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Abstract: To reduce the PAPR in OFDM systems selected
mapping schemes (SLM) are widely used due its distortion
less nature. However a major drawback of traditional SLM
technique is high computational complexity to select a low
PAPR signal it requires a bank of inverse fast Fourier (IFFT)
operations. This paper proposes a novel architecture for
PAPR reduction in OFDMs with low computational
complexity. In this proposed method, frequency domain
cyclic shifting, complex conjugate, sub-carrier reversal
operations are performed to increase the PAPR reduction
performance in OFDM systems whereas in traditional SLM
scheme only frequency domain phase rotation can be
performed to generate the candidate signals. Furthermore, to
reduce the multiple IFFT problems, all of the frequency
domain equivalent operations are converted into time-domain
equivalents. It is shown that the sub carrier partitioning and
re-assembling processes are important in realizing low
complexity time domain equivalent operations. Moreover, it
is shown theoretically and numerically that the computational
complexity of the proposed scheme is significantly lower
than the traditional SLM method and the PAPR reduction
performance is within 0.001 dB of that SLM.

Keywords: Orthogonal Frequency Division Multiplexing
(OFDM), Peak to Average Power Ratio(PAPR), Selected
Mapping Scheme (SLM).

I. INTRODUCTION

After more than thirty years of research and development,
OFDM has been extensively adapted in wireless
communications due to its low vulnerability to multipath
propagation and high spectral efficiency. In many
applications, high data rate transmissions are required over
wireless channels with OFDM systems. However a major
drawback of OFDM based transmission system is its high
PAPR, which leads to in-band distortion and out of band
radiation when the signals are passed through a non-linear
power amplifier. There are various proposals for PAPR
reduction in OFDM systems in literature, including tone
reservation,tone injection, clipping, partial transmit sequence,
activeconstellation extension, nonlinear companding, selected
mapping(SLM). Among all these techniques SLM is most
commonly used due to its distortion less nature. However a
major drawback of traditional SLM technique is high

computational complexity to select a low PAPR signal it
requires a bank of inverse fast Fourier (IFFT) operations.
To reduce the computational complexity, several low-
complexity SLM architectures have been proposed [14]-
[16] in which the frequency domain phase rotations are
converted into equivalent frequency domain phase
rotations. This paper proposes a novel architecture for
PAPR reduction in OFDMs with low computational
complexity. In this proposed method, frequency domain
cyclic shifting, complex conjugate, sub-carrier reversal
operations are performed to increase the PAPR diversity
in OFDM systems whereas in traditional SLM scheme
only frequency domain phase rotation is used to generate
the candidate signals.

I1. MODEL OF ASYSTEM
Consider an OFDM system with N-subcarriers. Let
the modulated symbols form an N x 1 frequency domain
data vectors is given by,

X = [X[0LX[1], e cee e oo, X[N — 117,

where X[K] denotes the modulated symbol of the K sub-
carrier and (-)T is transpose operation. An N — point
operation of time domain signal vector of x is given by

N-1

s[n] = jZka}J

1

— X[K].exp

Wi = (1)
n=012.....,N—1

The PAPR of the discrete time OFDM signal is given by,

o nax 1|x[n:||2

PAPR(X) = fsmsi-1

= ] -

Where E[-] denotes expectation operation. For OFDM

systems generally complementary cumulative distribution

function is used to evaluate the PAPR reduction

performance. The CCDF is used to measure the

probability that the PAPR of a certain data block exceeds
the given threshold y i.e. ,

CCDFpyprrx) = Pr(PAPR(X) = v)

Q)
I11. PAPR REDUCTION OF OFDM SYSTEMS IN
FREQUENCY DOMAIN

This section describes the implementation of PAPR
reduction in OFDM systems in frequency domain. In this

Copyright @ 2016 IJATIR. All rights reserved.



