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Noise Model

• A lightpath optical signal-to-noise ratio (OSNR) estimation model
that considers nonlinear interference (NLI) due to inter-channel
stimulated Raman scattering (ISRS) and amplified spontaneous
emission (ASE) noise generated by in-line amplifiers
• ISRS is a phase-insensitive power transfer that amplifies lower-
frequency components and depletes higher-frequency components
• In C + L band network operation, this process needs to be considered
in order to reasonably predict the increase in network capacity



OSNR Estimation Model

• Multiple ROADMs, optical links and EDFA
• In line EDFA compensates for previous span loss and ISRS gain
• Amplified spontaneous emission (ASE) : noise from EDFA and ROADM
• NLI: Self-phase modulation + Cross-phase modulation + ISRS gain
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OSNR Estimation Model
• OSNR of a network lightpath operating at a particular frequency is calculated 

• !"#$% (') is the total amplified spontaneous emission (ASE) noise from the in-line 
EDFAs in the i-th optical link 

• !)*+% (') is the NLI power in the i-th optical link (self-phase modulation (SPM) and 
cross-phase modulation (XPM)

• !"#$, is the ASE noise generated at the ROADM post ASE amplificaHon

• ),is the number of intermediate ROADM nodes traversed by a lightpath
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Inter-Channel Stimulated Raman Scattering 
(ISRS)

• Power transfer between high-frequency optical signal to low-
frequency optical signal sharing the same fiber that amplifies low-
frequency signals and depletes higher-frequency ones

ISRS gain at frequency f,

!"#" is the total signal power, $%& is the power spectral density, '( is 
the Raman gain slope, ) is the attenuation, *+,, is the effective length 
of link
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Lightpath Allocation
Before allocating a 100 Gbps demand, 

• Single shortest path is found

• Network OSNR estimation model is used to predict OSNR of the lightpath

• Modulation formats selected based on calculated OSNR & OSNR threshold

• After new lightpath allocation, OSNRs of active lightpaths sharing same link

are updated

• An attempt is made to re-accommodate demands of any degraded lightpath

PM-QPSK = 25 (symbol/sec) * 2 (bit/symbol) *2 (polarization) =      

100 Gbps

PM-16QAM = 25 * 4 * 2 = 200 Gbps

PM-BPSK = 25 * 1 * 2 = 50 Gbps

PM-32QAM = 25 * 5 * 2 = 250 Gbps

PM-64QAM = 25 * 6 * 2 = 300 Gbps
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Migration Strategies for C+L Upgradation

Shortest Path, First-fit
1% blocking is experienced



Migration Strategy (1)

• When the 1% blocking is observed for a connection request
• Upgrade the entire path to L band



Migration Strategy (2)

• When the 1% blocking is observed on for a connection request
1. Calculate the fill factor of each link on the path
2. Calculate the fragmentation of the links on the path
3. Find the congested link/links
4. Avoid those congested link/links and reroute the traffic (maintaining 

the OSNR)
5. If rerouting is not possible (OSNR degrades), upgrade the path to 

C+L
6. Route the traffic in L band



Migration Strategy (3)

• When the 1% blocking is observed for a connection request
1. Calculate the fill factor of each link on the path
2. Calculate the fragmentation of the links on the path
3. Find the congested link/links
4. Avoid those congested link/links and reroute the traffic (maintaining 

or degrading the OSNR)
5. If rerouting is not possible, upgrade the path to C+L
6. Route the traffic in L band



Mixed C and C+L Links
Now the OSNR Estimations Change (drops)
As the number of C+L band links grows (?) 



Migration Strategy 

• Continue with previous three migration strategies with new OSNR 
estimations



Results

• In results there will be a notion of time, we track which strategy 
started the upgradation first, 2nd and 3rd

• Which links needed to be upgraded for all three strategies
• Once the most congested links are located, we can modify the RSA to 

avoid those links when allocation lightpaths, that would be another 
migration strategy (4)
• Cost of upgradation needs to calculated. Overall cost for each strategy 

can be shown



Gravity Model for Biased Traffic

• The network is represented as a graph G = (V,E). The nodes are cities,
the edges are roads connecting the cities. Traffic passes through links
moving between origin and destination vertices. Additional
information about the nodes and the edges is the population of the
cities and the distances between them.



Biased Traffic Matrix 

• Probability Mass Functions based on Gravitational Model
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