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ABSTRACT

Communication is one of the important aspects of life. With the advancementiin age andqits growing demands, there
has been rapid growth in the field of communications. Signals, which were initiallyssent in the analog domain, are
being sent more and more in the digital domain these daysaFor better transmission, even single carrier waves are
being replaced by multi carriers. Multi carrier systems like:CDMA and OFDM are now days being implemented
commonly. In the OFDM system, orthogonally placed sub carriers areMsed to carry the data from the transmitter
end to the receiver end. Presence ofiguard band in this system deals'with the problem of 1Sl and noise is minimized
by larger number of sub carriers. But the largesRPeak to Average Power Ratio of these signal have some undesirable
effects on the systeme In this paper, we have proposedygthie reduction of PAPR by using repeated clipping and
filtering techniqueé.
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I INTRODUCITION

New Technologies and thereby-new applications are emerging not just in wired environment but also in the wireless
arena. The next generation”mobile systems are expected to provide a substantially high data rate to meet the
requirements of future high performance multimedia applications. The minimum target data rate for the 4G system
is expected to be at 10-20 Mbps and at least 2 Mbps in the moving vehicles. To provide such a high data rate with
high spectral efficiency, a new modulation scheme is to be used. A promising modulation technique that is
increasingly being considered for adoption by 4G community is OFDM [6]. Existing 3G systems uses single carrier
modulation technique whereas OFDM OFDM employed in Digital Television Broadcasting (such as the digital
ATV Terrestrial Broadcasting) [8], European Digital Audio Broadcasting (DAB) and Digital Video Broadcasting
Terrestrial (DVB-T), Wireless Asynchronous Transfer Mode (WATM) and which is otherwise known as
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Multicarrier Modulation (MCM)/Discrete Multitone Technique (DMT) sends a high speed data stream by splitting
it up to multiple lower speed stream and transmitting it over a lower bandwidth subcarriers in parallel. OFDM has
several favorable properties like high spectral efficiency, robustness to channel fading, immunity to impulse
interference, uniform average spectral density, capacity to handle very strong echoes and less non-linear distortion.
OFDM is the modulation technique used in many new broadband communication systems. In recent years OFDM

has emerged as the standard of choice in a number of important high data applications.

I ORTHOGONAL FREQUENCY DIVISION MULTIPLEXING (OEBM)

OFDM is a Multicarrier Transmission technique which divides the available spectrum into manysearriers each one
being modulated by a low data rate stream. OFDM [6] is similar to Frequency Division Multiple"Access (FDMA) in
that the multiple user access is achieved by sub-dividing the available"bandwidth into multiple channels, which are
then allocated to users. However OFDM uses the spectrum mu€h more efficiently by spaging the channels more
closely together. This is achieved by making all the carriérs arthogonal tofdene another, preventing interference
between the closely In FDMA each user is typically allocated a single channel which is used to transmit all the user
information. The bandwidth of each channel is gypically 10-30 kHz“foryvoice communication. However, the
minimum required bandwidth for speech is only'3"kHzy The allocated bandwidthyisdmade wider than the minimum
amount required to prevent channels from ifiterfering with one another. This extra bandwidth is to allow for signals
of neighboring channels to be filtered out and to allow for signals of neighboring channels to be filtered out and to
allow for any drift in the center frequency of the transmitter or receivers#In a typical system up to 50% of the total
spectrum is wasted due to extra Spacing between channels. This prablems worse as the channel bandwidth becomes
narrower and the frequency band\increases Time Division Multiple Access (TDMA) overcomes this problem by
using wider band width channels which areqused by several users. The subcarriers [11] in an OFDM signal are
spaced close as i§ theoretically possiblegwhich maintain othogonality between them. The orthogonality of the
carriers means that eachiearrier has an integer number of cycles over a symbol period. Due to this the spectrum of
each carrier has a null“at the center frequeney of each of the other carriers in the system. This results in no

interference between the carriers,iallowing them to be spaced as close as theoretically possible.

111 OFDM SYSTEM MODE

To generate OFDM successfully the relationship between all the carriers must be carefully controlled to maintain the
orthogonality of the catriers. For this reason, OFDM [6] is generated by firstly choosing the spectrum required based
on the input data, and modulation scheme used. Each carrier to be produced is assigned same data to transmit. The
required amplitude and phase of them are calculated based on the modulation scheme. The required spectrum is then
convertedback to its time domain signal using an Inverse Fourier Transform (IFT). In most applications, an Inverse
Fast Fourier Transform (IFFT) is used. The IFFT performs the transformation very efficiently and provides a simple
way of ensuring the carrier signals produced are orthogonal. The Fast Fourier Transform (FFT) transforms a cyclic

time domain signal into its equivalent frequency spectrum. This is done by finding the equivalent waveform,
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generated by a sum of orthogonal sinusoidal components. The amplitude and phase of the sinusoidal components
represent the frequency spectrum of the time domain signal. The IFFT performs the reverse process, transforming a
spectrum (amplitude and phase of each component) in to a time domain signal.

Fig.1 shows the configuration for a basic OFDM Transmitter and Receiver. The signal generated is at base band and

so to generate an RF signal, the signal must be filtered and mixed to the desired transmission frequency.
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Fig 1 : The basic block.diagram of an"QFEDM system.

