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PAPR Reduction of OQAM-OFDM Signals Using Segmental PTS
Scheme With Low Complexity

Chen Ye, Zijun Li, Tao Jiang, Senior Member, IEEE, Chunxing Ni, and Qi Qi

Abstract—In this paper, a novel segmental partial transmit
sequence (S-PTS) scheme is proposed for the peak-to-average
power ratio (PAPR) reduction in offset quadrature amplitude
modulation based orthogonal frequency-division multiplexing
(OQAM-OFDM) systems. The key idea of the S-PTS scheme
is to divide the overlapped OQAM-OFDM signals into a number
of segments, and then some disjoint subblocks are divided and
multiplied with different phase rotation factors in each segment.
Compared with the conventional PTS scheme directly employed
in OQAM-OFDM sytems, the S-PTS scheme could offer better
PAPR reduction with lower computational complexity.

Index Terms—OQAM-OFDM, peak-to-average power ratio
(PAPR), partial transmit sequence (PTS).

I. Introduction

Orthogonal frequency division multiplexing (OFDM) is a
multi-carrier modulation scheme that has been widely used in
many digital broadcasting systems. However, the OFDM sys-
tem uses a basic rectangular window which leads to relatively
high out-of-band radiations. Besides, the data transmission
rate of the OFDM system is reduced by the insertion of the
cyclic prefix (CP). Therefore, to improve the spectral efficiency
and increase data transmission rate in digital broadcasting
systems, the offset quadrature amplitude modulation based
orthogonal frequency-division multiplexing (OQAM-OFDM)
technique has drawn significant interests. Compared with
OFDM systems, OQAM-OFDM systems have lower sidelobes
due to the use of pulse shaping filters [1], [2]. Moreover,
OQAM-OFDM systems provide higher spectral efficiency,
since the CP is not required [3]. Besides, the inter-symbol in-
terference could be avoided without the CP in OQAM-OFDM
systems [4].

Recently, the OQAM-OFDM technique has been accepted
as a potential technique in many digital broadcasting systems.

Manuscript received July 8, 2013; revised September 4, 2013; accepted
September 16, 2013. Date of publication October 1, 2013; date of current
version February 28, 2014. This work was supported in part by the National
Science Foundation of China under Grant 61172052, Grant 60872008, and
Grant 61271228, and in part by the Major State Basic Research Development
Program of China (973 Program) under Grant 2013CB329006.

C. Ye, Z. Li, T. Jiang, and C. Ni are with the Wuhan National Laboratory
for Optoelectronics, Department of Electronics and Information Engineering,
Huazhong University of Science and Technology, Wuhan 430074, China
(e-mail: yechenyy@gmail.com; lizijun1949@gmail.com; tao.jiang@ieee.org;
chunxingni@gmail.com).

Q. Qi is with LSI corporation, Milpitas, CA 95035 USA (e-mail:
qi.qi@isl.com).

Color versions of one or more of the figures in this paper are available
online at http://ieeexplore.ieee.org.

Digital Object Identifier 10.1109/TBC.2013.2282732

For example, in the terrestrial digital video broadcasting
(DVB-T) standard, the OQAM-OFDM system could achieve
an improvement of about 13% on the date transmission rate,
compared with the OFDM system. Meanwhile, the spectral
efficiency could be significantly improved [5]. Besides, the
OQAM-OFDM system is less sensitive to the frequency offset.
Moreover, the OQAM-OFDM system is able to compensate
the channel distortions and cope with residual timing offsets
with suitable equalizer [6].

Similar to OFDM systems, one of the major drawbacks in
OQAM-OFDM systems is high peak-to-average power ratio
(PAPR) [7]. In OFDM systems, the distribution of PAPR has
been derived by theoretical approaches [8], and various meth-
ods have been proposed to tackle the PAPR problem [9]–[11],
such as the selective mapping (SLM) [12]–[14] and partial
transmit sequence (PTS) [15]–[18] schemes. Nevertheless, it
is not very effective to directly employ these methods in
OQAM-OFDM systems, since the OQAM-OFDM signals are
overlapped with multiple adjacent data blocks.

