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Filterbank-Assisted Channel Estimation for Coherent
Optical FBMC/OQAM System
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Abstract—In this paper, a new channel estimator for opti-
cal filter bank multicarrier with an offset-QAM modulation
(FBMC/OQAM) system is proposed. The conventional channel
estimation techniques that are based on interference approxima-
tion method (IAM) preamble with least squares (LS) approach
suffers from sensitivity to intrinsic imaginary interference (IMI).
Therefore, a filterbank-assisted (FB) technique is proposed to
eliminate the residual interference associated with the preamble
to improve the performance of optical FBMC/OQAM system. To
further enhance the system performance, a thresholding block is
added between the synthesis and analysis filter banks at the receiver
to suppress the residual interference. Simulation findings show
that the proposed channel estimator is more effective than the
conventional IAM-R and IAM-C with LS based channel estimation
at estimating the optical channel that includes chromatic dispersion
and residual IMI.

Index Terms—FBMC/OQAM, channel estimation, intrinsic
interference, chromatic dispersion, filter bank, DFT.

I. INTRODUCTION

F ILTER bank multicarrier with offset-QAM modulation
(FBMC/OQAM) is an emerging multicarrier technology

that adds filter banks to the traditional orthogonal frequency divi-
sion multiplexing (OFDM) while eliminating the need for cyclic
prefix. Due to its high spectrum efficiency, lower side-lobes and
resistance to narrow-band interference, it has recently attracted
the attention of many researchers [1], [2]. In contrast to OFDM,
only in the real field are FBMC subcarriers orthogonal, while in
the imaginary field, orthogonality is lost [3], [4]. This results in
intrinsic imaginary interference (IMI), which severely degrades
system performance. Channel estimation is an integral part of
standard coherent optical FBMC/OQAM receiver. Therefore,
it is not surprising that designing channel estimator that is
robust to IMI has become an important research area. Several
channel estimation methods have been proposed in the literature
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and one of the most promising solutions is the interference
approximation method (IAM) [3], [4], [5]. In order to avoid IMI
in FBMC/OQAM system, IAM employs a specially designed
preamble structures such as IAM-real (IAM-R), IAM-complex
(IAM-C) and enhanced IAM-C (E-IAM-C) methods. The IAM-
C method is considered the best choice for channel estimation
because it provides better performance over the OFDM in wire-
less communications [6], and lower peak-to-average-power ratio
(PAPR) compared to E-IAM-C and interference cancellation
methods (ICM) [4]. To improve the channel estimation method
based on IAM, the authors in [7], [8] proposed to use interference
approximation-based frequency averaging method. However,
pilots are used in addition to IAM preamble which reduces
spectral efficiency of the system. Frequency domain preamble
aided channel estimation techniques are either least squares
(LS) based or discrete Fourier transform (DFT) based. The LS
based method is computationally less complex, however, DFT
based method performs better compared to channel estimator
incorporating LS based methods. The DFT based method has the
capability to suppress the distortion caused by the interference
in the estimated channel impulse response (CIR) [5]. However,
it requires a mechanism between the IDFT and DFT modules
to eliminate the residual interference (RI) and channel noise
effects. In [5], Alaghbari et al. proposed an adaptive optimal
channel energy algorithm to eliminate the RI and channel noise
effects found in the channel impulse response (CIR). While
in [9], He et al. proposed a clustering (i.e., K-means) and
discriminant analysis based method to automatically separate
the noise inside the channel delay from the CIR of the conven-
tional DFT-based channel estimation. In this paper, we replaced
the IDFT and DFT modules of the conventional DFT-based
channel estimation with built-in synthesis filter bank (SFB) and
analysis filter bank (AFB) respectively, and without the need
for complex mechanism to eliminate the RI and channel noise
effects.

In traditional FBMC/OQAM receiver, one-tap frequency do-
main equalizer per subcarrier is typically employed to combat
chromatic dispersion (CD). However, the FBMC/OQAM system
still suffers from the IMI caused by adjacent subcarriers. Addi-
tional distortions found in the optical channel intensify the issue
and result in inter-symbol interference (ISI) and inter-carrier
interference (ICI). An N-tap frequency sampling equalizer is
employed in [10] to effectively compensate for chromatic dis-
persion (CD), and in [11], [12] more advanced equalizer archi-
tectures are used to improve CD tolerance with trade-off between
performance and complexity.
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Fig. 1. Conventional coherent optical FBMC/OQAM system.

