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Motivation

* Operators’ network management continuously measure network health by collecting data from
the deployed network devices.
* Data are used mainly for performance reporting, diagnosing problems after failures, and to predict
future traffic growth for planning.
 Network management is typically reactive and requires significant human effort and skills to
operate effectively.

* As optical networks evolve to fulfil highly flexible connectivity and dynamicity requirements, they
must also provide reliable connectivity and increased network resource efficiency.

* Optical networks must support fully automated management, providing:

* Ensured performance of optical connections.
* identify degradation conditions that will impact connectivity and highlight critical devices and links for

further inspection.
* Activate recovery if a failure is predicted or detected and facilitate resource optimization after restoration

events.
* | IBN is the automation of deploying business intent across a network through policies.

OTA Mini-symposium 4 |
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lllustrative Use Cases

Use Case 1: Use Case 3:

Network planning and Lightpath degradation
provisioning with reduced and failure localization
margins

Use Case 2:
Dynamic Network
adaptation

OTA Mini-symposium 5]
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Use Case 1: Network planning and provisioning

Expected Benefits Modeling and Parameters involved

Application  of  just CAPEX saving opportunity by  Attenuation, dispersion and other fiber parameters,
enough margin in the avoiding or postponing the noise figure of amplifiers, WSS passband, the
network design and in unnecessary investmentsata  sensitivity of TPs, etc.

lightpaths provisioning. given time. Those parameters can be used together with an

analytical model to estimate the QoT of candidate
lightpaths accurately.

ML-based methods to predict the probability that the
QoT of a candidate lightpath will not exceed a defined
threshold.

OTA Mini-symposium 6 |
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Use Case 2: Dynamic Network adaptation

Expected Benefits Modeling and Parameters involved

Leveraging on configurable Better exploitation of Use of models to evaluate the expected
TPs the allocation of just network resources and QoT of a lightpath at any new TP
enough data rate for any potential savings by configuration.

connection at any time to reducing the typical Use of models for traffic analysis to
cope with traffic dynamics at  overprovisioning of static 5 |,ate traffic trends and periodicity.
minutes or hours scale. allocation.

OTA Mini-symposium 7|
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Use Case 3: Lightpath degradation and failure localization

T . Modeli dP t
involved

QoT reduces over time Degradation anticipation allows Predictive analysis based on
due to network and appropriately tune systems’ QoT evolution.

device degradation, parameters before alarm triggering. | 5calization based on the per-
ageing, or load Localizing the element responsible  system analysis. Algorithms that
I Ak s for a degradation facilitates network  find the potential cause of the

maintenance by planning a human failure.
intervention.

OTA Mini-symposium 8 |
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IBN: From HOW to WHAT

Intent:
Business goal What

¢ IBN abstracts network complexity and improves Capture business intent,
automation by eliminating manual - translate to policies, and
configurations. check integrity

¢ Administrators state higher-level business @

policies (what), and the intelligence of the system

i A
then decides how to meet them. ssurance
* A translation and validation system take the desired Continuous verification, How
outcome (e.g., service level) (what) as input and insights and visibility,
converts it to the necessary network configuration and corrective actions
(how) Automation

 Defined policies are automatically enforced. Analytics

e Data is gathered to constantly monitor network Orchestrate
operations (awareness of state). /Scmlect Context policies and

* ML enables automated implementation of policies X = x configure systems

and corrective actions. \ /

OTA Mini-symposium 9|
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Assurance

Analyze /[ Learn —» Design

User

** The service assurance system makes sure that the Terdes
network continues to deliver on that intent with the I l What
help of Al/ML algorithms. —

