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Abstract — High Peak-to-Average Power Ratio (PAPR) is
one of the exigent mattersfor Orthogonal Frequency Division
Multiplexing (OFDM). In this paper, a PAPR reduction
technique is proposed which is a combination of Partial
Transmit Sequence (PTS), companding and SLM techniques.
Simulation results are presented, commented, and compared
with the results obtained applying PAPR reduction methods
already proposed in literature.
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|. INTRODUCTION

Orthogonal Fregquency Division Multiplexing (OFDM)
has developed to a popular communication technique for
high speed wireless communication in the last decade.
Orthogonal Freguency Division Multiplexing (OFDM), is
also called Discrete Multitone Modulation (DMT). It is
based upon the principle of frequency division
multiplexing (FDM) where each frequency channel is
modulated with simpler modulation scheme and splits a
high rate data stream into a number of lower rate streams
that are transmitted simultaneously over a number of
orthogonal subcarriers. The orthogonality of the carriers
means that each carrier has an integer number of cycles
over a symbol period. Due to this integer number of
cycles, the spectrum of each carrier has a null at the center
frequency of each of the other carriers in the system that
results in no interference between the carriers, allowing
them to be spaced as close as possible. The problem of
overhead carrier spacing required in Frequency Division
Multiplexing (FDM) can be recovered. So this multicarrier
transmission scheme allows the overlapping of the spectra
of subcarriers for bandwidth efficiency. The increase of
symbol duration for the lower rate parallel subcarriers
reduces the relative amount of dispersion in time caused
by multipath delay spread. Therefore

OFDM is an advanced modulation technique which is
suitable for high-speed data transmission due to its
advantages in dealing with the multipath propagation
problem, high data rate and bandwidth efficiency.

OFDM transmission scheme is a type of multichannel
system which avoids the usages of the oscillators and
band-limited filters for each sub channel. It divides the
frequency spectrum into smal sub-bands so that the
channel effects are constant (flat) over a given sub-band.
Then a classical in phase quadrature modulation (BPSK,
QPSK, M-QAM, etc) is sent over the sub-band. A large
number of closely spaced orthogonal subcarriers are used
to carry data. The data is divided into several parallel data
streams or channels, one for each sub-carrier. Each
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subcarrier is modulated with a conventional modulation
scheme such as Quadrature Amplitude Modulation (QAM)
or Phase Shift Keying (PSK) at a low symbol rate. The
total data rate is to be maintained similar to that of the
conventional single carrier modulation scheme with the
same bandwidth. Orthogonal Frequency Division
Multiplexing (OFDM) is a promising technique for
achieving high speed data transmission due to its
advantages in dealing with the multipath propagation
problem, high data rate, bandwidth efficiency and
combating multipath fading in Wireless Communications.
Despite its multidimensional advantages, there are
drawbacks of OFDM system. The high Peak-to-Average
Power Ratio (PAPR) isthe most severe one. Thisis caused
by constructive interference between many sub-carriers,
which may occur at few time instants within the symbol
duration. Thus, very wide linear dynamic range is required
for the power amplifiersat the transmitter RF stage. It is
important to minimizing the PAPR for allowing a higher
average power to be transmitted for a fixed peak power,
improving the overall signal to noise ratio at the receiver.
Many individual and hybrid techniques have been
suggested in the literature to tackle this problem. The
reduction in PAPR achieved by these techniquesisrelative
and is obtained at the expense of either an additional
complexity to the OFDM transmitter and receiver.

Il. LITERATURE SURVEY

OFDM is a special form of multicarrier (MC) that dates
back to 1960s. The concept of multicarrier transmission
was first explicitly proposed by Chang [1] in 1966. A
detailed description of multicarrier can also be found in [2]
and [3]. In 1971, Weinstin and Ebert [4] proposed time
limited multicarrier transmission, which is what we call
OFDM today. The implementation of MC systems with
equalization was investigated by Hirosakietal.[5] and [6]
and Peled and Ruiz [7]. Zimmerman and Kirsch [8]
published one of the earliest papers in the application of
MC in HF radio in 1967. More materials on the HF
application of MC can be found in [9]. In 1985, Cimini
first applied OFDM in mobile wireless communications
[20]. In [11], Casas and Leung discussed the application of
MC over mobile radio FM channels. Bingham [12] studied
the performance and complexity of MC modulation and
concluded that MC has higher potential in future. The
application of origina OFDM, clustered OFDM, and MC
code-division multiple access (CDMA) in mobile wireless
systems can be found in [13]-[14]. The flexibility of
OFDM provides opportunities to use advanced techniques,
such as adaptive loading, transmit diversity, and receiver
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diversity, to improve transmission efficiency. Shannon’s
classical paper in 1948 suggested that the highest data rate
can be achieved for frequency-selective channels by using
an MC system with an infinitely dense set of sub-channels
and adapting transmission powers and data rates according
to the signal-to-noise ratio (SNR) at different sub-
channels. Based on his theory, a water-filling principle has
been derived. Cioffi and his group have extensively
investigated OFDM with performance optimization for
asymmetric digital subcarrier line, which they discrete
multiple tone (DMT). Some of their earlier inventions on
practical loading algorithms for OFDM or DMT systems
werein [15, 16].