In this paper, we propose a new filterbank-assisted (FB) chan-
nel estimation technique to improve the performance of optical
FBMC/OQAM system. The filterbank-assisted (FB) technique
extracts the preamble and re-modulates it using the synthesis
filter bank (SFB) and then filters it again with analysis filter bank
(AFB) to remove the residual interference in the preamble. To
further enhance the quality of CIR estimation, a threshold block
is added between the SFB and AFB to suppress the distortion.
The parameter of the thresholding block can be a fixed value
or adaptively change based on the optical signal-to-noise ratio
(OSNR). The performance of the optical FBMC/OQAM with the
proposed technique is analyzed using N-tap frequency sampling
equalizer under the effect of fiber chromatic dispersion and Kerr
nonlinearity effect.

This paper is organized as follow: Section II presents
the conventional optical FBMC/OQAM system. Section III
presents the proposed filterbank-assisted channel estimator for
FBMC/OQAM system. Section IV presents our new findings
and discussion. Finally, conclusion is drawn in Section V.

II. SYSTEM MODEL

Fig. 1 shows the components of a coherent optical
FBMC/OQAM system. At the transmitter, data is generated,
converted from serial to parallel (S/P) form and pre-processed
by the QAM-to-OQAM module, which staggers the real and
imaginary values of QAM symbols to form real-valued symbols
dm,n. The parameters m, n and M represent subcarrier index, time
index and number of subcarriers respectively. To get orthogonal
OQAM symbols, the symbols are multiplied by a phase factor,
ejϕm,n = ej(m+n−2mn) π/2 . Hereafter, the samples are M/2-up
sampled and filtered using a synthesis filter bank (SFB). In this
paper, a prototype filter g[l] proposed by Bellanger [13] is used
with overlapping factor K= 4 and length Lg =KM. The resulted
FBMC signal is given by [4]:

s (l) =

M−1∑
m=0

N−1∑
n=0

dm,n gm,n (l) ejϕm,n (1)

TABLE I
TRANSMULTIPLEXER (TMUX) RESPONSE OF BELLANGER FILTER [14]

where gm,n (l) = g(l − nM
2 − Lg−1

2 )ej
2π
M m(l−Lg−1

2 ). After
that, the FBMC/OQAM signal is modulated using an IQ optical
Mach-Zehnder modulator (MZM) powered by a laser source and
injected into a single mode fibre (SMF). The SMF is made up
of multiple spans, each of which has an optical amplifier (OA)
to compensate for the loss.

At the receiver, a 2× 4 90° hybrid balanced photodetectors
detect and convert the received optical signal into the electrical
domain. Because of orthogonality loss in FBMC/OQAM, the
analysis filter bank (AFB) output at the frequency-time (FT)
position (m0, n0), assuming the channel frequency response
(CFR) is flat and time-invariant over this subcarrier band, can
be expressed as follows [4]:

ym0,n0
= Hm0

dm0,n0
+j

∑M−1
m=0

∑N−1
n=0︸ ︷︷ ︸

m,n�=m0,n0

Hmdm,n gm,n
m0,n0

︸ ︷︷ ︸
im0,n0

+ wm0,n0
(2)

where Hm0
denotes the complex-valued channel frequency re-

sponse,wm0,n0
defines the complex-valued additive white Gaus-

sian noise (AWGN) and im0,n0
represents the intrinsic imaginary

interference (IMI) term affecting FT position (m0, n0). If the
pulse shaping filter is well localized in time and frequency so
the interference is negligible outside the neighbourhood area
Ωm0,n0

of (m0, n0) (i.e., except (m0, n0) itself as shown on the
shaded area of Table I), and the CIR is almost constant over this
neighbourhood, (2) can be approximated as [4]:

ym0,n0
∼= Hm0

(dm0,n0
+ jum0,n0

) + wm0,n0
(3)

where j um0,n0
=

∑
(m,n) �=(m0,n0)

dm,n

Lg−1∑
l=0

gm,n(l)g
∗
m0,n0

(l).

The transmultiplexer response of the Bellanger filter used in this
paper is shown in Table I. It can be observed that the intrinsic
interferences emanating from the symbols (n± 2) and (n± 3)
are still significant in addition that caused by the nearby symbols
(shaded area) [5].