Recently, several schemes have been proposed specifically
for the PAPR reduction in OQAM-OFDM systems [19], [20].
In [19], an overlapped SLM (O-SLM) scheme has been
proposed to reduce the PAPR of OQAM-OFDM signals. For
the O-SLM method, the current data block and the previous
data blocks are jointly considered to choose the optimal phase
rotation sequence. Besides, a sliding window tone reserva-
tion (SW-TR) technique has been proposed in [20]. For the
SW-TR scheme, the peak reduction tones of several consec-
utive data blocks are used to cancel the peak power of the
OQAM-OFDM signal inside a window.

In this paper, we propose a novel segmental PTS scheme,
termed as S-PTS scheme for simplicity, to reduce the PAPR
in OQAM-OFDM systems. For the S-PTS scheme, the phase
rotation operation is employed for the overlapped signals
in several consecutive data blocks, however, the phase ro-
tation operation is used for each transmit signal indepen-
dently in the C-PTS scheme. Specifically, we divide the
overlapped OQAM-OFDM signals into a number of segments.
In each segment, some disjoint subblocks are partitioned,
then, they are multiplied with different phase rotation factors.
Simulation results verify that the proposed S-PTS scheme
could offer better PAPR reduction with lower complexity
than the C-PTS scheme directly employed in OQAM-OFDM
systems.

The rest of this paper is organized as follows. In Section II,
the OQAM-OFDM system is introduced, and its PAPR is
discussed. In Section III, we describe the S-PTS scheme for
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Fig. 1. The baseband OFDM-OQAM transmitter.

OQAM-OFDM systems, and analyze the interferences and
computational complexity. The performances of the S-PTS
scheme are studied and compared with the C-PTS and the
O-SLM schemes through simulations in Section IV, followed
by conclusions in Section V.

II. OQAM-OFDM System

As shown in Fig. 1, we consider a baseband OQAM-OFDM
system, in which the data block number is M, the subcarrier
number is N and subcarrier spacing is 1

T
, where T is the the

complex symbol interval. The symbol an
m is real-valued at the

time-frequency point (m, n) with the symbol interval τ0 = T
2 .

an
2ρ and an

2ρ (ρ ∈ Z) are the real and imaginary parts of a
complex-valued symbol with quadrature amplitude modulation
(QAM) constellation, respectively. φn

m is an additional phase
term with φn

m = π
2 (m + n) − πmn [1]. h(t) is the impulse

response of the prototype filter with FT length (F ∈ Z), and
the square-root raise cosine (SRRC) filter is employed in this
paper. Thus, the baseband OQAM-OFDM signal is written as

s(t) =
M−1∑
m=0

N−1∑
n=0

an
m h(t − mτ0)ej 2πn

T
tejφn

m︸ ︷︷ ︸
hn

m(t)

. (1)

It is well known that the orthogonality condition of OQAM-
OFDM signals is

�
{ ∫ ∞

−∞
hn

m(t)hq
p

∗(t)dt︸ ︷︷ ︸
ζ
n,q
m,p

}
= δn,q

m,p, (2)

where (·)∗ denotes the conjugate operation and �{·} is the real
part operator. ζn,q

m,p is the coefficient of the impulse response
between the time-frequency points (m, n) and (p, q). When
(m, n) = (p, q), δn,q

m,p = 1 and ζn,q
m,p = 1 without imaginary

part. Otherwise, δn,q
m,p = 0 and ζn,q

m,p is a pure imaginary-
valued interference term. Suppose that the channel is perfect,
the demodulated symbol at the time-frequency point (m, n) is

obtained as

rn
m =

∫ ∞

−∞

⎧⎨
⎩

M−1∑
p=0

N−1∑
q=0

aq
phn

m(t)hq
p

∗(t)

⎫⎬
⎭ dt. (3)

