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Abstract - Filter Bank Multi-Carrier Offset-QAM (FBMC-OQAM) is one of the hottest topics in research for 5G multi-carrier methods
because of its high efficiency in the spectrum, minimal leakage in the side lobes, zero cyclic prefix (CP), and multiphase filter design.
Large-scale subcarrier configurations in optical fiber networks need the use of FBMC-OQAM. Chromatic dispersion is critical in optical
fiber transmission because it causes different spectral waves (color beams) to travel at different rates. Laser phase noise, which arises
when the phase of the laser output drifts with time, is a major barrier that lowers throughput in fiber-optic communication systems.
This deterioration may be closely related among channels that share lasers in multichannel fiber-optic systems using methods like
wavelength-division multiplexing with frequency combs or space-division multiplexing. In this research, we use parallel Analysis
Filter Bank (AFB) equalizers in the receiver part of the FBMC OQAM Optical Communication system to compensate for chromatic
dispersion (CD) and phase noise (PN). Following the equalization of CD compensation, the phase of the carriers in the received signal
is tracked and compensated using Modified Blind Phase Search (MBPS). The CD and PN compensation techniques are simulated
and analyzed numerically and graphically to determine their efficacy. To evaluate the FBMC's efficiency across various equalizers,
16-OQAM is taken into account. Bit Error Rate (BER), Optical Signal-to-Noise Ratio (OSNR), Q-Factor, and Mean Square Error (MSE)
were the primary metrics we utilized to evaluate performance. Single-tap equalizer, multi-tap equalizer (N=3), ISDF equalizer with
suggested Parallel Analysis Filter Banks (AFBs) (K=3), and MBPS were all set aside for comparison. When compared to other forms of
Nonlinear compensation (NLC), the CD and PN tolerance attained by Parallel AFB equalization with MBPS is the greatest.

Keywords: Keywords- FBMC, OQAM, Optical fiber communication, chromatic dispersion (CD) compensation, multi carrier
modulation, Phase Noise, Nonlinear Effects, Nonlinear Compensation (NLC)

1. INTRODUCTION ors of light behave differently as they travel through a
fiber optic [4]. Using number of subcarriers in the FBMC
OQAM transmission is the only solution to tolerate the

CD flatten the channel coefficients up to the level of

For coherent fiber optical communication (FOC),
FBMC-OQAM has emerged as the multi-carrier modula-

tion (MCM) of choice because to its enormous spectral
efficiency [1]. Out-of-band leakage is significantly re-
duced in FBMC-OQAM [2], making it more adaptive in
its adjustment of wave dispersion. Reduced guard band
interval and zero CP in FBMC improve the system's spec-
tral efficiency even more than in traditional OFDM [3].
The cladding and core of a fiber optic transmission sys-
tem often have a differing refractive index, which may
impede or speed up communication depending on the
wavelength of light being sent. This is because the col-
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subcarriers. But increasing the subcarrier to transmit for
a desired bandwidth increases the duration of symbol
which induce the phase noise of fiber channel [5].

The spectrum of the laser's emitted light must be a
delta function. However, phase shifts in the laser's out-
put optical field make this impossible [6]. Due to the
oscillations' origin in the laser's own spontaneous emis-
sion, a statistical correlation is impossible to establish.
They provide a time-varying disturbance in the carrier
phase, known as phase noise (PN). The chromatic dis-
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persion (CD) and phase noise (PN) may be minimized
at the shortest possible transmission distance by using
a single-tap equalization technique. When the number
of subcarriers in long-distance communications became
large enough, it began to have an effect on the equaliza-
tion used to tolerate CD. Therefore, even for long-haul
communication, an improved and effective equalization
approach is required to carry out the CD compensation
[7]. Furthermore, the optimum spectrum efficiency in
optical communication depends on multi tap and time
domain-based equalizations. For optical systems based
on FBMC-OQAM, this is a major area of attention for re-
searchers. In this study, we provide a design for a par-
allel AFB and MBPS equalization for FBMC-OQAM op-
tics, which may be used to compensate for CD and PN.
Simulation of each approach with various settings is also
used to study and evaluate the FBMC OQAM's efficiency.
In order to verify the equalizers in an optical system, a
sampling rate of 30 GHz is taken into account.