More recently, OFDM has been implemented in maobile
wideband data transmission (IEEE 802.11a, Hyper LAN
1), high-bit-rate digital subcarrier lines (HDSL),
asymmetric digital subcarrier lines (ADSL), very high-
speed digital subscriber lines (VHDSL), digital audio
broadcasting (DAB), digital television and high-definition
television (HDTV), IEEE 802.16 Wi-MAX standard and
its predecessor multicarrier multipoint distribution service
(MMDS) [17-19].

Despite the widespread acceptance of OFDM, it has its
drawbacks. One drawback is that OFDM signals suffer
from large envelope variations. Such variations are
problematic because practical communication systems are
peak power limited. Thus, envelope peaks reguire a
system to accommodate an instantaneous signal power that
require lager power efficiencies or power amplifier (PA)
saturation. This problem is termed as Peak to Average
Power Reduction. PAPR reduction was required for radar
and speech synthesis applications. In radar, PAPR
reduction was important because radar systems are peak-
power limited just like communications system. And for
communication system a number of approaches have been
proposed to deal with the PAPR problem. These
techniques include Clipping, Clipping and Filtering, Tone
Reservation, Tone injection; Selected Mapping and Partial
Transmit Sequence.[20-27] Clipping is the most straight
forward PAPR reduction technique but can lead to
significant out-of-band distortion. In order to alleviate
such effects filtering can be applied. However, this causes
significant peak-regrowth. Distortion-less techniques such
as Tone Reservation a so requires the receiver to know the
location of the reserved tones so as to disregard them
when decoding the data signal. Selected Mapping (SLM)
isimplemented by generating a set of sufficiently different
signals from the original data signal. The transmitter
selects and submits the candidate signal having the lowest
PAPR. Partial Transmit Sequencing (PTS) is a similar
technique in which sub-blocks of the original signal are
optimally combined at the transmitter to generate a
transmitted signal with a low PAPR. Although SLM and
PTS are effective at reducing the PAPR, they require the
use of side information in order to decode the signd at the
receiver.Various hybrid techniques such as SLM-PTS[36],
SLM-TR[37], PTS-Companding[38], and SLM-
Companding[41] have been proposed in the literature.
These techniques give better results than the individual
techniques at the cost of increased complexity. The first
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companding scheme was introduced based on the
similarity between OFDM signal and speech signal that
large signal occurs infrequently by Wang et al. in 1999
[42]. A p-Law companding technique introduced [42] to
generate optimal companding coefficients to limit PAPR
of an OFDM signal and improve the BER performance. A
companded signal increases the transmitter signal power
while the noise power remains constant and makes the
High Power Amplifier (HPA) to operate in the non linear
region. The second one is A-Law algorithm In y law
compander the signals with lower amplitudes are
amplified with greater gain.

[11. MATHEMATICAL EXPRESSION FOR PAPR

Let the data block of length N is represented by a vector
X =[Xgy Xy Xp4]" - T isthe duration of any symbol
X inthe set X and represents one of the sub-carriers set.
Since the N sub-carriers chosen to transmit the signal are
orthogonal, so we can have f, =nAf , where nAf = %\IT

and NT is the duration of the OFDM data block X. The
transmitted OFDM signal for complex data block is given
by equation

n=N -1

x(t) = X, e it o <
vt}
The PAPR of the transmitted signal is given by equation
2
maXO<t<<NT| tl
1/ NTJ t)dt

The principle aim of PARP reduction techniques is to
reduce max|x(t)|.

PAPR is usually examined by using statistical property
called complementary cumulative distribution function
(CCDF). CCDF shows the probability PAPR exceeds a
certain value. CCDF for non oversampling signal is given

by

t< NT (31)

PAPR = (3.2)

CCDF = 1-[1-exp (-PAPR)] N (3.3)
Where N is number of subcarriers and as we increase

the N, PAPR increases of N.

