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Abstract We demonstrate digital backpropagation-based compensation of fibre nonlinearities in the
near-zero dispersion regime of the O-band. Single-step DBP effectively mitigates self-phase modulation,
achieving SNR gains of up to 1.6 dB for 50 Gbaud PDM-256QAM transmission over a 2-span 151 km

SMF-28 ULL fibre link.©2025 The Author(s)

Introduction
Optical networks are central to the global digital

communications infrastructurel'? with cloud
services and Al applications driving capacity
demands of inter-/intra-data centre networks. To
meet this growth, research has focused on
accessing the available fibre bandwidth beyond
C-band®. The O-band, centred at 1310 nm,
offers a number of benefits: it has a large
bandwidth (17.5 THz) relative to the C-band;
the low dispersion of standard single-mode fibre
across the O-band avoids the need for large
dispersion compensating filters; and it is located,
spectrally, well away from the C-band, avoiding
interchannel stimulated Raman scattering (ISRS)
between the bands in the case of O+C-band
transmission!*l. Recent developments in bismuth-
doped fibre amplifiers (BDFAs) make it possible
to use a single amplifier to cover the bandwidth of
the O-band®!®l, eliminating the need for multiple
parallel amplifiers and associated WDM filters,
used to split and combine the different bands.
However, O-band transmission also comes with
some drawbacks: signals experience higher

attenuation, approximately 0.3 dB/km, due to
increased Rayleigh scattering in silica, whereas
C-band signals typically experience attenuation of
between 0.15 dB/km and 0.2 dB/km. Additionally,
the larger nonlinear coefficient and near-zero
dispersion of standard single-mode fibre in the
O-band result in greater nonlinear distortions,
limiting throughput. Int”l, 144 coherent channels
were transmitted with wavelengths ranging from
1283 nm to 1334 nm, achieving over 40 Tb/s over
45 km. A considerable performance reduction
of up to 6 dB for higher signal launch power
was observed in the signal-to-noise ratio (SNR)
around zero dispersion wavelengths due to fibre
nonlinearity.

Digital nonlinearity compensation techniques
have been successfully implemented for coherent
systems operating in the C-band, ranging from
Volterra filters!®, machine learning algorithms!®!,
and digital backpropagation (DBP)I'%. In the
DBP algorithm, the signal is digitally back-
propagated over a virtual link, where the nonlinear
Schrédinger equation (NLSE) is solved in reversed
steps and with inverted parameters, allowing
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Fig. 1: O-band experimental transmission setup with measured B2B SNR values. The inset shows the gain and noise figure (NF)
as a function of the wavelength for an input of 0 dBm. External cavity laser (ECL), polarisation maintaining (PM),
in-phase-quadrature Mach-Zehnder modulator (IQ-MZM), polarisation-beam combiner (PBC), bismuth-doped fibre amplifier (BDFA),
variable optical attenuator (VOA), optical bandpass filter (OBPF), power monitor (MON), local oscillator (LO).



full compensation of the linear and nonlinear
deterministic effects. This technique, although
very powerful, can present a high computational
complexity as it requires two fast Fourier transform
operations per step and multiple steps per spanl''l.
However, the low chromatic dispersion in the O-
band has the advantage of allowing a significant
reduction in complexity of the DBP digital signal
processing (DSP), since a smaller number of
steps is required to solve the NLSE with sufficient
accuracy to mitigate the nonlinearities.

In this paper we investigate the application
of DBP for nonlinearity compensation in the
transmission of dual-polarisation QAM signals
with coherent detection in the O-band. Our
experiments with 25- and 50-GBd signal
transmission over a 2-span, 151-km long Corning®
SMF-28® ULL G.654.C-compliant fibre link with
chromatic dispersion of up to 2.5 ps/(hm-km) show
that one-step DBP provides significant self-phase
modulation (SPM) compensation.