The forthcoming section of the paper is structured as
follows: Review of literature is presented in section Il for
multiple equalizers which we taken for the analysis of
CD and PN compensation in FBMC-OQAM. In section Il
FBMC OQAM in optical system model and section IV for
proposed equalizer design as mathematical model. In
section V we concentrate on the performance analysis.
Conclusion of this paper is discussed in section VI.

2. CD AND PN COMPENSATION
EQUALIZER TECHNIQUES

i. Iterative Soft Decision Feedback Equalization

Inter symbol interference (ISI) caused by CD may be
mitigated using a single tap equalizer. Although some
inter-carrier-interference (ICl) and inter-symbol inter-
ference (ISI) residuals are present in the received data.
Iterative Soft Decision Feedback Equalizer (ISDFE) was
presented to further enhance the system by [10]. The
N-Tap frequency sampling equalization is used in this
technique. Nonlinear phase noise in the optical FBMC-
OQAM system's back propagation was also adjusted by
ISDFE, as shown in Fig. 1.
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Fig. 1. ISDF equalizer

In the frequency domain, CD is a phase distortion,
but in the time domain, NLP is a phase distortion.
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The CD compensator (CDC) is used in the frequency do-
main to offset the effects of CD and NLP in the receiver.

Hep(w) = e_(jTszL)+5 (M

where, D is second order dispersion known as group ve-
locity dispersion (GVD) of fiber chromatic dispersion, L is
fiber length, § is phase shift and w is angular frequency.

Repeatedly equalizing the CD by applying soft decision
symbols (CDC output) and returning them to the SFB is
how standard optical FBMC/OQAM achieves equalization
of the CD.This is seen in Fig. 5. All leftover ISl is removed by
passing to AFB several times during the operation, allow-
ing the original signal to be reconstructed.

ii. Fourth-Order Nonlinearity

To eliminate the phase modulation in QPSK, the carrier
phase may be approximated using a fourth-order nonlin-
earity, providing the estimate of the phase as follows:

L
1
Sest(n) = {ZL—-i—l Z P()x{(q + n)} (2)

q=-L

where P(q) is a weighting function that changes depend-
ing on how much laser phase noise is added to the ad-
ditive white Gaussian noise [11]. For P(q)=1, Viterbi and
Viterbi's estimator [12] is used as the estimator. A Wiener
filter is used as a consequence of the weighting function
to estimate the phase noise [13], which may perform al-
most as well as an ideal MAP estimator of the phase.

iii. Barycenter Algorithm

One particularly hardware-efficient phase estimator
is the Barycenter algorithm [14] in which the order of
the operations in Eq. (2) are reversed to give,

1

5est(n) = 2L+ 1

L
D P@ixt@+m) @)

q=-L
iv. Binary Phase Search (BPS)

Instead, the feedforward and parallelizable binary
phase search (BPS) method may be utilized. The carrier
phase is scanned from (0 to /2 for square QAM), with
the Euclidean distance between the rotating symbol
and the final symbol being used to determine the mean
square error for each trial phase. The iteration of the trial
that yields the lowest MSE is chosen as the estimation
iteration. In order to account for the ASE noise effect,
the MSE is calculated by adding the distances between
2L symbols rotated by the same angle. As the decoding
has already been completed during the testing step, the
minimal mean squared error (MSE) index may be used
to pick the decoded symbol through a toggle. Despite
BPS's impressive tolerance for laser phase noise, the
computational cost rises with the modulation order
since more and more test phases are needed.

Because of the fourfold uncertainties of square QAM,
the mentioned blind algorithms may result in cycle slip
due to inaccurate phase estimation by a factor of /2.
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Nevertheless, differential encoding/decoding may be
used to circumvent this issue, although at the cost of a
little reduction in sensitivity. However, the higher com-
puting cost is not always necessary to justify the gain [15].

V. Frequency Spreading (Fs) Equalization

In [8], author designed the novel equalization algo-
rithm especially for multi carrier systems. The picto-
rial representation of this equalizer for FBMC OQAM is
shown in Fig. 2.
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Fig. 2. Frequency Spreading equalizer

Input symbols propagated through the sub channel is
spreader for number of sub carriers only if the correspond-
ing samples of prototype filter (frequency domain) is non-
zero. Spectral characteristics of the signal has been equal-
ized after the received signal reach. Estimation of signal
will not affect if the equalization done proper. Main ad-
vantage of this FS FBMC is no extra delay for computation.