The optical FBMC/OQAM signal is subjected to attenuation,
chromatic dispersion (CD) and nonlinear phase noise known as
Kerr effect as it propagates through the optical fiber. The CD
transfer function with the absence of nonlinearity effect can be
written in the Fourier domain as [15]:

H (ω) = ej
β2
2 ω2z (4)
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where ω represents the angular frequency, z denotes the optical
fiber length, and β2 represents second order dispersion of fiber
chromatic dispersion which is also known as group velocity
dispersion (GVD). Typically, dispersion is calculated using the
dispersion coefficient D, which is defined as D = −2πcβ2/λ

2,
where λ = 2πc/ω is the wavelength of the carrier and c is
the speed of light. Using the inverse DFT (IDFT) of H(ω),
the obtained electrical discrete-time channel impulse response
(CIR) can be defined as [5]:

h (n) =
1

M

M−1∑
k=0

H (k) exp

(
j2π

nk

M

)
, 0 ≤ n ≤ M − 1

(5)
The received optical signal under the Kerr effect only is given

by:

r (l) = s (l) ej∅NL,l (6)

where the nonlinear phase shift ∅NL,l is given by [16]:

φNL,n = γ Leff

Nspan∑
k=1

∣∣∣∣∣sn +

k∑
l=1

nl,n

∣∣∣∣∣
2

(7)

where γ represents the nonlinear coefficient, Leff de-
notes the fiber nonlinear effective length given by Leff =
Nspan (1− e−αLspan)/α, α is the fiber loss, Lspan is the fiber
span length and nl,n is the amplified spontaneous emission
(ASE) noise of the l-th amplifier which is modelled as additive
white Gaussian noise (AWGN) with zero mean and variance
E [|nl,n|2] = 2σ2.

The interference approximation method (IAM) is a technique
that is usually used in channel estimation for FBMC/OQAM
systems. The IAM preamble is inserted at the beginning of
OQAM data symbols and then filtered by the SFB. The purpose
of IAM is to approximate and suppress the interference by using
a preamble [4]. The main idea is to make the interference ema-
nating from the immediate neighbouring symbols (shaded area
in Table I) of the preamble to nulls. Different forms of preamble
have been considered in the previous studies to decrease the
peak average to power ratio (PAPR) of the FBMC/OQAM
signal, such as IAM-R and IAM-C which denote the real- and
complex-valued preambles respectively.

The interference induced by symbols in the frequency-time
locations (m− 1, n± 1) and (m+ 1, n± 1) will be minimised
by the IAM preambles. However, the Bellanger prototype filter’s
transmultiplexer response in the frequency-time domain is ex-
tended beyond these locations (e.g., see Table I). As a result, the
intrinsic interference is not completely reduced when the least
squares (LS) channel estimator is utilised for the FBMC/OQAM
system, and the residual intrinsic interference becomes a source
of issues.

The channel frequency response can be estimated using the
least squares (LS) principle for the received preambles ymp,np

and transmitted preambles dmp,np
as [5]:

ĤLS
mp,np

=
ymp,np

dmp,np

= Hmp,np
+

i′mp,np
+ wmp,np

dmp,np

(8)

Fig. 2. FBMC/OQAM receiver based on the proposed filterbank-assisted
channel estimation with threshold.

where i′mp,np
denotes the residual intrinsic interference. The

estimated channel is influenced by residual intrinsic interference
and the additive Gaussian noise as shown in (8).

To eliminate the IMI and consequently improve the channel
estimation of FBMC/OQAM system a method based on discrete
Fourier transform (DFT) has been recently introduced in [5]. In
this technique, the initial channel frequency response is first
estimated from the extracted preamble using the LS approach
described in (8). Then it is transformed to time domain using the
inverse DFT (IDFT). A thresholding algorithm is then applied
to suppress the residual intrinsic interference and the channel
noise effects. Finally, the cleaned up channel impulse response
is transformed back to the frequency domain using DFT.

Once the channel frequency response is estimated, the next
process is to perform channel equalization to rectify the channel
effects. The basic equalization technique is implemented using
one-tap frequency domain equalizer per subcarrier basis; how-
ever, the one-tap equalizer does not take the ICI into account.
Therefore, N-tap equalizer is suggested in [10], [11] to further
eliminate the interferences, where each subcarrier is equalized
with Ntap coefficients. The coefficient of the one-tap equalizer
is obtained from the channel estimator with the number of
frequency points equals to subcarriers number M. However, for
N-tap equalizer, the number of frequency bins is increased by
M(Ntap + 1)/2 and obtained by interpolating the frequency
response of the one-tap equalizer. Hence, the equalized signal is
given by [10], [11]:

zm (n) =

Ntap−1∑
l0= 0

cm (l0) . ym (n− l0) (9)

where cm(l0) is the Ntap equalizer coefficients obtained by
interpolation.