High PAPR should be reduced because high PAPR
causes:

1. Nonlinear distortion in the high power amplifier
(HPA) since HPA limits the output with certain
threshold

2. Reduction of the power efficiency of the amplifier

3. Increasing the complexity of the ADC and DAC

V. PROPOSED TECHNIQUE

The proposed technique i.e. PTS-Companding-SLM
Technique is shown in figure 4.1. The main idea of the
proposed scheme isto use a combination of three methods.
First, the Partial Transmit sequences approach is used,
second the signal with the lowest PAPR is submitted to the
companding technique which further reduces the PAPR.
Finaly the signal with the lowest PAPR is applied to the
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input of SLM technique for further reduction of PAPR.
The intention of this combination is to obtain a signal with
lowest PAPR than the other methods. This section will
present some simulation results obtained using different
scenarios for PAPR reduction of OFDM signals. In this
way the value of PAPR is reduced substantially. These
results are compared with origina, SLM, PTS,
Companding, SLM-Companding and PTS-Companding
techniques. Figure 4.1 depicts the block diagram of PTS-
Companding-SLM technique.

_fh " L e
L \‘W 0 e il
l UOK e U [

nl

]

o f‘
i

= = L L [ -
| L AR "
M| | M
i "‘H F‘: N '
dsg 1A Yot O e L
m Yl g -
— v |

]

Fig. 4.1 Block diagram OF PTS-COMPANDING-SLM
technique

V. SIMULATION RESULTSAND DISCUSSIONS

The results presented in this section were obtained by
considering an Additive White Gaussian Noise (AWGN)
channel, 4 subcarriers (N), 4 sub-blocks (V) and a QPSK
modulation scheme. Figures show the CCDF performance
of the proposed technique (PTS + companding + SLM) as
well as different techniques. The complement cumulative
distribution function (CCDF) of the PAPR denotes the
probability that the PAPR of a data block exceeds a given
fixed threshold PAPR. Figure 5.1 presents the CCDF
performance of the system without any PAPR reduction
and the system equipped only with companding technique
for p=1 and p=2. As we increases the value of u the value
of PAPR decreases but on the expense of complexity.
Figure 5.2 shows the CCDF performance of the system
without any PAPR reduction and the system outfitted only
with SLM technique for N=4. As we increases the value of
N, the value of PAPR decreases but the complexity of the
system increases. The result shows that SLM technique
gives the lower PAPR value than original signal. Figure
5.3 depicts the CCDF performance of the system without
any PAPR reduction and the system prepared only with
and PTS technique for V=4. As we increases the value of
V, the value of PAPR decreases but the complexity of the
system increases. The result shows that in PTS technique,
the value of PAPR islower than the origina signal. Figure
5.4 demonstrates the CCDF performance of the system
without any PAPR reduction and the system equipped
with SLM and PTS for N=4. The graph shows that SLM
and PTS techniques give better results than original signal.
Moreover, SLM technique shows lowest value of PAPR
than the other two methods.
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Figure 5.5 depicts the CCDF performance of the system
without any PAPR reduction and the system ready with
SLM and SLM-Companded techniques for N=4. The
graph shows that Companded-SLM gives lowest value of
PAPR than the other two methods i.e. original signal and
SLM.

Figure 5.6 shows the CCDF performance of the system
without any PAPR reduction and the system ready with
PTS and PTS-Companded techniques. The graph shows
that PTS and PTS-Companded techniques give better
results than original signal. Moreover, PTS-Companded
technique shows lowest value of PAPR than the other two
methods.

Figure 5.7 demonstrates the CCDF performance of the
system without any PAPR reduction and the system
equipped with PTS-Companded-SLM techniques. The
vaue of PAPR is lower in PTS-Companded-SLM
techniques.

Figure 5.8 shows the comparison of CCDF of all the
techniques i.e. SLM, PTS, SLM-Companded, PTS
Companded and PTS-Companded-SLM. The graph shows
that the PAPR value is lower in SLM, PTS-Companded
and PTS-Companded-SLM techniques. Moreover, the
PTS-Companded and PTS-Companded-SLM technique
givesthe amost similar PAPR value.

The simulation results shows that the proposed
technique gives better PAPR performance than the other
individual as well as hybrid techniques discussed in the
earlier sections. Thus, the proposed technique gives PAPR
reduction of about 4.9dB, 4.2 dB, 0.7 dB and 0.2dBfor
PTS, SLM, PTS-compandingand SLM-Companding
techniques respectively.

VI. CONCLUSIONS

The thesis proposed a new technique for PAPR
reduction which is a PTS-companding SLM technique
which is a combination of three traditional PAPR
reduction methods i.e. PTS, companding and SLM
techniques and the different values of PAPR has been
plotted and compared with other techniques. The obtained
simulations results prove the good performance of the
approach proposed better than the performance which can
be obtained using only one of the two composing methods
applied separately. Though, the proposed technique gives
better PAPR performance but it makes the system more
complex than the other techniques which have to be
sought out in the future research works.
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Fig.5.5. Comparisons of CCDF for original, SLM and
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