vi. Overlap and Save Equalization

Researcher [9], proposed an overlap-save algorithm
for equalization of single and multi-carrier systems.
This algorithm provides the high efficiency in predic-
tion of highest number of subcarriers from the finite
impulse response (FIR). The procedure of the OS meth-
od is to prune the number of subcarriers for perform-
ing the convolution of FIR with each division of subcar-
riers in the frequency domain. In the initial stage, FFT
is applied for each fragment, and it is convolved with
frequency domain converted FIR signal. Once the con-
volution performed, the resultant will again convert
back to time domain by IFFT and verified to Kov/2 over-
lapped symbols are included. Equalization is used to re-
move Inter Symbol Interference (ISI) from the received
symbols, and Each symbol should be able to be recov-
ered individually by the receiver [16]. Once equalized,
the symbols are filtered by the FBMC prototype filter.

3. OPTICAL SYSTEM MODEL FOR THE FBMC-
OQAM

Fig. 3 is a block diagram showing the FBMC OQAM
Optical Communication system. The technology may
be expanded to support dual polarization in addition
to its single-polarization mode [17]. This method takes
into account a subcarrier index of n,a QAM symbol time
of T, and a subcarrier count of 2M. The transmission of
light across optical fibers may be affected by chromatic
dispersion and AWGN channels [18].
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FBMC transmitted signal with the rate of Fs=T/2M is
generated as,

2Ns 2M-1

xe =)y

=1 m=0

qm,lsm,l (t) (4)

where, q,, is the OQAM modulated symbols, S is the
prototype filter response of FBMC synthesis filter and Ns
is number of real multi carrier modulated symbols. Pro-
totype filter is considered with the length of Lp=2M0k.
0, is the overlapping factor of the filter with maximum
energy and zero reconstruction error settings [19].

The chromatic dispersion frequency response of the
channel propagation is defined as,

TDCAPF| o
el

H(f)=e” (5)

where, Fis Fiber length, D_is Dispersion Coefficient,
A is laser wavelength, c is light speed and f is relative
optical carrier frequency [20].

Distorted received signal after channel by impact of
CD, Phase noise and additive noise is written as,

Y= (f X(OH (el df + N(t)) PO (g)

Additive noise is representation of optical amplifier
noise, thermal noise and short noise. Phase noise §(t)
is modelled as with linewidth of A is,

6() = 6(t—-1)+&(0) (7)

where, &(t) is real Gaussian random value with zero
mean and variance of ¢2=(mAYT)/M. The nonlinear
phase noise shift effect is given as,

Nspan Ok

6®) =yl Y IXO+) NJOF  ®
i=1 J

where, y is the nonlinear coefficientand L, . is nonlinear
effective fiber length and is represented as,

(1 — e‘aLspan)

a

(9)

ais fiber loss, L. is fiber span length and Nspanis number
of 80km fiber spans. N/ (t) is a noise of amplified spon-
taneous emission (ASE) and it is generated using AWGN
with variance of 62 and zero mean. Hence the received
signal after FBMC demodulation is given by,

LNF = Nspan

ym,l — Hm(Xm,l +j rm,l)ejdl + nm,l (1 0)

where, r,  is the intrinsic interference of nearby sym-
bols and n,, is filtered additive noise. So the equalized
symbol is formatted as,

Nmps
X = Z Yia Wi
=0

where, W,is the equalization coefficients of the symbol
using the proposed parallel analysis filter bank (AFB)
equalization combined with Modified Blind Phase
Search (MBPS) algorithm which detailed in section IV.

(11
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Following the time-domain by using inverse fast
Fourier transform process of frame synchronization,
the received signal is sent on to the AFB block, where it
will undergo frequency-domain processing. Similar to
the approach used in [23, 24], a finite impulse response
(FIR) filter is applied independently to each subcarrier
to achieve CD correction. The core concept of the filter
design is based on the frequency sampling method,
which is extensively discussed in [25]. By manipulat-
ing the equalizer's coefficients, one may have the
equalizer's frequency response "pass through" certain
locations in the targeted subchannel. It is possible to
calculate the equalizer's frequency response at certain
frequencies using the zero-forcing criteria.

The configuration of parameters is listed in Table I.
To show the exact performance of CD and PN compen-
sation via proposed equalizers, For Each equalization
some configurations are included as mentioned in Ta-
ble 1. MSE and BER of received signal is calculated and
compared for each subcarrier which taken as in Table 2,
then we show the result in section v.