Translate
Transfer knowledge

* ML training can be carried in an ML sandbox domain and be

based on data from the network and simulation. 5
© Validate
* The target is to deal with scaling or reallocating resources, as 2
well as healing and recovery. " (" Analyze/
. L. o Y . Learn / Plan
* Reporting generates descriptive outputs, e.g., statistical aggregate
summaries and knowledge transfer of main service KPlIs. I ‘ How
g !
¥0_ Monitor < Con_ﬁ_g/
2 provision
=
Fulfill Assure
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Digital Twins

e2e QoT
NDT estimation
Prediction (Simulation) N
s 2! N
ML Sandbox Domain \\‘K
(modelling space) I r---.OA1'2—1 A2-3_J,.___I bz
L--sl\ E\ L-‘.‘_--ri.l / /;./.-.: @
X1~ N X2/ X
\\ \ \\ II / P
D 1 ’
Network / Service ‘ SO 2
Simulation s
SoMy,
- ‘ Network
Model Training 4 Evaluation Monitorin
and Tuning
Validation, Adaptation
& Commit | - N
\. J
X2
OA2-3 1
I Jorea.
(M) Observation Point
. J
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Conclusions

** 6G requires radical changes to networks.

+* Resilient networking (7 9’s) for supporting improved and elastic reliability

* Smart degradation detection, predicting and resisting negative effects before they happen and/or rapidly
recovering if negative effects cannot be avoided.

* Elastic network technologies, e.g., support for changing network topologies at runtime.

s Al/ML-powered adaptative network operations

* Intent-based networking, monitoring and reacting in real time to changing network conditions.

* Closed-loop Al/ML mechanisms to make automatically actionable decisions.

* Proactive (rather than reactive) resource allocation decisions.

* Decision modules as software control elements realizing an adaptive control over the network resources.

OTA Mini-symposium 12 |
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Control plane architecture
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Control i
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Connection
torn down

Node Node Node

Agent /—\ Agent Agent

Connection
reconfiguration

Operation

Optical Transport
Network
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Uightpath equest DT-assisted Lightpath Provisioning
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Lightpath Surveillance
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Soft Failures and Degradation Detection

NESTG

A

» Some hard failures start as soft failures, and they can
be detected as incipient degradations. Intolerable BER

Restoration

» Therefore, it would be desirable to anticipate and
resolve hard failures in order to plan proper actions like
traffic rerouting and repair activities.

Detection

Pre-FEC BER

Time for pro-active
Rerouting and Maintenance

% Even though some soft failures evolution might take a
long time, they can affect the quality of lightpaths while Time
in operation.

BER max

» Examples of Soft-failures:
* Tx laser shift
* Filters misconfiguration <henge b0

** Degradation can be detected by following the variations J—’—L
of the QoT with time and configuring a threshold. '

* What is the best value for that threshold?

BER thr (for this connection)

IBound

OTA Mini-symposium 18 |
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Four failures affecting the signal of an optical connection

Pre-FEC BER  Received Power (dBm)
N\

( ]
Filter Tightening No change
\_ J
4 N\
. Gradual
Gradual failure: decrement
Drift / Shift
\§ J
s | )
Small
| increment
Signal Overlap —
\_ J
s )
B Periodical
ST R T T T @ ““ I [ variations
Cyclic failure: Drift / - Y\
Shift ! ! "
l
\_ J

Time Time
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How soft failures impact the optical signa

| a) qumal Signa! o 'b) Drif'g o | p) S'ignal Oyerlap |

__\

&l
4
/
!
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How soft failures impact the optical signa
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Optical spectrum monitoring

QPSK optical spectra captured by a 1.2 GHz OSA,
(a) w/o and (b) w/ Laser Drift

+»* Benefits of optical spectrum monitoring

 a) w/o LD | b) 2 GHz LD
* failure detection, identification, and localization
* failure magnitude estimation g
* margin reduction 3
. . . . i Measured Signal I ’l: _____ gl(ea;sctu;edsfigr;al \
** What is the key challenge in filtered optical networks? S Epeciea sgra - il Y
* the impact of filter cascading on the spectrum S Froquency [GHl -

C) i features for model 2 > Z

5 | +—> 7
features for model 1 ///

0 —

—

e —
5%
20§ /

.
Residual Value [dB]
5

LD from 0 to 24 GHz
with 2 GHz steps

Frequency [GHz]

0 3,125 6,25 9,375 12,5 15625 1875 21,875 25 28,125 31,25 34,375 375

Residuals for different LD magnitudes
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Conclusions

» Soft-failures affecting optical devices can degrade QoT of optical signals.

