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ABSTRACT

Multicarrier transmission technique hasbecomea prominent transmission techniquein high-speed
wirelesscommunication systems. It isduetoitsfrequency diver sity,small inter-symbol interferencein
themultipath fading channel, smpleequalizer structure, and high bandwidth efficiency. Nevertheless,
in thetimedomain, multicarrier transmission signal hashigh PAPR (Peak-to-Aver age Power Ratio)
thatinter pretstolow power amplifier efficiencies. Todecreasethe PAPR,aCCSLM (Convolutional Code
SelectiveM apping) schemefor multicarrier transmission with ahigh number of subcarriersisproposed
in thispaper. Proposed schemeisbased on SL M method and employsinterleaver and convolutional
coding. Related workson the PAPR reduction haveconsidered either 128 or 256 number of subcarriers.
However, PAPR of multicarrier transmission signal will increaseasanumber of subcarriersincreases.
Theproposed method achievessignificant PAPR reduction for ahigher number of subcarriersaswell as
better power amplifier efficiency. Simulation outcomesvalidatethe usefulnessof projected scheme.

KeyWords: Multicarrier Transmission, Peak-to-Aver age Power Ratio, ConvolutionalCodes, Selective
Mapping, Number of Subcarriers.

1. INTRODUCTION

ulticarrier transmission technique has several that impedeswith adjacent frequency bands|[2]. To counter

advantages over the single-carrier scheme, this high PAPR of the multicarrier transmission signal,

including high ratetransmission,frequency
diversity, and small inter-symbol interference in the
multipath fading channel. Therefore, itiswidely usedin
several telecommunication standards e.g. ADSL
(Asymmetric Digital Subscriber Line), DAB, and WLAN
(Wireless Local Area Network) [1]. However, a major
drawback of multicarrier transmission schemesiselevated
PAPR, which consequences inin-band distortion that
impairs BER (Bit Error Rate), and out-of-band radiation

the HPA (High Power Amplifier) needs to be operated in
or near itslinear region, however, thisleadsto small power
efficiency and costly transmitter [3]. Therefore, it is
obligatory to address high PAPR problem of multicarrier
transmission technique in order to make multicarrier
transmission cost effective in low-cost applications.

Until now, many different PAPR reductions schemes [4-
15] have been proposed intheliterature, based on clipping

Corresponding Author (E-Mail: sajjad.memon@faculty.muet.edu.pk)

Department of Telecommunication Engineering, Mehran University of Engineering & Technology, Jamshoro.

Mehran University Research Journal of Engineering & Technology, Volume 36, No. 4, October, 2017 [p-ISSN: 0254-7821, e-ISSN: 2413-7219]

1049



Convolutional Code Based PAPR Reduction Scheme for Multicarrier Transmission with Higher Number of Subcarriers

and filtering, SLM, partial transmit sequences, coding,
tone injection and active constellation extension
techniques. For a complete review of all the PAPR
reduction techniques, [16-17]. However, schemes[4-15]
and most of the schemes on PAPR reductionin literature
have achieved significant PAPR reduction with either 128
subcarriers or 256 sub-carriers. Though PAPR is
unswervingly proportional to a number of subcarriers,
that is, it will increase as the number of subcarriers
increase. Therefore, it is not certain that whether these
schemes can achieve significant PAPR reduction with
ahigher number of subcarriers or not.

Inthispaper, CCSLM schemefor MC-CDMA systemsis
suggested to decrease the PAPR with 256,512, ...,4096 a
number of subcarriers. The proposed method isbased on
SLM method and employsinterleaver and convolutional
coding. The 2¢different candidate data sequences of
theoriginal data sequence, all corresponding to thesame
information as the original data sequence, are first
generated by adding u-tuple index bits to it, then
processed by the interleaver and convolutional coding.
Utilization of the interleaver and the convolutional
codingcauses every sequence further random and
decreases the probability of in-phase summation of
subcarriers, which consecutively, enhances the
probability of PAPR diminution. Proposed method can
achieve noteworthy PAPR diminutionwith better power
efficiency, and also shunrequirement for the side-
information transmission.

The remaining of this paper is prepared as pursues. In
Section 2, system model for multicarrier transmissionis
discussed. Section 3 presents efficiency of the HPA in
detail. In Section 4, conventional SLM method, CCSLM
method and computational complexityare debated. The
simulations and their outcomes are debated in Section 5.
Section 6 presents power efficiency analysis of CCSLM
method and to end with,some conclusions aremade in
Section 7.

