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32 GBaud 

400 km SMF 

first-order Gaussian 

(but not so higher order pdf’s)  



OFC 2016 www.optcom.polito.it 16 

Manakov 

2
22

2

2

2
22

2

2

( , ) 8
( , ) ( , ) ( , ) ( , ) ( , )

2 9

( , ) 8
( , ) ( , ) ( , ) ( , ) ( , )

2 9

x

x x x y x

y

y y x y y

E z t
j E z t E z t j E z t E z t E z t

z t

E z t
j E z t E z t j E z t E z t E z t

z t


 


 

      
  

      
  



OFC 2016 www.optcom.polito.it 17 

 

NLI WDM W1 2 1 2

2

11 2

DM WDM

2

16
( ) (( ) ) ( )

27

d d, ,

G f G f G f f

f

f

f f f

G f

f

 

 

  



 



OFC 2016 18 

- A. Splett, C. Kurtzke, K. Petermann, 

ECOC ’93, vol. 2, p. 41,1993. 

- H. Louchet et al., PTL, vol.15, 

p. 1219, 2003. 

- Jau Tang, JLT, vol.20, no.7, 

p. 1095, 2002. 

M. Nazarathy et al, Opt. Exp., 

vol.16, p. 15777, 2008 

Xi Chen, W. Shieh, Opt. Exp.,  

vol. 18, p. 19039, 2010 

- P. Poggiolini et al., PTL, vol. 

23, p. 742 2011 

- A. Carena et al., JLT, v. 30, 

p. 1524, 2012 

P. Johannisson, M. Karlsson, 

JLT, v. 31, p. 1273, 2013 

P. Serena, A. Bononi, JLT,  

v. 31, p. 3489, 2013 

“GN model” 

name used 

here for the 

first time 

A. Bononi, O. Beucher, P. Serena, OE, 

vol. 21, p. 32254, 2013 
P. Johannisson, M. Karlsson, 

JLT, v. 31, p. 1273, 2013 

S. J. Savory, PTL, vol. 25, 

p.961, 2013 

for OFDM 



OFC 2016 19 

 [1] A. Splett, C. Kurzke, and K. Petermann, “Ultimate Transmission Capacity of Amplified Optical Fiber Communication Systems Taking into Account Fiber 

Nonlinearities,” in Proc. ECOC 1993, vol. 2, pp. 41-44, 1993. 

 [2] Jau Tang, “The Channel Capacity of a Multispan DWDM System Employing Dispersive Nonlinear Optical Fibers and an Ideal Coherent Optical Receiver,” J. 

Lightwave Technol., vol. 20, pp. 1095-1101, 2002. 

 [3] H. Louchet et al., “Analytical Model for the Performance Evaluation of DWDM Transmission Systems,” IEEE Phot. Technol. Lett., vol. 15, pp. 1219-1221, 

Sept. 2003. 

 [4] Jau Tang, “A Comparison Study of the Shannon Channel Capacity of Various Nonlinear Optical Fibers,” J. Lightwave Technol., vol. 24, pp. 2070-2075, 2006. 

 [5] M. Nazarathy, J. Khurgin, R. Weidenfeld, Y. Meiman, Pak Cho, R. Noe, I. Shpantzer, V. Karagodsky “Phased-Array Cancellation of Nonlinear FWM in Coherent 

OFDM Dispersive Multi-Span Links,” Optics Express, vol. 16, pp. 15778-15810, 2008. 

 [6] X. Chen and W. Shieh, “Closed-Form Expressions for Nonlinear Transmission Performance of Densely Spaced Coherent Optical OFDM Systems,” Optics 

Express, vol. 18, pp. 19039-19054, 2010. 

 [7] W. Shieh and X. Chen, “Information Spectral Efficiency and Launch Power Density Limits Due to Fiber Nonlinearity for Coherent Optical OFDM Systems,” 

IEEE Photon. Journal, vol. 3, pp. 158-173, 2011. 

 [8] P. Poggiolini, A. Carena, V. Curri, G. Bosco, F. Forghieri, “Analytical Modeling of Non-Linear Propagation in Uncompensated Optical Transmission Links,” 

IEEE Photon. Technol. Lett., vol. 23, pp. 742-744, 2011. 

 [9] Torrengo E, Cigliutti R, Bosco G, Carena A, Curri V, Poggiolini P, Nespola A, Zeolla D, Forghieri F. Experimental validation of an analytical model for 

nonlinear propagation in uncompensated optical links. Opt Express 2011;19(26):B790–B798. 

