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amplifier (HPA), which causes serious nonlinear in-band and
out-of-band signal distortion. The out-of-band distortion of the
signal destroys the low sidelobes of the FBMC system, and
the in-band nonlinear distortion of the signal increases the
bit error rate (BER) of the FBMC system to some extent.
Therefore, in an FBMC system, it is particularly important to
suppress high PAPR to avoid performance degradation. Since
the OFDM system that has been thoroughly studied also has
issues with high PAPR, it is reasonable to modify and extend
the PAPR suppression methods used with the OFDM system
to the FBMC system. For the OFDM system, there are many
PAPR suppression schemes [14], [15]. These can be classified
into signal distortion classes, such as clipping filtering [16] and
compression transformation [17]; non-signal distortion classes,
such as partial transmission sequence (PTS) [18], selective
mapping (SLM) [19], and tone reservation (TR) [20]; and cod-
ing classes, such as block coding [21], cyclic coding [22] and
fountain coding [23].

Unfortunately, due to the unique overlapping structure of
FBMC signals, the PAPR reduction methods designed for
OFDM systems cannot be directly applied to FBMC systems.
Therefore, many PAPR suppression schemes [24]–[41] specif-
ically designed for FBMC systems have been proposed in
succession. In general, all of these schemes are modifica-
tions of the PAPR reduction schemes for OFDM systems.
Therefore, they can be classified into the following three
categories: Signal distortion category: In [24], a clipping
and iterative compensation scheme was proposed in which a
time-domain signal was clipped and then an iterative noise
cancellation technique was applied at the receiver to com-
pensate the clipped signal. In [25], a nonlinear compounding
scheme that converted the original signal to a new signal with
a trapezoidal power distribution and then, using a flexible
parameter, reduced the high PAPR of the FBMC signal was
proposed. However, these schemes cause out-of-band distor-
tion of the system alongside the lower PAPR of the FBMC
signal. However, the extremely low out-of-band radiation is
one of the key reasons for FBMC to become a candidate
waveform in the future wireless communications. Probabilistic
category: The probabilistic PAPR reduction schemes mainly
include modified PTS-based schemes [26]–[29] and modified
SLM-based schemes [30]–[35]. Among them, the dispersive
selection mapping (DSLM) scheme proposed in [32] accounts
for PAPR suppression performance and computational com-
plexity simultaneously; details of its principle are provided
in Section III-C. Although these probabilistic schemes do not
decrease the excellent time-frequency focusing performance
of an FBMC system, they are too computationally complex.
Hybrid category: In general, there is no conflict between these
types of PAPR suppression scheme, which makes it possible to
combine two of the above schemes into a new hybrid scheme
to obtain better PAPR suppression [2]; examples include some
of the hybrid schemes proposed in [36]–[41]. However, the
hybrid schemes are usually very computationally complex and
easily cause out-of-band distortion to the system, which in turn
weakens the time-frequency focusing of the FBMC system.

In summary, these PAPR suppression schemes are very
computationally complex and impractical for some practical

applications. For example, on-board batteries must be as
durable as possible in machine-type communication (MTC),
which inevitably requires an algorithm with low energy con-
sumption to suppress the high PAPR [42]. In this paper,
we propose a conversion vector-based low-complexity DSLM
scheme, called the C-DSLM scheme, to reduce the PAPR of
an FBMC signal. We first design a set of conversion vectors
with special structure for FBMC signals and then propose the
C-DSLM scheme, in which the candidate signals are gener-
ated by multiplying the original signal by the cyclic shift of the
conversion vectors. Note that there are no more than 4 nonzero
elements in each conversion vector. Therefore, the process of
generating an alternate signal requires only a few complex
addition operations. The C-DSLM scheme is a truly practical
PAPR reduction scheme for FBMC systems. Specifically, the
C-DSLM scheme, which features low complexity, is suitable
for communication scenarios such as MTC not only because
of its low energy consumption but also because its low cost
makes the equipment competitive in terms of price [42].

As an important complementary waveform for future wire-
less communications, FBMC has many key issues includ-
ing PAPR reduction all need to be innovatively addressed.
However, compared with OFDM, the PAPR reduction scheme
for FBMC has not been sufficiently studied. The C-DSLM
scheme proposed in this paper represents a useful contribution
to addressing the important PAPR issue of FBMC systems.
The main contributions of this paper are summarized below.

• We fully study the overlapping structure of FBMC signals
and design a set of conversion vectors with only a few
nonzero elements. As far as the authors know, this work
is the first time the idea of generating alternative signals
based on conversion vectors to reduce the high PAPR of
FBMC signals has been proposed.

• We propose the C-DSLM scheme, in which candidate sig-
nals are generated by multiplying the original signal by
the cyclic shift of the conversion vectors. The process of
generating an alternate signal requires only a few com-
plex addition operations, making the C-DSLM scheme an
ideal low-complexity scheme to reduce the high PAPR of
FBMC signals.

• We thoroughly simulate the proposed C-DSLM scheme,
and the results show that the C-DSLM scheme performs
similarly to the DSLM scheme in terms of PAPR reduc-
tion with much less computational complexity. To the best
of our knowledge, the C-DSLM scheme is the first truly
practical PAPR reduction scheme for FBMC systems that
has strong application prospects.

The remainder of this paper is organized as follows:
Section II provides a brief introduction of the model
FBMC/OQAM system and the problem with the PAPR of an
FBMC signal. Some related work is described in Section III,
and our proposed C-DSLM scheme is described in Section IV.
In Section V, the performances of our proposed C-DSLM
scheme and the DSLM and SLM schemes are compared, and
the simulation results are shown. Finally, conclusions are given
in Section VI.

Notations: Vectors are denoted by bold lower-case letters,
while matrices are denoted by bold capital letters. Superscripts

Authorized licensed use limited to: China University of Petroleum. Downloaded on March 12,2021 at 00:34:15 UTC from IEEE Xplore.  Restrictions apply. 

















CHENG et al.: NOVEL CONVERSION VECTOR-BASED LOW-COMPLEXITY SLM SCHEME FOR PAPR REDUCTION IN FBMC/OQAM SYSTEMS 665

Therefore, our proposed C-DSLM scheme is a very practi-
cal SLM-based PAPR reduction scheme with good application
prospects.
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