Substituting (2) into (3), we have

rn
m = an

m +
M−1∑
p=0
p�=m

N−1∑
q=0
q �=n

aq
p

∫ ∞

−∞
hn

m(t)hq
p

∗(t)dt

︸ ︷︷ ︸
In
m: intrinsic interference

. (4)

The symbol an
m can be recovered by taking real part of the

demodulated symbol rn
m, since In

m is imaginary-valued.
Since the OQAM-OFDM signals are overlapped with ad-

jacent data blocks caused by the bank of filters, the general
definition of PAPR for OFDM systems is no longer appli-
cable to OQAM-OFDM systems. Then, we firstly divide the
OQAM-OFDM signals into (M

2 +F ) intervals equally with the
time duration T . Thus, the PAPR of each interval is

PAPRs =
max

sT≤t<(s+1)T
|s(t)|2

E
[|s(t)|2] , s = 0, 1, . . . ,

M

2
+ F − 1, (5)

where E[·] represents the expectation.
For the C-PTS scheme in OFDM systems, the signal in each

data block is processed independently to reduce the PAPR.
However, OQAM-OFDM signals are overlapped with multiple
adjacent data blocks, and the actual PAPR in a certain time
interval depends on several consecutive data blocks. When
the C-PTS scheme is directly employed in OQAM-OFDM
systems, the peak power of the signal in each data block
is decreased. Whereas, affected by multiple consecutive data
blocks, the actual PAPR in a time interval might not be
reduced. In other words, the phase selection of each data block
is affected by several adjacent data blocks. Therefore, directly
applying the C-PTS scheme to OQAM-OFDM systems is not
very effective.

III. Proposed S-PTS Scheme

In this section, we propose a segmental PTS technique to
reduce the PAPR of the OQAM-OFDM signal with lower
complexity than the C-PTS scheme.

A. Proposed S-PTS Scheme

For the S-PTS scheme, due to the overlapping structure
of OQAM-OFDM signals, we reduce the peak power of
the overlapped OQAM-OFDM signal composed of multiple
data blocks, instead of the peak power of each data block
independently. Thus, we firstly obtain the overlapped filtered
signals, then, divide them into segments and reduce the peak
power of each segment.

It is obvious to write the filtered signal on the n-th subcarrier
as

Sn(t) =
M−1∑
m=0

Sn
m(t) =

M−1∑
m=0

ejφn
man

mh(t − mτ0), (6)
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where Sn
m(t) is the filtered signal on the n-th subcarrier in the

m-th data block with n = 0, 1, . . . , N−1. Since the filter length
is FT and the symbol interval is T

2 , the lengthes of Sn
m(t) and

Sn(t) are FT and (M
2 + F )T , respectively.

As shown in Fig. 2, the overlapped filtered signal Sn(t) is di-
vided into several segments with the duration Ts. It is obvious
that the number of segments is K = (M/2+F )T

Ts
. The k-th segment

(k = 0, 1, . . . , K−1) is Sk = {Sn
k (t)|n = 0, 1, . . . , N−1}, where

Sn
k (t) is the signal on the n-th subcarrier in the k-th segment

as

Sn
k (t) = Sn(t)RTs

(t − kTs),

=
M−1∑
m=0

ejφn
man

mh(t − mτ0)RTs
(t − kTs), (7)

with

RTs
(t − kTs) =

{
1, kTs ≤ t < (k + 1)Ts,

0, else,
(8)

where RTs
(t − kTs) is a rectangular window function. Indeed,

each filtered signal Sn
m(t) is divided into several parts which

are distributed in consecutive segments. For simplicity, we
suppose Ts = LT, L ≥ F

2 , L ∈ Z to ensure that each filtered
signal Sn

m(t) is divided into not more than two segments.
Then, N signals in the k-th segment Sk are partitioned into

V disjoint subblocks Sv
k = {Sv,n

k (t)|n = 0, 1, . . . , N − 1} for
v = 1, 2, . . . , V , satisfying

S
v,n
k (t) =

{
Sn

k (t), N
V

(v − 1) ≤ n ≤ N
V

v − 1,

0, else.
(9)

