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| FIGURE 1 - Recommended Positioning of Utility Apparatus in a 2 metre Footway
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- Transmission medium interface characteristics

- Transport protocol specific transmission convergence (TPS-TC) function

- Physical media specific transmission convergence (PMS-TC) sub-layer

- Physical media dependent (PMD) function

- Operation and maintenance (OAM)

- Link activation methods and procedures

- On line reconfiguration (OLR)

- Electrical requirements

Gfaste 54 7|5t AE7|Edd J5& AASHE vectoring 71E< 453
71€2A4 VDSLIE Wz WA(DMI) 2 A% B2(TDD), o RA7|<%,
AHgee Fak gy Sol BEH, SR AFke Aelste YEiE ta3t
2t

w2

60

(S — §
O\

Unit-Office)= WEYT Z9 & EECIM FIU-RFAST Transceiver



H4Z_ YR VIsTiE WS

Ay A
s A4 5\_317} trade-offS 9J3F H|A<L BT
H
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- 7|1Z ODN A2
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- 22 ODN Ho|(x7|)
> 7|Z ODN H2
- TWDM/PtP WDM CHETHE
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802.3ah 8023av 8023av(hE B)
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[22 4-2] PON X3} £38

2. 73 5%
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7}. NG-PON2 & 714 7/l &
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1) Al=" 7fe

o ThzapgAld-& A8 TWDM 4
- 4-87112] TWDM =g (2 2@ -2 st/ w4 Ad= 7+4), DBA
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- DBA H| & &
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- F 4 64271, 20km H 9 ollA 40G/10G %5 A¥
o A F 10G £ 313 40G H%s XY
- 32371, 40km HelA AE 7 25G/25G, 10G/10G &5 A/
-G BUEE o & HY AHlz AF e
o 7|& Jdxzepete] A58 AlF
o Tk S&AHI: AlFe g 7HAAR/ A Al
OLT/ONU BEUYHH, o|F3}, B 54 &
IEC 60825-2°| W& eye-safety 7]%
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class N1 N2 E1 E2
=& E4 (dB) 14 16 18 20
=z of &4 (dB) 29 31 33 35
z|th 42 &4 &t (dB) 15
* Hah ARG Ze &4 Z2Hs ODNY 4 -0l BER A5 A5k 5417]
HSE 93l B 55 AHESte ol& RAFsoF &
o AHg Tt
TWDM PON PtP WDM PON
stek (nm) 2+8F (nm) 2H/5teE (nm)
Wideband option Expanded spectrum
1524-1544 1524-1625
o616y | Fediceg pend osfon | Spered speciu
Narrow band option
1532-1540
o & I#-TWDM PON 3}k
= 4 Fa= (THz2) bzt (nm)
1 187.8 1596.34
2 187.7 1597.19
3 187.6 1598.04
4 187.5 1598.89
5 187.4 1599.75
6 187.3 1600.60
7 187.2 1601.46
8 187.1 1602.31
) 1. 1-4 M2 4702 TWDM stk mt&go|nd, 5-8 aid2 TWDMo| MEfX o
E gesLt, TWDM SEE2 2 ALEE[X| 2= 4 <ol= PtP WDM Ot
El A|IARHIEOZ A2 JIsE
2. Tl U2 EFE AN obE2 ks YEMHISEY
o A4 £E-TWDM PON
- 8kHz9| Mol SR &=
- oS ZFo A &5 23| o= IS AHE
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de 24 1 0.95308/9.95308 B 11-5E 117
Mg g4 2 2.48830/2.48832 = 11-4/E 116

O

- 3% : 1x10-11(Stratum-1, B¢ A5 RIZ), 3.2x10-5(Stratum-4, A5
54 m.T), Blo]m) Fo AuEHY ME 5o A% OLTE
A &2 BT oﬂ A Stratum-3 87

PMD A% a7 27

- ﬁéo\" o/%] : 1_%-]_ 71] O]Tl:a]“% %?:51' 001:1301-'%]: WDM Ho]'/}wl
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A A A
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S/R¥} R/S3t 3 AR
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- A o4t §RALE 1 -35dB ©l3t (S, R F=2A)