 [9] A. Carena, V. Curri, G. Bosco, P.Poggiolini, F. Forghieri, “Modeling of the Impact of Non-Linear Propagation Effects in Uncompensated Optical Coherent 

Transmission Links,” J. of Lightw. Technol., vol. 30, pp. 1524-1539, May 15th 2012. 

 [10] P. Poggiolini “The GN Model of Non-Linear Propagation in Uncompensated Coherent Optical Systems,” J. of Lightwave Technol., vol. 30, no. 24, pp. 3857-

3879, Dec. 15 2012. 

 [11] Johannisson P, Karlsson M. “Perturbation analysis of nonlinear propagation in a strongly dispersive optical communication system.” J Lightwave Technol 

2013;31(8):1273–1282. 

 [12] Nespola A, Straullu S, Carena A, Bosco G, Cigliutti R, Curri V, Poggiolini P, Hirano M, Yamamoto Y, Sasaki T, Bauwelinck J,Verheyen K, Forghieri F. GN-

model validation over seven fiber types in uncompensated PM-16QAM Nyquist-WDM links. IEEE Photonics Technol Lett 2014;26(2):206–209. 

 [13] Serena P, Bononi A. “An alternative approach to the Gaussian noise model and its system implications.” J Lightwave Technol 2013;31(22):3489–3499. 

 [14] Poggiolini P, Bosco G, Carena A, Curri V, Jiang Y, Forghieri F. “The GN model of fiber non-linear propagation and its applications.” J Lightwave Technol 

2014;32(4):694–721. 

 [15] Serena P, Bononi A. “A time-domain extended Gaussian noise model.” J Lightwave Technol. 2015;33(7):1459–1472. 

 [16] V. Curri et al., “Extension and validation of the GN model for non-linear interference to uncompensated links using Raman amplification,” Optics Express, 

v. 21., no. 3, pp. 3308-3317, Feb. 2013. 

 



OFC 2016 www.optcom.polito.it 20 



OFC 2016 www.optcom.polito.it 21 

Non-exhaustive list of prominent non-linearity modeling papers  
(using other approaches than the GN model) 
 

1. C. R. Menyuk, ‘Pulse propagation in an elliptically birefringent Kerr medium,’ IEEE J. Quantum Electron., vol. 25, no. 12, pp. 2674-2682, 

Dec. 1989. 

 

2. S. G. Evangelides Jr., L. F.Mollenauer, J. P. Gordon, and N. S. Bergano, ‘Polarization multiplexing with solitons,’ J. Lightwave Technol., 

vol. 10, no. 1, pp. 28-35, Jan. 1992. 

 

3. D. Marcuse, C. R. Menyuk, and P. K. A. Wai, ‘Application of the Manakov-PMD equation to studies of signal propagation in optical fibers 

with randomly varying birefringence,’ J. Lightwave Technol., vol. 15, no. 9, pp. 1735-1746, Sept. 1997. 

 

4. A. Vannucci, P. Serena, and A. Bononi, ‘The RP method: a new tool for the iterative solution of the nonlinear Schrodinger equation,’ J. 

Lightwave Technol., vol. 20, no. 7, pp. 1102-1112, July 2002. 

 

5. K.V. Peddanarappagari and M. Brandt-Pearce ‘Volterra series transfer function of single-mode fibers,’ J. of Lightwave. Technol., vol. 15, 

no. 12, pp. 2232-2241, Dec. 1997. 

 

6. A. Mecozzi, C. Balslev Clausen, and M. Shtaif, ‘Analysis of intrachannel nonlinear effects in highly dispersed optical pulse transmission,’ 

IEEE Photon. Technol. Lett., vol. 12, no. 4, pp. 392-394, Apr. 2000. 

 

7. E. E. Narimanov and P. P. Mitra, ‘The channel capacity of a fiber optics communication system: perturbation theory,’ J. Lightwave 

Technol., vol. 20, no. 3, pp. 530-537, Mar. 2002. 

 

8. M. Secondini, E. Forestieri, and C. R. Menyuk, ‘A combined regular logarithmic perturbation method for signal-noise interaction in 

amplified optical systems,’ J. Lightwave Technol., vol. 27, no. 16, pp. 3358-3369, Aug. 2009. 

 

9. J. P. Gordon and L. F. Mollenauer, ‘Phase noise in photonic communications systems using linear amplifiers,’ Opt. Lett., vol. 15, no. 23, 

pp. 1351-1353, 1990. 

