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and Ramesh Pyndiah, Senior Member, IEEE

Abstract—We present partial blind selected mapping method
(P-BSLM) as a probabilistic OFDM-PAPR reduction method.
The P-BSLM method generates more candidates than the clas-
sical SLM (C-SLM) method while using the same number of
IFFT computations. Moreover, common stage computation in an
IFFT process can reduce the computational complexity. More
candidates increase the PAPR reduction capability, and give a
better error performance in the presence of non-linear amplifier.
This method has the maximum spectral efficiency without side
information, and the phase sequence can be correctly detected
using partial blind phase sequence detection.

Index Terms—OFDM, phase sequence detection, low complex-
ity SLM, PAPR reduction.

I. INTRODUCTION

O
RTHOGONAL frequency division multiplexing

(OFDM) is a multi-carrier multiplexing technique,

where data is transmitted through several parallel frequency

subchannels at a lower rate. It has been popularly standardized

in many wireless applications such as Digital Video

Broadcasting (DVB), Digital Audio Broadcasting (DAB), High

Performance Wireless Local Area Network (HIPERLAN),

IEEE 802.11 (WiFi), and IEEE 802.16 (WiMAX).

An important drawback of OFDM based system is its

high Peak-to-Average Power Ratio (PAPR) at the transmitter,

requiring the use of a highly linear amplifier which leads

to low power efficiency [1]. Moreover, when OFDM signal

level works on the non-linear area of amplifier, the OFDM

signals go through non-linear distortions and degrade the error

performance.

The various approaches to alleviate this problem in OFDM-

based systems can be classified into five categories: clipping

effect transformation [2], [3], [4], coding [5], [6], frame su-

perposition using reserved tones [7], expansible constellation

point: tone injection [7] and active constellation extension [8],

[9], and probabilistic solutions.

Probabilistic methods are distortionless without additional

power increase. The principle of probabilistic methods is ap-

plicable to reduce the probability of high PAPR by generating

several OFDM symbols carrying the same information and

by selecting the one having the lowest PAPR. Partial transmit

sequence (PTS) [10], [11], [12], selected mapping (SLM) [12],

[13], [14] and interleaving [15], [16], [17] are well known

probabilistic methods.
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One drawback of probabilistic methods is the high computa-

tional complexity required by the number of IFFT operations:

this makes it difficult the implementation for wireless handheld

devices.

Another problem to be solved is the detection of the

transmitted candidate. Since probabilistic methods generate

multiple candidates and the best one is transmitted, if receiver

does not have any information about the selected candidate,

the recovery of the original data is not achievable. For the

candidate recognition, there are two kinds of strategies: em-

bedded side information [15], [16], [17] and blind detection

[14]. The first solution reduces the spectral efficiency due

to the embedded side information, while the second solution

guarantees the maximum spectral efficiency at the expense

of complicated candidate detection process (blind detection).

However, this compleixty of the second solution can be

solvable in a fixed base station.

In this paper, we present a low complexity partial blind

selected mapping method (P-BSLM) as a probabilistic PAPR

reduction method of OFDM system. P-BSLM generates more

candidates than classical SLM (C-SLM) by using the same

number of IFFT operations, and the numerous candidates

reduce the PAPR more efficiently. In addition, we present

partial blind candidate detection method.

The paper is organized as follows. In Section II, we briefly

overview classical SLM (C-SLM) method for OFDM system.

In Section III, we describe the P-BSLM. In Section IV, the

low complexity design is discussed. In Section V, we present

our numerical results, and finally we conclude this paper in

Section VI.

