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Introduction

 In the November 2023 IEEE 802 plenary meeting, the baseline proposal for 

800GBASE-LR4 (rodes_3dj_01a_2311) was approved, with the chromatic dispersion 

(CD) values to be specified by using a statistical methodology similar to PMDQ. 

 The same statistical methodology has also been used for fiber loss to specify the link 

design attenuation (LDA) (20190717-Link_Loss and 20191112-Ferretti_3cs_01), 

which has been adopted in IEEE 802.3cs (SuperPON) (20200617-Du_3cs_01a).

 In this contribution, we extend the statistical methodology to fiber loss and evaluate 

the LossQ values for G.652 fibers in the O-band.

 The use of the LossQ methodology may make it feasible for 800G-ER1 and 800G-LR1 

to operate in the O-band with the same FEC, and provide more link margin for IMDD-

based solutions.

https://www.ieee802.org/3/dj/public/23_11/rodes_3dj_01a_2311.pdf
https://www.ieee802.org/3/cs/public/201907/20190717-Link_Loss.pdf
https://www.ieee802.org/3/cs/public/201911/20191112-Ferretti_3cs_01.pdf
https://www.ieee802.org/3/cs/public/201911/index.html
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Background on LDA

 According to 20190717-Link_Loss and 20191112-Ferretti_3cs_01, when optical links 

have multiple (>8) concatenated links, statistical modeling can be used to determine 

more realistic and economical design models

 IEEE 802.3cs (SuperPON) has adopted the LDA model

that reduces the G.652 fiber loss spec from 0.3dB/km 

to 0.22dB/km in the C-band by assuming M=8 and 

Q=1E-3, as shown on the right hand side.

 The LDA model adopted in IEEE 802.3cs also reduces 

the L-band loss spec from 0.35dB/km to 0.24dB/km

(20200617-Du_3cs_01a).

 We can apply the LDA model to O-band fiber loss spec

for IEEE 802.3dj.  

After 20190717-Link_Loss slide 8.

https://www.ieee802.org/3/cs/public/201907/20190717-Link_Loss.pdf
https://www.ieee802.org/3/cs/public/201911/20191112-Ferretti_3cs_01.pdf
https://www.ieee802.org/3/cs/public/201911/index.html
https://www.ieee802.org/3/cs/public/201907/20190717-Link_Loss.pdf
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Typical G.652 fiber loss distributions in the O-band ( ~1310nm)

Case A B C D

Number of 

samples

42182 9850 5744 5900

Here, Case A is the best case, while Case B is the worst case.
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Analytical modeling of the fiber Loss distribution

GEV( Generalized extreme value) distribution achieves the best 

likelihood among several statistical models

Insights: fiber loss has minima by nature, and GEV can both describe data 
maxima/minima and the distribution.
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Analytical evaluation of link LossQ distribution

We can derive the GEV distribution of the fiber loss from the measured data

Loss 𝜆 = 𝐺𝐸𝑉(𝜇, 𝜎, 𝜉),

Numerically, Loss 𝜆 and 𝐿𝑜𝑠𝑠𝑀 𝜆 are evaluated via Monte Carlo Analysis. 

In the case of cable segmentations, 

𝐿𝑜𝑠𝑠𝑀 𝜆 = 

𝑖=1

𝑀

𝐿𝐶𝑎𝑏𝐿𝑜𝑠𝑠𝑖 𝜆 /𝑀

𝑤ℎ𝑒𝑟𝑒 𝐿𝐶𝑎𝑏 = 40 km for ER

[1] See, for example, https://en.wikipedia.org/wiki/Generalized_extreme_value_distribution

where 𝜇 is the location parameter, 𝜎 is the scale parameter, and 𝜉 is the shape parameter [1],

which are determined through maximal likelihood estimation (MLE). 

https://en.wikipedia.org/wiki/Generalized_extreme_value_distribution
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LossQ for Case A (the best case)

For ER (40km), LossQ (M=16, Q=1E-4)~0.327dB/km
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LossQ for Case B (the worst case)

For ER (40km), LossQ (M=16, Q=1E-4)~0.34dB/km
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800G-ER1 link budget analysis

1) The minimum transmitter power can be increased to 0 dBm (e.g., via SOA or BDFA [1])

2) The receiver sensitivity can be set conservatively as -17 dBm [2]

3) Allocating 1 dB for transmission penalty [2], the loss budget becomes 16 dB.

4) Assuming LossQ=0.34dB/km for ER (M=16, Q=1E-4), we have 2.4dB (=16dB-0.34dB/km*40km) 

extra margin, which can be used for accommodating connector losses, bending losses, and 

splice losses (e.g., 16*0.015dB/splice=0.24dB [3]). 

[1] D. Elson et al., “9.6-THz Single Fibre Amplifier O-band Coherent DWDM Transmission”, Post-deadline paper Th4B.4, OFC 2023.

[2] stassar_3dj_01a_2307.

[3] C. Zhang et al., "Optical Layer Impairments and Their Mitigation in C+L+S+E+O Multi-Band Optical Networks With G.652 and Loss-Minimized G.654 Fibers," 

in Journal of Lightwave Technology, vol. 40, no. 11, pp. 3415-3424, 1 June, 2022.
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Conclusion

 The statistical methodology used for PMDQ and CDQ has been applied to fiber 

loss by defining LDA in the C-band and the L-band. 

 Based on some measured G.652 fiber loss data, we have evaluated preliminary

LossQ values in the O-band.

 The use of the LossQ methodology may make it feasible for 800G-ER1 and 800G-

LR1 to operate in the O-band with the same FEC (KP4+BCH), as well as more 

link margin for IMDD-based solutions.

Thank you!


