Constant SNR-Error Step-Size Selection
Rule for Numerical Simulations of Optical
Transmissions

Simone Musetti, Paolo Serena, and Alberto Bononi UNIVERSI T‘A

Universita di Parma, Dipartimento di Ingegneria ed Architettura, Parma, ltaly
simone.musetti@studenti.unipr.it D I PA R M A

Abstract SSFM accuracy
o A trustworthy Split Step Fourier Method (SSFM) should simulate the NLSE with the desired e Under GN model analysis, SSFM error can

accuracy whatever the optical link under investigation. be seen as a perturbation similarly to nonlin-

e Targeting a desired accuracy is crucial in nowadays time-consuming simulations of fully loaded ear interference (NLI). The received SNR can
wavelength division multiplexing systems, where a fine tuning is mandatory to save computa- thus be expressed as:
tional effort. 1 1 1 1

o Alotof effort has begn put over the years in the optimization of the accuracy/run-time trade-otf SNR ~ SNRaer | SN Rais | SN Resrnt
of numerical simulations [1-3].

e In this work we review the SSFM error in the general framework of the Gaussian noise (GN) where each right hand term refers to the SNR
model [4], which focuses on the signal to noise ratio (SNR), and propose a simple power- accounting for the corresponding etfect only.
independent method to set up simulations granting a fixed relative numerical error on SNR. The only term affected by the numerical im-

plementation is SN Rsspm.

Data analysis and results

The popular Nolinear Phase ...while a power independent ...but still unreliable by varying dB o *.;C’ Nfsspu
criterion [2] is not good... criterion is fine... dispersion/bandwidth! [dB] *;‘* C
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A A _ _ ’
SSEM error = ASN = SN R A¢ = YPpeakLet(),  h = step length e From GN model [4], the variance of SSFM er-

ror is expected to scale as P°, P being power,
similarly to NLI — for increasing power we

D=17 ps/(nm -km) 27 channels WDM 27 channels WDM can tolerate more absolute SSFM error.

Our Proposal

e This criterion differs from popular SSFM cri-
0 possssmmmmmnpuenpusey, | 0! 0 S ; 0! SRR teria [1-3], where the step size is decreased
Q 3 ° for increasing power.
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e Step updating rule: setup to keep constant
local error along propagation.

e We propose to scale the first step h; with the maximum tolerable Four Wave Mixing phase match-
ing coefficient ®rywnv = hy|B2|(27 Bwpwm)?, with Bwpwm signal bandwidth.

e Such criterion grants a constant SSFM error in [dB] by varying fiber dispersion D or number of
WDM channels.

e single span transmission is a worse case in accuracy due to a smaller growing rate with distance
of SSFM error w.r.t. NLI.

Conclusions

e SSFM error scales with the cube of power
as much as NLI, thus the relative error on
SNR is independent of the transmitted signal

Simulation Setup power,

e A good way to set up SSFM numerical simu-
WDM signal: Optical link: lations at constant SNR error is by fixing the

3,9, 27, 54] channels e up to 20x100 km Single Mode Fibers maximum FWM phase shift in the first step

Symbol rate R = 32 Gbaud Dispersion Uncompensated link : : :
Channel spacing A f = 37.5 GHz Attenuation o — 0.2 dB /km and to scale it along distance as in [3].

PDM quadrature phase shift keying Nonlinear coefficient v = 1.3 1/mW /km SSEFM error grows along distance at a smaller
NRZ Root Raised Cosine pulses, roll-off r = 0.01 Dispersion D = [17, 8.5, 4.25,2.125] ps/nm/km rate than NLI, hence sizing SSFM in the sin-

gle span case is a conservative choice.

RX: Matched filter + 1 tap Data-Aided Least Square Butterfly filter

References

[1] G. Bosco et al., “Suppression of Spurious Tones Induced by the Spiti-Step Method in Fiber System [3] Q. Zhang et al., “Symmetrized Plit-Step Fourier Schemes to Control Global Simulation Accuracy in
Simulations,” IEEE Photon. Technol. Lett., vol.12, no. 5, p. 489 (2000). Fiber-Optics Communication Systems,” J. Lightw. Technol., vol.30, no. 10, p.1524 (2012).

[2] O. V. Sinkin et al., “Optimization of the Spli-Step Fourier Method in Modeling Optical-Fiber Commu- [4] A. Carena et al., “Modeling the Impact of Nonlinear Propagation Effects in Uncompensated Optical
nication Systems,” J. Lightw. Technol., vol.21, no. 1, p. 61 (2003). Coherent Transmissions,” J. Lightw. Technol., vol.30, no. 10, p.1524 (2012).



