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e P802.3av (10G-EPON) developed an Excel-based link
channel model, providing a set of agreed assumptions
about channel loss, impairments, etc.

* NG-EPON link channel model should be used going
forward for any PMD-related proposals, specifically for:

— Wavelength allocation plans
— Tx and Rx parameter proposals

— Power budget discussions

 This deck provides overview of the existing tool and provides
examples of 10G-EPON link definitions
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Channel loss accounts for: fiber loss, splitter (PSC) loss, SRS loss, and any
excess loss (connectors, splices, etc. + margin)

Fiber loss:
— Based on fiber attenuation curve (A 4,G652AB,G652CD) [B18]

— Includes best and worst [B19] allowed attenuation parameters, calculated for
central operating wavelength [B13] and specific link length [B23]

— Suggestion: use A curve with maximum attenuation and 0.35 dB/km loss [B20]
for worst-case scenario analysis

PSC loss:

— Based on data collected in P802.3av (see 3av_0611 hajduczenia 1.pdf)

— Includes best, average, and worst [B26] loss for specific PSC split count [B25]
— Suggestion: use maximum loss curve for worst-case scenario analysis

Excess loss

— Calculated as difference between maximum channel insertion loss, fiber loss, PSC
loss, and SRS loss [B28] (due to non-linear effects in fiber) [B29]

— SRS calculations based on 3av_0611 ten 1.pdfand 3av 0611 pato ten 1.pdf
— Excess loss MUST BE greater than zero for channel to be viable



http://www.ieee802.org/3/av/public/2006_11/3av_0611_hajduczenia_1.pdf
http://www.ieee802.org/3/av/public/2006_11/3av_0611_ten_1.pdf
http://www.ieee802.org/3/av/public/2006_11/3av_0611_pato_ten_1.pdf
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Fiber loss parameters

PSC loss parameters

Link parameters

Fibre AttenuationN\Curve lambda™-4 -
Fibre Attenuation Curw Tvpe max -
Fibre Attenuation Base Valge 0.35 dB/km
Fibre Attenuation_ Base Wavelwpgth e nm
Fibre Attenuation_Value 0.34 dB/ km
Channel Length Max 20 km
Fibre_Loss i dB
P5C_Split_count 32.00 -
P5C_Loss_Curve max -
BSC_Loss 1g8.40 db
SR5_Loss 1.00 db
Excesz_Loss 2.83 dB
ITU Cptical Path Penalty 1.00 B
Channel Loss Min 8.00 di
Channel Loss Max 25.00 dB
Power Budget 30.50 dB
Dispersion Uc Min g e gLy nm
Dispersion Uo Max 1300.00 nm
Dispersion_So 0.08 ps/nm™2 -km
Dispersion D Max 5.22 ps/ (nm-km)
Dispersion D Min 3.56 ps/ (nm-km)
Dispersion Penalty 0.24 dB
TDP 1.50 db

Defin the type of the fibre attenuation curve which will be used for calculation of the fibre

attefiuation for the given operating wavelength. 3 types of curves are available i.e. lambda™-

Defines the variant of the fibre attenuation curve for G.652 5MF. Maximum and minimum attenuation
urves are available only for G652AB and G652CD type of fibre.

Basze wavelength for fibre attenuation estimation - only applicable to the lambda®-4 model.

Base wavelength for fibre attenuation estimation

Calculated nominal attenuation of fibre in dB/km of ideal channel (no connectors, splices etc. i.e.

the medium is considered to be continous)

The length of the fibre channel between the OLT and the most distant ONUD

Calculated total attenuation of an ideal fibre channel (no connectors, splices etc. i.e. the medium

The maximum number of ports on the Passive Splitter Combiner (powers of 2 are acceptable)

Defines the type of the PSC loss curve (best case [min], average [avg] and worst case [max]) for

the FBT type PS5C devices, based on the collected device loss data and approximated curves.

The total loss of the P5C device with the particular number of ports (PSC 5Split count) for the

given loss curve (P5C_Loss Curve), accounting for the ideal and excess loss

SRS induced nonlinear penalty (as resulting from the nonlinear interaction with any other

transmission system e.g. 1550nm Znalog video overlay operated on the PON fiber).

The additional loss resulting from the non-ideal fibre channel elements i.e. connectors, splices

The penalty attributable to the optical path. Given a fixed set of transmitter and receiver, the

optical path penalty i= equal to the link margin measured with pure attenuation le=ss the link

Minimum channel insertion loss (user defined) to prevent the overload of the receiver on the

Maximum channel insertion loss (user defined), limited by the Tx power and Rx sensitivity
ailable power budget

MinNjimum walue of the zero dispersion wavelength

Maxi wvalue of the zero dispersion wavelength
Value the dispersion curvature parameter
Maximam lculated dispersion "D" parameter

Minimum calxulated dispersion "D" parameter

Dispersion peRalty, calculated for the worst case transmission wavelength in the allocated window
(Tx Wawvelength Nin, Tx Wavelength Max), based on the dispersion penalty estimation model presented
Traﬁsmitter ana 'sper;ion Penalt} (maximum) is equal to the link margin, measured with an ideal Tx

and pure attenuatioN less the link margin measured with a worst case Tx and worst case optical

/

Insertion loss (min/max)
Current link budget

SRS loss
(calculated externally)