Table 1. Equalizer Parameters Configuration

Equalizer Type Parameters and Values

Multi Tap Equalizer Nmps 3
ISDF Equalizer N, 5
Parallel Equalization K 3

Table 2. Constants Used in Simulations
Configuration

Parameter Value
Optical Fiber Length 1000 km
Dispersion Coefficient 17 ps/nm/km
Phase Noise Linewidth 200 KHz
Nonlinear coefficient 1.317 (1/W.km)
Fiber Type SSMF
Core Effective Area 80um?
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Local Oscillator Laser Source

Number of Subcarriers 128
FBMC overlapping factor 4
Modulation Order 16

The research suggests several different approaches
to PN tracking [26-31]. Blind feedforward PN compen-
sation gets our attention since it does not need the em-
ployment of pilots, which degrade spectral efficiency.
The modified-blind phase search (M-BPS) technique
has been found to give greater performance than the
others [32], particularly when the number of subcar-
riers is considerable, despite its significant computing
effort. The CD compensation block is by far the most
difficult DSP step, therefore even while the complexity
of the M-BPS increases with the order of the modula-
tion, it has little impact on the complexity of the whole
system [21]. As a result, we conduct this study with the
M-BPS technique. You can read more about this meth-
od in [22]. Keep in mind that the little lingering CFO is
also accounted for by the phase noise tracking.

A. Correction for Phase Noise using M-BPS

In order to fix the PN in the frequency domain, M-BPS is
suggested [37]. The analysis filter bank (AFB) output data
for all subcarriers are utilized to estimate the PN at each
symbol time. The suggested methodology is so distinct
from per-subcarrier PN compensation techniques. Using
an analytical derivation, we demonstrate the algorithm's
maximum likelihood (ML) optimality [38]. By just taking
into account the distance in the real plane, M-BPS simpli-
fies the computation of distance in the complex plane in
comparison to other M-BPS algorithms. This drastically
reduces the need for multiplication, which frees up more
processing power for other tasks.

For the described system model in section Ill, a sim-
ple estimator for the absence of phase noise is made
with removing the imaginary part to completely elimi-
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nate the interference and considering only the real part
of the equalized signal Xm,l asin (11).

When the phase noise presence the reconstruc-
tion of transmitted signal from the parallel AFB based
equalized signal as,

=X Q®35+m (12)

where, X, is phase noise compensated signal after the
MBPS algorithm and it is represented as,

_ P — —_— — T
o= xxlxi R e s x| (13)

where XE and X/, is real and imaginary part of phase
noise compensated signal of m-th subcarrier and I-th mod-
ulated carrier. The phase noise signal 6, represented as,

8, = (cos &,sin §;)T (14)

71, is denotes the equalized noise elements included with
AWGN noise and interferences which represented by,

= [, L, Rl 1l ]| (15)
were,

nk = 1 siné + 0y, (16)

T‘m,l = 77, c0s 8; + nly ) (17)

Where nTm_l and Tm, is areal and imaginary elements
of equalizers noise, Hence, we suggest testing all pos-
sible values of the phase, 6,0na predefined grid, and
then choosing the value that minimizes the sum of dis-
tances between the projections on the real axis of the
received samples after phase compensation testing
and their hard decision counterparts [39]. The estimate
and correction of phase noise is shown in Fig. 4.

The hard choice is done by picking the closest one
between the projected values of the received sample
and the optimal points of the pulse-amplitude modula-
tion (PAM). The phase rotation used for a 40QAM con-
stellation is shown in Fig. 5. It is possible to express the
expected phase rotation as,

M
5 = I%i“;R[m 1-H(R[Xuc ) (18

where, R[] denotes the real part of the signal and H .0
represents the hard decision of phase search points.
X..x is the rotated version of X.; given by,

Xk =X, e% (19)

The phase search grid is defined as,

b T

S =3m—3 (20)

Where B is the total number of phase testsand b =1,
2, B. In order to lessen the effect of the additive noise,
we average the cost function over M subcarriers. The
switch then chooses the appropriate phase rotation to
reduce the effect of phase noise by sending the sam-
ples' rotated versions in response to each phase test.
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3Received constellation before real conversion, EVM = -18.8061dB

(a)

A Received constellation before real conversion, EVM = 6.8983dB

s 4 s 2 4 0
(b)
Fig. 4. modified blind phase search (M-BPS) (a)
before and (b) after phase noise compensation
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Fig. 5. Rotating the 4-OQAM constellation to
measure the phase noise.
B. Features of M-BPS Estimation:

1. MBPS has a low computing cost and produces ac-
curate phase noise estimations. In real-time sys-
tems [42], and this is important.
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2. Due to its greater capture range, the MBPS ap-
proach can estimate phase noise even when the
initial phase is far off [43]. This makes it resistant to
severe channel faults such phase deviations or un-
certain starting phases.