III. PROPOSED FILTERBANK-ASSISTED CHANNEL ESTIMATOR

FOR FBMC/OQAM SYSTEM

Fig. 2 shows the proposed filterbank-assisted channel estima-
tion technique with and without thresholding for FBMC/OQAM
system. The filterbank-assisted technique is used only for the
preamble (i.e., IAM-R, IAM-C, etc.). Due to the optical channel
distortion and IMI, the null pilot symbols in the preamble that are
initially used to prevent the middle non-zero pilot symbols from
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Fig. 3. Extracted IAM-R (left) and IAM-C (right) preamble samples of time-domain optical FBMC/OQAM signal at the (a) Transmitter (b) Receiver after
transmission distance of 150 km.

any interference coming from previous frame and payload data
are no longer purely zeros. They accumulate residual interfer-
ence that can be exploited to combat the interference occurred for
the non-zero pilot symbols. Therefore, the preamble extracted
from the output of the AFB is first filtered by a SFB, which
is a time-frequency shifted form of Bellanger prototype filter.
The input of the SFB has parallel paths with one path for each
subcarrier that contains the preamble samples. The results of
filtering the preamble for each subcarrier are added together to
form a time-domain signal z. A simple thresholding process is
applied such as:

Threshold = max |z| /R (10)

where z represents the preamble signal after the SFB and the
value of R > 1 can have a fixed value or can be adaptively
selected based on the OSNR to improve the system performance.
The signal is then filtered by AFB, which is the time-reversed
and complex-conjugated form of the corresponding SFB. The
input of the AFB is the preamble in time-domain and the outputs
are parallel signals corresponding to M subcarriers. The com-
putational complexity of AFB or SFB using polyphase network
(PPN) technique is 4× (2M +M log2M − 3M + 4 + 2KM)
[12], [16]. The proposed method will increase the computation
complexity by 2 times due to the usage of additional AFB and
SFB.

IV. RESULT AND DISCUSSION

Co-simulation of the OptiSystem and Matlab softwares is
used to simulate a 60 Gbps data stream with random sequences.
A FBMC/4-OQAM signal is generated in Matlab using the
Bellanger prototype filter [13] with an overlapping factor of
K = 4 and a number of subcarriers M = 64. Then by using

Fig. 4. Channel impulse response for conventional LS channel estimator
(IAM-C) and proposed filterbank-assisted (FB) channel estimator with and
without threshold for ideal case.

the OptiSstem, the signal is biased and modulated by IQ optical
MZM modulator. The laser source has an input power of 5 dBm
and a line-width of 1 kHz. The fiber input power is ranging
between−20 dBm to−38 dBm in Figs. 6, 7 and 10,−26 dBm in
Fig. 9, and −14 dBm in Figs. 3–5, measured using OptiSystem
power meter. The FBMC/4-OQAM signal is then transmitted
over a standard single-mode fibre (SSMF) with chromatic dis-
persion of 17 ps/nm/km. The optical fibre has a span of 50
km and a 10 dB optical amplifier with a noise figure of 4 dB.
The OSNR is measured using OptiSystem component (WDM
analyzer) after the optical amplifier. The coherent receiver is
built using a 90° hybrid coupler and two-balanced photodiodes,
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Fig. 5. Channel impulse response for conventional LS channel estimator and
proposed filterbank-assisted channel estimators with and without threshold at
fiber length of 150 km.

Fig. 6. BER versus R used for thresholding the proposed channel estimator.

Fig. 7. BER as function of OSNR for conventional and proposed channel
estimators at fiber length of 150 km with fiber span length of 50 km and optical
amplifier of 10 dB with noise figure of 4 dB.

Fig. 8. BER as function of input power for conventional and proposed channel
estimators at fiber length of 150 km with fiber span length of 50 km and optical
amplifier of 10 dB with noise figure of 4 dB.

Fig. 9. BER as function of fiber length for conventional and proposed channel
estimators with fiber span length of 50 km and optical amplifier of 10 dB with
noise figure of 4 dB, input power −26.4 dBm.

