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Abstract: To address the issue that precise OSNR simulation in the design phase of 400G backbone networks in-
volves numerous parameters and complex calculations, which hinders rapid evaluation of site placement schemes, this
paper derives the explicit relationship between optical amplifier span length and the cumulative equivalent span count
> E,, based on the standard OSNR estimation model (58-model), and proposes two evaluation models: a precise cal-
culation model and an engineering simplified model. The simplified model normalizes standard spans, enabling de-

signers to perform preliminary screening through manual calculation using only span lengths. Validation with field
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data from five existing trunk lines shows that the precise model is fully consistent with exact OSNR calculations; the
simplified model exhibits systematic over-conservatism across all samples, with 3 E,, overestimated by approxi-
mately 8 - 21 equivalent spans compared to the precise model, causing multiple lines that could actually operate with-
out regeneration to be misjudged as infeasible. Based on the error calibration results, a three-level criterion is estab-
lished: "green zone for direct approval, yellow zone for initiating precise verification, and red zone for direct rejec-
tion" (for G.652.D: simplified 3 E,, < 22 for approval, 22 - 30 for verification, >30 for rejection; for G.654.E: <26
for approval, 26 - 30 for verification, >30 for rejection), with the yellow-red boundary value of 30 empirically derived
from field samples. Designers can quickly identify scheme risks by calculating only the simplified 3 E,,, avoiding in-
vestment waste caused by misjudgment. The method requires few parameters and is easy to calculate, making it suit-
able for rapid scheme comparison of G.652.D/G.654.E fiber-based 400G PM-QPSK backbone projects in the feasibil-
ity study and preliminary design stages.

Key words: 400G backbone networks, optical amplifier site placement schemes, rapid assessment, equivalent span

count, misjudgment avoidance, three-level criterion
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Table 4 Complete definition of the three-level criterion
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Fig.2 Flowchart of rapid site placement scheme assessment
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