II. OVERVIEW OF SLM

Selected mapping (SLM) method is a well known prob-

abilistic technique to reduce the PAPR. In this method, the

original modulated data X = {X1, · · · ,XN} is multiplied by
U phase sequences P

(u) = {ejφ
(u)
1 , · · · , ejφ

(u)
N }, to generate

U candidates (frequency domain) given by

X
(u) = P

(u) ⊗X, (1)

where ⊗ is component-wise multiplication and φ
(u)
m ∈ (0, 2π]

for u = {1, · · · , U}.
Then, by an inverse discrete Fourier transform (IDFT) op-

eration, U candidates (time domain) x
(u) = {x(u)

1 , · · · , x
(u)
N }

are obtained as follows:

x(u)
m =

1√
N

N∑

k=1

X
(u)
k ej

2π(k−1)(m−1)
N , (2)
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Fig. 1. IDFT computation for P-BSLM, where ui ∈ {1, · · · , U}, and D = 2
α.

and, the best (u0th) candidate having the minimum PAPR is

selected and transmitted, where

u0 = arg min
u∈{1,··· ,U}

max |x(u)|2
E[|x(u)|2] . (3)

The computation of an IDFT can be implemented by an

inverse fast fourier transform (IFFT) circuit. Then, U IDFT

processings are required to generate U candidates.

III. PARTIAL BLIND SELECTED MAPPING (P-BSLM)

DESCRIPTION

A. Transmitter

We divide the original modulated data X into D = 2α

subvectors X = {X(1)
,X

(2)
, · · · ,X

(D)}, where each sub-

vector X
(i)

= {X(i)

1 ,X
(i)

2 , · · · ,X
(i)

2β } has 2β elements for

i ∈ {1, · · · , 2α}, α and β being two positive integers such

that α + β = log2 N = n.

As seen in Figure 1, each subvector X
(i)

is component-

wisely multiplied by the ith phase vector

P
(i,u) = {ejφ

(i,u)
1 , ejφ

(i,u)
2 , · · · , e

jφ
(i,u)

2β } (4)

to generate U candidates X
(i,u) for each subvector, where

φ
(i,u)
m ∈ (0, 2π], i ∈ {1, · · · , 2α}, u ∈ {1, · · · , U}, m ∈
{1, · · · , 2β}. Note that X

(i,u) is a vector with 2β elements.

The U candidates X
(i,u) are zero-padded and an N-point

IDFT is performed, as follows:

x
(i,u) = IDFTN ({Z(1), · · · ,X(i,u), · · · ,Z(D)}) (5)

to generate U partial candidates in the time domain, where Z
(i)

is an all zero vector of length 2β placed on the ith division

(corresponding to X
(i)

). Notice that x
(i,u) is a vector with

N = 2β · 2α elements.

Then, the time domain candidates are given by

C(u1, · · · , uD) = x
(1,u1) + x

(2,u2) + · · ·+ x
(D,uD), (6)

for u1, u2, · · · , uD ∈ {1, 2, · · · , U}, where there exist UD

possible combinations. The combination which has the lowest

PAPR is selected:

{u′1, · · · , u′D} = arg min
{u1,··· ,uD}

(PAPR{C(u1, · · · , uD)}) , (7)

and transmitted:

x
′ = C (u′1, · · · , u′D) . (8)

B. Receiver: P-BSLM phase sequence detection

The received vector, r = x
′ + n, is DFTed, where n is the

noise term. Then, we have X̃ , DFTN (r),

X̃ = {X(1,u′1),X(2,u′2), · · · ,X(D,u′D)}
+DFTN (n)

= {X̃(1,u′1), X̃(2,u′2), · · · , X̃(D,u′D)}. (9)

The received vectors should be multiplied by the conjugate

phase sequences P
∗(i,u) on the D subvectors for the recovery

of original data, as follows:

X̂
(i) = P

∗(i,u
′

i) ⊗X
(i,u′i) + N

(i) (10)

for i ∈ {1, · · · , D}, where N
(i) is a noise term which falls

on the ith frequency division.

To recover the original data, the phase sequences at the

transmitter should be correctly detected at the receiver. With-

out side information, the phase sequence can be detected by

the blind detection algorithm (BSLM) [14]. Especially, in this

case, there are D divisions on an OFDM symbol vector, and

each division is multiplied by an individual phase sequence.

