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Modified Mean-Power-Distribution-Based Nonlinear
Coefficient Optimization for Digital
Back-Propagation in High-Baud-Rate
Optical Systems

Meng Yang ", Pinjing He

Abstract—The digital back-propagation (DBP) is an effective
algorithm to compensate for the nonlinear impairments in high-
baud-rate and long-haul optical systems. The nonlinear coefficient
of the DBP algorithm is optimized based on the mean power at
the step position. However, when the number of steps per span
of the DBP algorithm is fixed below the optimum step number
to constrain computational complexity, the optimum nonlinear
coefficient is sensitive to the number of steps per span. In this paper,
we used the average value of the mean power over the step size to op-
timize the nonlinear coefficient of the DBP algorithm. The modified
mean-power-distribution-based nonlinear coefficient optimization
scheme was applied to constant step-size DBP (MMPD-CS-DBP)
and logarithmic step-size DBP (MMPD-LS-DBP) algorithms in 30
X 80 km SSMF single-channel Nyquist 64 GBaud and 5 X 64
GBaud Nyquist WDM polarization multiplexing 16QAM systems,
respectively. Simulation results showed that the optimum nonlinear
coefficient of the MMPD-CS-DBP and MMPD-LS-DBP algorithms
was the nonlinear coefficient of the optical fiber and was robust to
the number of steps per span.

Index Terms—High-baud-rate optical systems, digital back-
propagation, nonlinear coefficient optimization.

1. INTRODUCTION

VER the last two decades, the growth of capacity demands
O has led to the increase in data rate per wavelength division
multiplexing (WDM) channel [1], [2], [3]. Significant research
has been made to increase the single-channel data rate by push-
ing both the baud rate and modulation format order [4], [5], [6].
Optical transmission of the per-channel data rate of 400 Gb/s has
emerged as a natural and promising step as the next-generation
transport standard [7], [8], [9].
However, in high-baud-rate and long-haul optical transmis-
sion systems, signal propagation in nonlinear optical fiber sig-
nificantly suffers from transmission impairments, which include
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chromatic dispersion (CD), Kerr nonlinearity of self-phase mod-
ulation (SPM), cross-phase modulation (XPM), and four-wave
mixing (FWM) [10], [11], [12], [13]. The nonlinear Schrédinger
equation (NLSE) describes the interactions among CD, SPM,
and inline optical amplifier noise. In recent years, the digital
back-propagation (DBP) algorithm has received much attention
due to its effective performance of nonlinearity compensation
(NLC), which inverts the distortions of CD and SPM using
the split-step Fourier method (SSFM) [14], [15], [16]. For
the constant step-size DBP (CS-DBP) algorithm, the nonlinear
coefficient is optimized based on the mean power distribution
over one span of single-mode fiber (SSMF) [14]. However, the
CS-DBP algorithm requires many steps, causing high compu-
tational complexity, especially in high-baud-rate and long-haul
transmissions. One way to reduce the computational complexity
of the CS-DBP algorithm is to modify the step size distribu-
tion [17], [18]. R. Asif et al. proposed a logarithmic step-size
DBP (LS-DBP) algorithm [17]. J. Zhang et al. introduced an
attenuation adjustment factor to optimize the logarithmic step
size. The LS-DBP can reduce the optimum step number (the
minimum step number per span to achieve the maximum Q-
factor) of the CS-DBP algorithm [18]. Another way is to improve
the nonlinear coefficient optimization scheme [19], [20], [21],
[22]. D. Rafique et al. optimized the nonlinear coefficient based
on the correlation of signal power in neighboring symbols [19].
M. Secondini et al. proposed an enhanced DBP algorithm that
combined the benefits of split-step and perturbation-based ap-
proaches to reduce computational complexity [20] and more
recently, a smoothing learned DBP using a neural network
was proposed to reduce the computational complexity of DBP
algorithm [21]. In our previous work, a nonlinear coefficient
optimization scheme based on the peak power distribution of
Gaussian pulse was proposed to improve the NLC performance
of the CS-DBP algorithm for a 2400 km SSMF 32 GBaud
polarization-multiplexing (PM) 16 quadrature amplitude mod-
ulation (16QAM) optical transmission system [22].