 

10. D. Marcuse, ‘Single-channel operation in very long nonlinear fibers with optical amplifiers at zero dispersion,’ J. Lightwave Technol., 

vol. 9, no. 3, pp. 356-361, Mar. 1991. 

 

11. A. Mecozzi, ‘Limits to long haul coherent transmission set by the Kerr nonlinearity and noise of the inline amplifiers,’ J. Lightwave. 

Technol., vol. 12, no. 11, pp. 1993-2000, Nov. 1994. 



OFC 2016 www.optcom.polito.it 22 



OFC 2016 www.optcom.polito.it 23 

22. K.-P. Ho and H.-C. Wang, ‘Comparison of nonlinear phase noise and intrachannel four-wave mixing for RZ-DPSK signals in 

dispersive transmission systems,’ IEEE Photon. Technol. Lett., vol. 17, no. 7, pp. 1426-1428, July 2005. 

 

23. S. Kumar, ‘Effect of dispersion on nonlinear phase noise in optical transmission systems,’ Optics Lett., vol. 30, no. 24, pp. 3278-

3280, Dec. 2005. 

 

24. K.-P. Ho and H.-C. Wang, ‘Effect of dispersion on nonlinear phase noise,’ Opt. Lett., vol. 31, no. 14, pp. 2109-2111, July 2006. 

 

25. A. T. Lau, S. Rabbani, and J. M. Kahn, ‘On the statistics of intrachannel four-wave mixing in phase-modulated optical 

communication systems,’ J. Lightwave Technol., vol. 26, no. 14, pp. 2128-2135, July 2008. 

 

26. A. D. Ellis, J. Zhao, and D. Cotter, ‘Approaching the non-linear Shannon limit,’ J. Lightwave Technol., vol. 28, no. 4, pp. 423-

433, Feb. 2010. 

 

27. A.Mecozzi, ‘A unified theory of intra-channel nonlinearity in pseudolinear phase-modulated transmission,’ IEEE Photon. J., vol. 2, 

no. 5, pp. 728-735, Aug. 2010. 

 

28. A. Bononi, P. Serena, N. Rossi, and D. Sperti, ‘Which is the dominant nonlinearity in long-haul PDM-QPSK coherent transmissions?’ 

in Proc. of ECOC 2010, paper Th.10.E.1, Torino (IT), Sept. 2010. 

 

29. J. Reis and A. Teixeira, ‘Unveiling nonlinear effects in dense coherent optical WDM systems with Volterra series,’ Optics Express, 

vol. 18, no. 8, pp. 8660-8670, Apr. 2010. 

 

30. L. Beygi, E. Agrell, M. Karlsson, and P. Johannisson, ‘Signal statistics in fiber-optical channels with polarization multiplexing and 

self-phase modulation,’ J. Lightwave Technol., vol. 29, no. 16, pp. 2379-2386, Aug. 2011. 

 

31. Chongjin Xie, ‘Fiber Nonlinearities in 16QAM Transmission Systems,’ in Proc. ECOC 2011, paper We.7.B.6, Geneva (CH), Sept. 

2011. 

 

32. Chongjin Xie, ‘Impact of nonlinear and polarization effects on coherent systems,’ in Proc. ECOC 2011, paper We.8.B.1, Geneva 

(CH), Sept. 2011. 

 



OFC 2016 www.optcom.polito.it 24 

 

 

33. A. Mecozzi and R. J. Essiambre, “Nonlinear Shannon limit in pseudolinear coherent systems”,  vol. 30, no. 12, pp. 2011—2024, 

June 2012. 

 

34. A. Bononi, P. Serena, N. Rossi, E. Grellier, and F. Vacondio, ‘Modeling nonlinearity in coherent transmissions with dominant 

intrachannel-four-wavemixing,’ Optics Express, vol. 20, pp. 7777-7791, 26 March 2012. 

 

35. L. Beygi, E. Agrell, P. Johannisson, M. Karlsson, and H. Wymeersch, ‘A discrete-time model for uncompensated single-channel 

fiber-optical links,’ IEEE Trans. on Communic., vol. 60, no. 11, pp. 3440-3450, Nov. 2012. 

 

36. M. Secondini and E. Forestieri, ‘Analytical fiber-optic channel model in the presence of cross-phase modulations,’ IEEE Photon. 

Technol. Lett., vol. 24, no. 22, pp. 2016-2019, Nov. 15th 2012. 

