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ABSTRACT

This paper is concerned with the performance impneent of PAPR reduction of orthogonal frequency
division multiplexing (OFDM) signal using amplitudépping & filtering based design. Note that OFDM

is one of the well adept multi-carrier multiplexitigansmission scheme which has been implemented in
long term evolution (LTE) downlink. Nonethelesskpmaaverage power ratio (PAPR) is the more ratjlin
problem with OFDM, consequently in this paper augtibn procedure of the PAPR by using amplitude
clipping and filtering is proposed. Here we useR bandpass elliptic filter after amplitude clipping
reduce the PAPR. The performance of the systearrmstof bit error rate (BER) is also canvased aew
filter based clipping method. Our results show tthet proposed methodology of clipping method with t
IIR elliptic band pass filter significantly reducté®e PAPR value.

KEYWORD

Elliptic Filtering (EF), Amplitude Clipping and Riéring (ACF), IIR (Infinite Impulse Response), Long
Term Evolution (LTE), Peak Average Power Ratio (RAP

1.INTRODUCTION

Moving towards the 4th generation (4G) technolagieag term evolution (LTE) is a system
which is adopted by 3GPP and designed to get mapacity and speed within wireless networks
data delivery at a comparatively lower cost. Voicenmunication & usage of data has grown
very fast in modern era and users wanted usingeéwork connection like broadband. Most of
the transmission systems have to face much degpadat unfriendly environment such as
multipath, large noise, interference, attenuatimomlinearities, time variance but at a time they
have to maintain constraints like crest factor Ritation of transmit power [1]. These conditions
are achieved by multi-carrier modulation and amdahgm orthogonal frequency division
multiplexing (OFDM) is most efficient. So LTE haslapted this multicarrier OFDM as its
downlink spectrum system. But it comes with largeetope fluctuation and is quantified as peak
to average power ratio (PAPR). This is the prirgadvantage of OFDM transmission. In almost
all low-cost situations, the limitation of high PRHooked over its potential benefits [2]. For
operating in a perfectly linear region the opergiedier should keep below the available power.
This is the reason that power amplifier is usethattransmitter side. Lot of algorithms has been
developed for the reduction of this PAPR. They hidnegr own advantages and limitations [3].

Umpteen approaches have been developed & implechémteinimize effect of PAPR with the
expense of more transmit power, bit error rates iosdata rate & computational complexity. A
system trade-off is definitely needed. Methods askpwindowing, peak cancellation, peak
reduction carrier(PRC),envelope scaling, amplituclgpping and filtering, decision-aided
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reconstruction, coding, partial transmit sequerif€S), selective mapping (SLM)[4], clustered
OFDM, interleaving, tone reservation (TR), activanstellation extension (ACE), pilot symbol
assisted modulation, companding technique (CT)[Bhe injection (TI)[6] have been presented
earlier[7]. In case of applying the partial transagquence (PTS)[8] and selected mapping (SLM)
[9-10] procedure, these two have more complexignthhat of ACF technique. If another
technique named Tone Reservation (TR) is considératso allows the data rate loss along with
power increasing. As well as the techniques sucAdciise Constellation Extension (ACE) and
the Tone Injection (TI)[6] having criteria of in@&ing power will be unexpected in case of power
constraint situation. A special technique describpgd] can be used to avoid this issue.

Many methods for clipping and filtering have beeppleed likewise Least Square,
Kaiserwood(LSK), Extra-ripple bandpass, Specific ltiile Independent Approximation
Errors(SMIAR), Raised Cosine and some others. bt pgsearch works through a linear-phase
FIR filter depending on the Parks-McClellan aldamit have been used in the composed filtering
[11]. Existing method [7] uses the FIR based basskdilter in composite filtering and found the
remarkable in case of PAPR reduction.

As a consequence in this paper we used the IIR pass elliptic filter for designing the filtering
technique which significantly reduces PAPR tharepotkchniques.