In recent years, attention has been paid to the nonlinearity
compensation effectiveness of the DBP algorithm for single-
channel optical transmission systems with baud rate up to 200
Gbaud [23], [24]. H. N. Tan et al. studied the effectiveness
of nonlinearity compensation techniques and found that the
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benefit of the DBP algorithm with 10 steps/span was decreased
by more than 3 dB when the baud rate was increased to 64
Gbuad in a 2400 km SSMF PM-16QAM system [23]. N. V.
Dien et al. proposed an advanced LS-DBP algorithm for optical
transmission systems with a baud rate up to 200 Gbaud, in
which the logarithmic step-size needed to be optimized [24].
C. Héger et al. proposed a sub-band division solution to reduce
the required linear filter size [25].

Both in the CS-DBP and LS-DBP algorithms, when the
number of steps per span is fixed below the optimum step
number to constrain computational complexity, the optimum
nonlinear coefficient is smaller than that of the optical fiber. And
the optimum nonlinear coefficient is sensitive to the number
of steps per span [13]. Therefore, it is necessary to optimize
the nonlinear coefficient of the DBP algorithm. In this paper, a
modified mean-power-distribution-based nonlinear coefficient
optimization scheme is proposed. Firstly, we have analyzed the
peak power distribution of the root-raised-cosine (RRC) pulses
over 30 x 80 km SSMF using the SSFM in single-channel
Nyquist 64 GBaud optical transmission system. Simulation
results show that the peak power distribution of the RRC pulses
will converge to the mean power distribution after one span of
SSMF transmission. Then, we use the average value of the mean
power over the step size to optimize the nonlinear coefficient of
DBP algorithm. Finally, the modified mean-power-distribution-
based nonlinear coefficient optimization scheme is applied with
CS-DBP (MMPD-CS-DBP) and LS-DBP (MMPD-LS-DBP)
algorithms, respectively. We investigate the optimum nonlinear
coefficient and the nonlinearity compensation performance of
the MMPD-CS-DBP and MMPD-LS-DBP algorithms in the
simulation transmissions of single-channel Nyquist 64 GBaud
and 5 x 64 GBaud Nyquist WDM PM-16QAM symbols over
30 x 80 km SSMF, respectively. Simulation results show that
the optimum nonlinear coefficient of the MMPD-CS-DBP and
MMPD-LS-DBP algorithms is that of the optical fiber and is
robust to the number of steps per span.

II. THEORY AND ALGORITHM

A. Digital Back-Propagation Algorithm

Ignoring amplified spontaneous emission (ASE) noise, the
signal propagation (dual polarization) in optical fiber can be
described by the NLSE [15].
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where Ui(i:w)y)(T , z) represents the normalized amplitude of
x and y polarization at time 7 and distance z. The fiber
parameters «, 2, and  are the attenuation, group velocity
dispersion, and nonlinear coefficients. Py (z) is the peak power of
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Ui(i=z,y) (T, z) atdistance z. N (U) and D(U) are the nonlinear
and linear operators, respectively.

In the NLC steps of the DBP algorithm, nonlinear-phase de-
rotation operator N ! (U) is expressed as

N—l(U) — ¢ J¥eNL — o JPuNL

_ eij%’yDBP,n Lest (|Uw,D’1 () |2+|U1J,D’1 (U) |2) 2)
where 9,1, and 1yn1, are the nonlinear phase of x and y
polarization, respectively. U, p-1(;y and U, p-1(qy are the
signals with linear CD compensation of x and y polarization,
respectively. 7., , is the nth nonlinear coefficient of the DBP
algorithm and needs to be optimized. L.g is the effective fiber
length expressed as (1 — e~ *4%n) jov. Az, is the nth step size of
the DBP algorithm. In the CS-DBP algorithm, A z,, is calculated
by [14]