Therefore, when signals S
v,n
k (t), (n = 0, 1, . . . , N − 1) are

modulated to subcarriers, V signals in the k-th segment are
obtained as

sv
k(t) =

N−1∑
n=0

S
v,n
k (t)ej 2πn

T
t, v = 1, 2, . . . , V. (10)

Finally, the signal sv
k(t) is multiplied with the phase rotation

factor bv
k ∈ {1, −1}, since {1, −1} is easily implemented

and as good as any other phase sequence in terms of the
PAPR reducing capability [21]. Then, the optimal phase factor
combination of sv

k(t) with the minimum PAPR is selected as

arg min
bv

k

max
kTs≤t<(k+1)Ts

∣∣∣∣∣
V∑

v=1

bv
ks

v
k(t)

∣∣∣∣∣
2

(11)

s.t. bv
k ∈ {1, −1}, k = 0, 1, . . . , K − 1.

The basic approach to achieve the optimal phase combination
is the exhaustive searching method, from which the opti-
mal phase factor combination can be carried out over all
permissible combinations. Moreover, to reduce the searching
complexity, variety of methods have been proposed recently
[17], [18]. For simplicity, the exhaustive searching approach
is employed in this paper.

Since we firstly obtain the overlapped filtered signals, and
then, divide the filtered signals into several segments to rotate
the phase, all the data blocks are taken into account to select
the optimal phase rotation combination. Thus, the S-PTS
scheme could achieve good PAPR reduction.

B. Interference Analysis and Elimination

Due to the dividing operation, some unexpected interfer-
ences that impact the signal recovery are introduced. In this
subsection, we analyze and eliminate the unexpected interfer-
ence caused by the divided segment.

Dividing the filtered signal Sn(t) into segments is equivalent
to dividing the filter impulse response h(t) into segments.
Then, the equivalent filter impulse response can be written
as

h′(t) = ω1h(t)Rλ1 (t) + ω2h(t)Rλ2 (t − λ1), (12)

where ω1 and ω2 are phase rotation factors, and λ1 and λ2

are the widths of the rectangular windows of the two adjacent
segments, respectively, with λ1 + λ2 = FT . It is worth noting
that the filter would remain unchanged when the phase rotation
factors of the two adjacent segments are the same.

Remark: When Sn(t) is divided into segments, Sn
m(t) and

h(t − mτ0), (m = 0, 1, . . . , M − 1) are divided at distinct
positions. Then, {λ1, λ2} are with 2F − 1 cases, satisfying
λ1 = T

2 f, λ2 = T
2 (2F −f ), (f = 1, 2, . . . , 2F −1). For example,

when F = 4, there are seven cases for {λ1, λ2}: { 1
2T, 7

2T },
{T, 3T }, { 3

2T, 5
2T }, {2T, 2T }, { 5

2T, 3
2T }, {3T, T }, { 7

2T, 1
2T }. Note

that, the case {2T, 2T } means that the signal an
mh(t − mτ0) is

divided from the middle.
Suppose Sn0

m0
(t) is divided into two segments, the new

intrinsic interference is

In0
m0

′ =
M−1∑
m=0

m�=m0

N−1∑
n=0
n�=n0

an
m

∫ ∞

−∞
hn0

m0
(t)hn

m

′∗(t)dt︸ ︷︷ ︸
ζ
n,n0
m,m0

′

, (13)

where ζn,n0
m,m0

′ is the new coefficient between the time-frequency
points (m, n) and (m0, n0). Table I shows the ζn,n0

m,m0

′ of different
cases with ω1 = −1, ω2 = 1. It is noted that most real parts
of the coefficients are nonzero when m �= m0 and n �= n0 for
all these cases, then, In0

m0

′ is no longer a pure imaginary, and
real-valued intrinsic interference is introduced. However, the
real-valued interferences are relatively low and most of them
are negligible for the cases { 1

2T, 7
2T }, {T, 3T }, and { 3

2T, 5
2T }.