2. SYSTEM MODEL

Fig. 1 demonstratesthe signal generation of one complex
data symbol m® of MC-CDMA assigned to the user e.
Onthetransmitter side, the complex-valued data symbol
m® isfirst multiplied with the user-distinct spread code,
[r,@,r@,...r_©]", of spreading factor, F. The spread
data sequence, p®, acquired after spreading, can be
specified in vector form as p© = [p,2.p,@,....p..
\©]". Spread sequence p© is then altered to the parallel
p,®(f=0,1,...,F-1) and modulated onto M=1xF subcarriers
pursued by the IDFT (Inverse Discrete Fourier Transform)

re® =

m®r@© =

of size M

oer = M to acquire the multicarrier spread

spectrum signal. A TD (Time-Domain) baseband
multicarrier transmission signal b®(r), following the IDFT,
forasingleMC-CDMA symbol, 0<t<T,is:

27t (£ -1)

F E
zzm(e) (e)e T

=1 e=1l

b (t) ®

where MC-CDMA symbol period anda total number of
usersarerepresented by Tand E, respectively. The PAPR
of abaseband multicarrier transmission signal in Equation
(1) can be described as theratio of largest instantaneous
peak power to average power of multicarrier transmission
signal [1-7] and it can be expressed as:

max| b(t)|2

av

PAPR = )

where average power is represented by P, that can be

given as:
Py
‘ Serial to :>
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FIG. 1. SGNAL FORMATION OF ONE COMPLEX DATA
SYMBOL OF MC-CDMA
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where the number of subcarriers is represented by M.
Likewise, discrete-time domain PAPR can be stated as:

max(]b(n)F)

- S e(sto)) @

PAPR =

Where E(|b(n)|?) represents mathematical expectation
operator.

It is indispensable to estimate statistical characteristics
of PAPR because user dataare non-deterministicin nature.
CCDF (Complementary Cumulative Distribution Function)
isthe most traditional way foranalyses of PAPR anditis
explained as the probability of PAPR above a definite
level w[17].

3. HIGH POWER AMPLIFIER
EFFICIENCY

Consider the most linear HPA, that is Class A amplifier,
which devours a steady quantityof power, P

Lo 1N spite
ofinput power. Efficiency of HPA, 1, isdescribedasratio

of the average output power P iavg O P that is:

DC?

L
I:)DC (5)

For aknown multicarrier transmission signal, averageinput
power must be fine-tuned so thatpeaks of thesignalare
barely clipped. That is, an input IBO must have to be
applied to signal before amplification. The value of the
IBO unswervingly connects to both PAPR and HPA
efficiency. The high PAPR induceto an enlarged IBO and
cheap HPA efficiency. Maximum efficiency of Class A
HPA is50%. Consider aperfect model for theHPA, where

linear amplification is accomplished toward saturation
point, then HPA efficiency can be given as[3]:

0.5
[ — ©
PAPR

For amulticarrier transmission signa with 256 subcarriers,
in order towarranty that no more than 1 in 10,000 frames
are clipped, IBO that is corresponding to PAPR value at
0.0001 probahility level must be applied. According to
[17] the equivalent PAPR value is 14.02dB (25.235).
Therefore, to amplify a 256 subcarrier multicarrier
transmission signalwithClassA HPA under arestraint that
clipping probability must not surpass 0.0001, HPA
efficiency befallsm =0.5/25.235 = 1.98%. Hence, such low
power efficiency isadecisive stimulusfor PAPR reduction
in multicarrier transmission systems. Moreover, with a
ClassAHPA, each 3dB of PAPR diminution resultsinto
the doubling of power efficiency of the HPA.

4, CONVOLUTIONAL CODE SLM
METHOD

The CCSLM method isbased on convolutional code and
SLM method; therefore it is convenient to first briefly
explain the convolutional code and conventional SLM
method prior to explaining the CCSLM method,
respectively.