* The detection of the degradation can be easily carried out by analysing the evolution of QoT
with time

» Soft-failures impacting the optical spectrum can be easily identified and localized by using OSAs
installed in the optical nodes.

* Spectra models can be used to generate expected signals so as to compare to the monitored ones.

» Soft-failure impacting the time domain (e.g., excessive Linear or Non-Linear noise) cannot be
identified / localized with data from the OSAs.

OTA Mini-symposium 23 |
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Introduction

* Like Big Data, telemetry data is a
collection of data from many different
sources.

Ability to transform data into network operation.

Quality, accuracy, trustworthiness of data and

* It can be described by means of five
data sources.

characteristics, i.e., the 5 V’s, which
can be seen as different tiers of a

pyramid. Variety Diversity and range of different data types and

data sources.

The speed at which data is received, stored and
managed. Sometimes it’s better to have limited
data in real time than lots of data at a low speed.

The amount of data that needs to be
managed and analyzed.

OTA Mini-symposium 25 |
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Telemetry Data

* Some works have highlighted the need to collect telemetry data into a centralized system running
close to the SDN controller.

e This defines a telemetry pipeline with basically two elements:

 data collectors
* centralized telemetry system

* That design is based on the principle of collecting from the network and storing as much data as
possible, in the hope that they can feed network automation systems.

e This part:

* illustrates with examples the limitation of such telemetry system
* highlights requirements that need to be considered when designing an optical network telemetry system.

OTA Mini-symposium 26 |
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Examples of the 5 V’s

* Assume a core optical mesh network for a national telecom operator with 50 optical nodes.

| Device | Number and Characteristics

e Each node is connected with any other node in the

network through one single lightpath (2,450
o S P ( (o] [N [Z98 50 (average nodal degree of 3)

unidirectional lightpaths).
. 2,450
* We can collect telemetry data from Tx, Rx, OA in the  0A 300

nodes, and from OSAs installed in every optical link.  0SA | 150

I S
e Laser params, e.g., temperature.
e Configuration, e.g., MF and SR. 20

e Optical constellation (10,000 1Q symbols). 80,000
e Receiver parameters, e.g., BER, SNR, etc. 40

e |nput power, gain, etc. 20
e Optical spectrum (C-band, resolution 1 GHz). 16,000

OTA Mini-symposium 27 |
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Evaluation of the 5 V’s (1/4)

NESTC

DOCTORAL N

* Volume (assume data collection period is 1 sec):

* The network generates 15.61 TB of data per day, i.e., 5.56 PB per year, that need to be collected, conveyed to
the centralized telemetry system, stored in a data lake, and analyzed.

* Velocity:

* 1 sec data collection imposes requirements in the devices and in the data network).

e Optical devices generating large size measurements (OSAs and optical receivers) need high-speed data
interfaces.

* OSAs would require 128 kb/s interfaces, while Rx would require 640 kb/s interfaces.

* Speeds are calculated assuming a stream of float numbers. However, measurements, once collected are
usually formatted, e.g., as a JSON object, which increases its size.

* Every node agent collecting local telemetry data, formatting data and sending them to the centralized
telemetry system, would generate around 40 Mb/s, so the centralized system would receive 1.9 Gb/s of data
in total.

OTA Mini-symposium 28 |
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Evaluation of the 5 V’s (2/4)

* Variety:

* Six structured measurements are defined: from tuples of individual magnitudes to vectors of related values.