Example of EPON power budge

PX30-D
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X | 2 -2.00
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1480.00
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1420.00
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Ix Datz HAats 1250.00
parameters
Fibre AtCEnuation Curve lambda -4
Fibre Attenuetion Curve Type min
Fibre Attenuaticn Base Walue D0.35
Fibre Attenuaticon Base Wavaler 1550.00
Fibre Attcnuetion Value .38
Channel Leny 20
Fibre Loge 7.21
ic_ecounc 32.00
ESC_Laza_Curve A
PSC_Loszs 18.20
SR _Loss 1.00
Excesa_Loza 2.35
Opcical Pach Penalty 1.00
Chann=l_Losa_Min 15.00

nnel Loss Max

Link parameters

Fibre Attenuaticn Curve lanbda~—&

Fibre Attcnuetion Carve Type min

bre Attenuation Base Value 0.325
pre Artenuaticn Bass Wawslength 1310.00

bre_Attcnuetion Value

Cl nel Length Man 20
|5 "re_'_osz 7.00
plic eount 32.00

max
P5C_Laoss 13.g0
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Exceas Looa 2.60
ITO_Oprical Pach Fenalty 1.00

Chann=l_Losa_Min
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Example on right
shows PX30-D and
PX30-U links, as
defined in |IEEE Std
802.3bk-2013

NG-EPON link budget
proposals can be
submitted as D
(downstream) or U
(upstream) link

— D=
— U=

OLT Tx + ONU Rx
ONU Tx + OLT Rx

— Take note of operating
wavelength change
for D and U links
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I mitter is d ibed using data rate [B15] length
ransmiteer IS descripoed using data rate , wavelengitn range
[B11-12], min/m I h [B5-6] and extincti
, Min aX average launcn power dana extinction

ratio [B4] (defaulted to 9dB)

T O 5,00 &= ominal Extinction Ratio used to convert average power values to OMA walues - for a test procedure,
nom o B

- ee B802.3, clause 52.5.5; for relation between OMA, ER and average power, see 802.3, clause 58.7.6
ITU Tx Ave Min &.00 dBm Average Tx launch power (minimum) egqual to the minimum CMA at the maximum ER
ITU Tx Ave Max 8.00 dBny Average Tx launch power (maximum) egqual to the maximum OMA at the nominal ER
IEEE_Tx OMA Min Toel T Minimum OMA Tx launch power
IEEE_Tx OMA Min 6.18 puil ) Minimum OMA Tx launch power
IEEE_Tx COMR Max 9.91 dBm Maximum OMA Tx launch power
IEEE_Tx OMA Max o i Maximum OMA Tx launch power
Tx_Wavelength Min 1340.00 nm Transmitter wavelength (min)
Tx_Wavelength Max 1360.00 nm Transmitter wavelength (max)
Tx _Wavelength Uc a2 ae) nm Transmitter wavelength (central wavelength), calculated based on Tx Wavelength Min and
Tx Chirp Parameter Max - The maximum (wWworst case) walue of Chirp parameter used in the calculation of the dispersion
Tx Data Rate I 25000,00 I MEd The effective data rate at the PMD level after encoding, scrambling i.e. fed to the PMA interface
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e Receiver is described using average sensitivity in ITU-style [B43-
45], IEEE average (stressed) sensitivity [B46-52], and Rx overload
[B53]

— All parameter are calculated based on Tx parameters and channel model

— To achieve specific Rx parameters, user can modify channel parameters
and/or Tx parameters

— |EEE average stressed receiver sensitivity (also in OMA), receiver sensitivity
(also in OMA) and Rx overload value end up in the draft. Other parameters
are only used for reference, to simplify calculation between ITU-T and IEEE
specifications

Receiver parameters

Average BRx sensitivity in ITU formalism, calculated as the difference between the minimum, average
ITU Ex Sensitivity Ave -24.00 dBm Tx launch power (ITU Tx Ave Min) and the total power budget (Channel Loss Max +

ITU_Ex Sensitivity Ave OMR -22.09 dBm Average Rx sensitivity (ITU_Rx Sensitivity Ave) in OMA, for the given nominal ER (ITU_Ernom) @ BER
ITU Rx Sensitivity Ave OMA 6.18 uwW Average Rx sensitivity (ITU_Rx Sensitivity Awve) in OMA, for the given nominal ER (ITU Ernom) @ BER
IEEE_Rx Stressed Sensitivity Rve -23.00 dBm Stressed Rx sensitivity in average power form @ BER le-3

IEEE_Rx Stressed Sensitivity CMA -21.08 dBm OMA stressed Rx sensitivity in average power form @ BER le-3

IEEE_Rx Stressed Sensitivity COMA 7.78 ul OMA stressed Rx sensitivity in average power form @ BER le-3

IEEE_Rx Sen Ave r -24.50 dEm Ideal Ex sensitivity in IEEE formalism in average power taking the TDP into account.

IEEE_Rx Sen Ave 3.55 uwW Ideal Rx sensitivity in IEEE formalism in average power taking the TDP into account.

IEEE_Ex Sen OMR r -22.59 dBm Ideal Ex sensitivity in IEEE formalism in OMA taking the TDP into account.

IEEE_Ex Sen OMR 5.51 uwW Ideal Rx sensitivity in IEEE formalism in OMA taking the TDP into account.

Rx Overload 0.00 dEm The Rx overload value for the giwven link
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