%,nzl,l...,N 3)

where L is the span length of optical fiber. NV is the step number
per span. In the LS-DBP algorithm, Az, is calculated by [17]

Azn =

1 1-—nd
Az =——In (1—(71—1)5> n=12...N @

where § is expressed as § = (1 — e~ &) /N.
B. The Modified Mean-Power-Distribution-Based Nonlinear
Coefficient Optimization Scheme

(1) and (2) show that the value of v, , is related to the
peak power Py(z). In Nyquist optical transmission systems,
RRC pulse shaping is usually applied at the transmitter, together
with the matched RRC filter at the receiver, to reduce the inter-
symbol interference (ISI) [26]. The modulated RRC pulses are
expressed as

s(t)= Y bug(t —nTy) )

n=-—oo

where b,, is the nth modulation symbol. g(t) is the single RRC
pulse and is expressed as

() = 4acos((1 + a)mt/Ty) + T2sin((1 — a)wt/Ty) /t
= TVTL(1 — (4at/T,)?)

where a is the roll-off factor. T, = RLB is the symbol period, and
Rp is the baud rate of system.

We have analyzed the peak power evolution of the RRC
pulses s(t) using the SSFM over 30 x 80 km SSMF with
a = 0.2 dB/km, 3y ~ —21 ps?/km, and v = 1.2 W tkm!
in single-channel Nyquist 64 GBaud system. The step size of
SSFM is 1 km. The center frequency is 193.1 THz. At the end
of span, an EDFA with 16 dB gain is used to compensate for
the fiber attenuation. Fig. 1 shows the normalized peak power
distribution of the RRC pulses. The number of RRC pulses
was 100000. The peak power is normalized using the incident
peak power in the first span. As shown in Fig. 1, in each span,
the peak power decreases with the increase of transmission
length because the accumulated CD impairment leads to pulse

(6)
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Fig. 1. The normalized peak power distribution of the RRC pulses in single-
channel Nyquist 64 GBaud system.
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Fig.2. The normalized peak power distribution of the RRC pulses in the 1st,
2nd, and 30th span, and the normalized mean power distribution in 64 GBaud
system, respectively.

broadening. The pulse broadening weakens the peak power of
the pulse, and the Kerr nonlinearity becomes weak [27].

Fig. 2 shows the normalized peak power distribution of
the RRC pulses s(t) in the 1st, 2nd, and 30th span and the
normalized mean power distribution over 30 x 80 km SSMF
in single-channel Nyquist 64 GBaud optical transmission sys-
tem, respectively. In each span, peak power is normalized us-
ing the maximum peak power in the current span. As shown
in Fig. 2, the peak power distribution of the RRC pulses
will converge to the mean power distribution after one span
of SSMF transmission. In each span, the normalized mean
power only depends on the attenuation coefficient o and is
calculated by

P(z)=e97 (7)

Both in the CS-DBP [14], [15], [16] and LS-DBP algo-
rithms [17], [18], nonlinear coefficient . . is optimized based
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Fig. 3. The flow chart of the MMPD-CS-DBP and MMPD-LS-DBP algo-
rithms.

on the mean power at step position z,, and expressed as

®)

where z,, = 2,1 + Az, is the nth step position of the DBP
algorithm. «_ .. is the nonlinear coefficient which needs to be
optimized. However, when the number of steps per span is
fixed below the optimum step number to constrain computa-
tional complexity, the optimum nonlinear coefficient of both
the CS-DBP and LS-DBP algorithms is smaller than that of the
optical fiber. And the optimum nonlinear coefficient is sensitive
to the number of steps per span [13]. To make the optimum
nonlinear coefficient robust to the number of steps per span, we
use the average value of the mean power over the step size Az,
instead of the mean power at the step position z,,. The nonlinear
coefficient v, , is expressed as