3. M-BPS estimator phase noise is accurate comper-
ing with other estimators such as maximum like-
lihood (ML), and Adaptive Maximum Likelihood
(AML). M-BPS using iterative search. Through care-
ful repetitions, the phase estimate approaches the
true phase value. Phase noise may degrade FBMC
performance, but this accuracy can compensate.
As shown in Fig. 6.
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4. The MBPS estimate is unaffected by fiber disper-
sion, temperature, or other channel variables. Due
to its high channel flexibility, it can adjust for phase
noise in many operational scenarios [44].

5. Modulation Format Independence MBPS works
with several FBMC system configurations. It can
be utilized in many optical fibers based FBMC to-
pologies since it can compensate for phase noise
in many system designs and handle many carrier
frequencies.

C. Chromatic Dispersion Compensation Techniques
i. Single Tap Equalization

Low Complex single tap equalization is designed by
[33], in which pre-equalization and equalization mattri-
ces are constructed. In general, multi-carrier systems
split the bandwidth to number of narrow bands. Sub-
carrier counts in depends on the channel delay spread
of FBMC OQAM. With the assumption of flat channel
and slow varying phase noise single tap equalization
is performed for the level of subcarrier [34]. Equalizer
frequency response (FR) is calculated for the number of
frequency points with the application of FIR filter and
ZF reconstruction as shown in Fig. 7.
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Fig. 7. Single Tap Equalization

Equalizer coefficient of one tap is given as,

X, .
7 = —mn e‘]ﬁm,n

(21)

m

where, B is phase shift in prototype filter given by,

T
Bm,n = E (m+n) (22)
X, is transmitted symbol of mth subcarrier and nth
non equalized symbol, H_is channel frequency re-
sponse.

ii. The Equalization of multiple taps

The multi-tap equalization strategy models the sec-
ondary channel equalizers using a frequency sampling
technique informed by channel information in the fre-
quency space. The equalizer's coefficients are optimized
such that the desired frequency filter response is at-
tained. The transfer function of the filter is optimized to
attain these predetermined values along the sub-chan-
nel frequency data. MMSE equalizer is one of the multi
tap method which deals with the time domain coeffi-
cients which induce the successive interference cancel-
lation (SIC) in throughput the system. For FBMC OQAM
system frequency sampling based multi tap equaliza-
tion is introduced by [35] as shown in Fig. 8. Equalizer co-
efficient is obtained for specific frequency points only by
using channel impulse response (CIR) and is derived as,

Ntaps
7 = < Z W‘m,L Xm'n> e‘jﬁm,n

L=1

(23)

where, W, is weight of N, _equalizer coefficients and
it is derived for Zero Forcing (ZF) and Minimum Mean
Square Error (MMSE) function in frequency sampling
methodologies.
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Fig. 8. Multi Tap Equalization
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For ZF based equalization, W is described as,

Wy = D#Ezf (24)

where, E,is equalizer matrix for zeroforcing and is given by,
Ezf = (RTI;Isz)_I RTI;I‘l (25)

where, R is the frequency response matrix of N, trans-

mit antenna and Nr receive antenna at specific target

points ¢ derived from Fourier transform of channel im-

pulse response G and normalized impulse response G"m.
]F(Gm)¢

Rin(henyy = N (26)

Frequency target points of ¢ is calculated from the
number of taps prs as,

Were,

N, =5
p= ( taps ) (28)
2
And Dw is equalizer weigh matrix calculated as,
Dy yy = €77 PMeND) (29)

i, Equalization using Parallel Analysis Filter
Banks (AFBs)

A parallel multi tap equalizer is proposed by [36] to
reduce the complexity of conventional multi tap equal-
ization of FBMC OQAM. The graphical representation of
this equalizer is depicted in Fig. 9. In this parallel AFBs
equalization number of parallel receiver stage is struc-

¢ = L[_P, —-P+1,.....,P] (27) ‘tured in combiner part and all symbols are gathered
Neaps +1 based on per-subcarrier.
Bo
Pt || — pisene () o _:®
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Fig. 9. Parallel AFB equalizer

