
• The 10G-to-100G NLI problem is traditionally addressed by establishing a large guard-

band between 10G and 100 G combs.

• However, guard-band definition is still based on empirical observations depending on the

DSP implementation rather than on rigorous considerations on the received optical field.

• Here we focus on the 10G-to100G Cross-Phase Modulation (XPM), i.e. the 10G channel

modulating the 100G phase proportionally to its power.
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Adopted methodologiesResearch context and motivation
• Access and Metro segments of the optical networks still rely on 10G transceivers based on

the Intensity Modulation Direct Detection (IMDD) and operated on Dispersion Managed

(DM) optical line systems (OLSs), because of large CAPEX savings.

• In the meantime, 100G+ coherent, polarization-multiplexed (PM), DSP-based transmission

offering larger capacity, are getting cheaper, so that a medium-term realistic scenario will

include DM links operated by mixed 10G/100G transceivers.

• However, it is known that coherent transmission is severely impaired by 10G channels and

DM OLSs due to the intense 10G-to-100G non-linear interference (NLI) generation.

Future work
• Future works are focused on the validation of the dual polarization estimation both by

extensive simulations and experiment. Also the analytical model will be improved to enable

a fast estimation of the guard-band needed to get a certain QoT.
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10G-to-100G NLI 

XPM is modelled as a multiplicative
noise 𝝆 𝒕 on the 100G field 𝑬𝒑𝒓:

𝑬𝒑𝒓,𝑹𝑿 𝒕 = 𝝆 𝒕 ∙ 𝑬𝒑𝒓,𝑻𝑿 𝒕

𝝆 𝒕 ≅ 𝟏 + 𝒏 𝒕 𝒆𝒋𝝋 𝒕

XPM Phase Noise

XPM Amplitude Noise

XPM Polarization Effects

• Part of the generated interference acts as an additive amplitude disturbances 𝒏 𝒕
whose effect can be taken into account in the SNR as a further source of noise as the 

amplifier ASE noise.

• XPM generates also phase noise 𝝋𝑿𝑷𝑴 𝒕 on the 100G 

channel whose final effect degrades the transmission 

performance but depends on the DSP implementation, 

especially on the Carrier Phase Estimation (CPE) stage

recovering the original phase of the coherent signal.
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• 100G is depolarized since it carries independent data 

streams on the two polarizations.

• 10G is polarized. It has a fixed polarization state.

• The amount of disturbance on the 100G polarization components depends on the the 

Relative Polarization Angle 𝜸 between the 10G polarization state and the x-axis of 

the reference polarization frame at the input of the first fiber span.

• Also, the effect of PMD and birefringence, which rotates the 10G polarization state 

w.r.t. the 100G reference axis along fiber propagation has to be considered.
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Novel Contributions

• As a first step, we have performed an extensive set of pump and probe simulation vs

the 10G-to-100G frequency spacing 𝚫𝒇 in order to evaluate the second order

momentum of the XPM amplitude and phase noise from 𝜌 𝑡 . Done in single

polarization to get the worst case pump-probe polarization alignment:

• Going to dual polarization, we have evaluated the 2x2 transfer function of the XPM

phase noise ന𝑻 𝒕 , considering the polarization states 𝜌𝑋 𝑡 , 𝜌𝑌 𝑡 and birefringence-

PMD effects, so that 𝐸𝑝𝑟,𝑅𝑋 = ധ𝑇 ∙ 𝐸𝑝𝑟,𝑇𝑋:

• Since XPM by each 10G pump is additive, its amplitude and phase noise intensity can

be evaluated vs the number of pumps 𝑁𝑝 and Guard-band.

• Phase noise intensity can be useful to set the Guard-band w.r.t. DSP tolerance.

ധ𝑇 𝑡 = 𝑒𝑗ഥ𝜑 𝑡 cos 𝜃 𝑒 ൯𝑗(𝜓+Δ𝜑 𝑡 sin 𝜃 𝑒 ൯−𝑗(𝜓−Δ𝜑 𝑡

−sin 𝜃 𝑒 ൯𝑗(𝜓−Δ𝜑 𝑡 cos 𝜃 𝑒 ൯−𝑗(𝜓+Δ𝜑 𝑡

𝑒𝑗ഥ𝜑𝑒 𝑡
cos2 𝜃 𝑒𝑗Δ𝜑𝑒 𝑡 + sin2 𝜃 𝑒−𝑗Δ𝜑𝑒 𝑡 sin 𝜃 cos 𝜃 𝑒−𝑗2𝜓 𝑒𝑗Δ𝜑𝑒 𝑡 − 𝑒−𝑗Δ𝜑𝑒 𝑡

sin 𝜃 cos 𝜃 𝑒𝑗2𝜓 𝑒𝑗Δ𝜑𝑒 𝑡 − 𝑒−𝑗Δ𝜑𝑒 𝑡 cos2 𝜃 𝑒−𝑗Δ𝜑𝑒 𝑡 + sin2 𝜃 𝑒𝑗Δ𝜑𝑒 𝑡

• Test the analytical model by applying 𝜑𝑋, 𝜑𝑌

on a 100G signals and receiving it with a DSP.

• 𝜑𝑋, 𝜑𝑌 were obtained from single polarization

𝜑 by splitting it accordingly with the 10G-to-

100G angle 𝛾.

• SNR penalty has been evaluated w.r.t. the

linear propagation of with 20 dB OSNR.

𝜌 𝑡 =
𝐸𝑝𝑟,𝑅𝑋

𝐸𝑝𝑟,𝑇𝑋

𝑛 𝑡 = 𝜌 𝑡

𝜑 𝑡 = 𝑎𝑛𝑔𝑙𝑒 𝜌 𝑡

Evaluate Power of 𝒏(𝒕)

Evaluate std.dev. of 𝝋(𝒕)

ത𝜑 = Τ(𝜑𝑋 + 𝜑𝑌) 2

Δ𝜑 = Τ(𝜑𝑋 −𝜑𝑌) 2

• Assuming independent CPEs on x and y, we have computed the inverse time average

of ന𝑻 𝒕 , so that the residual impairment is evaluated as ധ𝑇 𝑡 −1 ∙ ധ𝑇 𝑡 :

ത𝜑𝑒 = ത𝜑 − ത𝜑𝑎𝑣𝑔

Δ𝜑𝑒 = Δ𝜑 − Δ𝜑𝑎𝑣𝑔

Imbalance between 𝝋𝑿 and 𝝋𝒀 leads
to additional polarization noise!

Common mode phase noise term

Polarization phase noise term

𝜃, 𝜓 Equivalent Polarization

rotation and phase shift

XPM Intensity vs Guard-band Single Pol. 𝝋 𝒕 PSD Single Polarization

𝜑 𝑡 has a narrow band, so it can

be recovered by standard CPE

Dual Pol. SNR penalty vs Guard-band estimation using analytical model 

10G pumps PMD rotation, stronger at larger guard-bands, spreads the 
XPM impairment uniformly on the 100G polarizations (𝚫𝝋𝒆 → 𝟎), mitigating
the polarization noise term.

QPSK Scattering Diagram

XPM amplitude
and phase noise