Fig. 10. BER as function of OSNR for conventional and proposed channel
estimators based on IAM-C at fiber length of 150 km with N-tap sampling
frequency equalizer.
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with a local oscillator having same characteristics as the laser
source used at the transmission side.

Since the thresholding process is performed in time domain,
it is more convenient to analysis the impact of the interference
based on the time-domain preamble signal. Fig. 3(a) illustrates
the first samples (which contain the preamble) of the time-
domain FBMC/OQAM signal at the transmitter side with data
and without data using IAM-R and IAM-C preambles. The
IAM-R without data has two large pulses and four small pulses,
whereas IAM-C has one large pulse and two small pulses. When
the data is included in the FBMC/OQAM signal the small pulses
on the right-hand side overlapped with the data symbols, but the
large pulses are still visible and contains higher power than the
FBMC signal. At the receiver side and after transmission over
150 km optical fiber, we plotted in Fig. 3(b) the first samples
of received optical FBMC/OQAM signal (in green color) that
contains the preamble and the data which have been distorted
by the fiber. It can be observed the pulses have been spread
in time due to chromatic dispersion effect. After applying the
AFB, we extracted the preamble and applied the SFB, and the
result is shown in blue color. It can be observed that small
amount of distortion still exists on both sides of the pulse due
to residual interference caused by the optical channel and the
data symbols. For channel estimation, we only interested in the
preamble pulses, hence a thresholding process is applied (refer
to the dotted lines) to eliminate the distortion that exceeds certain
limit and improve the system performance (to be discussed next).

In Fig. 4, we plotted the channel impulse response (CIR)
without considering any optical channel distortion to analyse
the impact of the residual interference caused by data symbols
on channel estimations. As shown in the figure, when the LS
based channel estimator is used, the quality of estimated CIR
is severely affected by residual interference caused by adjacent
subcarriers and symbols data beyond the shaded area shown
in Table I. Even though the residual interference is small, it
will get more serious in the presence of the optical channel
or any other source of distortion as will be discussed later.
The synthesis-analysis filter bank can reduce this interference
to some extent. With thresholding, the proposed filter-bank
based channel estimation technique can completely eliminate
the residual interference and improve the estimated CIR quality.

Fig. 5 depicts the channel impulse response (CIR) for a
30G-baud optical FBMC/OQAM system at 150 km under the
effect of chromatic dispersion. The theoretical CIR is obtained
using (5). The IAM-C preamble is used to generate the channel
estimation shown in Fig. 5. The LS-based channel estimator
cannot eliminate the effects observed in the middle of CIR due
to residual intrinsic interference and optical channel effects.
The FB-assisted channel estimator can reduce a small part of
the distortion, as the channel estimates still fluctuates above the
zero in the central section of CIR, however, it outperforms the
LS-based channel estimator. The DFT-based channel estimator
manages to suppress the distortion (the green line reaches zero
in the central section of CIR). The FB-assisted channel estimator
performs as good as the DFT-based method and completely
suppressing the central section of CIR to zero by applying
simple thresholding block. The eliminated taps are essentially
due to the residual interference and channel effects. As shown

in the constellation diagram for each method, removing residual
interference improves system performance. The constellation di-
agram for FB-assisted channel estimation with threshold method
(in red colour) shows the cleanest constellation, while the LS
based method (in blue colour) shows the worst constellation. It
is worth to mention that the conventional DFT-based technique
requires a mechanism between the IDFT and DFT modules to
eliminate the residual distortion as in [5], [9], else its perfor-
mance will be similar to LS estimator. However, the proposed
FB-assisted technique still can eliminate part of the distortion
without thresholding or complex mechanism.

The threshold value is optimized for the proposed channel
estimator at different OSNR values, where R represents the dom-
inator value given in (10). Fig. 6 shows that there is a an optimum
(minimum) value that results in good BER performance, for
example, for low OSNR the R value can be approximated by
3, while for moderate ONSR it can be approximated as 5, and
for high OSNR (i.e., OSNR = 17 and 20 dB) it is about 9. The
proposed channel estimator can be used with fixed value of R
or with dynamically changed R based on the OSNR to further
improve the system performance.