2. THEORETICAL BACKGROUND OoF OFDM AND PAPR

OFDM dissevers the frequency spectrum into sub-famidget enough that the channel
effectiveness is flat over a given sub-band. Thetassical In phase Quadrature modulation like
BPSK, QPSK, M-QAM is done over the sub-band. iiproperly designed then channel’s fast
changing effects disappear like they are appeatimgg the transmission of single symbol and
are treated as flat fading at receiver end. A largeber of prose cutely spaced orthogonal
subcarriers are used for carrying data. The datanged up into several parallel data streams or
channels. Whole data rate is maintained similathasconventional single carrier modulation
scheme with the same bandwidth. Orthogonal FrequBivision Multiplexing (OFDM) is the
promising procedure for achieving high data rai @mmbating with multipath fading in wireless
communications.[7]

=5 Linear Situation, Actual Condition

J Q (Threshold Point)

Figure 1. Clipping Function [7]

Linear power amplifiers are being used in the tatier so that the Q-point has to be in the
linear region. Because of the high PAPR the Q-ppoioves to the saturation region hence the
clipping of signal peaks occur and generate in-bemdl out-off band distortion. For keeping the
Q-point in the linear region dynamic range of theevpr amplifier must be increased which can
reduce its efficiency and enhances the cost. Stade-Dff exists between nonlinearity and
efficiency. And also with the increasing of thisndynic range, cost of power amplifier also
increases in parallel, as telecommunication engimeg objective should be to quantize this
PAPR which is defined as the ratio between the mam power and the average power for the
envelope of a baseband complex sigiuai.e.[1]
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Highest Peak Power
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Also we can write this PAPR equation for the compdass band signal s(t) as,

PAPR(s ()} =520 ¥

Equation (2) can be re written as,
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Where,P,.q is the average power and it can be computed ifrélggiency domain as Inverse Fast
Fourier Transform (IFFT) is a scaled unitary transfation. For estimated PAPR of continuous
time varying OFDM signals, the OFDM signals sampksn be obtained by V times

oversampling. V times oversampled time domain sample UV point IFFT of the data block
along with (V-1)U zero-padding. However, the ovengéed IFFT output can be expressed as,

j2pnk

X[n]:y T ¢ Lo XeexpW) (4)

3. AMPLITUDE CLIPPING & PROPOSEDMETHODOLOGY

For 3GPP LTE downlink system the easiest technigieh could be used for PAPR reduction is
to clip the signal amplitude and then filtering thignal. To do limit the peak envelope or
amplitude of the input signal a threshold valu¢haf amplitude has been made fixed here [11].
Clipping ratio (CR) is defined as,

CR= % (5)

Where,J is the amplitude of the signal andis the root mean squared value of the unclipped
OFDM signal. Before the D/A conversion, the clippifunction is performed in digital time
domain and the process is described by the follgwipression,

S, ; S EJ
Jé" (s1) ;S > J

(6)
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Where, st is the clipped signak, is the transmitted signal, is the amplitude angis;) is the
phase of the transmitted signsy,

BER is aggravatedaused by indicating the second point of limitafi@hwhich is clipped signal
passed through the band pass filter (BPF).

The proposed method is shown in the figure 2. Hémemugh a simplified block diagram of a
PAPR reduction scheme is shown using amplitudeicigpand filtering, where N is the number
of subcarriers and L is the oversampling factore iriput of the IFFT block is the interpolated
signal introducing U(V 1) zeros in the middiange can be expressed as the original signal
which is,

s[t for0£t£Y/ and UV-U/ <t<uv
s¢[t] = . /2 /2 (7)
0 ;. elsewhere
In this system, the V-times oversampled discreteetsignal can be generated as,
uv-1 | 2pDft
s¢[m] = Sftlexp "Y' ;m=0,1,....... uv-1 8
=Ygy ( Stlexp (®)

Here after, the modulated carrier frequendpfyield a passband signdirs].

If P is the pre-specified clipping level then Ig§{m] denote the clipped version i) which is
expressed as,

-P ; se[m] £ -P
st [m] = se[m]  [selm] <P 9)
P ; se[m]3 P

After clipping, the signals are passed throughpitopposed Composed Filter.

The filter itself consists on a set of FFT-IFFT mgigns where filtering takes place in frequency
domain after the FFT function. The FFT functionns@®rms the clipped signaf[m] to

frequency domain yieldingZ[t]. The information components &[] then are passed to a high
pass filter (HPF) producings [t]. This filtered signal is passed to the unchethgondition of

IFFT block and the out-of-band radiation that fellthe zeros is set back to zero. The IFFT
block of the filter transforms the signal tone domain and thus obteif) [m]. Proposed
Algorithm for PAPR Reduction is given in figure 3.