MM
® |aser params, e.g., temperature.
e Configuration, e.g., MF and SR. 20

n e QOptical constellation (10,000 IQ symbols). 80,000

® Receiver parameters, e.g., BER, SNR, etc. 40
® |nput power, gain, etc. 20
¢ Optical spectrum (C-band, resolution 1 GHz). 16,000
* Also logs and other event data from different systems are collected, which require a totally different
processing process.
 All these different data types need to be processed, analyzed and correlated in real time.
 E.g., analysis of spectrum measurements from nodes in the route of a lightpath, together with analysis of optical

constellation in the Rx can be used to identify and localize the cause of a sudden increase of the BER measured in the
receiver.
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Evaluation of the 5 V’s (3/4)

*» Veracity:

 Right decisions are made with thorough and correct information.
e Data can only help if it is clean, i.e., it is accurate, error-free, reliable, consistent, bias-free, and complete.
e Some factors that contaminate data are:

* Meaningless information that distorts the data.

* Outliers that make the dataset to deviate from the normal behavior.

» Software vulnerabilities that could enable data hijacking.

 Statistical data that misrepresents a particular network resource.

OTA Mini-symposium 30 |
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Evaluation of the 5 V’s (4/4)

 Value:

* Telemetry data can bring large benefits for network automation but only if they are converted into
useful insight.
e Operators can capture value from telemetry data by:
e Reducing network margins.
* Automating service provisioning.
* Improving resource utilization and reducing operational costs.
* Extending the working life of network equipment.
* Detecting soft-failures before they become hard failures.
* Simplifying maintenance by finding root cause of failures and scheduling works.
* Many others.
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How can Intelligence help and where it should be implemented?
(1/3)

1. Do all measurements need to be collected with the same periodicity?

* The answer is no.

* E.g., the configuration of the Tx happens at setup time or upon some event, and the temperature of the laser
would not significantly change that fast.

* Then, different measurements should have different collection periodicity, which can be variable, or even
being collected asynchronously.

2. Isit useful to store all the measurements even when no significant changes happen?

* The answer is no.

* To determine whether a significant variation in one measurement has happen, some analysis needs to be
carried out earlier in the telemetry pipeline, e.g., at the node level.

3. Can measurements be compressed to reduce bandwidth requirements?

* A clear yes.
* Compression techniques should be explored, which can be either lossy or lossless.

OTA Mini-symposium 32 |
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How can Intelligence help and where it should be implemented?
(2/3)

4. Should telemetry systems be totally centralized?

* A clear no.

* Some processing and data analysis might be needed at the node level.
* Such analysis might require global network vision, so it should be orchestrated at a centralized level.

5. Where is the correct place for cleaning data?

* Data veracity should be checked along the telemetry pipeline and discarded whenever there is evidence that
such data is contaminated.

E.g., a sample data that does not follow statistically last measurements can be either an outlier or an anomaly.

* The detection point can be local if it refers to single measurements or it needs to be in the centralized system
if it requires correlation with other measures.

* E.g., in the case of spectrum measurements in the route of a lightpath.
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How can Intelligence help and where it should be implemented?
(3/3)

6. Where is the best place to extract value from data?

* One might answer: as soon as you can in the telemetry pipeline.

* |If you can detect degradations from the data collected from a network node, why we should wait to do so in
the centralized telemetry system?

* Sometimes, it is necessary to perform correlation among data collected from different network nodes to
extract value from data.

OTA Mini-symposium 34 |
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Telemetry architecture to support intelligence

* Every node in the data plane is locally managed by a node agent,
which exports telemetry measurements collected from
observation points (M) enabled in the optical nodes.

* Events can be collected from applications and controllers (E).

* Telemetry agents run inside node agents and include intelligent
algorithms based on Al/ML to process collected telemetry
measurements.

* A centralized telemetry manager is in charge of receiving,
processing and storing telemetry data in a telemetry DB.

OTA Mini-symposium
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Dimensionality reduction: Optical spectrum

* Asimple but effective dimensionality reduction technique is supervised feature extraction (FeX).