Therefore, we should detect D partial SLM phase sequences,

as follows:

û′i =

arg min
u∈{1,··· ,U}




2β∑

m=1

min
G∈QQAM

|X̃(i,u)
m ⊗ P ∗(i,u)

m −G|2

 (11)

for i ∈ {1, · · · , D}, where G represents a QAM symbol.

IV. LOW COMPLEXITY DESIGN

A. Adaptability for low complexity SLM structure

As seen in Section III, P-BSLM requires U2α = UD IFFT

computations for generating UD time domain combinations,

while the conventional SLM requires UD IFFT computations

for generating UD time domain candidates [13], [14]. Then,

with a small number of IFFT computations, we can generate

numerous time domain candidates, and thus reduce the PAPR.

Furthermore, P-BSLM is adaptable to low complexity struc-

tures by using the successive doubling method presented in

[18]. For example, in the case that i = 1 and D = 4 (see
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Figure 1), the IFFT circuit input is given by

{P(1,u1) ⊗X
(1)

,Z(2),Z(3),Z(4)}
= {P(1,u1),P(1,u1),P(1,u1),P(1,u1)}

⊗{X(1)
,Z(2),Z(3),Z(4)} (12)

for u1 ∈ {1, · · · , U}.
In [18], an N -point IFFT computation contains n =

log2 N = α + β stages, where α stages are used for the

common part and β stages are used for generating multiple

candidates, as seen in Figure 2. In this method, the com-

mon part (α stage) is processed only once, and U candi-

dates are generated by processing U times the remaining

parts (β stages), reducing the computational complexity. Ac-

cording to the successive doubling method on decimation

in frequency algorithm, the phase sequence has a form,

such as {P(i,u),P(i,u), · · · ,P(i,u),P(i,u)}, u ∈ {1, · · · , U},
which has 2α same subvectors, and each subvector has

2β phase elements. This format is exactly the same as

{P(1,u1),P(1,u1),P(1,u1),P(1,u1)} in (12), when α=2 (two

common stages are considered).

For the general case, the phase sequences are given by

{P(i,u),P(i,u), · · · ,P(i,u)}, (13)

for i ∈ {1, · · · , D = 2α}, u ∈ {1, · · · , U}, which has the

suitable form for the successive doubling method [18].

In [18], the phase sequences are composed of P ∈
{+1,−1}, as a row of Hadamard matrix. However, in that

case, the phase sequence detection is impossible without

side information. Accordingly, it should be a random phase

sequence P
(i,u) ∈ {ejφ(i,u)

m }, where φ
(i,u)
m ∈ (0, 2π], i ∈

{1, · · · , D}, u ∈ {1, · · · , U}, m ∈ {1, · · · , 2β}.

{X(1)
,Z(2),Z(3),Z(4)}

x
(1,u)

α stages of IFFT

β stages of IFFT

⊗{P(1,u), P(1,u), P(1,u), P(1,u)}

(a) Low complexity IFFT structure
on DIF algorithm

stages of IFFT

{X(1)
,Z(2),Z(3),Z(4)}

x
(1,u)

n = α + β

⊗{P(1,u), P(1,u), P(1,u), P(1,u)}

(b) Equivalent IFFT circuit (classical
SLM)

Fig. 2. Equivalent IFFT circuit on decimation in frequency algorithm, where
the phase sequence should have a form {P(i,u),P(i,u), · · · ,P(i,u)}

B. Computational complexity

To compare the computational complexity, there are two

points of view: the computational complexity for the same

number of candidates, and the number of candidates for the

same computational complexity.