S. PAVANI, DR. C. SUBHAS

scheme, the PAPR diversity of the candidate signals is
increased by performing frequency domain cyclic shift
complex conjugate, subcarrier reversal operations whereas in
traditional SLM scheme, the candidate signals are generated
by performing frequency domain phase rotation only.
Consider an OFDM system with N subcarriers. Let the N
subcarriers are partitioned into S subcarriers sets T, s =
0,1,........,S— 1. Generally, there are three method for
partitioning the subcarriers in OFDM systems namely,
localized partitioning method (LPM), distributed partitioning
method (DPM), hybrid partitioning method (HPM). In LPM
each sub-carrier set consists of a number of adjacent and
consecutive sub carriers. Meanwhile, in DPM each sub
carrier set consists of a multiple interleaved subcarriers with
equal spacing. Finally in HPM the subcarriers are first
partitioned into U localized subcarriers sets and those
subcarriers are further partitioned into V distributed
subcarrier sets. It should be noted that all the frequency
domain operations described in the following are performed
at the subcarrier set level i.e., X;. Fig. 1 presents a block
diagram of the proposed PAPR reduction scheme in the
frequency domain, where the frequency domain data vector X
is partitioned into S N x1 data vectorsX;,s=0,1,...,S—
1.1t is noted that in order to allow the maximum flexibility in
partitioning the sub-carrier, the sub-carriers are partitioned
using the HPM method. As shown in Fig.1, the S data vectors
X,,s=0,1,..,S—1are processed by multiple candidate
signal generating blocks (CSGBs) in order to generate the
candidate signals.

X A | B C, | ¥

1
X " A
g = f—n N I e ‘>\ﬂv‘-:>“w“’
> v | Frege [ IFF X, | Signal
X | | Frege (A | Freg- By | Freg- |C f ™ with
g BN [N f—p{ ! Domain |—p| . i
Subcarrier Domain Domain Domain "\ i |ay
} . | B sub- |+ |Y the
Partition | « Cyclic | . | Phase | . |Complex v (|- ( Lowest
Shifting | * |Rotation| * [Conjuga e g
Shi otation njugate [ ]
. ; Reversal PAPR
X Al B Fe..l
e gl > o .

Fig. 1. System architecture of proposed scheme in
frequency domain.

(Note that each CSGB generates a single candidate signal.)
For illustration purposes, consider the m™ CSGB in Fig.1.
The first block in the CSGB performs a frequency-domain
cyclic shifting operation. Assuming that I ., cyclic shifts are
performed onXg, the output signal is denoted as Ag,,,s =
0,1,..,S—1,m=1,2,..,M — 1. Therefore, the k" element
of A, ., is given by

Akl =X, [[k_ 13*“’).\1]'

k=01, .., N—1
Where (+)y denotes the modulo N operation. Note that the
selection of the cyclic shift value 15, for a given m is not
arbitrary, but is jointly considered over various s since
different sub-carrier sets cannot occupy the same sub-carrier
after the cyclic shifting operation. The second block of the
CSGB performs phase rotation in frequency domain. The

(4)

output of the S™ subcarrier set for the m"™ CSGB is
denoted asB; ,,,, With the k™ element is given by
Bsm[k] = esm[k] - Asm[k]
' i ©)
k=01, uon , N—1,
where 6g.,[k] is a complex number with a unit
magnitude.

The third block of the CSGB performs a frequency-
domain conjugate operation and the output signal is
denoted by C,,. Each subcarrier set chooses arbitrarily
whether to perform or not to perform the conjugate
operation, in order to generate candidate signals with an
uncorrelated PAPR.

Comlk]l = B [k] or C,,[k]=B, [kl.vkel, ®)

where = denotes the complex conjugate operation.

The fourth block of the CSGB performs a sub-carrier
reversal operation in frequency domain on the sub-carrier
sets, i.e., the output signal is given by

Foulkl=C . [(-k)yl.¥keT, @
The choice of whether or not to perform the reversal
operation is not arbitrary, but is jointly considered since
different subcarrier sets cannot occupy the same sub-
carriers after the subcarrier reversal process. Notably, as
for the conjugate operation, each sub-carrier set may or
may not choose to perform sub-carrier reversal. Finally,
the mth candidate signal in the frequency domain is
obtained by summing up the sub-carrier sets of the
corresponding CSGB, i.e.,

=

£n= Y Fim
=0 (8)
The candidate signal in the time domain, i.e., X,, is
obtained by performing an IFFT operation on X,,,. Among
all the generated candidate signals, the signal with lowest
PAPR is selected for transmission. The above scheme
requires MIFFT operations. As a result, the computational
complexity of the proposed scheme is extremely high.
Theoretically, this problem can be avoided by converting
all four frequency-domain operations into time-domain
equivalents. However, by simply considering the
corresponding IFFT, the conversion process cannot be
performed since the time-domain operations should also
have a low computational complexity. Thus, in the
following section, a more computationally-efficient
approach is proposed.