4.1 Convolutional Code

The convolutional codes integrateerror detection and
correctionability, which make it the enviable option to
diminish the PAPR for multicarrier transmission systems
[16]. A multicarrier transmission signal isthe addition of
several data symbols modulated ontosub-carriers. In
phase summation of samplesfrom all subcarriers results
in anincrease of peak power of asignal by M timesto that
of average power; therefore, this consequences in high
PAPR. PAPR diminution can be accomplished by reducing
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the probability of subcarriersbeing summed in phase and
convolutional codes can be used to do it. In 1954 Peter
Elias created binary convolutional codes [18]. They
belongto aparticular classof error control codesinwhich
encoding can seem asfiltering or convol ution operation.
Unlikeblock encoder, aconvolutiona encoder isamemory
device[19]. Table 1 listed the parametersthat are needed
to explain a convolutional encoder. Fig. 2 illustrates
nonsystematic feedforward convolutional encoder, which
isused in this paper due to their great free distance and
enhanced presentation with Viterbi decoding contrasted
to systematic convolutional encoders[20].

4.2  SLM Technique

SLM technique is one of easiest techniques to condense
PAPR. The principal idea of the SLM technique is to
engender aset of multi-carrier data blocks, which should
be independent based on their statistics. However, each
datablock equivalent to the similar information as of the
origina multi-carrier datablock. Then, adatablock having
the least PAPR value is tabbed and transmitted. Set of
multi-carrier data blocks can be formed by multiplying

TABLE 1. PARAMETERS OFCONVOLUTIONAL ENCODER

Parameters Value
Outpt bits at a time p
Input bits at a time k
Congtraint length K
Code rate R=k/p

A

Tnput

Second Output "

FIG. 2. ANONSYSTEMATIC FEEDFORWARD
CONVOLUTIONAL ENCODER

origina datablock of lengthL,D=[D,, D,
wise with N distinct phase sequencesof length L,
HO = [N,g Dyl T 0 < N< N1, earlier to IDFT
operation. An original datablock can beincludedin theset
of modified data blocks by setting H® as all-one vector

of length L. After that, multi-carrier transmission signal

,--.D ], element-

turnsinto IDFT of the element-by-element multiplication
of D and h.
k®(t) = IDFT[D,h_, D h

1 n0 —2 1"t

DL-lqn,L.l]Ti 0 <n< N-1 (7)

After that, a data block having the least PAPR value in
the modified set of data blocks k™ is picked for
transmission[15-17,21].

42 CCSLM Method

A CCSLM method uses u-tuple of uindex bitstrailed by
aninterleaver and convolutional codeisproposed inthis
paper. This methodhas anidentical concept for PAPR
diminution as that of SLM scheme [8]; however, it also
has the error-correction capability, as it employs
convolutional code. In CCSLM scheme, u-tuple of uindex
bits are first inserted tospread data sequence p® to
engender 2¢ SDS (Spread Data Seguences), expressed as

Q=[Q,Q,....Q,, ], where

Q,=/000000p®
Q,=/000001p®

- ®
Qzu_lz[llllllp(e)]

These 2" SDS are independent sequences based on
their statistics. Afterward, QSDS arecarried to
interleaver. Theinterleaver isadevicewhich worksand
permutes a block of ¢ symbols that is a data block,
Z=[Z2,Z,
where{c} < {=n(c)} is a one-to-one mapping and

;. Zo |TbecomesZ' =7 7 .. Z )T
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n(0)e{0,1,...,C-1} for al c. To interleave Q SDS, Q
interleaves are utilized to generate W permuted SDS
symbolized as W = [W ,W,,...W, ] Permutation
directories {(c)} are accumulated in the memory of
botht ransmitter and receiver so that interleaving and
deinterleaving can be performed easily.

Following interleaving, Waltered SDS arecarried to
convolutional coding. The output from convolutional
codingisrepresentedasY =[Y Y ,...,Y,, .|

' 2uadt

After convolutional coding,binary phase-shift keying is
used to modulate Y SDS followed by serial to paralel
converter. Next, YSDS arecarried to IDFT of sizeM .
The output from IDFT is symbolized as
V=[V,V,,....V,, ]. Following the IDFT, VTD sequences
are scanned to choose a TD signal with the least PAPR
valuefor transmission.

At the receiver side when the selected TD signalwith
the least PAPR value is received, it is first processed
through DFT of size M. After that, the output signal
of DFT, which is a matrix of size M__x 1, processed
through parallel to serial converter that is pursued
byBPSK demodulation. Following demodulation,
received signal is sent to convolutional decoding and
then to deinterleaving. To deinterleave areceived signal,
the receiver simply requires knowing which of
interleavers utilized attransmitter has the least PAPR
value. Following deinterleaving, u-tuple of uindex bits
is detached before sending the received signal to
despreader. Finally, user data, m®, isreceived.

