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I. INTRODUCTION

Filter Bank Multicarrier/Offset Quadrature Amplitude Mod-
ulation (FBMC/OQAM) [1] has recently attracted a lot of
attention as a potential competitor to the widely adopted
cyclic prefix Orthogonal Frequency-Division Multiplexing
(CP-OFDM) [2]. Despite of the FBMC/OQAM’s superior
frequency localization that makes it a potential enabler in the
context of opportunistic networks, it still suffers from high
peak-to-average power ratio (PAPR) [3]. The idea of PAPR
reduction schemes was proposed in the literature of OFDM
in order to combat such problem without the loss in power
efficiency, an overview of the different schemes is given in [4],
[5]. The same idea was then applied FBMC/OQAM [6] using
some of the proposed schemes. In this paper, two new PAPR
reduction schemes are introduced, the first is called ‘two-stage
PAPR reduction’” set of schemes which is applicable to any
multicarrier modulation technique. The second scheme is a
modification of a scheme from the literature of OFDM, called
‘modified selected mapping (mSLM)’, which takes the special
structure of the FBMC/OQAM into consideration.

II. SYSTEM MODEL

Filter bank multicarrier (FBMC) is a generalization of the
MC modulation concept, where a well-designed prototype
filter shapes the modulated signal on each sub-carrier. This
filter suppresses the high out-of-band leakage observed in the
OFDM’s sub-carrier frequency response.

Figure 1 gives the proposed FBMC/OQAM transceiver
block diagram based on the implementation proposed in PHY-
DYAS [3]. The fundamental parts of this block diagram are
the OQAM pre-processing and the synthesis filter bank (SFB)
at the transmitter side as well as the analysis filter bank (AFB)
and the OQAM post-processing at the receiver side.

Using the derivations from [7], the resulting discrete-time
baseband FBMC/OQAM signal can be expressed as:
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where k is the high data rate (A/T) sample index at
the output of the SFB, m is the sub-carrier index for the
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Fig. 1. FBMC/OQAM transceiver chain.

M sub-carriers FBMC/OQAM system, n is the time index
at the OQAM symbol’s rate (2/T), d, ., is the real data
sequence before phase mapping. The symbol 6, ,, is defined
as Oy p = j™*™ controlling the phase of the real data
sequence at the input of the SFB and f3,,, is defined as

. Lp—1

Bmn = (—1)™" - eﬂ%(%), where L, is the prototype
filter length. p[k] is the impulse response of the prototype
filter, where the one proposed in [8] is used. Finally, it
should be mentioned that unlike CP-OFDM, FBMC/OQAM
has overlapping time symbols as shown in Figure 2, where
for this example it is assumed that the number of sub-carriers
is M = 4, the overlapping factor is K = 2, the prototype filter
length is Liengn = K - M = 8, CPiepgmn = 1 and number of
QAM symbol vectors is ngympol = 2.

III. PAPR REDUCTION SCHEMES

In this paper five different schemes from the literature of
OFDM will be compared, which are clipping [5], tone reser-
vation (TR) [9], active constellation extension (ACE) [10],
joint tone reservation and active constellation extension
(TRACE) [10] and selected mapping (SLM) [11]. Then the
first four schemes are going to be used by our newly pre-
sented set of schemes called ‘two-stage PAPR reduction’. As
evident from the naming the ‘two-stage PAPR reduction’ set
of schemes is formed of one of the iterative clipping based
schemes (i.e., TR, ACE, TRACE) as a first stage and then
clipping as the second and final stage. This means that it
is only a version of the iterative schemes, where after the
predefined maximum number of iterations is reached a further
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Fig. 2. FBMC/OQAM (left) vs. CP-OFDM (right) time signal.
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Fig. 3. Two-stage PAPR reduction scheme block diagram.

clipping is applied giving the final output. Figure 3 gives a
simplified block diagram for the ‘two-stage PAPR reduction’.

Finally, SLM will be modified in order to benefit from the
special structure of the FBMC/OQAM'’s time signal, Figure 2,
and is called ‘mSLM’. This scheme will be similar to the
scheme proposed in [12] for wavelet OFDM, where it consid-
ers UK hypotheses instead of just U as in the regular SLM.
Offering a potential for improved PAPR reduction performance
as a result, however at the expense of a rather great increase
in computational complexity. The algorithm of mSLM scheme
involves the following steps.

1) Several different candidate QAM symbol vectors X" =
(X, Xy, ,X}Q_JT based on the same input QAM
symbol vector X = [Xo,Xl,...7XM,1]T are gener-
ated through component wise multiplication of X with
the phase sequences P* = [Py, Py', ... ,P]}j[fl]T U=
1,...,U.

2) The components P, m = 0,..., M —1, of the phase se-
quence P* are unit magnitude complex numbers, where
P = exp (jpi) ;s op, € [0,27). Generally P¥ € {£1}
or P € {£1,+j} are often used.

3) The U different candidate QAM symbol vectors X"
are then modulated using the respective FBMC/OQAM
modulator, giving U different SLM signal vectors y™.

4) Until step (3) this is exactly as for the regular SLM.
However, now for FBMC/OQAM the overlap between
the symbols are to be taken into consideration by con-
sidering K overlapping QAM symbol vectors instead of
considering each individually. This means that we now
have U¥ hypotheses:
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Where u £ [u,] = [ug,u1,...,ux_1], with the first

part of the equation denoting the signal that has been
generated until step n.

5) Now a PAPR value is calculated for every §M [k],
from which the optimum = that gives the minimum
PAPR is identified. Then finally (%) [k] is selected for
transmission at step n.

6) In the next step n + 1, all the hypotheses with ug = g
can be reused, each left-shifted by M and filled with U
candidates of the next FBMC/OQAM symbol n + K.

IV. RESULTS

In the final paper, the results obtained from simulating
the various PAPR reduction schemes that were mentioned in
Section III for both OFDM and FBMC/OQAM based systems
are going to be presented. Firstly, by evaluating their PAPR
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Fig. 4. CCDF of OFDM and FBMC/OQAM PAPR with and without PAPR
reduction.
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Fig. 5. SER of OFDM and FBMC/OQAM with and without PAPR reduction.

reduction performance with initial results shown in Figure 4.
Then, by doing a performance evaluation in terms of SER with
initial results shown in Figure 5. To ensure a fair comparison,
both OFDM and FBMC/OQAM will have the same size of the
time domain frame, total number of sub-carriers and number
of data sub-carriers. Additionally, a fixed complexity for all
PAPR reduction schemes is going to be set.
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