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Research context and motivation Novel contributions

* Significant capacity and throughput increases are required for optical networks to manage | |, ithin this project, novel contributions were made to NLI modelling, both for wideband and
accelerating user demands. Wideband transmission presents an attractive solution for this disaggregated optical network architectures.
problem, with fast-developing technology that does not require installation of new fiber| |, A simple relation quantifying the upper bound of the SPM accumulation was found, and
Spans. N - . then combined with an XPM to model to create the first fully disaggregated NLI model.
Amplfir  Ampifier (LA) - Amplifer * The model was then extended to wideband regimes, non-periodic network layouts, and
also permitting QoT prediction for alien wavelengths.
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Optical Line System (OLS) :: .
 The generation of nonlinear interference (NLI) in wideband networks is complicated by the s w6 span ¢ " s w0 s ;:ﬂn % %
effects of stimulated Raman scattering (SRS), frequency-dependent fiber parameter

scaling, and the required disaggregation of NLI generation to enable progressive

upgrades. Adopted methodologies
« Subsequently, advances in NLI modelling are required in order to accurately model quality
of transmission (QoT) in these near-future optical network architectures. * Research was performed primarily using two advanced simulation frameworks:
« Split-step Fourier method (SSFM) simulations performed within MATLAB, edited to enable
. wideband and disaggregated transmission, with full modelling of all frequency dependent
Addressed research questions/problems effects.
* First, to enable disaggregation, the spectral and spatial separability of the NLI contributors, i S e
the self-phase modulation (SPM) and cross-phasg modulation (XPM) was.mvestlga.tgd. T g0 | [ Temsmined rso ) 3 10} - u e
 The coherency of the SPM was observed, revealing a parameter, C,,, which quantifies the %-zu ~— 2 20|
maximum amount of SPM which may be generated for a given system configuration, 8 30 robe . 2 30
scaling with 8 o |B,|LsRZ. 3" g a0
* These findings were combined with knowledge about the accumulation of the XPM, TE:E [ Transmitced P53 ‘
providing a fully disaggregated NLI model for the C-band. 270} J‘ . = Y T T T I00 1 [ K
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: eSS ow superpostion nstarsd | :j e S0 superpostin undsoies * An internal branch of the open-source GNPy library, with similar modifications, providing
g a2 TE e g « S — fast and accurate approximations of the NLI generated within an OLS.
o N M “°-\  These two frameworks were both independently verified and used together in order to
< z:g/,/t‘:::::::s:ma-_-a=;=._._._._.=;===a=_; : :--J:::;_: | | ! 1 investigate NLI generation in a variety of network architectures, performing full spectrum,
Y | qal T il it ok ko ol ol Sing|e channel, and pump-and-probe simulations.
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 Wideband adaptations were then made to the model and simulation framework, extending
it to the L and S bands.

* This model was verified also for realistic network architectures, which include non-uniform| |, The final piece of the puzzle is to calculate how the XPM accumulates in dispersion-

links, and for channels with unknown memory, serving as an upper bound in all cases. compensated links and in mixed-fiber optical network layouts, further improving accuracy.
4 ; . ; , « Both scenarios introduce dispersion-dependent effects which do not guarantee the

| —a—5PM Accumulation
42 | - - -0OLS Boundaries

incoherent accumulation of XPM.

» However, preliminary investigations suggest that these effects still fall below the upper
bounds of our model.

 This investigation is currently underway, with results to be submitted to OFC 2023,
followed up with a journal paper, to summarize our findings, and the project.
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