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Modeling 
 Point-to-point links: model evolution 

 Network performance evaluation 

 Static networks vs. dynamic networks: which 
model? 

 

Monitoring 
 Taking advantage of DSP processing 

 

Conclusions 
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SCENARIO: 
• Coherent Detection 
• Uncompensated 

links 



NLI is Gaussian and additive 
NLI is uncorrelated with either ASE or the signal 
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 In coherently detected systems impacted by 

Gaussian noise BER is a direct function of 

OSNR 

 

OSNR can be used as a Quality of Transmission 

(QoT) parameter 

 

How to evaluate PNLI? 
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How sensitive is OSNR, to NLI estimation 
errors? 

 

 

 

 

 0.5dB NLI error  4% OSNR error 

 1.0 dB NLI error  8% OSNR error 

 2.0 dB NLI error  17% OSNR error 
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 5% error bar 

blue: PSCF 
red: SMF 
green: NZDSF 

MARKERS: simulations 

Point-to-point link 
32 GBaud 
15 channels 
100 km spans 
LINES: incoherent GN model 
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Application of NLI modeling to physical layer 
aware network performance analysis 

Comparison of the impact of different models 
through the Statistical Network Assessment 
Process (SNAP) 

M. Cantono, R. Gaudino, V. Curri, “Data-Rate figure of merit for physical layer in fixed-grid reconfigurable 
optical networks,” Proc. OFC 2016, paper Tu.3.F.3 
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performances,” Proc. ECOC 2016, paper Tu.2.B.5. 
M. Cantono, R. gaudino, P. Poggiolini, V. Curri, “Comparing networking benefits of digital back-propagation 
vs. lightpath regeneration,” Proc. ECOC 2016, paper Tu.3.D.4. 
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 49 Nodes 
 68 Bidirectional 

Links 
 Standard Single 

Mode Fiber (SSMF) 
 αdB=0.2 dB/km 
 Aeff = 80 um2 

 n2=2.50E-20 
m2/W 

 γ = 1.27 1/W/km 
 D = 16.7 

ps/nm/km 
 Node Loss = 10 dB 
 80 DWDM 

channels at 32 
GBaud gross 
(25GBaud net) 
symbol rate 

Link Length [km] 
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 Is real-time physical-layer awareness possible in 
a highly-dynamic reconfigurable network? 

 

 

 

 

 

 





 First, you want a model that does not need too 

many information 

 Second, you want a model that is “additive” in non-

linear degradation 

 You want that total non-linear degradation is simply the sum of 

those of each span 

 The incoherent GN model is the candidate 

 It also satisfy speed and accuracy requirements 
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 Closed-form approximate formula for NLI of the n-th span 

 Different symbol rate and launch power in each channel 

 Uneven channel spacing 

 Assuming incoherent noise accumulation 

 With some further minor approximations 
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P. Poggiolini, G. Bosco, A. Carena, V. Curri, Y. Jiang, F. Forghieri, “The GN model of fiber non-linear propagation 
and its applications,” J. of Lightw. Technol. (JLT), vol. 32, no. 4, pp. 694-721, Feb. 2014. 

One span in matlab: a ms or less… 



Local Optimization – Global Optimization 
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P. Poggiolini, G. Bosco, A. Carena, R. Cigliutti, V. Curri, F. Forghieri, R. Pastorelli, S. Piciaccia, “The LOGON strategy for low-
complexity control plane implementation in new generation flexble networks,” Proc. OFC 2013, paper  OW1H.3. 

• OSNRk is due to NLI and ASE produced exclusively in the k-th 
span 

• Maximizing each OSNRk will maximize the overall OSNR 
• Pch,opt can be optimized on span per span basis 



 The simple incoherent GN model helps but is 
not enough… 

Assume you have super-optimized your 
network, but it’s a dynamic network and you 
want to create a new lightpath 

 There are chances that the new lightpath is going 
to disrupt pre-existing lightpaths 

 







 It can be done like this: 
 Assume that the whole C-band is fully saturated at all times 

 

 

 

 
 

 The model formulas tell us the optimum launch power Pch,opt into 
each span (uniform) as if all channels were there 

 The model also calculates PNLI as if all channels were really there! 

 Both PNLI and Pch,opt  can be pre-computed once and for all 

 All routing and regeneration decision are made as if all channels 
were already lit and non-linearity was the maximum possible 

 DRAWBACK: you won’t squeeze all the potential 
throughput out of the network 

 ADVANTAGE: you achieve maximum flexibility 





MONITORING 



DSP algorithms provide intrinsic monitor 
functionality 
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 P is a Hermitian matrix accounting 
for the inverse channel PDL  

 U is a unitary matrix accounting 
for the inverse channel DGD 

 The exponential scalar factor is 
the inverse CD  

 H(f) is approximately the inverse 
of the electro-optical system 
scalar transfer function 

PDL DGD H(f) 



 The presence of NLI lead to under-estimation of OSNR 
 Both intra-channel and inter-channel noise has similar spectral 

property as ASE 

 
 «Real» OSNR (due to ASE only) is important  

 To monitor the nonlinear noise degradation on current system  
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 MODELING 
 Incoherent GN-model should be the choice in 

“networking” 
 Both for performance evaluation and real-time dynamic 

reconfigurations 

 LOGO allow simplified optimization 

 Optical Ether can be a solution for dynamic control 
planes 

 

 MONITORING 
 Use DSP to provides monitor functions 

 Pilot based solutions can enhance monitoring 
capabilities 
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