— —QzZn —
VDBP,n _,-YDBP6 ﬂ’TL_]‘?27"'7]V

Tose,n — VpBP

_ / P(z)dz,n=1,2,...,N (9)
Zn T Zn—-1 Jz, 4
The modified mean-power-distribution-based nonlinear coeffi-
cient optimization scheme is used for CS-DBP (MMPD-CS-
DBP) and LS-DBP (MMPD-LS-DBP) algorithms, respectively.
Fig. 3 shows the flow chart of the MMPD-CS-DBP and MMPD-
LS-DBP algorithms. The asymmetric form of the SSFM is used.
Ngpan 18 the span number. Firstly, the mean power distribution
P(z) of the RRC pulses is simulated using SSFM. Step size
Az, and step position z,, are calculated, respectively. Then, the
nonlinear coefficient is expressed as (9). Finally, the CD and
SPM are compensated step by step. Meanwhile, the value of
Voup 18 sSWept over a [0, 2] range, performing a simulation at
each value and find the optimum nonlinear coefficient v, . o, -

III. SIMULATION RESULTS AND ANALYSIS

A. Single-Channel Nyquist 64 GBaud PM-16QAM Optical
Transmission System

Firstly, we investigated the optimum nonlinear coefficient
Vper.op. and the nonlinearity compensation performance of
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Fig. 4.
DAC: digital-to-analog converter, ADC: analog-to-digital converter.

TABLE I
THE PARAMETERS OF THE SIMULATION SYSTEM

Parameters Value
Attenuation coefficient o 0.2 dB/km
Dispersion coefficient 32 —21 ps?/km
Nonlinear coefficient 1.2 W lkm~—1
Polarization mode dispersion (PMD) 0

EDFA gain 16 dB
EDFA Noise Figure 4 dB

the CS-DBP, LS-DBP, MMPD-CS-DBP, and MMPD-LS-DBP
algorithms in single-channel Nyquist 64 GBaud PM-16QAM
system over 30 x 80 km SSMF. The simulation system was
built using commercial software VPItransmissionMakerTM 9.5,
as shown in Fig. 4. Table I shows the parameters of the simula-
tion system. At the transmitter side, the pseudo-random binary
sequence (PRBS) generator was used to generate Gray-encoded
dual-polarization 16QAM symbols with RRC pulse shaping.
The roll-off factor was 0.005. The number of the 16QAM
symbols for each polarization was 131072. To ensure accuracy
in the simulation of the fiber forward propagation, the overall
signal field was sampled at 16 samples per symbol. At the
receiver side, matched RRC filter was used to reduce ISI. Then,
the 16QAM symbols were down-sampled to 2 samples/symbol.
The CS-DBP, LS-DBP, MMPD-CS-DBP, and MMPD-LS-DBP
algorithms were used to compensate for CD and SPM. After
the DBP algorithm, the 16QAM symbols were down-sampled
to 1 sample/symbol. Then, carrier-phase recovery (CPR) and
least mean square (LMS) were implemented. LMS algorithm
can equalize the residual linear impairment to reduce the bit
error ratio (BER) of system. Finally, the 16QAM symbols
were de-modulated, and BER and Q-factor were calculated.
Q-factor was calculated from BER through Q-factor (dB) =
201g(v/2erfc ' (2BER)).

Fig. 5 shows the optimum nonlinear coefficient v,,. ..
of the CS-DBP, LS-DBP, MMPD-CS-DBP, and MMPD-LS-
DBP algorithms versus step number per span in single-channel
Nyquist 64 GBaud system, respectively. The value of 7y, ., was
optimized for each number of steps per span. As shown in
Fig. 5, the vy, o, Of the CS-DBP and LS-DBP algorithms was
sensitive to the number of steps per span. As the number of steps
per span increased, the vy, ., of the CS-DBP and LS-DBP