For each K stages of equalization AFBs functions
individualistically in parallel and principally filters the
source signal by a polyphase network (PPN). This fil-
ter signal is derived from the received AFBs prototype
pulse signal derivatives. Finally, the results from each
stage are merged up to subcarrier level after perform-
ing the FFT. The equalization matrix is given by,

A
T L 0

5. RESULTS AND ANALYSIS

To prove the efficiency of multiple equalization for
the purpose of CD and phase noise compensation in
FBMC OQAM optical communication, in this section we
perform the validation in terms of MSE, BER and Q-fac-
tor parameter. In this we are considering modulation of
16-OQAM. we are including the effects of phase noise
(PN) and additive noise.

Using an optical amplifier with a noise figure any-
where from 0 to 30, Fig. 10 shows the bit error rate (BER)
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as a function of OSNR across a resolution bandwidth of
0.1 nm. As the OSNR increased BER getting reduced to
108 for our proposed parallel AFB with MBPS and for
the same OSNR in ISDF-3-Tap reaches the 10%% The Q-
factor is computed from the bit error rate (BER) as [41].

BER Vs OSNR for 16-0QAM of FEMC-OQAM

=== ltap

—&— ISDF 1-tap

=== 3tap
ISDF 3-tap

0 5 10 15 20 25 30
OSNR[dB]

Fig. 10. BER Vs OSNR for 16-OQAM
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Fig. 11. flow chart of simulation FBMC/OQAM

Q;(dB) = 20log,o[V2 erfc*(2*BER)]  (31)

Q-factor is plotted versus OSNR with two separate
Figs. of 11 and 12. Fig 12. shows the performance of Q-

factor of different equalizers with fixed fiber length of
320 km.

2 Q-Factor Vs OSNR for 16-OQAM of FBMC-(320km)
T T T T T

== = 1-tap
ISDF 1-tap
= = = 3-tap
ISDF 3-tap
—k—CDC
~—&— Proposed ParallelAFB-MBPS

Q-Factor(dB)
S

0 5 10 15 20 25 30
OSNRI[dB]

Fig. 12. Q-factor Vs OSNR for different Equalizer

Impact of different fiber length in Q-factor is recon-
noitered for different equalizers and with consideration
of OSNR metric with 0.1 nm resolution bandwidth as
shown in Fig. 13, Fig. 14 and Fig. 15 respectively for
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1-Tap ISDF, 3-Tap ISDF and Proposed Parallel AFB with
MBPS equalizers.

16Q-Factor Vs OSNR for Single Tap ISDF with different Step Length

ISDF 1-tap(320km)
~—&— |SDF 1-tap(160km)
—&— ISDF 1-tap(80km)

14

12§

10 |

Q-Factor(dB)

0 2’ A‘l 6 8‘ 16 12 1‘4 1‘6 18 2‘0 22
OSNR[dB]

Fig.13. Q-factor Vs OSNR for different fiber length

of ISDF-1-Tap equalizer

Fiber Length is configured with 320 km,160 km and
80 km for the implemented three equalizers of 1-Tap
with ISDF, 3-Tap with ISDF and proposed Parallel AFB
with MBPS. When the fiber length decreases the Q-
factor getting increase as the information loss due to
nonlinear effects are balances in short distance.

t;.léFactor Vs OSNR for Multi Tap(L=3) ISDF with different Step Length
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Fig. 14. Q-factor Vs OSNR for different fiber length
of ISDF-3-Tap equalizer

%—Factor Vs OSNR for ParallelAFB-MBPS with different Step Length

16 ParallelAFB-MBPS(320km)
~—&— ParallelAFB-MBPS(160km)
—&— ParallelAFB-MBPS(80km)

Q-Factor(dB)

o 2 4 & 8 10 12 14 18 18 20 22
OSNR[dB]

Fig. 15. Q-factor Vs OSNR for different fiber length
of Parallel AFB with MBPS equalizer
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BER Fig. 16 shows the results for varying fiber lengths
and equalization settings. Fig. 16 depicts how the trans-
mission distance of the fiber affects the BER performance
of 16-QAM FBMC/OQAM. The anticipated fiber length is
between 100 and 960 kilometers, with an 100-kilometer
span. There were 24.19 dB, 21.18 dB, 19.42 dB, 18.17 dB,
17.2dB, 16.41 dB, 15.74 dB, 15.16 dB, 14.19 dB, 13.78 dB,
and 13.4 dB in received OSNR (0.1 nm resolution band-
width) at various times. The findings are based on using
a step length equal to the span length (80 km/step) or
the entire fiber length (L/step) for equalization, and an
input power of -10 dBm and an optical amplifier with a
noise figure of 4 dB. Proposed parallel AFB with MBPS il-
lustrated the improvement over other equalizers of ISDF
and conventional multi tap equalizers for the entire fiber
distance of low range to high range.