* A module to pre-process optical spectrum samples (ordered list of frequency-power pairs).

* After equalizing power, the module characterizes:
* uand o of the power around the central frequency
* A set of features computed as cut-off points of the signal with the some power levels.

* The spectrum of a 50GHz channel is processed to generate a set of 13 features that can be easily transformed
into value, e.g., for failure detection and identification.

Telemetry Agent

3

50 pairs | | L v 13 features
400 bytes v 52 bytes
2
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Dimensionality reduction: Optical constellations

Autoencoder

Latent p x* /
1
2 | Space

* Another technique to effectively reduce data
dimensionality are AE, i.e., a type of neural network

Yy
A4 Y
>

*

37 .

. » x*nQ
with two components: encoder and decoder. Encoder|  |Decoder [
= / e Telemetry Telemetry
* Let us assume the case of a 16-QAM signal Input sample (X) Aeert Manager

* the encoder takes X as input (i.e., k 1Q symbols, e.g., 10,000) and generates the latent space Z, where:
* sizeof(Z) << sizeof(X).

* The encoder runs in the telemetry agent and exchange Z for every input sample X with the decoder running in the
telemetry manager.

* The decoder then reconstructs the constellation sample with high accuracy and the sample is stored and analyzed.

* Reconstruction can be performed also in the telemetry agent, e.g., for veracity checking purposes like detecting
outliers and/or anomalies.

e AE trained for the maximum compression that produces a reproduction error in the decoder lower than 2%,
which results in vectors Z of size 32, and therefore, achieving 625:1 compression ratio.

OTA Mini-symposium 37 |



NESTO

DOCTORAL NE

UNIVERSITAT POLITECNICA
DE CATALUNYA
BARCELONATECH

Dimensionality reduction: Optical constellations

* We can apply Gaussian Mixture Models to Input sample (X) Featies oxaction

characterize each constellation point of an optical 3,““
constellation sample as a bivariate Gaussian B ‘ ‘ .'
!

distribution.
* Each constellation point i is characterized by 5 - " ‘.

features: the mean position in | and Q axes, and the | o | SR _3,.“ “
and Q variance and symmetric covariance terms. B

Y; = [Wu%0,0%0".

* For an m-QAM signal, m*5 features need to be
propagated
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Reducing Telemetry Frequency

* With the previous IDA techniques, telemetry measurements are

: Low frequency averaged measurement
propagated to the telemetry manager with the same frequency.

reporting

* Assuming a high collection frequency, this policy entails large »4\

volume of data being conveyed, which is not needed, in general, X
under normal conditions. High frequency

measurements collection

* We can measure variations in the computed features to decide
whether a representation of the new sample needs to be sent to

the telemetry manager. ],
| I'||'|J|-'I I|‘|I'~|'\|L
* In case of no significant variations in the features, the telemetry ’ |
agent can send averaged values of the features with a much lower 006 |
frequency, thus reducing the volume of telemetry data being 005 1 30 sec period
' e e
co nveyed . 004 30sec period Ll
0.03 "1 sec period
g ,

0.02
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Conclusions

e The 5V’s of telemetry data have been examined and illustrated in the context of optical
networking.

* A distributed architecture has been proposed that extend the telemetry pipeline by supporting
intelligence close to the observation points as well as in the centralized system.

 Examples to help reduce the requirements of optical spectrum and constellations telemetry have
been shown.
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Introduction

s Optical IQ constellations enclose valuable information regarding the optical elements traversed
by the optical signal.