1

IV. TIME DOMAIN EQUIVALENT PROPERTIES
OF OFDM SYSTEMS
In this section, in order to reduce the computational
complexity of the frequency domain architecture all four
frequency domain operations are converted into
equivalent time domain operations. In addition, a time-
domain repetition property is introduced in order to
further reduce the computational complexity. Note that all
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of the operations described in this section (both frequency-
domain and time domain) are performed on the sub-carriers
of the same set.

Propertyl: Frequency-Domain Cyclic Shifting/Time Domain
Phase Rotation

Performing cyclic shifting on the frequency-domain data

vector X is equivalent to performing phase rotation on the
corresponding time-domain data vector X, i.e.,

-1 _ j2enl

Pk = Dy} = =l exp )

N 9)

Where F~1[-] denotes the IFFT operation, and | is the number

of frequency-domain cyclic shifts. Note that for [€

{0,%,%,%}, we have exp {%} € {+1,+j} and the time-
domain equivalent operation on the right hand side of (8)
does not require any complex multiplications or additions
Note also that the choice of cyclic shifts | is not arbitrary.
Property 2: Frequency-Domain Phase Rotation / Time-
Domain Cyclic Shifting

Performing phase rotation on the frequency-domain data
vector X is equivalent to performing cyclic shifting on the
corresponding time-domain data vector X, i.e

F"l{X[k].exp{ H=x[(n—ml\.—],

—j2mkaw

(10)
©@=01, e, N—1

Property3: Frequency-Domain Complex Conjugate Time-
Domain Complex Conjugate of Time-Reversed Signals

Performing the frequency-domain complex conjugate
operation is equivalent to performing the complex conjugate
operation on the time-reversed signals, i.e.,

FHx[k]} = 2 [(—n)y]
(11)

Property4:Frequency-Domain Sub-carrier Reversal/Time
-Domain Signal Reversal

Performing sub-carrier reversal on the frequency-domain
data vector X is equivalent to performing time-domain
reversal operation on data vector X, i.e.,

-1 —
FHX[(=k)y]} = x[(=n)y] (12)

It should be noted that the frequency-domain sub-carrier
reversal operation cannot be performed on arbitrary sub-
carrier sets since this may result in different sub-carrier sets
occupying the same sub-carriers. Thus, a number of remarks
are given in the following to clarify the applicability of the
subcarrier reversal operation for the three sub-carrier
partitioning methods.

Property 5: Time-Domain Repetition

In DPM, the frequency-domain sub-carriers of any set
I';have an equal spacing S. Consequently, the time-domain
signal vector X, has the following repetition characteristic:

Xs = [Xs"ﬂ') ﬁs,lX;:D} IGS,ZXSIEO) L 183,5—1){50}]]-
(13)
where x(0) s is a 1 x%vector consisting of the first %
elements of X, B, = exp {jZni.%},i =12 e, S —

1, Itis noted that f;,; € {+1,4j},S = 2,4.

Furthermore, in HPM, the sub-carriers have an equal
spacing of V. Thus, the following property can be
obtained:

Xs = [X;[’} 183,1){;0) IGS,EX;“O} e

0,7
JG:,V—lxs ] (14)
Where XS(O) isalx % vector consisting of first % elements

of X,
Boy = expljani S} =12,V = 1,8, € (21, 4]}

V. PROPOSED PAPR REDUCTION OF OFDM
SYSTEMS IN TIME DOMAIN

The above Section has described the implementation of
the proposed PAPR reduction scheme in the frequency-
domain. However, as discussed, for each generation of a
candidate signal it requires an N-point IFFT operation. If
the generation of candidate signals increases the number
of N-point operations increases and it results as a high
computational complexity scheme. To resolve the
problem of high computational complexity, this section
utilizes the time-domain equivalent operations to
construct a low-complexity architecture for PAPR
reduction. Fig.2 presents a block diagram of the proposed
architecture, in which the frequency-domain data vector X
is partitioned into S data vectors X, of size Nx1,s=0, 1, .

., S—1. Note that in implementing the proposed
architecture, the HPM sub-carrier partitioning method is
adopted in order to maximize the PAPR diversity. As
shown in Fig. 2, having partitioned the sub-carriers, an
IFFT operation is performed X; on to obtain the
corresponding time-domain data vector X, of size N x 1.
It is noted that although the proposed scheme still requires
S N-point IFFT operations, the computational complexity
of the proposed architecture is much lower than that of the
traditional SLM scheme since S is much smaller than the
number of candidate signals M. Furthermore, the
computational complexity of each N-point IFFT is
significantly decreased in the proposed scheme since most
of the elements of X, are zero.