 

37. Olivier Rival and Kinda Mheidly ‘Accumulation rate of inter and intrachannel nonlinear distortions in uncompensated 100G PDM-

QPSK systems,’ in Proc. OFC 2013, Los Angeles (CA), paper JW2A.52, Mar. 2013. 

 

38. F. Vacondio, C. Simonneau, L. Lorcy, J.C.Antona, A. Bononi and S. Bigo, ‘Experimental characterization of Gaussian-distributed 

nonlinear distortions,’ in Proc. of ECOC 2011, Geneva, paper We.7.B.1, Sept. 2011. 

 

39. F. Vacondio, O. Rival, C. Simonneau, E. Grellier, A. Bononi, L. Lorcy, J.-C. Antona and S. Bigo, ‘On nonlinear distortions of highly 

dispersive optical coherent systems,’ Optics Express, Vol. 20, No. 2, pp. 1022-1032, Jan. 2012. 

 

40. O. V. Sinkin, J.-X. Cai, D. G. Foursa, H. Zhang, A. N. Pilipetskii, G. Mohs, and Neal S. Bergano, ‘Scaling of nonlinear impairments 

in dispersion uncompensated long-haul transmission,’ in Proc. of OFC 2012, Los Angeles 

(US), paper OTu1A.2, Mar. 2012. 

 

41. M. A. Sorokina, S. K. Turitsyn, ‘Regeneration limit of classical Shannon capacity,’ Nature Communications, 5:3861, DOI: 

10.1038/ncomms4861, www.nature.com/naturecommunications. 

 



OFC 2016 www.optcom.polito.it 25 



OFC 2016 

 

NLI WDM W1 2 1 2

2

11 2

DM WDM

2

16
( ) (( ) ) ( )

27

d d, ,

G f G f G f f

f

f

f f f

G f

f

 

 

  



 

www.optcom.polito.it 26 

transmission spectrum 

f

WDM ( )G f



OFC 2016 

 

NLI WDM W1 2 1 2

2

11 2

DM WDM

2

16
( ) (( ) ) ( )

27

d d, ,

G f G f G f f

f

f

f f f

G f

f

 

 

  



 

www.optcom.polito.it 27 

the “link function”:  

it is the “FWM efficiency” 

of the whole link 
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it contains  

the full description of the link 

 span by span, amplifier by amplifier 
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for identical spans with lumped amplification: 
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for identical spans with lumped amplification: 
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for identical spans with lumped amplification: 
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for identical spans with lumped amplification: 
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for identical spans with lumped amplification: 
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for identical spans with lumped amplification: 
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for identical spans with lumped amplification: 
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integral can be easily dealt with  

numerically in a matter of seconds 
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credit: http://www.dtvisiontech.com/2015_12_01_archive.html 
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3BER 4 10 

raised-cosine spectra 

roll-off 0.05 

EDFA NF 5 dB 

ASE added at the RX 
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blue: PSCF 
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dispersion 

D  

ps/(nm km) 

loss 

 

dB/km 

non-linearity 

 

1/(W km) 

PSCF 20.1 0.17 0.8 

SMF 16.7 0.2 1.3 

NZDSF  

(E-LEAF) 

3.8 0.22 1.5 
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if span loss is greater than 10-12 dB 

this term can be neglected 
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it can be integrated analytically !  
(with some approximations) 
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 Other versions address non-uniform spans and all-different 

channels: 
 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., vol. 32, no. 4, pp. 694-721, Feb. 2014. 

 P. Johannisson and M. Karlsson, “Perturbation analysis of nonlinear propagation in a strongly dispersive 

optical communication system,” J. Lightw. Technol., vol. 31, no. 8, pp. 1273–1282, Apr. 15, 2013. 

 

 
P. Poggiolini “The GN Model of Non-Linear Propagation in Uncompensated Coherent Optical Systems,” 

J. of Lightwave Technol., vol. 30, no. 24, pp. 3857-3879, Dec. 15 2012. 
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NLIP
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blue: PSCF 

red: SMF 

green: NZDSF 

32 GBaud 

15 channels 

100 km spans 

EGN model 

markers: simulations 

 5% error bar 

MARKERS: simulations 

32 GBaud 

15 channels 

100 km spans 

LINES: EGN model 



OFC 2016 124 

no ASE, at max-reach 
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no ASE, at max-reach 
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MARKERS: simulations 
blue: PSCF 

red: SMF 

green: NZDSF 

 5% error bar 

32 GBaud 

15 channels 

60 km spans 

EGN model 

32 GBaud 

15 channels 

60 km spans 

LINES: EGN model 

case study 
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Carsten Schmidt-Langhorst, Robert Elschner, Felix Frey, Robert 

Emmerich, Colja Schubert, “Experimental Analysis of Nonlinear 

Interference Noise in Heterogeneous Flex-Grid WDM Transmission”, 

ECOC 2015, paper Tu.1.4.3, Sept. 2015. 