54



International Journal of Computer Networks & Comications (IJCNC) Vol.7, No.1, January 2015

. 1, . High Pass
, I
. U';F?Tm“ 5 : Clipping | _, U";:;"“ " Filter (HP
[t s’ [m] | pigiear s¢[m] §g[m] LFU )
cony ersion
Elliptical 5‘3 [tl
Filtering

!

Low Pass
s(r) [1] Hilte s [m]
(LPF)

U.V Point
IFFT

[« Composed Filter (Proposed) with HPF & LPF ——
Figure 2. Block Diagram of Proposed Methodology

3.1 Elliptical Filtering

An elliptic filter[12] cognized as a signal procegsfilter with equi-ripple behavior in passband
and stopband. The amount of ripple in each bamtligidually adjustable so none of other filter
having equal order can be fast in transition gatween the passband and the stopband for the
given values of ripple. Alternatively anyone cammiize the ability to independently adjust the
passband and stopband ripple and design a filtes.&n be insensitive to component variations.

Input Original
OFDM Signal Output
— A/D conversion
kol

Input Onginal uv
OFDM Signal paint
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D/A
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e Doesit

P —
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oes Clippe o - e . .
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S Yes f‘ uv
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Figure 3. Proposed Algorithm for PAPR reduction

When ripple in the stopband approaches near ot éguaaro, the filter becomes Chebyshev filter
of type I. Again when ripple in the passband apphea near or equal to zero, the filter becomes

Chebyshev filter of type Il and when both rippleoegach zero, this filter becomes a Butterworth
filter.

55



International Journal of Computer Networks & Comications (IJCNC) Vol.7, No.1, January 2015

The lowpass elliptic filter gain as a functionasfgular frequency is given by:

Gn( )= > P
'\."|;1+Ezft%( =, )]
/ﬁ:f

here R is thenth-order elliptic rational function anduu is the cutoff frequency , is the ripple
factor X is the selectivity factor.

The ripple factor value specifies the passbandeijpphile the combination of ripple factor and
selectivity factor stipulate stopband ripple [12].

4.DESIGN PARAMETERS AND SIMULATION RESULTS

The observations were actually based on only QAMlutation. Table 1 shows the values of
parameters used in the simulation for analysing gagormance of amplitude clipping and
filtering technique. It can be seen from the sirtiales results that it is possible for clipping and
filtering scheme to reduce peak to average powa (RAPR). Simulation is done in the QAM
modulation scheme i.e. 4-QAMas been used in OFDM generation which is veryctife
modulation techniques in 4G technologies havinguadiwidth conserving modulation technique.
The number of sub-carriers U is randomly havingmm@ing frequency of & 8 MHz, satisfies
the condition of orthogonality. PAPR(dB) of theginal OFDM is computed by oversampling
the number of sub-carriers K by the oversampfimgior of L=8 while L=4 is enough, by
insertion of (V-1)U zeros to reduce the ISémplementary Cumulative Distribution Function
(CCDF) of PAPR is the measure of probability thatvhmuch higher is the PAPR value in
comparison to PAPR (dB).

Figure 4 & 5 shows the PAPR distribution in caseNsf128 & QPSK modulation for the
existing[7] method & proposed method respectively.

Figure 5&7 shows the PAPR reduction for proposédring technique and figure 9&11 shows
the BER performance.