BER Vs Fiber Length for 16-OQAM
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Fig.16. BER Vs Fiber Distance for different equalizer
The effect of carrier frequency offset lead to degrada-
tion the performance of the entire system which include

interference between subcarriers, and intercarrier inter-
ference (ICl), and hence, lead to increase the BER.

BER Vs Input Power for 16-OQAM
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Fig. 17. BER Vs Input Power for different equalizer
Considering the SPM's interaction with ASE noise, as

shown in Fig. 18, allows for an assessment of the FBMC/
OQAM system's performance.
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The bit error rate (BER) is shown vs signal strength. An
optical amplifier with a noise figure of 4 dB is utilized to
make up for the fiber loss in a 320-kilometer-long SSMF
cable's transmission.

Figs. 18, 19, and 20 demonstrate that the BER perfor-
mance of the ISDF-1-Tap equalization, ISDF-3-Tap equal-
izer, and the Parallel AFB with MBPS equalizer all increase
with increasing input power when the system is running
in the linear zone where the input power is less than 0
dBm. On the other hand, when input power is increased,
nonlinear phase (NLP) noise degrades equalizer perfor-
mance, leading to a lower bit error rate (BER). As a result,
when nonlinear impairment is predominating, increasing
the input power has a negative effect on the performance
of the FBMC/OQAM system. Because of cumulative distor-
tion from CD and NLP noise effects and the absence of
a nonlinear compensator (NLC), a 1-tap equalizer cannot
succeed. As compared to an ISDF-1-tap equalizer, the Par-
allel AFB with MBPS equalizer shows better results with
optimal power at approximately -4 dBm.

10°
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—©—ISDF 1-tap(160km)
—O—SDF 1-tap(80km)

107"

-20 -15 -10 -5 0 5
Input Power (dBm)

Fig. 18. BER Vs Input Power for ISDF-1-Tap equalizer
The ISDF and Parallel AFB equalizer with 80km/step

length performs similarly to the case with 160km/step
length at low input power.
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Fig. 19. BER Vs Input Power for ISDF-3-Tap equalizer
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Fig. 20. BER Vs Input Power for Parallel AFB-MBPS
equalizer

In summary, CD and nonlinear interference can be ef-
fectively removed by ISDF-1Tap (80 km/step) and parallel
AFB with MBPS (80 km/step) equalizers. To enhance per-
formance, though, they need to use a shorter step length.

When the transmitted power is huge, compensating
just for the linear degradation is not enough. The fiber
nonlinearity also plays a considerable role. When the
fiber transmission distance is long, a system with a lot
of power is required. The suggested equalizer is used
to jointly adjust for the CD and phase noise (PN), and
the results are compared to those obtained using the
standard and benchmark equalizers. Filtering the CD-
equalized signal using PN may help reduce the effects
of fiber's nonlinear degradation.

To get the most out of your FBMC/OQAM setup, you'll
need to optimize your NLC first. Several nonlinear (NL)
scaling factors are shown in Fig. 21 to demonstrate the
effect on the performance of the proposed parallel AFB
with MBPS equalizers. The calculations use a noise figure
of 4 dB per span and a transmission distance of 4 x 80 km.

BER Vs NL Scaling factor for 16-0QAM
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Fig. 21. BER Vs NL Scaling Factor for different
equalizer

The nonlinearity area of the equalizers of ISDF-1-Tap,
ISDF-3-Tap, and Parallel AFB with MBPS is shown in Fig. 22,
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Fig. 23, and Fig. 24 to show the BER performance at a high
input power of 2 dBm.

BER Vs NL Scaling factor with different Fiber Length(ISDF-singleTap)
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Fig. 22. BER Vs NL Scaling Factor for ISDF-1-Tap
equalizer

As can be seen in Fig. 22, both the ISDF-1Tap (320km/
step) and the ISDF-3Tap (320km/step) equalizers work
optimally at a scale factor of 0.33.