̂

̂
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with CPE 
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MARKERS: simulations no CPE 
blue: PSCF 

red: SMF 

green: NZDSF 

 5% error bar 

32 GBaud 

15 channels 

60 km spans 

EGN model 

32 GBaud 

15 channels 

60 km spans 

LINES: EGN model 

case study 
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MARKERS: simulations no CPE 
blue: PSCF 

red: SMF 

green: NZDSF 

 5% error bar 

32 GBaud 

15 channels 

60 km spans 

EGN model 

32 GBaud 

15 channels 

60 km spans 

LINES: EGN model 



OFC 2016 www.optcom.polito.it 146 

blue: PSCF 

red: SMF 

green: NZDSF 

 5% error bar 

32 GBaud 

15 channels 

60 km spans 

LINES: EGN model 

MARKERS: simulations with CPE 

+ 8% 
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blue: PSCF 

red: SMF 

green: NZDSF 

32 GBaud 

15 channels 

100 km spans 

LINES: EGN model 

MARKERS: simulations no CPE 

 5% error bar 
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blue: PSCF 

red: SMF 

green: NZDSF 

32 GBaud 

15 channels 

100 km spans 

EGN model 

MARKERS: simulations with CPE 

 5% error bar 

32 GBaud 

15 channels 

100 km spans 

LINES: EGN model 
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55 km spans 

10250 km 

150 2 PSCF 

Jin-Xing Cai, Yu Sun, Hongbin Zhang, Hussam G. Batshon, Matt 

Vincent Mazurczyk, Oleg V. Sinkin, Dmitri G. Foursa, and Alexei 

Pilipetskii, “49.3 Tb/s Transmission Over 9100 km Using C+L 

EDFA and 54 Tb/s Transmission Over 9150 km Using Hybrid-

Raman EDFA,” v. 33, n. 13, pp. 2724-2734, July 2015 



OFC 2016 www.optcom.polito.it 151 

Likely, many systems already do it with their CPEs. 

 

 

credit: http://www.messagehouse.org/increasing-the-takeaway-ability-of-your-presentations/ 
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markers: simulations no CPE 
blue: PSCF 

red: SMF 

green: NZDSF 

 5% error bar 

32 GBaud 

15 channels 

60 km spans 

EGN model 
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blue: PSCF 

red: SMF 

green: NZDSF 

 5% error bar 

32 GBaud 

15 channels 

60 km spans 

EGN model 

markers: simulations with CPE 
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blue: PSCF 

red: SMF 

green: NZDSF 

 5% error bar 

32 GBaud 

15 channels 

60 km spans 

EGN model for PM-QPSK 

markers: simulations with CPE 



OFC 2016 www.optcom.polito.it 158 

blue: PSCF 

red: SMF 

green: NZDSF 

32 GBaud 

15 channels 

100 km spans 

EGN model 

markers: simulations no CPE 

 5% error bar 
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blue: PSCF 

red: SMF 

green: NZDSF 

32 GBaud 

15 channels 

100 km spans 

EGN model 

markers: simulations with CPE 

 5% error bar 
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blue: PSCF 

red: SMF 

green: NZDSF 

32 GBaud 

15 channels 

100 km spans 

EGN model for PM-QPSK 

markers: simulations WITH CPE 

 5% error bar 
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blue: PSCF 

red: SMF 

green: NZDSF 

32 GBaud 

15 channels 

100 km spans 

EGN model for PM-QPSK 

markers: simulations WITH CPE 

 5% error bar 
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total WDM signal  

Stokes vector channel 

Stokes vector 

precession 
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with Raman 

without  Raman 
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32 GBaud 

15 channels 

100 km spans 

noise figure 5 dB 

EGN model 

 5% error bar 

blue: PSCF 

red: SMF 

green: NZDSF 
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32 GBaud 

15 channels 

100 km spans 

noise figure 5 dB 

EGN model 

 5% error bar 

blue: PSCF 

red: SMF 

green: NZDSF 
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targetOSNR 9 dB

credit: http://www.messagehouse.org/increasing-the-takeaway-ability-of-your-presentations/ 
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this simple correction 

is quite effective (for 

the center channel) 

H. Louchet et al., “Analytical Model for the 

Performance Evaluation of DWDM Transmission 

Systems,” IEEE Phot. Technol. Lett., vol. 15, pp. 