Following the IFFT operations, the time-domain data
vectors X,, s =0,1,...,S — 1, are processed by M
CSGBs in order to generate M candidate signals. It is
noted that the summation of X, generates the original
time-domain transmitted signal. In each of the M CSGBs,
each X, is first processed by the time-domain phase
rotation block (i.e., the time-domain equivalent of the
frequency-domain cyclic shifting operation). The
resulting output signal is denoted asas,,, where the n"
element is given by

2. 1
I O R

(15)

n=01,....., N-—-1
in which X,[n] is the n™ element of X, and lym is the
number of frequency-domain cyclic shifts of 'y for the
m™ candidate signal. The second block of the CSGB
performs a time domain cyclic shifting operation, i.e., the
time-domain equivalent of the frequency-domain phase
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rotation operation. Therefore, the n™ element of the output
signal b ,, has the form of

by [l = a, [(n— @,,,),] 9

Where w; ,,, denotes the number of cyclic shifts of the s™ sub-
carrier set for the m™ CSGB. It will be recalled that the
frequency-domain phase rotation operation is not arbitrary. In
practice, phase rotation is not completely random, and thus
the PAPR reduction performance is slightly degraded.
However, this drawback is minor compared to the substantial
reduction achieved in the computational complexity of the
proposed scheme.

The third block in Fig.2 performs the time-domain
complex conjugate operation, i.e., the equivalent operation of
the frequency-domain complex conjugate process. Since the
system arbitrarily chooses whether or not to perform the
complex conjugate operation, the nth element of the output
signal C ,,, has the form

Cs,m[ﬂ'] bs,m [ﬂ'] or bs,m[( ﬂ'),'v'] (17)
As discussed in Section Il (Property 4), the sub-carrier sets
must be properly re-assembled before performing the time
domain signal reversal operation. In particular, when using
the HPM partitioning method, the sub-carrier sets must be
reassembled in such a way that the partition is equivalent to
that obtained using DPM (Remark 3).

Candidate Signal Ge

erating Block

1Ko | Nepaint hy | 3 ( d, by \
x| [LE [ o I I ™ ¥ L Setafs
» i i 3 ; X, | Signal
(X, [Nepoint[x, | | Time- fa, | Time- [b,, | Time- e, | Subearrier|d, | .. e F Wi
e | [ o = b o b Times Ly 0
Subcarricr| 1FFT Domain Domain Domain Set Domain Z I e
Partition | . v« || Phase | . [ Cyclic [ . [Complex| «| Re- |. . & |Lowe
il : § : . [Reversal| | y | Lowest
Rotation| * | Shifting | * [Conjugate| " |assembling AR
KX | Nepoint [xs, A | L G dy G
r o > o P ek 28 0Py s
IFFT (Property | (Property 2 (Property 3) (Romark 2 & 3) (Property 4]

Fig. 2. System architecture of proposed scheme in time
domain.

Furthermore, for the case of DPM, the time-domain signal
reversal operation can be applied on either I's_y or I's_g/,
individually, but should be performed on T.and T',_g
simultaneously, s = 1,2, ... ;— 1in order to avoid sub-

carrier overlaps (Remark 2). Therefore, the fourth block of
the time-domain CSGB performs a subcarrier set re-
assembling function, which consists of the two steps. In the
first step, the S HPM sub-carrier sets 'y ,s = 0,1, ... ....., S —
1 (§=U.V), are combined to obtain the V DPM
subcarrier sets T;,5§ =0,1,.....V —1 .The 5th DPM sub-
carrier set is obtained by combining the outputs of time-
domain complex conjugate operations cq, 5 m > U =
01,.... U-1ie,

oy
E
I
M

C(u.v+s‘),m » F= O, 1, J— V-1

= (18)

In the second step, sub-carrier sets are T'; and I's_; ,
5=01,.. g— 1 are combined to form a single sub

carrier set Tq, q= 0,1,2,....,%— 1, while leaving
['s_9 and T5_y , unchanged i.e.,

- v
- Z Cu.V+%,m . =5
1

u=0
- r-1
v
Cuvigm T Coviwoglomwd = L2ieeensy 37 1
Z Z (20)