IEEE PHOTONICS JOURNAL, VOL. 14, NO. 6, DECEMBER 2022

Matched Filter

—[apc}->

Gaussian L
Optical Filter

Coherent

Receiver —> CPR
e S S o YT
LO Demapping

The simulation single-channel Nyquist 30 x 80 km SSMF 64 GBaud PM-16QAM optical transmission system. LD: laser diode, LO: local oscillator,

14
1.2}
—'E 1.0
=
g
208 -
S
& —=— CS-DBP
= o6l —e— MMPD-CS-DBP
) —4—LS-DBP
- % - MMPD-LS-DBP
0.4
1 1 1 1 1 1 1 1

0 5 10 15 20 25 30 35
Step number per span
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LS-DBP algorithms versus the step number per span in single-channel Nyquist
64 GBaud system, respectively.
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algorithms in single-channel Nyquist 64 GBaud system. Labels indicated the Q-factor penalty in dB compared to the maximum value.

algorithms converged to the nonlinear coefficient of the optical
fiber v = 1.2 W—'km~'. The v, . of the MMPD-CS-DBP
and MMPD-LS-DBP algorithms was 1.2 W~'km~! at each
number of steps per span, which meant that the v, ., of the
MMPD-CS-DBP and MMPD-LS-DBP algorithms was robust
to the number of steps per span.

Fig. 6 shows the Q-factor of the CS-DBP, LS-DBP, MMPD-
CS-DBP, and MMPD-LS-DBP algorithms versus the step num-
ber per span in single-channel Nyquist 64 GBaud system, re-
spectively. As shown in Fig. 6, the Q-factor performance was
improved by increasing the step number per span for four DBP
algorithms. As the number of steps per span increased to a
certain value, the Q-factor approached the maximum value.
Thus, there was an optimum step number for the DBP algorithm.
The optimum step number of the CS-DBP and MMPD-CS-DBP
algorithms was 30. The optimum step number of the LS-DBP
and MMPD-LS-DBP algorithms was 20. At v,,, =7 = 1.2
W~lkm~!, the MMPD-CS-DBP (MMPD-LS-DBP) algorithm
outperformed CS-DBP (LS-DBP) algorithm when the number
of steps per span was fixed below the optimum step number. The
CS-DBP (LS-DBP) algorithm can achieve the same Q-factor as
the MMPD-CS-DBP (MMPD-LS-DBP) algorithm by optimiz-
ing the nonlinear coefficient as v, = Yppp ope -

The Q-factor penalty versus both the step number per span
and the nonlinear coefficient was calculated from the simulation

11
10 |
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2
)
P 8| “s— CDC-only
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g 7t —e— CS-DBP(y;5,=7)
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6L —&— LS-DBP(Ypgp=Ypsp,0pt)
—&— LS-DBP(y,)5,=Y)
sl ~ % ~MMPD-LS-DBP(y,5,=Y)
1 1 1 1 1 L L ! :

-3 -2 -1 0 1 2 3 4 5
Launch power (dBm)

Fig. 8. The Q-factor of the CS-DBP, LS-DBP, MMPD-CS-DBP, and MMPD-
LS-DBP algorithms with 4 steps/span versus launch power in single-channel
Nyquist 64 GBaud system, respectively.

results and was shown in Fig. 7. Q-factor penalty was defined
as the penalty from the maximum Q-factor. As shown in Fig. 6,
the maximum Q-factor of the CS-DBP and MMPD-CS-DBP
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Fig. 10. The optimum nonlinear coefficient YDBP,0pt of the CS-DBP, LS-

DBP, MMPD-CS-DBP, and MMPD-LS-DBP algorithms versus step number per
span in 5 x 64 GBaud Nyquist WDM systems, respectively.

algorithms was 12.6 dB, and the maximum Q-factor of the LS-
DBP and MMPD-LS-DBP algorithms was 12.8 dB. As shown in
Fig. 7(a) and (b), the lowest penalty of the CS-DBP and LS-DBP
algorithms was achieved for the values of «,,, smaller than
1.2 W~lkm™!, in the case, that the number of steps per span
was fixed below the optimal step number. As the step number was
increased, v, 5p . converged to 1.2 W~ km™!. As shown in
Fig. 7(c) and (d), the lowest penalty of the MMPD-CS-DBP and
MMPD-LS-DBP algorithms was achieved when the nonlinear
coefficient v, was 1.2 W~ km™".

