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Research context and motivation

 In the next 5 years, global IP traffic over internet will grow 3 times, mostly driven by
internet video, which is expected to grow 4 times in 5 years.

At the same time operators revenues are not following the same path, and since the
beginning of the so-called data-era we are assisting to a decoupling of revenues from
carried traffic.
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* Physical layer technologies evolved towards coherent transmission over dispersion
uncompensated links, where, dispersion is digitally recovered through DSP techniques.
This the node transparency transparent in optical networks.

* As a consequence, the physical layer awareness has to be taken included in the network
planning, management and optimization processes.

Addressed research questions/problems

* In this holistic scenario, the planning, the design and the upgrade strategies must be
consciously addressed in order to face the growth of the traffic and to maximize the
return over the investment over the installed equipment.
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« To do so, given an optical network and the set of physical layer technologies (fibers,
amplifiers, transceivers, etc.) that already installed or are going to be installed in it,
telecom operators must be able to answer to question like:

« Which are the most critical sections of the network?
« What section of the network should be upgraded?
« Which physical layer technology better fits with the be used?

 To answer to these questions, we focused our research in understanding the merit of
physical layer technologies on network performance.

Alessio Ferrari
Supervisor: Prof. Vittorio Curri

Adopted methodologies

The network physical layer is abstracted according
to the waveplane  model~\cite{dai2015exp:
resources are mapped in a number of parallel
waveplanes equal to the SDM cardinality times the
number of wavelengths; each waveplane is one
spatial and spectral resource in the network. Each
waveplane contains a weighted graph abstracting
the physical layer as depicted. The graph nodes are ' .
the ROADM nodes and each graph edge is a

transmission line connecting two ROADM nodes including pre-amp and booster amplifiers.
Each edge is characterized by a value of GSNR degradation (iIGSNR(f,i), ) representing the
QoT degradation introduced by each transmission line between node $1$ and node m for the
i-th channel at the frequency f. IGSNR(f,i) ,, does not depend on the deployed spatial
resource, but only on the spectral one, being a function of f. The IGSNR(f,), of a

transmission line is determined by the SNR degradation introduced by each element as:
N

iGSNR(f;)1.m = iOSNRgsr(f;)+ Z (ISNRxwn (fi) +10SNRy(f:))

n=1

Novel contributions

 \We propose and compare strategies addressed by quality of transmission and quality of
service to address the upgrades of amplification sites. We perform an offline physical
layer assessment to deliver traffic independent results.
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maximizing the average
SNR for the path in the
RS. To this purpose, we
compare the brute force
(BF), a smart brute force
(SBF) and a semi-

analytical approach L
called minimum SNR degradation (MD). BF is
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complex of the three and required an affordable f- +- 1 |
computation time only on small network Gl S N R
topologies. The SBF is like the BF, but e

incrementally reduces the optimization space with the OLA placement. In general, it
leads to a suboptimum solution, but the complexity is lower than BF: O(nk). The MD
method is based on the minimization of the average inverse SNR for each path in the
RS Note that it is not equivalent to the maximization of the average SNR. It can be
shown that minimizing the average inverse SNR drive the placement on the mostly used
OLS and on the mostly degrading OLS span.
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« We want to expand the investigations OPLA to include many phyisical layer upgrades
(different types of FEC, transceiver and fiber, introduce space division multiplexing
solutions, ecc.. )
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