Modular Control Plane Implementation for Disaggregated
Optical Transport Networks with Multi-band Support

A. Giorgetti"), A. Sgambelluri®, F. Cugini®, E. Kosmatos®, A. Stavdas®, J. M. Martinez-Caro®,
P. Pavon®, O. Gonzalez De Dios®, R. Morro”), L. Nadal®, R. Casellas®)

(1) CNR-IEIT, Pisa, Milano, Italy: alessio.giorgetti@cnr.it, ® Scuola Superiore Sant'Anna, Pisa, Italy,

) CNIT, Pisa, Italy, @ OLC-E, Prague, Czech Republic, © E-lighthouse, Cartagena, Spain,
6) Telefonica, Madrid, Spain, () TIM, Torino, ltaly, ® CTTC, Barcelona, Spain.

Abstract This demo paper presents the B5G-OPEN control plane modular architecture designed to
enable dynamic control of multi-band disaggregated optical networks through open-source software and
standard interfaces. Such control plane will be demonstrated in a distributed testbed including real
IPoWDM nodes, ROADMSs and transponders. ©2023 The Author(s)

Introduction

The recent evolution of transmission technology
is driving the introduction of new solutions in op-
tical networks such as: (i) multi-band operation,
that allows to provision services using the sev-
eral bands available in optical fibres, e.g., O-, E-
, S-, C-, L-band; (ii) optical continuum, allowing
to transparently cross different network segments
and domains; (i) coherent pluggable transceivers
installed in the so-called IPoWDM packet-optical
nodes that enable effective packet-level traffic ag-
gregation at the edge of the optical domain.

The introduction of such solutions poses new
requirements to the network control plane. For in-
stance, multi-band operation not only means be-
ing able to map and exploit the devices’ multi-
band capabilities but also requires more accurate
tools for the estimation of non-linear physical im-
pairments!?. On the other hand, the optical con-
tinuum requires the ability to setup connections
in a transparent manner across multiple domains
and network segments, and typically requires to
extend SDN principles to networks composed of
several technological layers®h4l,

This work demonstrates the control plane archi-
tecture designed within the B5G-OPEN project to
face the aforementioned requirements. Indeed,
the proposed architecture relies on a modular or-
ganization where the inter-operation among con-
trol plane elements is guaranteed through open
interfaces. This approach facilitates the scaling of
the architecture towards complex multi-segment
and multi-domain networks, and allows the seam-
less introduction of specialized element in the
control plane, e.g., dedicated to path computation
and estimation of physical impairments or dedi-
cated to continuous collection of telemetry infor-
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Fig. 1: Proposed control plane architecture and workflow for:
the control plane initialization, steps (a-e); the activation of a
new connectivity service, steps (1-6).

mation, that could be used to feed Al algorithms
facilitating the network automationt®.

The demo leverages on two system-level novel
contributions: i) implementation of a data informa-
tion flow to transport device and fiber impairments
description from the data layer, through the SDN
controller, up to path computation and orchestra-
tion level; ii) extension of the OpenConfig model
to properly map the supported operational modes
to transponders and IPOWDM ports.

Demo Objectives

The primary objective of this demo is to showcase
the integration of the multiple control plane mod-
ules developed withing the B5G-OPEN project,
targeting the dynamic provisioning and release of



connectivity services. More specifically, we aim to
demonstrate the following key aspects:

+ Implementation of a service orchestrator
able to retrieve multiple domains information
through T-API standards!®.

+ Implementation of a T-API network orchestra-
tor translating lower domains proprietary net-
work descriptions in the standard T-API rep-
resentation and requesting path computation
to an externalized entity.

+ Implementation of a dedicated path compu-
tation and physical impairment estimation el-
ement.

+ Extension of the ONOS SDN controller”) to
support flex-grid, multi-band operation and
exportation of physical parameters.

+ Implementation of SDN agents based on
extended OpenConfig and OpenROADM
YANG models, for the control of ROADMSs,
IPOWDM nodes and transponders.

Data plane

The testbed is composed by 4 ROADMs, 4
transponders (one connected to each ROADM),
and 2 IPoWDM nodes. All the ROADMs ex-
pose an OpenROADM model to the controller,
two of them are implemented exploiting real
devices (i.e., a Lumentum ROADM-20 and a
Finisar Waveshaper), the others are emulated.
Two transponders are implemented exploiting
real devices, the others are emulated. The
IPoWDM nodes are physical whiteboxes running
the SONIC NOSEI. All devices are deployed in
the CNIT premises, except the two transponders
that are located at CTTC premises.

Control plane

Fig. |1| showcases the proposed control plane ar-
chitecture. The key elements are: the B5G-ONP
service orchestrator, the T-API network orches-
trator, the multi-band path computation element
(MB-PCE), and the SDN controller.

The optical SDN controller is based on ONOS,
version 3.0.0, which provides a solid base to con-
trol disaggregated optical networks®. The con-
troller supports the following functions: (i) retrieval
of key abstraction parameters of the data-plane
sub-systems and distribution of them to the up-
per layers; (ii) to receive service configuration re-
quests from the upper layers and translate them
into a set of configuration messages using the ap-
propriate format for each device. Several exten-
sions are applied to the official ONOS distribution:
(i) in the Southbound Interface (SBI), the Open-

Config drivers may now retrieve the description of
the supported OpenConfig operational modes al-
lowing to associate the operational mode to spe-
cific ports; (ii) the controller core is upgraded to
support flex-grid and multi-band operation; (iii) the
Northbound Interface (NBI) is upgraded with a set
of REST APIs supporting seamless communica-
tion with the TAPI orchestrator, e.g., now it is pos-
sible to export the list of operational modes sup-
ported by a device and the status of each wave-
length channel registered on a link.

The TAPI network orchestrator is a functional
element of the architecture that is responsible for
the following functions: i) providing a uniform,
open and standard view and interface to higher
control levels; ii) Compose a complete context
to be consumed by the the B5G-ONP and addi-
tional consumers combining information retrieved
from subsystems and sub-controllers (e.g., by the
SDN controller); iii) Enable single entry point for
provisioning connectivity services, including ex-
ternalized path computation and iv) provide an
event telemetry data source that reports events
that happen asynchronously in the network.

The multi-band PCE (MB-PCE) is a dedi-
cated element designed to complete computa-
tionally intensive operations. The MB-PCE con-
sists of a routing engine that exploits a Physi-
cal Layer Impairment-aware Routing, Modulation
and Spectral Assignment Algorithm (PLI-aware
RMSA) and it is equally applicable to both
transparent and translucent pathst'l. The MB-
PCE retrieves network topology from the TAPI
network orchestrator. The PLI-aware RSA also
gets as input the deployed optical transmission
system parameters as well as the traffic compo-
nents of the existing services. The physical layer
modeling (also developed in the context of B5G-
OPEN project!!?) estimates the impact of ASE ac-
cumulation, and the nonlinear propagation effects
like the in-band FWM terms (XCI, SCI) and inter-
band effects like SRS . Upon receiving a con-
nectivity request, the PLI-aware RMSA assesses
the performance of the candidate lightpath (that
ought to be above a suitably chosen threshold)
and it estimates the impact of this new lightpath
on the already established ones. As soon as vi-
able path is deduced, the MB-PCE returns the
path in terms of links, number of frequency slots
and selected transmission system parameters.

The B5G optical service orchestrator and plan-
ner (B5G-ONP) is the topmost component of the
B5G-OPEN control plane that orchestrates IT and
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