- AF 0 FHofe) BAF AlS 1

T4171/R

- TWDM PON : ¥ 11-4~11-7

- PtP WDM PON : ¥ A2~A7

- A7 e s A g, ImWoll thEk AtiE dB @ o) &}

- A7) HREE - A G, ImWoll thEk AtiE dB 9| o)A

- AY F A= WIEOPP) : 1Xt} & H|&2] dB ¢
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o £21719] tunable 5743
tunable ONU 74171 NG-PON2¢| 34l 7]%
- A% s1eF 3 AEE 98 tunable ONU 4417] I8
ONU $4l7l= 9shs 4F o8 A4S AT + AES tuning
tunable $41719] B4 37 Alojo} A d Ao
@ 37 Ao} 3 #AelE 2% OLT ONU 43548 WAYSH

H4-S @HatA Alolsks ONU w7 U
@ $5A719 A A B AREE 3o 2Ya TR

Class 1 < 10 ps

Class 2 10 ps to 25 ms

Class 3 25msto1s

o [fIEjH|o]2 Ieir]E]]
- 3}aF 10G QlE}s|o] 2 webulE (G.989.2 Amd.1, Table 11-5)

OLT transmitter (optical interface S)

Nominal line rate Gbit/s 9.95328 (Note 1)
Operating wavelength band nm 1596-1603
Operating central frequency THz table 11-2
Operating channel spacing GHz 1. 100 (Note 2)
Maximum spectral excursion GHz +/ - 20
Line code - Scrambled NRZ (Note 1)
Mask of the transmitter eye diagram - see clause 11.1.5.3
Maximum reflectance of equipment at
S/R-CG,measuredattransmitterwavelen dB NA
gth
Minimum ORL of ODN at S/R-CG dB 32
ODN Class N1 N2 E1 E2
(I\gtesa/rlg{ _Cg%?nel launch power minimum dBm +3.0 +5.0 +7.0 +9.0
e e e Power dBm | +7.0 | 490 | +110 | +11.0
Maximum downstream WNE-PSD dBm - 637

(15 GHz) '
Minimum extinction ratio (Note 3) dB 8.2
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Tolerance to reflected optical power dB -15
Dispersion range ps/nm 0-420 (DD20)

0-840 (DD40)
Minimum side mode suppression ratio dB 30
(at  S/R-CP)
Maximum downstream per channel dBm -49.1 (4 channels)
out-of-band optical PSD(Note4) (15 GHz) - 521 (8 channels)
Maximum downstream per channel dBm - 38.7 (4 channels)
out-of-channel optical PSD(Note5) (15 GHz) - 424 (8 channels)
Jitter generation - see clause 11.1.5.4.3

ONU receiver (optical interface R)

Maximum OPP (Note 6) dB 2.0
Maximum reflectance of equipment at dB _20
R/S, measured at receiver wavelength
Bit error ratio reference level - 10 "*(Note?)
Rx wavelength channel tuning time See Table 9-2
Maximum tuning granularity GHz 5
ODN Class N1 N2 E1 E2
Sensitivity (at R/S) dBm | -280| &% | 2| -280
Overload (at R/S) dBm -70 | -70| -70 | -90
In-band crosstalk tolerance a 5dCEu‘3Hz) 35.3
Consecutive identical digit immunity bit 72
Jitter  tolerance - see clause 11.1.54.2

NOTE 1 - Two additional line codes that have been developed to facilitate support of
the RF video overlay are covered in Appendix [X.

NOTE 2 - Minor deviations from the nominal 100 GHz spacing are allowed in order to
accommodate a combined wavelength mux/demux, see Table 11-2.

NOTE 3 - A lower extinction ratio is allowed but must be compensated by a larger
transmitter launch power within the limits of the "Mean launch power  maximum” value.
However, the impact of reduced ER on OOB/OOC power must be considered.

NOTE 4 - This value is based on the following assumptions: OOB impact from TWDM
PON on PtP WDM PON can be controlled through appropriate filtering, 0.1 dB penalty,
PtP WDM PON operates without FEC, and 4 or 8 interfering TWDM channels,
respectively.

NOTE 5 - This value is based on the following assumptions: OOC in downstream can
be controlled through filtering from WM, 0.1 dB penalty, TWDM PON operates with FEC,
and 4 or 8 TWDM channels (three or seven interferers), respectively.
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NOTE 6 - The specified OPP is valid up to a 40 km optical link distance. If the
actual OPP is worse than the specified value, it must be compensated by the
transmitter launch power increase up to the limits of the Mean launch power  maximum.

NOTE 7 - See clause 9.4.1 of [b-ITU-T G.Sup39], for additional details.