Meanwhile, the cases { 5
2T, 3

2T }, {3T, T }, and { 7
2T, 1

2T } are
symmetric to the cases { 3

2T, 5
2T }, {T, 3T }, and { 1

2T, 7
2T },

respectively, so we omit them in this paper. Consequently,
unexpected real-valued interferences are mainly caused by the
filtered signals which are divided from the middle.

To reduce the real-valued interferences, zeros are inserted
to the symbols for the case of {2T, 2T }. Thus, we insert zeros
to the m0-th data block, i.e., an

m0
= 0, (n = 0, 1, . . . , N − 1).

As an example, the intrinsic interference In1
m1

′ that (m1, n1) is
next to the m0-th data block can be written as

In1
m1

′ =
M−1∑
m=0

m�=m1

N−1∑
n=0
n�=n1

an
mζn,n1

m,m1

′
,

=
M−1∑
m=0

m�=m1
m�=m0

N−1∑
n=0
n�=n1

an
mζn,n1

m,m1

′ +
N−1∑
n=0
n�=n1

an
m0

ζn,n1
m,m1

′
, (14)
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Fig. 2. Illustration of segments and subblocks in the S-PTS scheme.

TABLE I

The Coefficients of Different Cases

where ζn,n1
m,m1

′ is the coefficient between the time-frequency
points (m1, n1) and (m, n) as shown in Table II. From (14) and
Table II, we can observe that In1

m1

′ is imaginary-valued, since
an

m0
= 0, (n = 0, 1, . . . , N − 1). Thus, the interferences intro-

duced by the case {2T, 2T } are completely avoided. Though
the real-valued interferences caused by other cases are not
avoided, the interferences are relatively small and most of
them are negligible as shown in Table I. Therefore, the real-
valued interferences caused by the dividing operation could be
decreased efficiently.

The distribution of the inserted zero time-frequency points
is shown in Fig. 3. Since the interval between the real and
imaginary parts is T

2 , the time index pk of the filtered signal,
divided in the middle, is expressed as

pk =

{
LT−FT/2

T/2 + 1 = 2L − F + 1, k = 0,

p0 + LT
T/2k = 2(1 + k)L − F + 1, k > 0.

(15)

TABLE II

The Coefficients Between (m1, n1) and Adjacent Points

Fig. 3. Structures of time-frequency points and filtered signals.

Compared to the C-PTS scheme, the data rate of the S-PTS
scheme is decreased due to the zeros inserted operation. The
ratio of the data rate between the S-PTS and C-PTS schemes
is 2L−1

2L
. Though the data rate is lower with smaller L, the

PAPR reduction of the S-PTS scheme is much better which
will be illustrated in Section IV. Obviously, it is a trade-off
between the data rate loss and the PAPR reduction of the
S-PTS scheme. It is noted that the decreased data rate
can be controlled by setting an appropriate segment length
Ts (Ts = LT ) to obtain an expected PAPR reduction.
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C. Computational Complexity

For the S-PTS method, as indicated in (6), (FT + 1)MN

real multiplications are required to create the filtered signals
Sn

m(t), (n = 0, 1, . . . , N −1, m = 0, 1, . . . , M −1). To generate
V signals sv

k(t) in the k-th segment as (10), NVTs complex
multiplications and (N−1)VTs complex additions are required,
since the length of sv

k(t) is Ts. Besides, the number of phase
combinations is 2V for each segment, and VTs complex multi-
plications and (V −1)Ts complex additions are needed for one
phase combination. Moreover, the segment number is (M/2+F )T

Ts
.

In addition, it is well known that one complex multiplication
requires four real multiplications and two real additions, and
one complex addition requires two real additions. Then, the
numbers of the real multiplication and real addition of the
S-PTS method, denoted as CRM

S-PTS and CRA
S-PTS, are expressed

as

CRM
S-PTS = 4V

(
M

2
+ F

)
T (N + 2V ) + (FT + 1)MN, (16)

CRA
S-PTS = 2

(
M

2
+ F

)
T (2NV − V + 2 × 2V V − 2V ). (17)

When the C-PTS scheme is directly applied to OQAM-
OFDM systems, the computational complexity is obtained as

CRM
C-PTS = 4MVFT (N + 2V ) + (FT + 1)MN, (18)

CRA
C-PTS = 2MFT (2NV − V + 2 × 2V V − 2V ), (19)

where CRM
C-PTS and CRA

C-PTS are the numbers of the real multipli-
cations and real additions of the C-PTS method, respectively.

