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Abstract—Filter bank multicarrier (FBMC) scheme is currently under investigation as a viable candidate for radio access
replacing the current orthogonal frequency division multiplexing
(OFDM). This is due to the possibility of higher spectral efficiency
and less susceptibility to synchronization errors through flexible
pulse shape design as opposed to traditional rectangular shape or
sinc waveform, in this case accompanied without the cyclic prefix.
As a consequence, FBMC systems have a significant amount
of inter-carrier-interference (ICI) and inter-symbol-interference
(ISI), which degrades the system performance when operating
under fading channels, though by design these affects are negligible in AWGN channels. In this paper we analyze the bit error rate
(BER) performance of a multiple input multiple output (MIMO)
FBMC system comprehensively and show that the system can
achieve low error performance. The performance is evaluated for
various linear and non-linear transceiver processing techniques,
which attempt to mitigate the effect of ICI and ISI in MIMO
FBMC systems. In particular we propose punctured Tomlinson
Harashima precoding (THP) technique which shows feasibility
of FBMC with significantly lower BER.
Index Terms - Filter bank; OQAM; receiver processing;
precoding

I. I NTRODUCTION
Multicarrier modulation (MCM) methods are practically
preferable due to their robustness against frequency selectivity
and ability to employ adaptive modulation and coding in different subcarriers, as opposed to traditional single carrier schemes
where receiver processing is quite complicated. Among these,
orthogonal frequency division multiplexing (OFDM) is the
most widely used technique in various applications as of today
[1]. One of the disadvantages of OFDM is because of the guard
interval or the cyclic prefix that is used to eliminate the intersymbol interference (ISI) which results in a reduction of the
spectral efficiency [2]. In addition, as a result of the rectangular
pulse shape that is used in OFDM, its susceptibility to synchronization errors increases. Filter bank multicarrier (FBMC) was
analyzed in [3] to essentially overcome these issues. A number
of authors proposed and investigated FBMC several decades
ago and these include [4]–[6]. The OFDM receiver is relatively
straightforward, however, as the demand for higher data rates
or faster signaling increases, there is incentive now, to look
for alternatives considering also the inherently unsynchronized
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nature of the uplink and recent thrust in the applications of
cognitive schemes where synchronization is a challenge.
The main difference in OQAM compared to standard QAM
is transmitting symbols as real and imaginary samples and
the offset of half of the symbol period between them [7]. The
technique is to use two types of orthogonal filter banks known
as sine and cosine which are generated from a prototype
filter investigated in [8]. In FBMC, the complex data symbol
is mapped to real symbols, and the orthogonality between
carriers and symbols is then required only in the real axis.
The pulse shape of this prototype filter is different from
the rectangular window used in OFDM and more localized
in both frequency and time domain, hence the out of band
frequency leakage is minimized. This provides flexibility to
use a different pulse shape than the rectangular pulse in
OFDM, which is better localized in both frequency and time
domains [9]. One such prototype filter known as PHYDYAS
filter [10] was presented in [11]. In [12], filter designs based
on isotropic orthogonal transform algorithm (IOTA) and timefrequency localization (TFL) were investigated. The sensitivity
to time asynchronism of PHYDYAS and IOTA filters was
studied in [13].
A drawback in FBMC systems is the error floor caused by
inter-carrier-interference (ICI) and inter-symbol-interference
(ISI) in fading channels is though in AWGN channels these
effects are minimal by design. Therefore, receiver processing
techniques and precoding techniques to mitigate the effect
of ICI and ISI in FBMC systems need to be designed.
An interference mitigating technique based on the Alamouti
coding scheme and maximum likelihood detection (MLD) is
presented in [14]. There, they have taken the advantage of
combining FBMC with MIMO technique and its diversity
gain to improve the performance of the system. On the other
hand, [15] has introduced an efficient scheme based on spatial
diversity to cancel the ISI and ICI in OFDM/OQAM. Also
here they have shown how the multiuser gain can be used
to enhance the system performance compared to the OFDM
Alamouti scheme.
In [16], a two-step algorithm, equalization with interference
cancelation (EIC) was proposed, and evaluated for prototype
filters derived through the optimization with respect to the
TFL criterion and derived from IOTA prototype function
a single antenna FBMC system. The performance of EIC
with minimum mean square error (MMSE) equalization in
MIMO FBMC systems was analyzed in [17]. Precoding techniques based on the signal-to-leakage-power-and-noise-ratio
(SLNR) for MIMO FBMC systems were presented in [18]
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increases, the average BER under THP processing does not
increase with Λ. The average BER for THP processing appears
Es
≤ 20).
to be lower for higher Λ in the low SNR region (i.e. N
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Fig. 1: Average BER parametrized by P
the number
 of channel

Λ−1
taps Λ. (2M = 16, L = 63, NA = 2, l=1 E |hp,q [l]|2 =
0.2, rmax = 3,  = 1)

and [19]. These, however, have certain limitations in terms of
assumptions made and the channels considered. The results
on MIMO systems are somewhat limited [9], and interference
environment is simplified.
We investigate the performance of linear receiver processing
and precoding techniques in MIMO FBMC systems. We
further evaluate the performance of the EIC method proposed
in [16], for MIMO FBMC systems. We investigate the performance of an iterative EIC technique, and the performance of
EIC in conjunction with error correction coding and lower the
error floor significantly. The performance of these precoding
and receiver processing techniques were evaluated using the
average bit error rate (BER) as the performance metric through
simulations. The results presented are quite comprehensive,
show new directions for further investigations and help considerably bridge the gap in realistic interference conditions.
II. S YSTEM MODEL
We consider a multicarrier MIMO-FBMC system with 2M
subcarriers, with a single transmitter and a receiver, each
equipped with NA antennas. The filter used is g[k] and the
filter length is L. We consider a time-invariant Rayleigh
fading channel, where the channel delay spread spans Λ
sampling intervals. We assume that all antenna paths undergo
independent fading. For the receiver processing techniques
discussed, we assume the receiver has perfect channel state
information (CSI). For the precoding methods discussed, we
assume perfect CSI is available at both the transmitter and the
receiver.
We look at the performance of the punctured THP processing with different number of P
channel taps
 (Λ) 2in Fig. 1.
Λ−1
Here,
while
varying
Λ,
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keep
E



 l=0 0.2 |hp,q [l]| = 1.2,
E |hp,q [0]|2 = 1 and E |hp,q [l]|2 = Λ−1
, for l ∈ [1, Λ−1].
While the performance of zero forcing (ZF) worsens as Λ
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