Fig. 8 shows the Q-factor versus launch power in single-
channel Nyquist 64 GBaud system using CS-DBP, LS-DBP,
MMPD-CS-DBP, and MMPD-LS-DBP algorithms with 4
steps/span, respectively. CDC-only represents CD compensa-
tion only. At v,,. =7 = 1.2 W 'km~!, CS-DBP and LS-
DBP with 4 steps/span outperformed CDC-only by 0.1 dB
and 1.3 dB, respectively. MMPD-CS-DBP and MMPD-LS-DBP
can produce extra 0.8 dB and 0.4 dB gains over CS-DBP and
LS-DBP with 4 steps/span, respectively. Moreover, the optimum
launch power can be increased by 1 dB. The CS-DBP (LS-DBP)
algorithm can achieve the same Q-factor as the MMPD-CS-DBP
(MMPD-LS-DBP) algorithm by optimizing the nonlinear coef-

ficient as v, = VpBP,Opt*

Nyquist PM-16QAM channel 1,2 —= | ...
e 80 km
Nyquist PM-16QAM channel 3 [—{MUX |—> | T Coherent
SSMF Receiver |[—> CPR
EDFA EDFA N e
Nyquist PM-16QAM channel 4,5 7 @4’ -
LO Demapping

The simulation 30 x 80 km SSMF 5 x 64 GBaud Nyquist WDM PM-16QAM system with 65 GHz sub-channel spacing. LD: laser diode, LO: local
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—o— LS-DBP(yppp=Ypsr,0pt)
—&— LS-DBP(ypp=Y)

- ¥ = MMPD-LS-DBP(y,,5,=Y)

7.0 1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20
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Fig. 11.  The Q-factor of the center channel 3 using CS-DBP, LS-DBP, MMPD-
CS-DBP, and MMPD-LS-DBP algorithms versus step number per span in 5 x
64 GBaud Nyquist WDM system, respectively.

B. 5 x 64 GBaud Nyquist WDM PM-16QAM System With
65 GHz Sub-Channel Spacing

We investigated the optimum nonlinear coefficient v, o
and the nonlinearity compensation performance of the CS-DBP,
LS-DBP, MMPD-CS-DBP, and MMPD-LS-DBP algorithms to
compensate for the nonlinear impairments in 5 x 64 GBaud
Nyquist WDM PM-16QAM system with 65 GHz spacing over
30 x 80 km SSMF. Fig. 9 shows the simulation Nyquist WDM
system. Table I shows the parameters of the simulation system.
On the receiver side, the coherent receiver was assumed to be
ideal and with no bandwidth limitation. The matched filter with
65 GHz bandwidth was used to select the central channel 3.

Fig. 10 shows the optimum nonlinear coefficient v, .. of
the CS-DBP, LS-DBP, MMPD-CS-DBP, and MMPD-LS-DBP
algorithms versus step number per spanin 5 x 64 GBaud Nyquist
WDM systems, respectively. As shown in Fig. 10, the v,,5 .,
of the CS-DBP and LS-DBP algorithms was sensitive to step
number per span. As the number of steps per span increased, the
Voup.ope Of the CS-DBP and LS-DBP algorithms converged to
the nonlinear coefficient of the optical fiber v = 1.2 W km 1.
The vy o, Of the MMPD-CS-DBP and MMPD-LS-DBP al-
gorithms was v = 1.2 W~ km~! at each number of steps per
span.
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maximum value.