** Such information can be extracted and exploited by algorithms and models within an NDT.

s OCATA is a time domain digital twin that can be used for several use cases related to network
automation, including the estimation of the pre-FEC BER of a lightpath.
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Optical Time Domain Analysis

3 @O
) After 400 km N
g 1 Log 4i : Q 4i [-3+3i]
g Likelihood @ @ p ' '\\b AR
8-17 ¢ Constellation Features (Y) ‘EO "* * * * 3 ,’:/' )I.'
= L P | ¢ [p] o | 6@ | 0@ § L X & 8 . X @ﬁ
. -0.5 -3+3i|-2.95]2.96/ 0.11 | 0.10 | 0.02 _ C Nigs
’ ,: o Famp | TEDT T Y gty === _4i *1" * * 'ﬁ 2i
-3 -1 1 3 3-3i | 2.99 |3.01§ 0.09 | 0.08 | 0.01 -4 0 4 -4 -3 -2
\_ In-phase In-phase Y,

In Phase

After 1200 km

* 1Q optical constellation samples X are defined by a sequence of (
symbols x€X, where every symbol belongs to one CP in an m-
QAM signal.

s Samples are summarized as a set of features Y.

% GMM fitting is used to characterize X as a set of bivariate
Gaussian distributions with one distribution per CP, i.e.: 7 inphase ' nphase

Y= [u!,u?,o!,09, 0]

Quadrature
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OCATA Time Domain Digital Twin

FeX

X [Ref ch

DNNs

le

Constellation

Reconstruction

QoT Estimation

L Lightpath )
ROADM Link ROADM Link ROADM Const.
X (add) A-B (transit) B-C (drop) Reconst.
. Euclidean
dlffy(Xr:Xe) = ”Yr_yellz distance
' e R
WSS wss H > —D—— WSS WSS @@@e@
- ; < el 13
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= > (ool R pi
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OCATA DNN models
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Some results through simulation

03 — 0.05
: o U
: 004 L
N ® ® LN ®-...
6 02 =
= ' 003 | el @
% -.:‘. ., *u
o 002
[ .
01 +
] s o & ...
> oy % o
© "9 oot + Tl
..'.“’;“ ‘t.f
O PR T T R N T n |"|‘.‘x"u|:m“|“1"m| 1 0 1 1 1 1 1
0 500 1000 1500 2000 2500 1 15 2 25 3 35 4
lightpath length [km] #hops

2x200km, P = -1dBm, y = 2 (W.km)!

avg rel error H o
2x200km ~1.4% ~20%
4x400km ~1.9% ~15%
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Experimental assessment

/

< Experimental setup
e 21 DP-16QAM WDM channels with SR of 28 and 32 GBd and 50 GHz Ch spacing.

e Optimal launch power of -1 dBm
* The setup connects the span EDFAs directly to the coherent receiver using an optical switch (OS).
* Optical tunable filter (OTF) with 37.34 GHz bw.
+ Simulation in MATLAB
* Fiber propagation through SSFM with step size of 100 meters.
* Fiber loss and dispersion parameter are set according to the measured parameters
e y=1.14 W-1km-1.
* Gains and NF of the EDFAs as the experimental ones.
* WSSs emulated using measured transfer functions from a 1x4 WSS with 50 GHz bw.
* OTF emulated via an analytical transfer function with bw 37.34 GHz.

- o(dB/km) 0.19 0.19 0.19 0.2 0.19 0.19
Transmitter D(ps/nm/km) _ 16.9 17.1 16.4 17 16.5 16.2 g;*::ir‘j:rt
t (%] [T
SOSHIFS IS fi1 B o <fa)
ROADM 1 ROADM 2
| % model |:> ‘ ROADM 1 |:> . Link model |:> . ROADM 2 |:>[ Constellation ]
model model Reconstruction
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Dataset generation

+* MATLAB simulator:

* over 8,200 I1Q CPs per simulation.

