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Hybrid transmission scheme using FBMC and OFDM under multipath

fading channels
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Abstract  Filter bank multicarrier (FBMC) prevents degradation of trans-
mission efficiency caused by the guard interval (GI). However, the signal-
to-interference-plus-noise ratio (SINR) deteriorates owing to inter-symbol
interference (ISI) and inter-carrier interference (ICI) in multipath fading
channels. On the other hand, orthogonal frequency-division multiplexing
(OFDM) can mitigate the effects of ISI by inserting a GI, thereby main-
taining an excellent performance. However, the transmission efficiency
decreases owing to GI. This study leverages the distinctive properties of
both FBMC and OFDM and proposes a hybrid approach that can achieve
robust transmission efficiency even in the face of a varying delay spread. In
particular, we theoretically calculate the transmission efficiency of FBMC
and OFDM based on the instantaneous channel response, choose a trans-
mission method that offers superior efficiency, and ensure high transmission
efficiency regardless of the wireless channel conditions. Furthermore, we
validate the effectiveness of our proposed method through computer sim-
ulations and compare its performance with those of the FBMC-only and
OFDM-only approaches.
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1. Introduction

Orthogonal frequency-division multiplexing (OFDM) is the
most widely utilized multicarrier technology. It is utilized in
several wireless communication applications, such as mobile
communications and wireless local area networks, and it is a
promising modulation scheme for sixth-generation wireless
communication systems [1]. In OFDM, multipath fading
can be achieved by inserting a guard interval (GI) suitable
for broadband wireless communications [2].

However, an inherent shortcoming of OFDM is the high
level of out-of-band (OOB) radiation generated by the rect-
angular time-domain window [2]. Therefore, wide guard
bands that generally occupy approximately 10% of the avail-
able bandwidth are required to suppress the impact of inter-
ference on adjacent wireless networks. Thus the utilization
of OFDM in asynchronous dynamic spectrum access sce-
narios, such as those involving heterogeneous networks [3],
device-to-device communications [4], cognitive radio [5],
and television white spaces [6], is not always suitable.
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To overcome these drawbacks, the filter bank multicarrier
(FBMC) technique has attracted considerable attention as a
feasible alternative to OFDM. Its operation is based on the
offset quadrature amplitude modulation (OQAM) and pulse
shaping of each subcarrier. This inhibits the generation of
OOB radiation, while maintaining symbol orthogonality [2,
3,4, 7]. Accordingly, FBMC is considered a promising
technique to realize asynchronous access in the 5G era [3, 4].

In addition, FBMC does not require GI insertion even
in a multipath fading environment [2]; therefore, the de-
crease in transmission efficiency caused by GI can be
avoided. However, FBMC is more susceptible to inter-
symbol and inter-carrier interference (ISI and ICI, respec-
tively) owing to multipath fading [8, 9, 10], resulting in de-
graded signal-to-interference-plus-noise ratio (SINR) com-
pared with OFDM [11]. Therefore, high-efficiency multi-
carrier transmission is expected to be realized by leveraging
the characteristics of FBMC and OFDM because the su-
perior transmission efficiency of FBMC and OFDM varies
depending on the degree of multipath fading.

Consequently, we propose a hybrid approach that com-
bines FBMC and OFDM based on the theoretical transmis-
sion efficiency under multipath fading channels. In particu-
lar, we utilize previously proposed theoretical formulas for
the system capacity of the FBMC and OFDM [11]. By uti-
lizing these formulas, we calculated the system capacities
of both transmission methods for the instantaneous channel
response. Among these, we selected a transmission method
with superior system capacity to achieve high transmission
efficiency. Furthermore, we assessed the effectiveness of
the proposed approach through computer simulations and
compared it with scenarios in which FBMC or OFDM were
applied individually.

2. Proposed Scheme

The difference between FBMC and OFDM is shown in
Fig. 1(a), according to which, in multipath fading channels
FBMC suffers from transmission performance degradation
owing to ISI and ICI; however, it is not influenced by over-
head owing to GI. In contrast, although OFDM can maintain
good performance without the influence of ISI by inserting
GI, the transmission efficiency deteriorates because of GI.
The influence of different delay spreads on the system capac-
ity is shown in Fig. 1(b), according to which, in FBMC, the
effects of ISI and ICI worsen with an increase in the delay
spread 7,5, and the transmission characteristics deterio-
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rate. However, when 7,.,,5 is small, the impact of improving
transmission efficiency achieved by the non-utilization of GI
outweighs the degradation caused by ISI and ICI, resulting in
better system capacity compared with OFDM [11]. There-
fore, we propose a hybrid method of FBMC and OFDM that
capitalizes on these properties of FBMC and OFDM.

