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Abstract:

Orthogonal Frequency Division Multiplexing (OFDM) is one of the most promising technique for
today’s wireless broadband communication systems.3GPP*s LTE was the first to adopt OFDM as
its downlink technique. One of the major disadvantages is its high peak-to- average power ratio
(PAPR). This high PAPR causes interference when the OFDM signals are passed through an
amplifier which does not have enough linear range. Several PAPR reduction techniques such as
magnitude clipping, block coding, and partial transmit sequence (PTS) and pulse shaping have
been proposed to reduce the PAPR. In this paper, we evaluate a clipping based PAPR reduction
technique. The complementary cumulative distribution function (CCDF) of the PAPR, which can
be used to evaluate the PAPR reduction performance, is derived for OFDMA signals.
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I. INTRODUCTION

The Third Generation Partnership Project (3GPP) Long Term Evolution (LTE) is a major advance
in mobile system technology, with a focus on wireless broad band. LTE makes use of Orthogonal
Frequency Division Multiple Access (OFDMA) in the downlink and Single Carrier Orthogonal
Frequency Division Multiple Access (SC-OFDMA) in the uplink. SCFDMA is a promising
technique for high data rate transmission that utilizes single carrier modulation and frequency
domain equalization. Single carrier transmitter structure leads to keep the peak-to average power
ratio (PAPR) as low as possible that will reduce the energy consumption as well as increase battery
life time of the mobile to transmit signal from mobile terminal to the base station. SCFDMA has
similar throughput performance and essentially the same overall complexity as OFDMA [2], [7],
[8]. Orthogonal Frequency-Division Multiple Access (OFDMA) is a multi-user version of the
popular Orthogonal Frequency Division Multiplexing (OFDM) digital modulation scheme.
Through OFDMA comprises many benefits (for high data rate) they also suffer many problems
higher sensitivity to frequency offsets and phase noise high, envelop fluctuation in the time
domain, leading to large PAPR. Therefore, SCFDMA is used instead of OFDMA for uplink data
transmission to reduce PAPR as well as increasing battery life time as well as reducing power
consumption trends [14-16].

Recently, OFDMA has received much attention due to its applicability to high-speed wireless
multiple access communication systems. The problem associated with OFDM also suffers
OFDMA inherently such as high PAPR. Some existing PAPR reduction techniques, which were
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originally designed for OFDM, process the whole data block as one unit, thus making downlink
demodulation OFDMA systems more difficult since only part of the subcarriers in one OFDMA
data block are of demodulated by each user’s receiver. If downlink PAPR reduction is achieved
by schemes designed for OFDM, each user has to process the whole data block and then
demodulate the assigned subcarriers extract their own information. This introduces additional
processing for each user’s receiver. In the following we describe some modifications of PAPR
reduction techniques for an OFDMA downlink. The PAPR problem for an OFDMA uplink is not
as serious as that for down link transmission since each user’s transmitter modulates its data to
only some of the subcarriers in each data block[11], [13].Before OFDMA modulation the time
domain signal is converted into the frequency domain by discrete Fourier transform (DFT) method
therefore this is called DFT-spread OFDMA (DFTS-OFDM).Therefore the main benefit of DFTS-
OFDM compare to scheme is reduced variations in the instantaneous transmit power, implying the
possibility for increased power —amplifier efficiency, low-complexity high quality equalization in
the frequency domain and flexible bandwidth assignment [12].

II. LTE OFDMA SYSTEM

A simplified block diagram of the 3GPP LTE OFDMA transceiver is shown in fig.1. A baseband
modulator transmits the binary input to a multilevel sequences of complex number x(k) in one of
several possible modulation formats including, Binary phase shift keying (QPSK), and 16level-
QAM at the transmitter side. BPSK is the simplest form of phase shift keying (PSK. It uses two
phases which are separated by 180° and so can also be termed 2-PSK. It does not particularly
matter exactly where the constellation points are positioned, and in this figure, they are shown on
the real axis, at 0° and 180°.
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Fig. 1. 3GPP LTE OFDM system using partial transmit sequence.
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This modulation is the most robust of all the PSKs since it takes the highest level of noise or
distortion to make the demodulator reach an incorrect decision. It is, however, only able to
modulate at 1 bit/symbol and so is unsuitable for high data-rate applications when bandwidth is
limited. These modulated symbols, are perform an N-point discrete Fourier transform (DFT) to
produce a frequency domain representation [2]:

And inverse discrete Fourier transform for time domain expression:

where k is the sample index, j is the imaginary unit, X is the discrete symbol and x(k) is the data
symbol From IDFT time domain signal is passes for clipping and filtering. The clipping is followed
by filtering to reduce out of band power. The DFT transform the clipped signal into frequency
domain signal. The in-band frequency domain signals are passed to the second IDFT while out-of
band signal components are null. Therefore, it doesn’t cause interference to the in-band OFDMA
signal [1]. Then cyclic prefix inserted and transmitted through the channel. In the same way at the
receiver side the signal is receive and the cyclic pre fix is removed then this incoming signal is
DFT and we get the base band signal after decoding. Peak to average power ratio (PAPR) is a
comparison of the peak power detected over a period of sample occurs over the same time period
and defined as [8-10]:

Expression in decibels:

Where s(m) is the transmitted signal, T is the symbol period f the transmitted signal One of the
most frequently used performance measures for PAPR reduction techniques is cumulative
distribution function (CDF). But in this paper, we use, the complementary CDF (CCDF) is
commonly used instead of the CDF. The CCDF of the PAPR denotes the probability that the PAPR
of a data block exceeds a given threshold. There is another performance parameter bit error rate
analysis. Although QPSK can be viewed as a quaternary modulation, it is easier to see it as two
independent modulated quadrature carriers. With this interpretation, the even bits are used to
modulate the in-phase component of the carrier, while the odd (or even) bits are used to modulate
the quadrature-phase component of the carrier. BPSK is used on both carriers and they can be
independently demodulated. Generally bit error rate of BPSK is lower than the QPSK.

III. PAPR REDUCTION TECHNIQUE
In the PTS technique, input data block X is partitioned in M disjoint sub — blocks, Xm
M

= [Xm0, Xm1, «r v, Xmn-1]T, m=1,2,.....M such that ZXm =X and the sub — blocks are

m=1

combined to minimize the PAPR in the time domain. The L times oversampled time domain signal

of X, ,m=1,2,....M , is obtained by taking the IDFT of length NL on X , concatenated with (L —
)N zeros. These are called the partial transmit sequences. Complex phase factors, b, =e’"

m=12....... M are introduced to combine the PTSs. The set of phase factors is denoted a vector
b=[b,,b,,........ b, ] ". The time domain signal after combining is given by
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X (b)=3b ,x
m=1

where x (b)=[x " (b), x' (b),......... X (b)]" . The objective is to find the set of phase factors
0 1 NL-1

that minimizes the PAPR. Minimization of PAPR is related to the minimization of max ,.,..,; ,

)]

IV. EXPERIMENTAL RESULTS

This section gives the complete details about the performance evaluation of proposed approach.
The proposed approach was evaluated CCDF for PAPR and BER for SNR (DB). Complementary
cumulative distribution function (CCDF) of PAPR, which is the probability that PAPR is higher
than a certain PAPR value PAPRO, is calculated and plotted as shown below: 024 6 8 10 12 10-
4 10-3 10-2 10-1 100 PAPRO DB CCDF(PAPR>PAPRO) original

> PAPRq)

Pt [PAPR

PAPRo (dB)

Fig. 6.4 Performance Curves of SLM and PTS Techniques
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Fig.6.BER vs. SNR using ideal channel.

The simulation result of this method is shown in figs. 4 and 5. It can be observed that OFDM signal
is has higher PAPR and after applying this method PAPR is reduced significantly. This PAPR is
decreases as the number of clip and filtering is increased. Because the clipping is followed by
filtering to reduce out of band power. The bit error rate (BER) is another important performance
parameter in wireless communication system for quality measurement of recovered data. Next, we
evaluate the BER performance for BPSK or QPSK modulation. Theoretical equation for bit error
rate (BER) with Binary Phase Shift Keying (BPSK) modulation scheme in Additive White
Gaussian Noise (AWGN) channel the BER results obtained using Mat lab simulation scripts show
good agreement is shown in fig. 6 (for ideal channel). Noise produced due to Amplitude clipping
falls both in-band out of band. Out-of-band radiation reduces spectral efficiency and in-band
distortion cannot be reduced by filtering and results in error performance degradation. Though at
first clipping and then filtering can reduce out of band radiation which may also cause some peak
re-growth. As a result, the signal after clipping and filtering will exceed the clipping level at some
points. We use iterative clipping-and-filtering operation to reduce overall peak re-growth in our
desired level.

TABLE I: BER vs. SNR using Ideal Channel

Eb/NO BER

Theory Original
-4 0.09 0.09
-2 0.08 0.08
0 0.07 0.07
2 0.04 0.04
4 0.0009 0.0009
6 0.0002 0.0002
8 0.0001 0.0001
10 0.000008 0.000008
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V. CONCLUSION

We introduced a PAPR reduction technique that is applicable to OFDM/A communication systems
using dedicated pilots. Multicarrier transmission is a very attractive technique for high-speed
transmission over a dispersive communication channel. The PAPR problem is one of the important
issues to be addressed in developing multicarrier transmission systems in LTE. In this article we
describe PAPR reduction technique for multicarrier transmission. All the PAPR reduction
techniques results in some BER performance degradation when compared to original OFDM
signal we can come to the conclusion that this clipping method reduced the PAPR significantly as
well as increase average transmitted power improve amplifier efficiency and also with low
implementation cost.
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