Experimental Setup

Figure 1 shows the experimental transmission
setup. Light from a <10 kHz linewidth ECL was
first split by a PM 3-dB coupler and independently
modulated by 23-GHz bandwidth 1Q-MZMs to
generate 25-GBd or 50-GBd 256QAM signals,
shaped with a 1%-roll-off root-raised cosine
filter. The QAM signals were generated offline,
applying linear digital pre-distortion('?!, and the
modulators were driven by a 92-GS/s arbitrary
waveform generator with an ENOB of 5-bits. The
signals were re-combined with a polarisation beam
combiner to form a dual-polarisation QAM signal.
A BDFA was used as a booster amplifier, followed
by a VOA to control the launched optical power
(LOP).

The BDFA comprised a 200-metre bismuth-
doped fibre (BDF), backward-pumped by a
1150 nm beam, offering >20-dB gain with a 5-
dB NF with a design similar to that presented inl'3l.
The gain and NF versus wavelength for an input
power of 0 dBm are shown in Fig. 1. The signals
were transmitted over a 151-km link, comprising 2
spans of 75.5-km of SMF-28 ULL fibre with an
attenuation of 0.283 dB/km at 1310 nm and a
mid-link BDFA. Although SMF-28 ULL fibre may
have a cutoff wavelength up to 1520 nm (note
that G.654.E specification allows up to 1530 nm),
negligible penalty due to multipath interference is
expected in the O-bandl'4l.

After transmission, the fibre attenuation was
compensated by a third BDFA. A second VOA
controlled the power into the receiver, followed by
an optical bandpass filter to remove the out-of-
band amplified spontaneous emission generated
by the BDFAs. Power monitors were used before
the transmission block, between the two spans,

and at the receiver to assist in controlling the
launched and received power, the latter being
maintained at 2 dBm.

The coherent receiver consisted of a 90°-
hybrid, four 70-GHz balanced photodetectors, and
a 33-GHz digital sampling oscilloscope with 8-
bit ADCs. The lower oscilloscope bandwidth
(compared to the photodetectors) was due to
practical limitations, as a single oscilloscope
was used to simultaneously capture all four
tributaries. A <10 kHz linewidth O-band ECL
was used as a local oscillator (LO). Following
detection, pilot-based DSP was used with a pilot
sequence length of 2'° and a pilot insertion
rate of 1/32['%1. EDC or DBP was subsequently
applied, with EDC compensating for residual
chromatic dispersion, and DBP addressing both
dispersion and nonlinear effects. Transmission
performance was evaluated at three wavelengths:
1290 nm, 1310 nm, and 1330 nm. An initial
launch power versus SNR sweep was performed
using EDC to determine the optimal launch
power. DBP was then applied at this power,
sweeping the dispersion and nonlinear coefficient
(ypep) used in the algorithm to determine the
values that maximise the SNR gain relative to
EDC. The optimal chromatic dispersion values
at 1290 nm, 1310 nm, and 1330 nm employed
in the DBP were found to be -2.5, 0.01, and
2.2 ps/(nm-km), respectively. The DBP was
implemented following the Wiener-Hammerstein
(WH) modell'®l, illustrated in Fig. 3, where a
fraction « of the link accumulated dispersion
is first compensated, followed by nonlinearity
compensation (a signal-power-dependent phase
shift), and finally the remaining (1 — x) portion of
the dispersion is compensated in the final stage.
This single step combines the individual lengths
and LOPs to account for both spans The SNR was
defined as SNR = E[|X|?]/E[| X — Y|?], where X
and Y are the transmitted and received signals,
respectively.