* Lland NLI DNNs were trained and tested on datasets from 30 and 10 simulations.
* All models with:

e 20 input neurons (5 features x 4 CPs),

e 2 hidden layers with 10 neurons,

e tanh activation function

e MSE as loss function.

s Experimental setup

e 248,400 1Q CP samples were collected and randomly down sampled to 8,200 1Q, CP samples.
* Different transmission distances were considered: i) b2b; ii) 80 km, iii) 160 km and vi) 240 km.
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Quadrature

Quadrature

Experimental

Simulation

--- Experimental
--- OCATA
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Some Results
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IQ Constellation Detection Areas

* A new feature, Qout is defined that computes the
probability that a symbol initially transmitted in
constellation point j is detected in the Rx out of the
detection area of such constellation point (A’).

q)éut = 1—=b4()
» Qout is computed under the assumption that dispersion of

symbols around constellation point i follow the bi-variate
Gaussian distribution characterized by Y.

$d4(D) = P(x c At|x~N(Y?))

» pre-FEC BER can be estimated based on @out’ for all the
CPs, e.g., assuming equal probability of the symbols.

)

L)

D)

L)
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Conclusions

NESTC

¢ 1Q Optical constellations generated by DNN models trained with datasets generated through
simulation.

s The obtained high accuracy enables OCATA application for optical time domain analysis in
complex network scenarios.

** OCATA shows a high accuracy for QoT estimation

* The proposed feature with the probability of detecting a symbol at the receiver out of the detection
area of the original constellation point (@',,,) exhibited high correlation with the BER.
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Simulation

% Multiband C+L+S scenario with full spectrum usage (337 channels).

» A MATLAB-based simulator of a coherent WDM system generates 1Q constellations
for L6QAM@32GBd signals shaped by a root-raised cosine filter with a 0.06 roll-off-
factor.

% Pseudorandom binary sequences of length 2% are used as input of every channel.

% The signal is propagated through standard SMF, with a launch power of 0 dBm and
collected at the Rx side after a number of 80-km fiber spans.

% At the Rx, a DSP block performs ideal chromatic dispersion compensation and
phase recovery.
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MB Optical Transmission
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Optimal Detection Areas for Nonlinear Phase Noise Mitigation
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OCATA for MB Optical Transmission
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DT-assisted Lightpath Provisioning
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that ensures capacity <src, dest, capacity>
A s N
Compute k shortest SDN Cntl NDT Inventory  Node Agent = Device
paths P <src, dest> . ! i . i
with available channels —> : : : :
DT-assisted MB-RSA kSP | | | |
N O E. For every agiven route p i i
1 1 ' 1 1
Y 1 QoT Est. »— For every comp.inp : | |
YES : Ra W Al--==-==-—=-== == ! ! |
1 1 _A-’ 1 : 1 1
Is P={}? Block request ! ! ascriptor Ly ! :
. P e Y I 1 I I
DT-assisted ! i I I |
NO NLI noise ! QoT i : i i
NO mitigation i | | QoT Est. Estimation : X ! !
L Re ; . : :
Get and remove RSA found BER(ch, A) R -------- [oooooosooo 4---- —r I
shortest path p from P <p, ch, A> < BERthr? < : : 'Ij<:>||:|
Set up Notif ! : |
—’D 1 1 I
4__ 1 1 1 1
A\ 4 - _J

Find ch with min BER BER(ch) < de;f:; ;3:22:'5 R
A={default} BERthr?
for <p, ch>

OTA Mini-symposium 58 |



UNIVERSITAT POLITECNICA . ; ;
DE CATALUNYA ee
BARCELONATECH oo

Feature Composition and Number of Areas

RCh. 225 Ch.75 (From Feature composition)
Estimated pre-FEC BER for different k
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pre-FEC BER with squared and optimized detection areas
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Example of optimal detection areas (k=10,000) for 5 spans
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Quadrature

| Inphase |
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Conclusions

** We have proposed:

* an accurate and low complex method for estimating the pre-FEC BER for any channel in the C+L+S bands
with application during lightpath provisioning for channel selection.

 amethod to optimize detection areas for nonlinear phase noise mitigation.

** Programming the Rx with the optimal detection areas for the selected lightpath can improve the
pre-FEC BER of the lightpath and extend its total distance.

* Such distance extension can highly reduce the blocking probability for lightpath provisioning due to
distance limitations.
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