4.3  Computational Complexity

One of the most important parameters to exhibit
performance of PAPR diminution method iscomputational
complexity. Ingeneral, PAPR diminution potential of more
complicated schemes with fewer unwanted effects is
superior tosimple ones. The computational complexity of
CCSLM schemeisdefinitely higher than SLM asit uses
interleaver and convolutional code to diminish PAPR.
Evaluation of computational complexitiesof CCSLM and
the SLM schemesareillustrated in Table 2.

To execute N phase sequences each of length L in the
SLM method, NL additions are needed to apply these
phase sequencesin hardware. Afterward, N-IDFT blocks
are needed, adding 2NLlog,L real multiplications and
3NLlog,L real summations. PAPRsfor N permutations of
themulticarrier transmission signal are calculated by
N(2L+1) real multiplicationsand N(3L-2) real summeations.
Lastly, (N-1) subtractions or summations are required to
unearth least PAPR value. Overall complexity is
2NL(1+log,L)+N real multiplications and
3NL(1+log,L)+N(L-1)-1 rea suimmations[16].

For the computational complexity of CCSLM scheme,
the computational complexity ofinterleaver is not
considered. If N=2"then to realize convolutional code,
5NL modulo-2 summations are needed. Additionally, the
convolutional code also entails 2NL (1+log,L)+Nreal
multiplications and 3NL(1+log,L)+N(L-1)-1 real
additions.

TABLE 2. COMPUTATIONAL COMPLEXITY COMPARISON BETWEEN CCSLM AND SLM SCHEMES.

Computational Complexity
Method
Mutiplications Additions Modulo-2 Additions
SLM Zero
2NL(1+og,L)+N 3NL(1+logL) + N(L-1)-1
CCSLM 5NL
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5. RESULTS AND DISCUSSION

MATLAB software has been used to undertake the
computer simulationsto corroborate the effectiveness of
the proposed scheme. The PAPR values against CCDF of
the PAPR values are plotted to compare the performance
of the proposed scheme with other schemes. A 10CCDF
of the PAPR isused for comparison.Numbers of
subcarriersused inthe simulation are M=128,256, ....4096.
The Walsh-Hadamard sequence with spreading factor of
8 is used as spreading sequence. Numbers of index bits
used are u=2,3,...,7. A [177,133] convolutional code
generator polynomial with aconstraint length of sevenis
used as convolutional code in simulations.

The PAPR performance of the CCSLM method for
multicarrier transmission systems has been compared with
reduced PAPR allocation (RPA) method [12] and
conventional SLM method in Fig. 3. Sevenindex bits (2"
=27=128) are used for the CCSLM method whereasthe
corresponding number of random phase sequences that
areN =128 used forSLM method. Y-axissignifies CCDF
of PAPR and x-axissignifiesthe PAPR. It isevident from
Fig. 3 that the proposed CCSLM method achieves
significant PAPR reduction of 10 dB compared to
conventional SLM method. Itisalso evident from Fig. 3
that the proposed CCSLM method also performed better
than the RPA method as it achieves a significant PAPR
reduction of 4.5 dB compared to RPA scheme. Therefore,
it can be deduced fromFig. 3 that the CCSLM scheme
achieves significant PAPR reductions compared to RPA
and conventional SLM methods. Moreover, unlike to
SLM, CCSLM scheme does not require any side
information toretrieve original data.

The above simulation result is achieved using M=128 a
number of subcarriers as most of the related works
considered either 128 or 256 number of subcarriers[3-17].
However, the PAPR of amulticarrier transmission signal

will increase as the number of subcarriers increases.
Therefore, the projected CCSLM scheme is contrasted
with conventional SLM for M=256,512,...,4096 number of
subcarriers. The PAPR performance of the CCSLM
method for multicarrier transmission systems has been
compared with conventional SLM method in Fig. 4 for
M=256,512,...,4096 number of subcarriers. Twoindex bits
(2¢=22=4) are used for the CCSLM method whereasthe
corresponding number of random phase sequences that
isN=4 used for conventional SLM method. Fig. 4 shows
that the PAPR values of the conventional SLM method
increase from 19-29 dB as the number of subcarriers
increases from 256-4096. Whereas, the PAPR values of
the CCSLM method increases from 9.4-11.5 dB as the
number of subcarriersincreasesfrom 256-4096.Hence, it
is quite clear that the proposed CCSLM method can
reduce the PAPR effectively even for alarge number of
subcarriers. Similarly, Figs. 5-8 compares the PAPR
performance of proposed CCSLM method with
conventional SLM method for M=256,512,...,4096
subcarriers with u=3,4,5,6 index bits and their
corresponding N=8,16,32,64 random phase sequences. It
can be seen that asmore number of index bitsareinserted
more reduction in PAPR can be achieved and this PAPR
reduction is significant compared to conventional SLM.