It is worth noting that all operations before re-
assembling are performed by HPM. Thus, the resulting
signals are not equivalent to those obtained by DPM from
the beginning. It is noted that the Sub-carrier Set Re-
assembling block of the proposed time-domain
architecture uses the time-domain repetition property (i.e.,
Property 5) in order to reduce the computational
complexity. The sub-carrier set re-assembling operation is
followed by the time-domain signal reversal process (see
Fig.2). As with the complex conjugate operation, the
system arbitrarily chooses whether or not to perform the
reversal operation. The nth element of the resulting signal

eqm:q =01, g therefore has the form

eqmln] = dg bl or dnl(=m)ylq =01, .=
(20)
Finally, the m™ candidate signal is obtained by adding
all the e, ,, [n] of the m" CSGB, to give
fm=Zqum
(21)
Having generated M candidate signals, the signal with
the lowest PAPR is selected for transmission. It should be
noted that the proposed scheme requires various
operations at the transmitter, but the related parameters
can be stored at both the transmitter and receiver with
code book. Therefore, the number of side information bits
depends only on the number of candidate signals. If M
candidate signals are generated, the scheme requires only
log,[M] bits to transmit side information. In addition, the
side information is assumed to be transmitted through the
control channel, where channel coding is adopted to
protect the side information from being erroneously
detected.

VI. ANALYSIS OF COMPUTATIONAL
COMPLEXITY
This section evaluates the computational complexities
of the traditional SLM scheme and the proposed PAPR
reduction scheme, respectively. The traditional SLM
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scheme requires M N-point IFFTs to generate M different
candidate signals, where each N-point IFFT requires %

log, N complex multiplications and N -log, N complex
additions. Therefore, the total number of complex

multiplications and complex additions are MZ—N -log, MN and

MN- log, MN , respectively. For the PAPR reduction scheme
proposed in this study, a total of S N-point IFFTs and M
CSGBs are required to generate M candidate signals. The
HPM partitioning method is adopted in order to maximize the
PAPR diversity. Therefore, the sub-carriers are partitioned
into S = U -V sets. In the proposed architecture, most
elements of the inputs to the IFFTSs, i.e., X, in (4), are zeros,
and thus the IFFTs can be readily computed using the
efficient algorithm proposed in [19]. It can be shown that the
total number of complex multiplications and complex

additions for S IFFT operations is therefore equal to %
log, :—V +N-(U —1)and UN -log, UN respectively.

Regarding the computational complexity of each CSGB,
Property 1 demonstrates that the time-domain equivalent
operation on the right hand side of (8) does not require any
complex multiplications or additions when the number of

frequency-domain cyclic shifts belongs to {0%%%} which
implies that U = 2 or U = 4 should be adopted. Furthermore,
Property 5 indicates that V = 2, 4 yields a significant
reduction in the computational complexity. Therefore, four
different combinations of U and V are considered in the
remainder of this study, i.e., (U,V) = {(2,2), (2,4), (4,2), (4,4)}.
However, increasing U and V increases the complexity of the
PAPR reduction process. Furthermore, a series of preliminary
simulations showed that there was no significant change in
the PAPR reduction performance of the proposed scheme
when using higher values of U and V as shown in Fig.3.
Thus, in evaluating the performance of the proposed scheme,
higher values of U and V were not considered. Since U =2, 4
and V=2, 4 were adopted, the first three blocks of the CSGBs
in the proposed scheme, i.e., the time-domain phase rotation,
time-domain cyclic shifting, and time-domain complex
conjugate operations, do not require any complex
multiplications or additions, as indicated in Propertyl,2, and
3.

Numbgr of complex multiplications as function of number of candidate signals M (B = 256)
10

Traditional SLM
—#— L&W scheme
—©— Proposed (U=2,V=4)
—A— Proposed (U=2,V=2)
—+— Proposed (U=4,V=4)
Proposed (U=4,V=2)

10*

Number of Complex Multiplications

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

3

10

10 15 20 25 30 35 40 45 50 55 60
Number of Candidate Signals M

Fig.3. Number of complex multiplication as a number of
candidate signals M (N=256).

SLM method and the method proposed by Li and
Wang [15] for comparison purposes. It is seen that the
number of complex multiplications in the traditional SLM
scheme increases with an increasing number of candidate
signals. However, in the proposed scheme and that of Li
and Wang, the number of complex multiplications
remains constant, irrespective of the number of candidate
signals as shown in Fig.4. Of the three schemes, the
method proposed in [15] requires the least number of
complex multiplications, followed by the scheme
proposed in this study with (U, V) = (2, 4) and (U, V) =
(2, 2). By contrast, the proposed scheme with (U, V) = (2,
2) requires the minimal number of complex additions,
followed by Li and Wang’s method and the proposed
scheme with (U, V) = (2, 4).