For the first point of view, we take into consideration

UD = U2α

candidates. The classical SLM [13] requires

UD IFFT computations to generate UD candidates, while the

P-BSLM needs only UD IFFT computations. Furthermore,

when we use the phase sequences as (13) in a form of

the succeissive doubling method [18], the P-BSLM needs

UD ·
[
1− α

n

(
1− 1

U

)]
IFFT computations, where an IFFT

computation is assumed to have 2n−1n complex multiplica-

tions and 2nn complex additions. Then, the computational

complexity reduction ratio (CCRR) is defined by [18]

CCRR ,

(
1− CP-BSLM

CSLM

)
× 100(%)

=

(
1− UD ·

[
1− α

n

(
1− 1

U

)]

UD

)
× 100, (14)

where CP-BSLM is the computational complexity of P-BSLM,

and CSLM is the computational complexity of classical SLM

[13]. Table I shows the CCRR (%) values of P-BSLM. In the

table, we can see that, when U increases, the CCRR values

increase largely, and especially, when α increases, the CCRR

values sharply approach the value of 100%.

For the second point of view, it is assumed that the system

is capable to calculate U · D IFFT operations for the PAPR

reduction. Then, the conventional SLM can generate U · 2α

candidates, while P-BSLM can generate UD candidates (com-

binations), resulting in the gain of the number of candidates,

UD − UD.

V. NUMERICAL RESULTS

Figure 3 shows the complementary cumulative distribution

function (CCDF) representing the probability that the PAPR

value λ is higher than a given threshold PAPR value λ,

Prob{λ > λ}, where λ ,
max[|x′|2]
E[|x′|2]

. In the figure, the

dashed lines represent N=256-point IFFT, and the solid lines

represent N=1024-point IFFT. For the simulation, we used

the P-BSLM which has the parameters (α = 2, U = 2) with

16 candidates, and C-SLM (classical SLM) method which has

8 candidates. For C-SLM, 8.0 IFFTs computation is required,

and for P-BSLM, 7.0 and 7.2 IFFTs computations are required

for N = 256 and N = 1024, respectively, due to the “low

complexity adaptable structure” as mentioned in Section IV.

Despite the fact that P-BSLM has lower complexity than

the compared C-SLM, P-BSLM (◦) gives better CCDF per-

formance than C-SLM (�) as seen in the figure.

Figure 4 shows Blind Detection Error Rate (BDER), which

is the probability that the detected phase sequence at the

receiver does not match the phase sequence applied at the

transmitter. For the simulation, P-BSLM with the parameters

(α = 2, U = 2) is considered for N=256 and N=1024. In

this case, there exist 2α = 4 subvectors, and each subvector

is (component-wise) multiplied by U = 2 sequences. For the

detection of each phase sequence, 2β subcarriers are taken into

consideration by the detection criteria (11), where 2β = 64
for N=256, and 2β = 256 for N=1024. In the figure, the

solid lines (N=1024) show much better performance than the

dashed lines (N=256). Because, while the phase sequences

are detected by referring to only 64 subcarriers for N=256,

256 subcarriers are referred for the phase detection in the case
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TABLE I
COMPUTATIONAL COMPLEXITY REDUCTION RATIO FOR GENERATING U2α

CANDIDATES (COMBINATIONS).

α
N=1024 (n=10) N=2048 (n=11) N=4096 (n=12) N=8192 (n=13)

U=2 U=4 U=8 U=2 U=4 U=8 U=2 U=4 U=8 U=2 U=4 U=8

α = 1 5.0 53.8 77.2 4.5 53.4 77.0 4.2 53.1 76.8 3.8 52.9 76.7

α = 2 55.0 94.7 99.4 54.5 94.6 99.3 54.2 94.5 99.3 53.8 94.5 99.3

α = 3 94.7 100.0 100.0 94.6 100.0 100.0 94.5 100.0 100.0 94.5 100.0 100.0

α ≧ 4 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

6 8 10 12 14

10
−4

10
−3

10
−2

10
−1

10
0

P−BSLM (N=256)

P−BSLM (N=1024)

C−SLM (N=256)

C−SLM (N=1024)

Original OFDM
(N=256)
Original OFDM
(N=1024)

C
C

D
F

λ (dB)

Fig. 3. Complementary Cumulative Distribution Function (CCDF) perfor-
mance comparison. For the simulation, P-BSLM has the parameters (α = 2,
U = 2) which necessitate U ·2α

= 8 IFFT computations. For the comparison,
classical SLM (C-SLM) method with 8 IFFT computations is used. In both
cases, QPSK modulation is used.