4 BER Vs NL Scaling factor with different Fiber Length(ISDF-MultiTap)
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Fig. 23. BER Vs NL Scaling Factor for ISDF-3-Tap
equalizer

BER Vs NL Scaling factor with different Fiber Length(ParallelAFB-MBPS)
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Fig. 24. BER Vs NL Scaling Factor for Parallel AFB-
MBPS equalizer
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Around 0.34 is the best scaling factor for the Parallel
AFB-MBPS equalizer (80 km/step). For the Parallel AFB-
MBPS equalizer to function at its best in terms of BER
performance, as illustrated in Fig. 24, the NL scaling fac-
tor must be adjusted to its ideal value.

Fig. 25 displays MSE performance for a variety of
equalizers and setups, all of which can be found in
Table 1. At the bandwidth's edge, where the MSE is
most extreme, the channel phase disparity is likewise
the greatest. As the number of subcarriers increases,
the system-wide chromatic dispersion is compensated
for, leading to a decrease in MSE. We choose the often-
used case of perfect CDC equalization for a single car-
rier [40] as our baseline for comparison. Fig. 25 shows
that when the number of taps and the number of it-
erations in the ISDF both grow, the MSE's performance
improves. However, these elements will add to the
complexity of the system overall. Therefore, with its
low complexity and little transmission latency, M-BPS
based parallel AFB achieves the highest performance
when compared to all these equalizers. ISDF-1-Tap
technique provides MSE of difference of -14.1 dB, which
is much better than one tap equalization. The MSE per-
formance of ISDF with 3-Tap is -14.3 dB better than that
of a 1-Tap equalizer. The findings of Parallel AFB with
MBPS, however, show an improvement in MSE perfor-
mance of -16.2 dB compared to that of 1-Tap.

By utilizing the different methodology that including
AFB with MBPS, the experimental setup or simulation
scenarios using the configuration parameter examine
the performance metrics of each study to evaluate the
effectiveness of the compensation technique to en-
hance MSE, BER, Power input, Q-factor and OSNR. Table
(below) showing the difference finding studies.

Table 1. Comparison results between different

studies
Khaled A.
Parameters Alaghbari 2020 Our Proposed
Method
[1]
Mean square error -13dB -16.2dB
BER Vs. NL scaling factor
for various equalizers 101 1035
(80,160,320) km
BERVs. input power ~ 107 for various 10355
(80,160,320) km equalizers
BER Vs. fiber length for . 48
100 km 10 10
~ 4 dB for
Q-factor Vs. OSNR for 0dB different 10.2dB
equalization
Q-factor Vs. OSNR for
15dB 5.8dB 12.2dB
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Fig. 25. MSE Vs Subcarrier Index

The 960 km ISDF-1Tap (L/step), ISDF-3Tap equalizers
and parallel AFB-MBPS output are shown in Fig. 25, Fig.
26, and Fig. 27 respectively . High inter-symbol interfer-
ence from CD, inherent interference, and optical chan-
nel noise distorts the constellation diagram at 960 km.
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05

Fig. 25. 16-OQAM constellation of ISDF-1-Tap
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Fig. 26. 16-OQAM constellation of ISDF-3-Tap
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Fig. 27. 16-OQAM constellation of Parallel AFB-
MBPS equalizer

6. CONCLUSION

Chromatic dispersion and phase noise in optical fi-
ber communication with FBMC-OQAM protocol is
compensated using parallel AFB with MBPS equaliza-
tion method in this implementation. For comparison of
proposed with previous equalizers of ISDF with single
tap and multi tap is considered. These numerous equal-
izers are initially used in wireless transmission. In this
work we are utilizing the concept of these equalizers
in optical fiber FBMC OQAM. By increasing the number
of subcarriers in the system will lead to phase noise.
So here we achieve the best performance of both PN
compensation and CD compensation in frequency and
time domain with moderate subcarriers. Increasing the
fiber length will affect the phase noise and degrade the
BER performance of the system. After 700 km, the noise
reaches the value where no data detection and BER ap-
proximately reaches the 0.5 value. The scaling factor
affects the BER performance. The best scaling factor is
obtained at 0.34 for the Parallel AFB-MBPS equalizer
(80km/step).

In this we analyzed the complexity and performance
for all compensation methods. Low complexity is
achieved in proposed parallel AFB with modified blind
phase search without any additional delay.
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