Number of complex Additions as function of number of candidate signals M (B = 256)
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Fig.4. Number of complex additions as a function of
number of candidate signals M (N=256).
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VII. SIMULATION RESULTS

The PAPR reduction performance of the proposed
scheme was evaluated by means of numerical simulations.
Figs shows the PAPR reduction performance of the
proposed scheme for an OFDM system with 256 sub-
carriers and the 16-quadrature amplitude modulation (16-
QAM) scheme. It can be seen that the PAPR reduction
performance of the proposed scheme with (U, V) = (4, 4)
is extremely close to that of the traditional SLM method.

PAPR reduction performance of various schemes (16-QAM, N = 256)

10" p=
= ——| —*— L &W Scheme
—&— Proposed (U=2,V=2)
~ Proposed (U=2,V=4)
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mﬁzzx\@::::w&zzzzz —e— Proposed (U=4,V=4)
—_ Traditional SLM
,T \AKM \)‘\s& R Original
=< \
§ 10® AAEANN -~
5 &3
= AW} N
S % N R W
& \
VWY
"\ \ \Y
Y L WA \
\ N\
NECN LN AR
10" b N N
6 6.5 7 7.5 8 8.5
v (dB)

Fig.5. PAPR reduction performance of various
schemes (16-QAM, N=256).
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PAPR reduction performance of various schemes (16-QAM, N = 512, 1024))
T
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Fig.6. PAPR reduction performance of various schemes
(16-QAM, N=512 and N=1024).
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Fig.7.PAPR  reduction performance of various

combinations of frequency-domain operations (16-QAM,
M =32,N=256,U=4,V=4).

From a detailed inspection, the performance loss of the
proposed scheme relative to that of the traditional SLM
method is found to be less than 0.001 dB for M = 32, U = 4,
V = 4, andPr(PAPR(X) >y = 10~*. Fig. 6 demonstrates
the PAPR reduction performance for the cases of N = 512
and N = 1024. It can be seen that PAPR increases with the
number of sub-carriers. However, the PAPR reduction
performances of the proposed scheme are able to approach
those of the traditional SLM scheme. A series of simulation
experiments are conducted to investigate the PAPR reduction
performance when various combinations of frequency-
domain operations are performed. The results are
demonstrated in Fig7, where the PAPR reduction
performance basically increases with the number of extra
frequency-domain operations. Fig.7 indicates that the
improvement for Properties 1+2+3 is only marginal
compared with Properties 1+2. Thus, the contribution of
Property 3 (frequency-domain complex conjugate) is
insignificant. However, the PAPR reduction performance
when Properties 1+3 are adopted is better than when Property

1 alone is adopted. Therefore, the effect of equivalent
frequency-domain operation in PAPR reduction depends
on their order of operations. In addition, the PAPR
reduction performance in general increases with the
number of frequency-domain operations.

IX. CONCLUSION

Compared to the traditional SLM scheme, in which
the candidate signals are generated using frequency-
domain phase rotation only, a novel architecture is
proposed in this study which additionally uses three
operations namely, frequency domain cyclic shifting,
complex conjugate and sub-carrier reversal operations
can be performed to maximize the PAPR reduction
performance of the candidate signals. In order to avoid
the multiple-IFFT problem inherent in the traditional
SLM method, the proposed scheme converts all four
frequency-domain operations into time-domain equivalent
operations. It has been shown that the computational
complexity of the proposed approach can be minimized
through an appropriate partitioning and reassembling of
the sub-carriers in the OFDM system. In addition, the
theoretical analysis results have shown that the number of
complex multiplications and complex additions required
in the proposed scheme for (U, V) = (4, 4) are 8.59% and
68.75%, respectively, of those required in the traditional
SLM scheme. Furthermore, the simulation results have
shown that the performance loss of the proposed scheme
relative to that of the traditional SLM scheme is less than
0.001 dB for 16-QAM, M =32, N = 256, U =4,V =4,
andPr(PAPR(X) >y) = 107*. In other words, the
proposed scheme closely approximates the PAPR
reduction performance of the traditional SLM method, but
with a significantly reduced computational complexity.
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