Fig. 11 shows the Q-factor of the center channel 3 us-
ing CS-DBP, LS-DBP, MMPD-CS-DBP, and MMPD-LS-DBP
algorithms versus step number per span in 5 x 64 GBaud
Nyquist WDM systems, respectively. As shown in Fig. 11, the
optimum step number of the CS-DBP and MMPD-CS-DBP
algorithms was 14, and the optimum step number of the LS-
DBP and MMPD-LS-DBP algorithms was 8. The maximum
Q-factor of the four DBP algorithms was 8.9dB. Aty,,, =7 =
1.2 W tkm~!, the MMPD-CS-DBP (MMPD-LS-DBP) algo-
rithm outperformed CS-DBP (LS-DBP) algorithm when the
number of steps per span was less than the optimum step
number. The CS-DBP (LS-DBP) algorithm can achieve the same
Q-factor as the MMPD-CS-DBP (MMPD-LS-DBP) algorithm
by optimizing the nonlinear coefficient as v, = Yppp ope -

Fig. 12 shows the Q-factor penalty of the center channel 3 us-
ing CS-DBP, LS-DBP, MMPD-CS-DBP, and MMPD-LS-DBP
algorithms versus both the step number per span and the nonlin-
ear coefficient in 5 x 64 GBaud Nyquist WDM system, respec-
tively. As shown in Fig. 12(a) and (b), when the number of steps
per span was fixed below the optimum step number, the lowest
penalty of the CS-DBP and LS-DBP algorithms was achieved for

the values of vy, ., smaller than 1.2 W~tkm 1. As the step size
was decreased, 7, pp o, converged to 1.2 W~ 'km ™. As shown
in Fig. 12(c) and (d), the lowest penalty of the MMPD-CS-DBP
and MMPD-LS-DBP algorithms was achieved when the values
of Yppp Was 1.2 W tkm 1.

Fig. 13 shows the Q-factor of the center channel 3 using
CS-DBP, LS-DBP, MMPD-CS-DBP, and MMPD-LS-DBP al-
gorithms with 2 steps/span versus launch power in 5 x 64
GBaud Nyquist WDM system, respectively. As Fig. 13 shows,
compared with the optimum Q-factor of the CDC-only in single-
channel Nyquist 64 GBaud system, the optimum Q-factor of the
CDC-only was reduced from 8.7 dB to 7.8 dB due to the Kerr
nonlinearity of XPM and FWM. At~, . =7 = 1.2W 'km™,
LS-DBP algorithm outperformed CDC-only by 0.4 dB. How-
ever, CS-DBP algorithm can not effectively compensate for the
nonlinear impairments. MMPD-CS-DBP and MMPD-LS-DBP
algorithms can produce extra 0.5 dB and 0.2 dB gains over
CS-DBP and LS-DBP, respectively. The CS-DBP (LS-DBP)
algorithm can achieve the same Q-factor as the MMPD-CS-
DBP (MMPD-LS-DBP) algorithm by optimizing the nonlinear
coefficient as vy, = Yopp.ope-
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MMPD-CS-DBP, and MMPD-LS-DBP algorithms with 2 steps/span versus
launch power in 5 x 64 GBaud Nyquist WDM system, respectively.

IV. CONCLUSION

In this paper, we proposed a modified mean-power-
distribution-based nonlinear coefficient optimization scheme for
the DBP algorithm. In the proposed scheme, the nonlinear
coefficient was optimized based on the average value of the
mean power over the step size. The proposed scheme was
applied with CS-DBP and LS-DBP algorithms to investigate the
optimum nonlinear coefficient and nonlinearity compensation
performance in the simulation transmissions of single-channel
Nyquist 64 GBaud and 5 x 64 GBaud Nyquist WDM PM-
16QAM symbols over 30 x 80 km SSMF, respectively. Sim-
ulation results showed that the optimum nonlinear coefficient
of the MMPD-CS-DBP and MMPD-LS-DBP algorithms is the
nonlinear coefficient of the optical fiber and is robust to the
number of steps per span. Therefore, the modified mean-power-
distribution-based nonlinear coefficient optimization scheme
can effectively simplify the nonlinear coefficient optimization
of the DBP algorithm.
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