Fig. 7 shows an evaluation of the IAM-R, IAM-C and our
proposed filterbank-assisted channel estimators with and with-
out threshold, the channel equalizations are performed using one
tap equalizer. The IAM-C based channel estimation methods
are significantly outperform the IAM-R based methods. This is
because IAM-C based method has higher preamble signal power
compared to IAM-R [17], which leads to better CIR estimation
quality. At the BER of 3.8× 10−3, the required OSNR with LS
(IAM-R) and LS (IAM-C) are 16.9 dB and 14.2 dB, respectively.
Enhancement of about 3 dB can be realized by the IAM-C
method compared to IAM-R based method. The filterbank-
assisted technique without threshold improve the IAM-R by
1dB while improve the IAM-C by 2dB. For DFT (IAM-C),
improvement of about 2 dB and 0.5 dB is achieved over the
LS (IAM-C) and filterbank-assisted (IAM-C) respectively. The
proposed technique with fixed threshold value (FB-threshold-
fix) over all the OSNR performs better than DFT (IAM-C) at
high OSNR only. To further improve the performance of the
proposed filterbank-assisted based channel estimator, an adap-
tive threshold value (FB-threshold-adptv) can be used at each
OSNR to gain more flexibility to deal with the interference. The
DFT and filterbank-assisted techniques performed better than
the LS based methods because they have the ability to eliminate
the residual intrinsic interference found at the middle of CIR.

Fig. 8 shows the BER as a function of the input power to
evaluate the nonlinearity effects on the channel estimation and
equalization techniques. The operating area can be divided into
two parts, linear area with input power less than −16 dBm,
where the BER performance of FBMC/OQAM system improves
with increasing the power, and nonlinear area with input power
higher than &22 dBm, where the BER performance of the system
degrades with increasing the input power due to the nonlinear-
ity effects. The FBMC/OQAM system with LS (IAM-R) has
poor performance because the effects of CD and nonlinearity
are significantly accumulated, however, at high input power,
the IAM-R based method outperforms IAM-C based method
because the peak-to-average-power ratio of IAM-C is higher
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than IAM-R based method, and therefore it gets influenced
by the fiber nonlinearity significantly. The filterbank-assisted
technique can be used for both IAM-R and IAM-C with LS
based channel estimator to enhance their performance. In the
nonlinear region, the filterbank-assisted channel estimation with
threshold outperforms other methods.

Fig. 9 illustrates the impact of fiber transmission distance
in the presence of CD on the BER performance of 30GBaud
coherent optical FBMC/OQAM system. LS (IAM-R) method
has the humblest performance, where the required fiber length
to achieve BER of 3.8× 10−3 is 120 km, while the LS (IAM-C)
can enhance it to 150 km. The filterbank-assisted technique
without threshold can improve the performance of both methods
by about 20 km. The DFT based channel estimation shows better
performance than filterbank-assisted technique without thresh-
old; however, the filterbank-assisted technique with threshold
outperforms all methods and can reach near 200 km at the BER
of 3.8× 10−3.

In previous figures we used 1-tap channel equalizer, however,
in Fig. 10 we used advanced equalizer such as N-tap sampling
frequency equalizer to test the performance of FBMC/OQAM
with conventional and the proposed channel estimator. The
IAM-C preamble is used for all methods, and fiber length is 150
km. As shown in Fig. 10, the 3-tap and 5-tap equalizers with LS
channel estimations have improved the BER performance over
the LS & 1-tap equalizer. Moreover, the proposed FB-threshold
channel estimation with 3-tap/5-tap equalizer provides signifi-
cant improvement over the other methods and it gets closer to
theoretical curve at higher OSNR value.

V. CONCLUSION

In this paper, a new channel estimation technique for coherent
optical FBMC/OQAM system has been proposed and analyzed
under chromatic dispersion and fiber nonlinearity effects. A
synthesis-analysis filterbank is integrated with the channel esti-
mator and a thresholding block with a fixed or adaptive param-
eter to deal with residual interference. The proposed technique
enhances the quality of channel impulse response by removing
the unwanted taps caused by interference and channel noise.
The simulation results show that the proposed filterbank-assisted
channel estimation decreases the number of bit errors and
achieves significant improvement in term of OSNR, input power
and fiber length over the conventional channel estimators. In
addition, the filterbank-assisted channel estimation with N-tap
equalization is found to perform better than LS based channel
estimation with 1-tap equalizer. Future works can be done to
investigate the impact of frequency offset and the usage of
channel coding such as turbo codes [18] to further improve the
performance of the proposed scheme.
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