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Overview

This work studiesthe e�ectiv enessof signal clipping which has
beensuggestedas the \ simplestand most e�ective schemefor
PAPR reduction". Most previousstudieshaven't considered
the e�ect of the nonlinear power ampli�er (PA), however. An
e�ectiv e peak-to-averagepower ratio (PAPR) reduction scheme
should ultimately reducetotal degradation, which doestake
into account the PA.

The results in this talk show that signal clipping doesreduce
PAPR but not total degradation. It is alsoshown that clipping
doesn't improve the spectral broadeningcausedby the PA.
Theseresults bring into questionthe usefulnessof signal
clipping and point out the importance of consideringthe e�ect
of the power ampli�er.
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The System Considered
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Performanceis consideredwith and without the \PAPR
reduce" block. M -ary di�eren tially encoded phase-shiftkeying
(M -DPSK) per OFDM subcarrier is considered.The PA model
is basedon the solid-statepower ampli�er (SSPA) model at
various input backo� (IBO) levels. The number of OFDM
subcarriers is N = 64, and the channel is the simple additive
white Gaussiannoise(AWGN) channel.
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The OFDM Signal

During the nth block interval, the basebandOFDM signal is

s(t) =
N � 1X

k=0

I n;k ej 2� kt=T ; I n;k = ej � n;k :
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PAPR Example

L = 1 observed block

PAPR s = 9:5 dB

Av erage Power

Peak Power
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Signal Clipping

The clipped OFDM signal is represented as

x(t) =

(
s(t); if js(t)j � Amax ;
Amaxej  (t ) ; if js(t)j > Amax;

where (t) = arg[s(t)].

The clipping severity is measuredby the clipping ratio,
de�ned as


 =
Amaxp

Ps
:
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A View of Signal Clipping
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Complemen tary CDF of Clipp ed Signal
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Performance and Spectral Results

In the following three slides,the simulation results of the
N = 64 M -DPSK OFDM systemare shown. First the
unclipped BER performanceis presented. Then, the total
degradationof the clipped and unclipped systemsis shown.
This quantit y is de�ned [23]

TD(IBO) = SNRPA (IBO) � SNRAWGN + IBO [in dB];

whereSNRAWGN is the required signal-to-noiseratio per bit
(SNR) to achieve a target bit error rate in AWGN;
SNRPA (IBO) is the required SNR when taking into account the
distortion causedby the PA at a given backo�. The goal is to
determinethe optimum IBO which minimized TD(IBO).
Finally, the spectral containment of both systemsis compared.
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Unclipp ed Performance

IBO = 6 dB
SSPA: IBO = 3 dB

Linear PA
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Total Degradation

TD = IBO
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Spectral Con tainmen t

Linear PA
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Concluding Remarks

Signal clipping is a simple way to reducethe PAPR.
However, it hasbeenshown that clipping doesn't reduce
total degradationor spectral containment.

When evaluating the e�ectiv enessof non-distortionless
PAPR reduction schemes,such as clipping, it is important
to considerthe impact of the power ampli�er.

As a sidenote, the formula suggestedby A. J. Cann is
shown to be equivalent to the often referencedRapp
solid-statePA model. And the backo� ratio hasbeen
introducedas a way of viewing the power ampli�er
linearity.
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