O-band Transmission Results

The back-to-back (B2B) SNR values were
measured for 25 GBd and 50 GBd at 1290 nm,
1310 nm, and 1330 nm for the PDM-256QAM
modulation format, and the results are shown
in the table in Fig 1. Each B2B SNR value is
the average over 100 recorded traces. The SNR
after transmission was measured over a range
of launched optical powers after EDC and DBP
for PDM-256QAM signals at both 25 GBd and
50 GBd, and the results are shown in Fig. 2, for
the 1290 nm, 1310 nm, and 1330 nm wavelengths,
respectively. Note that, since the BDFA gain was
lower than the loss of the first fibre span, the
launch power into the second span was lower than
that into the first span, with both sets of powers
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Fig. 2: SNR versus first span launch optical power (LOP1) after 256QAM signals transmission over two spans, comparing EDC and
DBP with single step at 25 GBd and 50 GBd for (a) 1290 nm, (b) 1310 nm, and (c) 1330 nm.

shown in Table 1.

Tab. 1: Launch powers into the first span (LOP1) and the
second span (LOP2) at the three different wavelengths.

1290 [nm] 1310 [nm] 1330 [nm]
LOP1 [dBm] | LOP2[dBm] | LOP2[dBm] | LOP2 [dBm]

-9 -1.94 -0.33 -2.75
-6 -1.78 0 -2.56
-3 -1.3 0.36 -2.3

0 -0.8 0.96 -1.94
3 0.2 1.93 -1.42
6 1.6 3.3 -0.6
9 3.42 5 0.7

Transmission performance was assessed by
computing the SNR as the average over 50
recorded traces. At 1290 nm, the SNR gain
from DBP was approximately 1.8 dB at 25 GBd,
measured at the optimal LOP, which resulted in
the highest SNR. However, at 50 GBd, the system
was limited to a greater extent by the transceiver
noise, and the DBP gain was reduced to around
1.6 dB. For 1330 nm, an SNR gain of 2.0 dB was
observed for the 25 GBd case, while for 50 GBd
the available LOP was insufficient to assess the
SNR at the optimal power; nonetheless, at 9 dBm,
a gain of approximately 1.1 dB was measured by
applying DBP. At 1310 nm, where the chromatic
dispersion is near zero, a gain of 1.6 dB was
observed for 25 GBd symbol rate, while for 50 GBd,
1.2 dB SNR gain was demonstrated. In terms of
achievable information rate (AIR)['], calculated
from the generalised mutual information, increases
of 11.3%, 7.6%, and 7.7% were achieved for
50 GBd signals at 1290 nm, 1310 nm, and
1330 nm, respectively, with AIRs improving from
440 Gb/s, 494 Gb/s, and 396 Gb/s to 496 Gb/s,
535 Gb/s, and 430 Gb/s, respectively.

All nonlinearity-compensated signals shown in

Fig. 2 were measured using a WH split of x = 0.5.

The resulting DBP SNR gain, relative to EDC, is
presented in Fig. 3 for a range of WH split from
0 to 1. The variation in split ratio had a negligible
impact on performance, indicating that dispersion
can be fully compensated either before or after
the nonlinearity compensation.  This finding
significantly simplifies the implementation, as it
halves the number of FFT operations required.

In the case of wavelength division multiplexed
transmission, additional interchannel nonlinear
effects, such as cross-phase modulation and four-
wave mixing, would lower the optimal launch
powers per channel and hence would affect the
SNR gains achievable with the use of single
channel DBP. The low dispersion in the O-band
leads to these interchannel effects being greater
than in the C-band, and an assessment of this will
be the subject of future experimental investigation.
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Fig. 3: Top figure: Wiener—Hammerstein model diagram.
Bottom figure: SNR gain from DBP over EDC as a function of
the WH split at the optimal DBP LOP.

Conclusions

To the best of our knowledge, this work
represents one of the first demonstrations of
digital backpropagation for nonlinearity mitigation
in the O-band and near-zero dispersion regime.
The low chromatic dispersion in the O-band
increases the practical feasibility of DBP, as it
allows the use of a single step. Low-complexity
nonlinearity compensation based on a single-
step DBP was demonstrated in PDM-256QAM
signal transmission over a 151 km ULL G.654.C-
compliant fibre link, leading to an SNR gain of up
to 1.6 dB and a corresponding 11.3% increase in
the achievable information rate at 50 Gbaud.
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