10 o .
Y ——CCSLM
\.\ RPA method
\\ === Conventional SLM
10"k "
RN
~ .‘\
z Y
O A
Z 10 i
£ h
o ‘I
< .
~ ‘\
1
\
10°F \
‘\
\
1
1
4 '
10 L

2 ;t 6 |8 IIO 1|2 1|4 16 18
PAPR, wdB
FIG. 3. CCDF OFPAPR OF THEMULTICARRIER

TRANSMISSION SIGNAL, CONTRASTING CCSLM, RPA AND
S.M METHODSWITH 2" = N = 128
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However, this PAPR reduction with increasing number of

index bits if compared with each other then this PAPR
reduction is not significant as seen from Figs. 5-8.
Therefore, it can be concluded that significant PAPR
reduction for M=256,512,...,4096 subcarriers can be
achieved even with a small number of index bits in the
CCSLM method. Table 3 summarizes the PAPR
comparison of the proposed scheme with conventional
SLM schemesfor higher number of subcarriers.
6.

POWER EFFICIENCY OF NESLM
METHOD

Asstated in Section 3 that ClassA HPAs have maximum
power efficiency and that is50%. Therefore, anideal model

for ClassA HPA to analyzethe power efficiency of CCSLM
method isconsidered. The PAPR performance comparison
of CCSLM method with RPA method [12] and conventional
SLM method has been plotted for the multicarrier
transmission systems in Fig. 3. Noteworthy PAPR
diminution accomplished by CCSLM scheme, compared
to conventional SLM method (16 dB), is obvious from
Fig. 3 that is 10dB at 0.0001. The PAPR diminution
accomplished by ascheme of [12] is5.6 dB at thelevel of
0.0001. The corresponding power efficiencies of
conventional SLM, [12] and CCSLM method arelisted in
Table4. Itisclear from Table 4 that CCSLM scheme has
the highest power efficiency among all the methods. This

shows that CCSLM method has better power efficiency
than those of the SLM and RPA methods.
Ned ) N=16
~ T ~T — 10 < . ~7 —
5\ \ 3 Y \ H
\ \ ; '\ \ !
5 5 4 : = “‘. , i
} =. ': \ -., :
Zw \ \ b g0k i H :
E —— CCSLM - M=256 “. “‘ :I E —— CCSLM - M=256 I‘, “. I:
CCSLM - M=512 ! H ) CCSLM-M=512 [ 1 H H
—— CCSLM - M=1024 \ 1 1 ——CCSLM-M=1024| ! !
o CCSLM - M=2048 H H H ) CCSLM-M=2048| \ 1
107 H —— cCSLM - M=4096 H H ' k| 10°F ——CCSLM-M=4096| H \
—== SLM - M=256 ! | i -=-= SLM- M=256 H H H
SLM - M=512 ' | H SLM - M=512 \ I i
--= SLM- M=1024 \ \ H === SLM-M=1024 ' \ !
SLM - M=2048 \ H H SLM - M=2048 H H 1
=== sim- med006 ! ! : === SLM - M-4096 ! ' ':
10 5 0 s 2 % 30 10 5 10 15 0 ) 25 30
PAPR, w dB PAPR, w dB
FIG. 4. PAPR COMPARISON OF CCSLM SCHEME WITH FIG. 6. PAPR COMPARISON OF CCSLM SCHEME WITH
CONVENTIONAL SLM METHOD FOR M=256,512,...,4096 CONVENTIONAL SLM METHOD FOR M=256,512,...,4096
WITH 2'=N=4 WITH 2'=N=16
) N=8 ) N=32
10 < - SN — 10 < T < =,
s\ \l‘ ‘.“ \\ \“\ “‘
™, A i N \ \
10"t “\ 4 1 10 5 \ i J
i 4 ; \ i
= A | : 7 Y 3 i
£ | ': '-. | ‘-. ':
=y Vol ': : Lo L
:% ‘\ “. 'll :Ei —— CCSLM - M-256 l\\ l'n‘ l:
—_CCSLM-M-236 t ' H cestmM-m=512 | \ H
CCSLM - M=512 | ! H —— CCSLM - M=1024 H H !
| [—ccstm-m1024 ' ' H CCSLM-M=2048[ 3 ! 1
10°F CCSLM - M-2048 ' H H 10°F —— CCSLM-M=4096| 1\ v H J
:25&2&:4;224@5 \ ! ' === SLM-M=256 l‘u H \
SIM - MS12 H H ' SLM - M=512 ' H |
Je =. ! 'a e | i ;
=== SLM - M=4096 H H ! —== SLM - M—=4096 I: |: i
107 5 10 s % —5 ) 10* 10 15 —5 * 25 :
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FIG. 5. PAPR COMPARISON OF CCSLM SCHEME WITH
CONVENTIONAL SLM METHOD FOR M=256,512,...,4096
WITH 2'=N=8

