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OUTLINE

= QoT Estimations in Wideband Optical Systems

= Experimental Reference Results

= Assessment of Modeling Options for Wideband QoT-E
= Conclusions
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QUALITY OF
TRANSMISSION
ESTIMATION IN
OPTICAL SYSTEMS

MOTIVATIONS AND CHALLENGES

MODELING OPTIONS AND EXPECTED ACCURACY

reever)  » \/endor agnostic Quality-of-

Transmis§ion Estimatonl!s (QoT-Es) are
nowadays developed for multi-
vendor network design and network
management and orchestration

"' * Many QoT-E are based on existing
1
1
1

Transmiteer
Vendor 8

| Operational Parameters

ST TS models such as the Gaussian Noise

(GN) model
_______ I o7-ESTIMATOR P = Several validation efforts made with

with commercial equipment showed
that GN-model based %oT—Es ield
good accuracy (+/- 0.5 dB SN
uncertainty) at the center of the

@ Estimate WDM comb with good knowledge of

£ © Measurement operational parameters of the
u devices'?

= Can we keep such accuracx level
Frequency across the full WDM comb?
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WHY WIDEBAND QOT-E?

GOAL OF THIS PAPER

SRS-Induced
: ; We aim at comparing different
= C+L Systems are getting traction as Power Crosstalk - A .
a possible solution to capacity QoT-E oriented NLI modeling
a| L-Band C-Band crunch approaches in presence of SRS
-8 P Py . "
= QoT-Es operating in such scenarios * This is critical in wideband
need to keep constant accuracy Frequency scenario in order to
Frequency levels across the full WDM comb 1 * Deliver consistent QoT
L. A estimations across the full
] = NLI generation is not bandwidth NLI spectral comb
<.> :Asnmate limited for spzegtral occupations up . = Improve design of wideband
easurement  to 10s of THz'?Z also in presence systems where the impact of SRS
£ of strong PMD? on NLI is often masked by large
] i i line management
Large Inaccuracy!  * Other wideband effect such as gnarginsiontine 8 B
# ¥ Stimulated Raman Scattering stran:gms yf'IEISt'ng.Q°T's“b°Pt"“a|
Frequency (SRS) must be taken into account spectrum Hattening
BOPTCOM ;i emmerolcn orcaois wic. 5 SOPTCOM 6




OFC 2018 $ om0
MAR 127, 2018 - SAN DIEGO
PRESENTATION #M1D.2

EXPERIMENTAL SETUP

REFERENCE SCENARIO
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THE ORANGE LAB TESTBED
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THE ORANGE TESTBED

= 20x80km Corning SMF-28e+

= 58 channels
= 7 commercial 32 GBaud PM-QPSK
100 Gbps Transceivers (CUTs)
= 51 lab 28 GBaud PM-QPSK 100 Gbps
Transceivers
= Launch Power = +0.4 dBm per
channel

= Linear OSNR measurement
performed through OSA after
each amplifier

= Measured Q-factor were mapped
to SNR values exploiting back-to-
back measurements

1 1 -
SNl = [SNRGEN - OSNRLIN}

REFERENCE EXPERIMENTAL RESULTS
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MODELING OPTIONS
FOR WIDEBAND QOT
ESTIMATION

THE GENERALIZED GAUSSIAN NOISE MODEL VS COMMON APPROACHES

EQUIVALENT SPAN MODEL FOR QOT-E
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SOURCE OF UNCERTAINTIES IN QOT-E OPTION 1: THE GN-MODEL

= For the considered setup the main source of uncertainty is = The PSD of NLI noise is
represented by the connector loss of each span. o Yooy : evaluated via the incoherent

= Nominal SNR estimations are obtained assuming 0.75 dB S - (L fereal
connector loss T - i > = No SRS-induced tilt

= Typical values in between 0.5 and 1 dB have been assumed in the fiber, i.e.

considered as well, yielding variations in the nonlinear erm Lo )2 = p=20Ls
SNR estimations of the order of +/- 0.5 dB. T Lo i p(Ls: f)
= If experimental SNR values fall within this range from the Rocceas i ) S - (1) W ;

nominal estimation, the modeling option is successful in
performance estimation.

1 — e~ 2L+ 4T oL (fi—F)(faf)

16 e i
Gruilef) = o0 P2 [ oG (RIG (i + o - £) e EERLG = PG=p| V1
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OPTION 1: THE GN-MODEL OPTION 2: THE GN-MODEL + SRS TILTING

¢ Experimental Results
—— GN-model (i)

185 . . = The PSD of NLI noise is
) evaluated via the incoherent
GN model’

* SRS-induced tilt is
computed numerically via
the pump-and-probe
equations

N > = SRS and NLI generation are
16 assumed as two

s ¢ independent effects
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¢ Experimental Results
GN-model + SRS it (ii)

. = The PSD of NLI noise is
18.5 .

evaluated via the analytical
approximation of the
incoherent GN model’

= SRS-induced tilt is computed
numerically via the pump-and-
probe equations

= SRS tilt is used to compute
1.—, - frequency dependent
¢ N effective lengths that are
plugged into GN-model
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OPTION 3: THE GN-MODEL W/ FREQUENCY-DEPENDENT EFFECTIVE
LENGTH

¢ Experimental Results
5[~ Analytical Approximation (i)
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OPTION 4: THE GENERALIZED GAUSSIAN NOISE MODEL

= The PSD of NLI noise is
evaluated via the
incoherent GGN model’

= SRS-induced tilt is
computed numerically via
the pump-and-probe
equations

oo z 2
Guu(zf) = 70 11 [ GGG+ fa= ) | [} eI (s o, o, 18] ity
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OPTION 4: THE GENERALIZED GAUSSIAN NOISE MODEL

+ Experimental Results
19— GGN-model (iv)
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SUM UP
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CONCLUSIONS

= Assessing the interplay between SRS and NLI generation
is fundamental for wideband QoT Estimation

= Commonly used approaches and models can be used to

deIivgr good QoT estimations at the center of the WDM
com

= The same approaches fail in delivering consistent

estimation across the full comb, with estimation errors
larger than +/- 0.5 dB

= The recently introduced Generalized GN model instead
represents a %ood option to overcome such limitation as it is
able to reliable estimate QoT across the full WDM comb.
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