluation are types of modulation
scheme, number of subcarrier, and number of phase sequence for SLM. Types of modulation scheme
involve QPSK, 16 QAM, and 64 QAM. For number of subcarrier, there are 64, 128, 256, and 512 while for
number of phase sequence, there are 8, 16 and 32.
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Figure 4. Flow chart of CCDF computation

RESULT AND DISCUSSION

A. Performance of SLM-Exp scheme

From figure 5, the CCDF plot shows that PAPR value of SLM-Exp scheme is 1.25 dB lesser than SLM-Mu
scheme. This means that SLM-Exp perform better PAPR reduction than SLM-Mu scheme. This confirm the
problem statement that Exponential companding which has better PAPR performance than Mu law can
result in SLM-Exp better than SLM-Mu.

20|Page



NOVATEUR PUBLICATIONS

INTERNATIONAL JOURNAL OF INNOVATIONS IN ENGINEERING RESEARCH AND TECHNOLOGY [IJIERT]
ISSN: 2394-3696

VOLUME 6, ISSUE 9, Sep.-2019

B.Performance of SLM-Exp scheme when number of subcarrier varied

The OFDM system use to obtain result in table | use 16 phase sequences for SLM. The parameter that varied
are types of modulation, and number of subcarrier.

papr value in db obtained when number of subcarrier varied from 64, 128, 256, to 512.

Modulation | PAPR Number of subcarrier
scheme 64 128 | 256 | 512
Exponential | 3.83 | 3.54 | 2.90 | 2.56

QPSK SLM-Mu 3.93 [ 4.16 | 4.41 | 4.68

SLM-Exp 3.22 | 2.97 | 2.65 | 2.48
Exponential | 3.72 | 3.15 | 2.94 | 2.75
16 QAM SLM-Mu 3.92 | 419 | 4.38 | 4.67
SLM-Exp [3.39[2.94[258]236
Exponential | 3.88 | 3.43 | 3.09 | 2.66
64 QAM SLM-Mu 3.99 | 4.24 | 4.49 | 4.76
SLM-Exp 3.32 | 2.86 | 2.56 | 2.56
From Table 1, PAPR performance of SLM-Exp is better than SLM-Mu by 0.53dB to 2.31dB as number of
subcarrier increase from 64, 128, 256, to 512 for QPSK, 16 QAM and 64 QAM modulation. Table 1 also
shows that PAPR performance of SLM-Exp was better than Exponential by 0.10dB to 0.61dB as number of
subcarrier increase from 64, 128, 256, to 512 for QPSK, 16 QAM and 64 QAM modulation. The average
different in PAPR value between SLM-Exp and Exponential scheme for 64, 128, 256, and 512 subcarriers
are 0.50dB, 0.45dB, 0.38dB and 0.19dB respectively.
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Figure 5. CCDF plot of various scheme with 16 QAM, 128 subcarriers, and 16 phase sequences

C. Performance of SLM-Exp scheme when number of phase sequence varied

The OFDM system use to obtain result in table 11 use 128 subcarrier. The parameter that varied are types of
modulation, and number of phase sequence.

PAPR value in dB obtained when number of phase sequence varied from 8, 16, to 32.

Modulation PAPR Number of phase sequence
scheme 8 16 32
SLM 16.80 16.20 14.89
QPSK SLM-Mu 4.39 4.21 4.13
SLM-Exp 2.91 3.00 2.85
SLM 17.12 15.66 14.95
16 QAM SLM-Mu 4.44 4.19 3.93
SLM-Exp 3.09 2.94 2.94
SLM 17.42 15.71 15.29
64 QAM SLM-Mu 4.54 4.24 4.04
SLM-Exp 2.91 2.86 2.81
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From Table 2, the PAPR value of SLM decrease as number of phase sequence increase. This means that

PAPR performance of SLM increase with increase in number of phase sequence. However, the increase in

PAPR performance of SLM as number of phase sequence increase has not much effect on both SLM-Exp

and SLM-Mu scheme. PAPR performance of SLM-Exp was better than SLM-Mu by 0.99dB to 1.63dB as
number of phase sequence increase from 8, 16, to 32, for QPSK, 16 QAM, to 64 QAM modulation.

CONCLUSION

A PAPR reduction scheme, SLM-Exp has been propose. The performance analysis shown that PAPR
performance of SLM-Exp scheme was better than SLM-Mu scheme by 0.53dB to 2.31dB and 0.10dB to
0.61dB for Exponential scheme as number of subcarrier varied from 64, 128, 256, to 512 for QPSK, 16
QAM and 64 QAM modulation scheme. The performance analysis also shows that PAPR performance of
SLM-Exp is better than SLM-Mu by 0.99dB to 1.63dB as number of phase sequence varied from 8, 16, to
32.
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