1219-1221, Sept. 2003. 

 

P. Poggiolini, A. Carena, Y. Jiang, G. Bosco, V. 

Curri, and F. Forghieri, ‘Impact of low-OSNR 

operation on the performance of advanced 

coherent optical transmission systems,’ in Proc. of 

ECOC 2014, Cannes (FR), Sept. 2014. Available with 

corrections on www.arXiv.org, paper 

arXiv:1407.2223. 
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targetOSNR 9 dB

credit: http://www.messagehouse.org/increasing-the-takeaway-ability-of-your-presentations/ 
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More slides on 

Asymptotic formulas 
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blue: PSCF 

red: SMF 

green: NZDSF 

32 GBaud 

15 channels 

100 km spans 

EGN model 

markers: simulations 

 5% error bar 
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blue: PSCF 

red: SMF 

green: NZDSF 

32 GBaud 

15 channels 

100 km spans 

EGN model asymptotic app. 

markers: simulations 

 5% error bar 
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markers: simulations 
blue: PSCF 

red: SMF 

green: NZDSF 

 5% error bar 

32 GBaud 

15 channels 

60 km spans 

EGN model 
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markers: simulations 
blue: PSCF 

red: SMF 

green: NZDSF 

 5% error bar 

32 GBaud 

15 channels 

60 km spans 

EGN model asymptotic app. 
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 BWDM = 2.4 THz, PM-QPSK, 100 km spans, spacing 1.05 x (symb. rate)  

2.4 GBaud 

1000 channels 

16 GBaud 

150 channels 

32 GBaud 

75 channels 

number of channels in 2500 GHz

2
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More slides on  

phase noise:  

non-circularity test 

on the «case study»: 

PSCF 60 km span 

PM16QAM 
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More details on non-

linear polarization 

noise 
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total WDM signal  

Stokes vector channel 

Stokes vector 

precession 
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PolN-induced 

phase noise 

crosstalk 

between the 

two constellations 
if the Rx CPE works independently 

on the two polarizations, it already 

removes long-correlated PolN, too. 

In our simulations this was the case. 

requires an “ad hoc” algorithm to 

estimate and remove its  

long-correlated (LC) part 
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blue: PSCF 

red: SMF 

green: NZDSF 

32 GBaud 

15 channels 

100 km spans 

EGN model 

markers: simulations no CPE 

 5% error bar 
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blue: PSCF 

red: SMF 

green: NZDSF 

32 GBaud 

15 channels 

100 km spans 

EGN model 

markers: simulations with CPE 

 5% error bar 
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blue: PSCF 

red: SMF 

green: NZDSF 

32 GBaud 

15 channels 

100 km spans 

EGN model 

markers: simulations with CPE-XpolE 

 5% error bar 
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markers: simulations no CPE 
blue: PSCF 

red: SMF 

green: NZDSF 

 5% error bar 

32 GBaud 

15 channels 

60 km spans 

EGN model 
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blue: PSCF 

red: SMF 

green: NZDSF 

 5% error bar 

32 GBaud 

15 channels 

60 km spans 

EGN model 

markers: simulations with CPE 
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blue: PSCF 

red: SMF 

green: NZDSF 

 5% error bar 

32 GBaud 

15 channels 

60 km spans 

EGN model 

markers: simulations with CPE and XPolE 
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http://www.messagehouse.org/increasing-the-takeaway-ability-of-

your-presentations/ 

credit: http://www.messagehouse.org/increasing-the-takeaway-ability-of-your-presentations/ 



More details on in-

line ASE 
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32 GBaud 

15 channels 

100 km spans 

noise figure 5 dB 

EGN model 

 5% error bar 

blue: PSCF 

red: SMF 

green: NZDSF 
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32 GBaud 

15 channels 

100 km spans 

noise figure 5 dB 

EGN model 

 5% error bar 

blue: PSCF 

red: SMF 

green: NZDSF 
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targetOSNR 9 dB

credit: http://www.messagehouse.org/increasing-the-takeaway-ability-of-your-presentations/ 



On the meaning of 

the EGN model 

correction formula 

contributions 
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