Table 1. Parameter used for simulation

Bandwidth, BW 1 MHz

Over Sampling Factor, 8

Sampling Frequencys 8 MHz

Carrier Frequency, 2 MHz

Cyclic Prefix Siz 32

No.of Subcarrier/FFT si. 12¢
Clipping Ratic 0.80.8,1.0,1.2,1.4,1
Modulatior QPSKQAM
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Figure 4. Existing method [7] of PAPR Reduction

, PAPR Distribution for CR=0.8,1.0,1.2,1.4,1.6 [QPSK /N=128]

10° ; : ! ‘

........................... Unclipped A | O .
: — Clippad
1 ; ; : —#— Clipped & Filtering i
2 4 B F] 10 12 14 16
PAPRO[4E]

Figure 5. PAPR reduction by proposed method for QPS

Table 2. Comparison of Existing method with Progblkethod for PAPR value [QPSK and N=128]

CRvalue | PAPR PAPR | Improvement
value value in PAPR
(dB) (dB) value (dB)
(Existing) | (Proposed)

Unclipped 14.4 14.31 0.09
0.8 5.11 4.204 0.906
1.0 5.18 4.669 0.511
1.2 5.65 5.181 0.469
1.4 6.04 5.706 0.334
1.6 6.51 6.213 0.297

From Table 2, it is observed that, PAPR reductioprbves in the proposed method.
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Figure 6. Existing method [7] of PAPR Reduction @AM

Fig. 6 and Fig. 7 shows the PAPR distribution isecaf N=128 and QAM modulation for the
existing [7] method and proposed method respegtivel

Table 3. Comparison of Existing method with Progbltethod for PAPR value [QAM and N=128]

CR value PAPR PAPR Improvement
value value in PAPR value
(dB) (dB) (dB)
(Existing) | (Proposed)

Unclipped 14.11 14.24 -0.13
0.8 497 4.199 0.771
1.0 5.25 4.655 0.595
12 5.67 5.201 0.46¢
14 6.0¢ 5.717 0.37:

1.6 6.51 6.254 0.256

From Table 3, it is observed that, PAPR reductioprbves in the proposed method.
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Figure 7. PAPR reduction by proposed method for QAM
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Fig. 8 and Fig. 9 Shows the BER performance in cddé=128 and QPSK modulation for the
existing [7] method and proposed method respegtivel

BER

BER

BER Performance [QPSK/MN=128]
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Figure 8. Existing method [7] of BER performance @PSK
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Figure 9. BER performance by Proposed Method foB8RQP

Table 4. Comparison of BER performance for Exis@nBroposed Method [QPSK and N=128]

CRvalue | BER value| BER Value | Difference in
(Existing) | (Proposed) BER value

Analytical 0.03281 0.03382 -0.00101
0.8 0.07521 0.10131 -0.0261
1.C 0.0616: 0.0868: -0.0251¢
1.2 0.0492¢ 0.0735¢ -0.0224:
1.4 0.04025 0.06453 -0.02428
1.€ 0.0339: 0.0533: -0.0193¢

59



International Journal of Computer Networks & Comications (IJCNC) Vol.7, No.1, January 2015

From Table 4, it is observed that, BER is increaséttle bit compare to the existing method [7].
Fig. 10 and Fig. 11 Shows the BER performance se @d N=128 and QAM modulation for the
existing [7] method and proposed method respegtivel

Figure 10. Existing method [7] of BER performanoe QAM
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Figure 11. BER performance by Proposed Method #8MQ

Table 5. Comparison of BER performance for ExisénBroposed Method [QAM and N=128]

CR value BER BER Difference in
value Value BER value
(Existing) | (Proposed)

Analytical | 0.0233! 0.0219; 0.0013¢
0.8 0.0760: 0.073¢ 0.0021:
1.C 0.0625¢ 0.062¢ 0.0001¢
1.2 0.0509: 0.0521¢ -0.0012:
14 0.0408¢ 0.0449: -0.0040:
1.€ 0.0364: 0.0380° -0.0016!

From Table 5, it is observed that, BER is increasétlle bit compare to the existing method [7].
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5. CONCLUSION AND FUTURE WORK

In this paper a comparative procedure of amplitade clipping & filtering based PAPR
reduction technique has been analysed with animgistethod [7]. From the simulation we can
see that PAPR reduces significantly compare toxestieg one in the cost of little BER increase.
We have simulated for QPSK and QAM modulation Wit number of subcarrier respectively
and executed it for the proposed method. It is olesethat PAPR value is added with the
increase of CR. In case of BER, with gradual insirea of CR value, the differences of BER
value is decreasing. We can say QAM is ideal fghér order modulation. This work has been
done under ideal channel condition. We will consiBayleigh fading channel and new filtering
techniques in our next works.
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