It is well known that the key idea of both the PTS and
the SLM techniques is to select the signal with minimum
PAPR among several candidate signals generated by the phase
rotation operation. In addition, the PAPR reduction of the
SLM technique is the upper bound of the PTS technique
[22]. Besides, only a few methods could efficiently reduce
the PAPR of OQAM-OFDM signals. Recently, an O-SLM
scheme proposed in [19] is easy to be implemented with
relatively effective PAPR reduction. Thus, for comparison,
we also analyze the computational complexity of the O-SLM
scheme in this subsection.

For the O-SLM scheme, NU real multiplications are re-
quired for phase rotation in each data block when the number
of phase rotation sequences is U. Next, U phase rotated
data blocks are passed through the filters with NUFT real
multiplications. Then, NUFT complex multiplications and
(N − 1)UFT complex additions are needed for the subcarrier
modulation. Finally, U candidate signals of each data block
are added to the previous signal with UFT complex additions.
Thus, the real multiplication and real addition numbers of M

data blocks for the O-SLM scheme are expressed as

CRM
O-SLM = MNU(1 + 5FT ), (20)

CRA
O-SLM = 4MNUFT. (21)

Based on above analysis, the computational complexity
comparison among the S-PTS, O-SLM and C-PTS schemes

TABLE III

The Computational Complexity Comparison in Terms of Real

Multiplications and Additions

is listed in Table III with N = 64, M = 40, F = 4,

T = 64, V = 8, U = 16, where the “Computation” means
the actual amount of the computations, and the “Percentage”
means the computation percentage of the different schemes
to the C-PTS scheme. It is obvious that the computational
complexity of the S-PTS scheme is about two-thirds less
than the O-SLM scheme. Besides, the comparison of the
PAPR reduction among these three schemes is shown in the
Section IV.

IV. Simulations Results

To evaluate the performances of the PAPR reduction and
bit error rate (BER) with the S-PTS method in OQAM-
OFDM systems, 104 data blocks are randomly generated with
N = 64 and 4QAM, respectively, and the typical solid-
state power amplifier (SSPA) [23] with an input back off
IBO = 0dB is employed. The rolloff factor of the SRRC
filter is 1, and the length of h(t) is 4T , where T = 64. For
simplicity, the length of each segment is Ts = 2T, 4T, 6T , i.e.,
L = 2, 4, 6. Besides, the PAPR observation interval is set to be
T with different values of L. The complementary cumulative
distribution function (CCDF) is employed as the measurement
for the PAPR reduction.

Fig. 4 shows the PAPR reduction of the S-PTS scheme with
V = 4 and V = 8, respectively. For the S-PTS scheme at
CCDF = 10−3, when V = 4, the PAPR could be reduced
by 2.9dB, 2.5dB, and 2.4dB with L = 2, 4, 6, respectively,
however, when V = 8, the PAPR could be reduced by 4.3dB,
3.9dB and 3.7dB with L = 2, 4, 6, respectively. Therefore,
the S-PTS scheme could significantly reduce the PAPR of
the OQAM-OFDM signals. Moreover, the proposed S-PTS
scheme could achieve better PAPR reduction with lower L.
The reason is that more peak powers of the transmit signal are
reduced when the length of each segment is smaller. Besides,
whatever L is, the PAPR observation is the same. Thus, the
PAPR reduction of the S-PTS scheme is better with lower L.