IV PROBLEM OF PEAK-TO-AVERAGE POWER RATIO IN OFDM SYSTEMS

High Peak-to-Average Power Ratio has been recognized as one of the major practical problem involving OFDM
modulation. High PAPR [10] results from the nature of the modulation itself where multiple subcarriers / sinusoids
are added together to form the signal to be transmitted. When N sinusoids add, the peak magnitude would have a
value of N, where the average might“be quite, low due to the destructive interference between the sinusoids. High
PAPR signals are usually undesirable for it usually strains.the analog circuitry. High PAPR signals would require a
large range of dynamic linearity from\the analog circuits’'which usually results in expensive devices and high power
consumption With ‘lower, efficiency (for e.g. power amplifier has to operate with larger back-off to maintain
linearity)s” In OFDM system,[4], some input sequences would result in higher PAPR than others. For example, an
inputsSequence that requires all such carrigrs to transmit their maximum amplitudes would certainly result in a high
output PAPR.NThus by limiting the possible input sequences to a smallest sub set, it should be possible to obtain
output signals<with, a guarantéedslow output PAPR. The PAPR of the transmit signal x(t) is the ratio of the

maximum instantaneous,power and the average power.

V CUMULATIVE DISTRIBUTION FUNCTION

The Cumulative Distribution Function (CDF)[1] is one of the most regularly used parameters, which is used to
measure the efficiency of any PAPR technique. Normally, the Complementary CDF (CCDF) is used instead of CDF,

which helps us to measure the probability that the PAPR of a certain data block exceeds the given threshold.

VI REDUCTION OF PAPR USING REPEATED CLIPPING & FILTERING TECHNIQUE
High PAPR is one of the most common problems in OFDM. A high PAPR brings disadvantages like increased
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complexity of the ADC and DAC and also reduced efficiency of radio frequency (RF) power amplifier. One of the
simple and effective PAPR reduction techniques is clipping, which cancels the signal components that exceed
some unchanging amplitude called clip level. However, clipping yields distortion power, which called clipping
noise, and expands the transmitted signal spectrum, which causes interfering [2]. Clipping is nonlinear process and
causes in-band noise distortion, which causes degradation in the performance of bit error rate (BER) and out-of-band
noise, which decreases the spectral efficiency. Clipping and filtering technique is effective in removing components
of the expanded spectrum. Although filtering can decrease the spectrum growth, filtering after clipping can reduce
the out-of-band radiation, but may also cause some peak re-growth, which the peaksSignaliexceeds in the clip level
[7]. The technique of iterative clipping and filtering reduces the PAPR without/Spectrum expansion. However, the
iterative signal takes long time and it will increase the computational complexity.of.an OEDMstransmitter [12]. But
without performing interpolation before clipping causes it out-of-bapd."o avoid“eut-of-band, signal should be
clipped after interpolation. However, this causes significant peak #€-growth. So, it can use repeated clipping and
frequency domain filtering to avoid peak re-growth. In the system used, serialto parallel canverters€onverts serial

input data having different frequency component which aré base<banhd modalated symbals andapply interpolation

to these symbols by zero padding in the middle of dhput™data. Then clipping operation is performed to cut high

peak amplitudes and frequency domain filtering isdused to reduce the out of band signalf’but caused peak re-growth

[13]. This consists of two FFT operations. Eorward FFT. transforms the clipped Signal back to discrete frequency
domain. The in-band discrete components are passed ‘unchanged to inputs @f second IFFT while out of band

components are null. The clipping and filtering process is‘perfermed repeatedly until the amplitude is set to the
threshold value level to avoid the peak out-of band and peak re=growth.

VIl SIMULATION RESULTS

System Description
Parameters of simulation: N=128, threg types of modulation schemes BPSK, QPSK, QAM16 used in simulations.

7.1 PAPR reduction usingiclipping & filtering tech. with BPSK modulation.
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Fig (a) PAPR Reduction using clipping and filtering with BPSK modulation
Result: In figure (a) .PAPR of original signal is 12.5dB. and PAPR at fourth iteration is 6.6dB
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7.2 PAPR reduction using clipping & filtering tech. with QPSK modulation.

10°

Orignal A
One clip and filter []
Two clip and filter -
Three clip and filter
j Four clip and filter [

=
o
i
—

1 5
LA

CCDF (Pr[PAPR>PAPRO])
5
%

i
15
£y
| L
,_/—//

|
2 4 6 8

PAPRO [dB]

Fig (b) Reduction of PAPR using clippin
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ARR Reduction using clipping and filtering with 16 QAM modulation

Result: In the Figure APR of original signal is 11.4dB and PAPR at fourth iteration is 6.4dB

In an OFDM system ‘repeated clipping and filtering significantly reduce PAPR where modulation schemes are
BPSK, QPSK, and QAM16.Through simulation we have found that PAPR of 16QAM is low compared to BPSK

and QPSK which gives better result can be seen in figure C. According to the fourth iteration PAPR are given
respectively 6.6dB, 6.5dB and 6.4 dB for BPSK, QPSK and 16QAM.

Finally, it can be concluded that 16QAM gives better result compared to the BPSK and QPSK.
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VIII CONCLUSION
In this paper we have presented an overview of OFDM. The main aim of this paper is to investigate PAPR problem
in OFDM system and its reduction by using repeated clipping and filtering technique. From simulation results it can

be concluded that there is considerable reduction in PAPR after applying RCF technique.
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