1055

FIG. 7. PAPR COMPARISON OF CCSLM SCHEME WITH
CONVENTIONAL SLM METHOD FOR M=256,512,...,4096

WITH 2'=N=32

Mehran University Research Journal of Engineering & Technology, Volume 36, No. 4, October, 2017 [p-ISSN: 0254-7821, e-ISSN: 2413-7219]



Convolutional Code Based PAPR Reduction Scheme for Multicarrier Transmission with Higher Number of Subcarriers

L

—— CCSLM - M=256
cesim-M-s12 | L
——CCSLM-M=1024 1
. CCSLM-M=2048
10°E —— CCSLM - M=4096 %,
-=- SLM- M=256
SLM - M=512
--='SLM- M=1024
SLM - M=2048 H \
- == SLM - M=409 ' \

Prob (PAPR>w)
3

L L L L
5 10 15 20 25 30
PAPR, w dB

FIG. 8. PAPR COMPARISON OF CCSLM SCHEME WITH
CONVENTIONAL SLM METHOD FOR M=256,512,...,4096
WITH 2"=N=64

TABLE 3. SSMULATION RESULTS COMPARISON

CCSLM Convertional SLM
(dB) (dB)
M=256 8.9 18.77
M=512 10.1 22.75
M=1024 10.9 23
M=2048 1 255
M=4096 12.15 27

TABLE 4. COMPARISON OF POWER EFFICIENCIES

Method Power Efficiency = 05/PAPR
SLM 1.2%

RPA [12] 4.5%

CCSLM 12.5%

7. CONCLUSION

Multicarrier transmission technique has several
advantagesover the single-carrier scheme, including high
rate transmission, frequency diversity, and small inter-
symbol interference in the multipath fading channel.
However, amajor drawback of multicarrier transmission
schemes is elevated PAPR which consequences in in-

band distortion that impairs bit error rate, and out-of-

band radiation that impedes with adjacent frequency
bands. To counter this high PAPR of the multicarrier
transmission signal, theHPA needs to be operated in or
near itslinear region, however, thisleadsto small power
efficiency and costly transmitter. Therefore, itisobligatory
to address high PAPR problem of multicarrier transmission
techniquein order to make multicarrier transmission cost
effectivein low-cost applications.

Therefore, in this paper aCCSLM schemefor the PAPR
reduction in the multicarrier transmission system is
proposed. The CCSLM scheme employsu-tuple index
bits to engender 2" sequences of an original data
sequence. Simulation outcomes confirm useful ness and
flexibility of CCSLM scheme and disclosethat CCSLM
scheme achieves significant PAPR reductions compared
to RPA and SLM. The CCSLM method also hasthe better
power efficiency for the multicarrier transmission system
compared to RPA and SLM methods. Furthermore, the
CCSLM schemeisalso effectivein reducing PAPR for a
large number of subcarriers as it achieves note worthy
PAPR reductions compared to SLM method for
M=256,512,...,4096 with 2'=N=4,...,64. A trade-off can
also be observed among number of u index bits and
PAPR diminution in the simulation results. That islarger
the number of index bits higher will be the PAPR
reduction but system will be more complex than the
system with alower number of index bits. Therefore, a
moderate number of index bit should be chosen that can
give better PAPR reduction performance with theless

complex system.
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