Fig. 5 illustrates the comparison of the PAPR reduction
among the S-PTS, C-PTS and O-SLM schemes. The subblock
number for the S-PTS and C-PTS schemes is V = 8, and
the number of the phase rotation sequences for the O-SLM
scheme is U = 16. Besides, the segment length of the S-PTS
scheme is Ts = 2T . It is noted that the PAPR could be reduced
by 4.3dB, 2.0dB, and 1.1dB at CCDF = 10−3 for the S-
PTS, O-SLM and C-PTS schemes, respectively. Obviously, the
PAPR reductions of the S-PTS and O-SLM schemes are better
than that of the C-PTS scheme, since the overlapped structure
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Fig. 4. PAPR reductions of the S-PTS method with V = 4 and V = 8,
respectively.

Fig. 5. PAPR reductions of the S-PTS, C-PTS and O-SLM methods.

of OQAM-OFDM signals are taken into account in both the
S-PTS and O-SLM schemes. However, the O-SLM scheme
only considers several previous data blocks, without consider-
ing any following data block. Besides, for the O-SLM scheme,
the phases of the first 2F data blocks are unchanged, i.e., the
PAPR of the interval [0, 4T ) are not reduced. Therefore, the
PAPR reduction of the S-PTS scheme is lower than that of the
O-SLM scheme. Moreover, as mentioned in Subsection III-C,
the computational complexity of the S-PTS scheme is much
lower than that of the O-SLM and C-PTS schemes.

In Fig. 6, the BER performances of the S-PTS scheme
are depicted with V = 8. The channel between the transmit
and the receive antennas is modeled as an additive white
Gaussian noise (AWGN) channel. For ideal situation, “Ideal”,
denotes the BER performance of the original signals without
nonlinear distortion through the SSPA. Obviously, the BER of
the S-PTS scheme without SSPA is almost the same with the
ideal BER. Therefore, the unexpected interferences caused by
the dividing operation are decreased efficiently, and signals
are nearly perfectly recovered at the receiver in the S-PTS

Fig. 6. BERs of the S-PTS method with V = 8 over AWGN channel.

Fig. 7. BERs of the S-PTS method with V = 8 over Rayleigh fading channel.

scheme. Besides, the signals operated by the S-PTS scheme
achieve better BER performances than the original signals with
the SSPA. Specifically, to reach a BER of 10−4, the SNRs
are 12.9dB, 14.9dB and 15.7dB for the S-PTS scheme with
L = 2, 4, 6, respectively, and the S-PTS scheme provides
26.3%, 14.9%, 10.3% BER improvement with L = 2, 4, 6,
respectively. It is obvious that the signals operated by the
S-PTS scheme achieve better BER performances than the
original signals with the SSPA.

In Fig. 7, the BER performances are shown with the
S-PTS scheme when the Rayleigh fading channel is employed
where the multipath fading factor is −1 and the length of the
maximum multipath delay is 5

32T . The number of subblocks
is V = 8. The length of each segment is Ts = 2T, 4T , i.e.,
L = 2, 4. It is noted that the signals operated by the S-PTS
scheme achieve better BER performances than the original
signals with the SSPA.

Fig. 8 depicts the comparison of the BER performances
among the S-PTS, C-PTS, O-SLM schemes. The number of
subblocks for the S-PTS and C-PTS schemes is V = 8, and
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Fig. 8. BERs of the S-PTS, C-PTS, and O-SLM schemes over AWGN
channel.

the number of the phase rotation sequences for the O-SLM
scheme is U = 16. Besides, the segment length of the S-
PTS scheme is Ts = 2T . Obviously, the BER performance of
the S-PTS scheme is better than both the C-PTS and O-SLM
schemes, with the lower computational complexity as analyzed
in Subsection III-C.

V. Conclusion

In this paper, a novel S-PTS method was proposed to reduce
the PAPR with low complexity in OQAM-OFDM systems.
The filtered signals were divided into several segments, and
the received signals were recovered nearly perfectly at the re-
ceiver. Conducted simulations showed that the S-PTS scheme
provided better PAPR reduction than the C-PTS scheme, by
exploiting the overlapping structure of the OQAM-OFDM
signals. Even though the data rate might be decreased by zeros
inserted operation, the decreased data rate could be controlled
by setting an appropriate length of each segment.
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