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ÅMotivations

ÅStructure of a 10G Dispersion Managed Quality of Transmission 
Estimator ( QoT-E)

ÅQoT-E Validation

ÅAn example of QoT-E enabled performance estimation





ÁOperators Interest in exploit possibilities of deployed fiber and 
infrastructure

ÁAncient (but still deployed ) pre -WDM technology would see
substantial capacity gains by upgrading to cheap IMDD links on 
metro networks

Á QoT-E for legacy DM links enables :
ÅReal-time management by physical layer aware SDN controller
ÅNetwork design and disaggregation



Network Design
Network 
Management & 
Orchestration

Á Selecting network 
elements from vendorsɅ 
portfolios to optimize 
network performance

Å Make optical feasibility 
evaluation and select 
hardware working points 
to optimize capacity, 
flexibility and resiliency of 
the optical network 
infrastructure
Å Network element setup for 

lightpath turn up
Å Fast rerouting against 

failures 
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link working 
points

4 Circuit is setup 
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An alternative 
path (A-D-C) is 

found to be 
optically 
feasible

2 Circuit failure is 
reported to the 

controller

Failure in link 
BC
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4
A-D-C is feasible: 

turn on 
transceivers, and 
check/optimize 

link working 
points. We are 
back online!





ÁChromatic dispersion : linear filter

ÁSPM: nonlinear effect Eye distortion (ISI)

Relevant effects in single channel propagation:

ÁASE noise: AWGN OSNR degradation

Eye distortion (ISI)

Relevant effects in multichannel propagation:

ÁXPM: nonlinear effect
ÅAdditive Gaussian Noise -like

OSNR degradation

ÁFWM: nonlinear effect
ÅAdditive Gaussian Noise -like

OSNR degradation

Eye distortion (ISI)



QoT-E Engine
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ÁISI: introduces a memory of ὓbit.

ÁAssuming ὓ σ, the 0 and 1 levels ‘ȟȟ‘ȟ of the received bit depend on 
the preceding and following bit

ÅKey idea : look at symbols of ὓ σbits to estimate the correct ‘ȟ
and ‘ȟlevels

ISI
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Transition diagram plots all the 8 possible bit patterns



BER = Sum of the 8 symbols BER contributions:
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‘ȟȟ‘ȟȡ0 and 1 average levels due to SPM and CD

„ȟȟ„ȟ „ „ „

Å 0 and 1 levels standard deviations
Å Estimated analytically
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Å Channel power ὖ
Å Link Topology:

Å Fiber ‌, Ὀ, ɾ
Å Dispersion map
Å Number of spans
Å Span lengths

Å ὕὛὔὙ



ÁWe compute the Ɑȟ░and Ɑȟ░for each ὕὛὔὙand Ⱨȟ░ȟⱧȟ░ levels considering that :

„ ḙὠὥὶὍ „ „

Signal -Noise beating
variance
(Gaussian distributed)

Squared -Noise variance 
(Chi-squared distributed, 
quasi -Gaussian distributed 
after Bessel filtering)

Ὅ ‘ ς‘ὲ ȟ ὲ ȟ ὲ ȟ ὲ ȟ ὲ ȟ

TX CHANNEL

║╦╞╟╣ ║╦╔╛╒

„
PIN

╘║

„ȟȟ„ȟ

„
ȟ

ὖ

ὕὛὔὙ
ὪὕὛὔὙ Optical Noise Variance after Optical Filter
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The goal is to obtain an analytical expression for the XPM-induced noiselike 
variance , using the following approach:

Average power at the 
beginning of the fiber Transfer function

of the optical filter

Total number of channels

Power spectral density
of the pump channel j

Bit

ǆ MZM CHANNEL PINEDFA

Transfer function of 
the electrical filter

ὖπ
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In the PhotonLab of ISMB, we emulated the setup depicted in this picture [1]

TRANSMITTER RECEIVER

[1] S. Pachnickeet al., ɈFast Analytical Assessment of the Signal Quality in Transparent Optical Networksɉ, Journal of Lightwave 
Technology, Vol. 24, No. 2, February 2006.



Ɏ A pic of our setup:



ÅSMF 16 spans

Å Inline Residual: 0 ps/nm

ÅTotal Accumulated
Dispersion : 700 ps/nm



ÅTrueWave 16 spans

Å Inline Residual: 154 ps/nm

ÅTotal Accumulated
Dispersion : 864 ps/nm