An overview of the proposed approach is shown in Fig. 2,
according to which, the proposed method calculates the the-
oretical system capacity of the FBMC and OFDM based on
the instantaneous channel response and selects a transmis-
sion method with superior system capacity. Consequently,
when the delay spread 7,5 is small, FBMC that does not
incur overhead owing to GI, is selected. Conversely, when
Trms 18 large, OFDM which can suppress ISI and ICI, is
selected. Accordingly, the proposed approach enables the
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appropriate selection of FBMC and OFDM depending on
the impact of multipath fading. This, in turn, allows for the
achievement of high transmission efficiency regardless of
the wireless channel conditions.

Next, we introduce the derivation method for the system
capacity of FBMC, OFDM, and the proposed approach for
multipath fading channels. The configuration of the FBMC
system is shown in Fig. 3(a). In FBMC, filtering process-
ing is performed on each subcarrier. Therefore, suppose
the interval from a certain subcarrier is at least two, then
the influence of interference from that subcarrier can be ig-
nored [2, 7, 12]. Hence, the received OQAM symbol can be
approximated by focusing on the central subcarrier k4 and
its two neighboring subcarriers kg + 1 as [8, 9]

|
yr,[n] = Z Ak kg+j Xkg+j + PraZs ()
=

where Xi,+; € Clv and z € CKN*! are the transmit-
ted OQAM symbol and noise, respectively; @i, x,+j =
[ @k g e+ 101, @y g (1] - @k kg [Lg = 1] € CXFois
an impulse response vector consisting of the transmit filter
gka+jll], receive filter fi,[!], and multipath fading chan-
nel h[l]’ while ﬁkd = [fkd [O]’ ﬁcd[l]’ e ’fkd [KN]] €
C™(KN+1) s an impulse response vector of the receive fil-
ter. Here, K is the overlap factor of the transmit and receive
filters. In this study, we assume the one-tap equalization
method for multipath fading in FBMC and derive the sys-
tem capacity. The OQAM symbol received after one-tap
equalization is given as

ykd [n] ~ Zl: akdskd+j Xkd+j + ﬁkdz , (2)
Hlkal & Hlkd] Hlka]

where H[kq] denotes the channel frequency response. By
using Eq. (2), the average desired signal power P4, ISI power
P, ICI power P, and noise power P, are calculated as
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In addition, in OFDM, the GI overhead was 12.5%. The
maximum multipath delay time did not exceed GI length
Tc = 32Tgum, and hence, ISI did not occur. However, in
FBMC, a Mirabbasi-Martin filter [7] with an overlapping
factor K = 4 was utilized.

The selection rates of the FBMC and OFDM in the pro-
posed approach are shown in Fig. 4, according to which the
selection rate of FBMC decreased, whereas the selection
rate of OFDM increased with an increase in the normalized
delay spread 7,,,5. This is because FBMC, which does not
require a GI and is less impacted by ISI and ICI, has an
advantage when 7,5 is small. Conversely, when 7,5 is
large, OFDM, which can suppress ISI and ICI, has an ad-
vantage. Additionally, as shown in Fig. 4, a lower average
CNR T results in a higher selection rate for FBMC. This
is because, with smaller I', the effect of noise dominates,
causing the relative impacts of ISI and ICI to decrease, and
making FBMC more effective.

The system capacity versus normalized delay spread 7,
is shown in Fig. 5, according to which, the system capacity
of the proposed approach is superior compared to the case in
which FBMC or OFDM is utilized individually. Particularly,
in cases in which the selection rates of FBMC and OFDM
are equal, such as 7,5 = 7Tsqm (I = 20dB) or 3.5T4m
(I’ = 30dB), as shown in Fig. 4, the system capacity of the
proposed approach is better owing to the balance between
GI overhead and the impact of ISI and ICI.

4. Conclusion

This study proposed a hybrid approach that combined FBMC
and OFDM to maintain robust system capacity in multipath
fading channels by utilizing a theoretical system capacity
based on instantaneous channel response. The proposed ap-
proach theoretically calculated the system capacity of the
FBMC, considering the degradation in the SINR owing to
ISI and ICI, as well as OFDM, considering the reduction in
transmission efficiency caused by the GI. Furthermore, it
selected the transmission method with the superior system
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capacity. Based on the results of the performance evalu-
ation, the proposed approach could appropriately select a
transmission method with superior system capacity, regard-
less of the delay spread or average CNR. Thus, the proposed
approach could improve the system capacity compared with
the FBMC-only or OFDM-only approach. Notably, in sce-
narios with a moderate delay spread, where the impact of
GI and ISI/ICI interference is balanced, the system capacity
of the proposed approach outperformed the FBMC-only and
OFDM-only approaches.
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