N=1024. In other words, when N is large, the refered sub-

carriers for the phase sequence detection become numerous,

rendering more accurate phase sequence detection. In addition,

the figure compares the BDER of P-BSLM receiver with non-

linear amplifier (soft-limiter), where the transmitted signal is

clipped at 2dB and 5dB of PAPR threshold [17].

Figure 5 and Figure 6 represent the Bit Error Rate (BER)

performance over an AWGN channel and a Rayleigh fading

channel, respectively. In the figures, the original OFDM per-

formance is compared with two SLM models: Classical SLM

(C-SLM) using 8 IFFTs for 8 candidates, and P-BSLM using

U2α = 8 IFFTs for U2α

=16 candidates, where P-BSLM has

the parameters (α = 2, U = 2). For a fair comparison of

both SLM models, the blind phase sequence detection method

is used without side information. For the simulation, the

frequency domain signal is modulated by 64-QAM symbols,

and 1024 subcarriers (N=1024) are considered. The OFDM

symbol is clipped at λ=5.5dB by a soft-limiter [17], and this

clipping causes the BER error floor in the figure.

When we use the SLM, PAPR value is reduced, and then,

the clipping distortion is reduced, resulting in a lower error

floor. For the two SLM methods (C-SLM and P-BSLM),

using the same number of IFFT, P-BSLM shows better CCDF

performance than C-SLM as seen in Figure 3. Consequently,

P-BSLM shows better BER performance than C-SLM as in

Figure 5 and Figure 6 over both the AWGN channel and the

0 1 2 3 4 5 6
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−2

10
−1

10
0

Ideal amp. (N=256)

Clipped at 5dB (N=256)

Clipped at 2dB (N=256)

Ideal amp. (N=1024)

Clipped at 5dB (N=1024)

Clipped at 2dB (N=1024)

B
D
E
R

Eb/N0 (dB)

Fig. 4. Blind Detection Error Rate (BDER) for phase sequence over AWGN
channel. For the simulation, P-BSLM with the parameters (α = 2, U = 2)
is considered, when N=256 (dashed line) and N=1024 (solid line). For the
amplifier model, soft-limiter model is considered, and the transmitted signal
is clipped at 2dB, and 5dB.
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C−SLM with 8 IFFT

P−BSLM with 8 IFFT

(α=2, U=2)

B
E
R

Eb/N0 (dB)

Fig. 5. Bit Error Rate (BER) comparison over AWGN channel. For the
simulation, classical SLM (C-SLM) using 8 IFFTs and P-BSLM using 8
IFFTs with the parameters (α = 2, U = 2) are compared, where N=1024 is
considered, and the signal is modulated by 64-QAM. The transmitted signal
is clipped at 5.5dB by the soft-limiter.

Rayleigh fading channel.
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Fig. 6. BER comparison in a Rayleigh fading channel, where the same
simulation parameters as in Figure 5 are considered, and perfect channel
estimation (CSI) is assumed.

VI. CONCLUSION

We present Partial Blind Selected Mapping (P-BSLM)

method as a probabilistic PAPR reduction method. Conven-

tional SLM generates UD candidate using UD IFFT compu-

tations. However, our P-BSLM generates UD candidates using

UD IFFT computations, and it reduces the PAPR when the

same number of IFFT operations is considered.

The P-BSLM has an adaptive form for low complexity

scheme using the successive doubling method in [18], and

which makes it possible to lower the computational complex-

ity.

The P-BSLM has the maximum spectral efficiency due to

no side information. In spite of no side information, using the

blind phase sequence detection method, the phase sequence

can be correctly detected when a large number of subcarriers

are considered.

Simulation results show that, when the same number of

IFFT is used, P-BSLM achieves better CCDF performance

than classical SLM (C-SLM). In the presence of a non-linear

amplifier, P-BSLM thus shows better BER performance over

both the AWGN channel and the Rayleigh fading channel.
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