_ 28k 10G QlEIH|o] 2 el (G.989.2 Amd.1, Table 11-7)

ONU transmitter (optical interface S)

Nominal line rate Gbit/s 9.95328

1524-1544 (wide band option),
1528-1540 (reduced band

Operating wavelength band nm option)
1532-1540 (narrow band
option)
Minimum operating channel spacing GHz 50
Maximum operating channel spacing GHz 200
Maximum spectral excursion (Note 1) + __12'5 (for 50 GHz CS)
(over 1 OLT-ONU tuning cycle) GHz + - 20 (for 100 GHz CS)
+/ - 25 (for 200 GHz CS)
Transmitter power wavelength ~
dependency (Note 13) dB + - 0.02 dB/GHz
Minimum tuning window (Note 2)
When using cyclic channel grid GHz (N+1)*CS
When not using cyclic channel grid (N-1)xCS+2*MSE
Maximum tuning granularity GHz CS/20
Tx wavelength channel tuning time See Table 9-2
Scrambled NRZ (20 km)
Line code - Scrambled NRZ)(4O km) (Note
15
Mask of the transmitter eye  diagram - see clause 11.1.5.3.2
Maximum reflectance of equipment at
R/S, measured at transmitter dB -6
wavelength
Minimum ORL of ODN at R/S dB 32
ODN Class N1 N2 E1 E2
Mean channel launch power minimum
(at R/S)
- Type A link (Note 3) dBm +4.0 +4.0 +4.0 NA
- Type B link (Note 4) dBm +2.0 +2.0 +20 | +40
Mean channel launch power maximum
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(at R/S) (Note 14)
- Type A link (Note 3) dBm +9.0 +9.0 +9.0 NA
- Type B link (Note 4) dBm +7.0 +7.0 +70| +9.0
Maximum Tx enable transient time bits 128
Maximum Tx disable transient time bits 128
Minimum extinction ratio (Note 5) dB 6.0
Tolerance to reflected optical power dB -15
Dispersion range ps/nm 0 to 355 (DD20)
Minimum side mode suppression ratio
(Note 6) dB 30
Maximum upstream out-of-band dBm -61.6 (4 channels)
optical PSD is addressed by the (15
isolation requirements of WM. (Note 7) | GHz) - 64.6 (8 channels)
Maximum upstream out—of-channel ci(?gn —_4,8%7f(§?r18865§zcgs
ODt|Ca| PSD - OOCT1 (Note 8) GHZ) _444 for 200 GHz CS
-44 8 (4 channels
Maximum upstream out-of-channel d(?? ( )
dBm
Maximum upstream WNE-PSD (Note 9) | (15 67.6
GHz)
Jitter transfer - see clause 11.1.5.4.1
Jitter generation - see clause 11.1.5.4.3
OLT receiver (optical interface R)
ODN Class N1 N2 E1 E2
Maximum OPP (Note 10, 15)
- with R?rr(wan effe;ots (DD20, 4
channel) (Notel16
- With)Raman effects (DD40, 4 1.0 1.0 1.5 1.5
channel dB
" "With Raman effects (DD20, 8 - @b | 2| =2
channel) 22 | 26 | 33 | 33
- with Raman effects (DD40, 8 ' ' : :
channel)
Maximum OPP excluding Raman
- DD20 dB 0.5
- DD40 1.5
Maximum reflectance of equipment at
S/R-CG, measured at receiver dB less than —20
wavelength
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Bit error ratio reference level - 10 - 3(Note11)
ODN Class N1 N2 E1 E2
Sensitivity (at S/R-CG), based on
DD20, four channel) (Note 12)
- Type A link (Note 3) dBm | -260| 2% | -305| NA
- Type B link (Note 4) dBm | -280| 3% | -325| -325
Overload (at S/R-CQG)
- Type A link (Note 3) dBm -5.0 -7.0 -9.0 NA
- Type B link (Note 4) dBm -7.0 -90 -11.0 -11.0
dB .

B 31.9 (Type A link)
In-band crosstalk tolerance (152()3H 279 (Type B link)
Consecutive identical digit immunity bit 72
Jitter tolerance - see clause 11.1.54.2

NOTE 1 - MSE values of other CS can be interpolated from the three given values.
NOTE 2 - N is the channel count. When using cyclic channel grid, if CS is 100 GHz,
the minimum tuning windows are 500 GHz and 900 GHz for 4 and 8 channel TWDM
PONSs, respectively. When using cyclic channel grid, if CS is 50 GHz, the minimum tuning
windows are 250 GHz and 450 GHz for four and eight channel TWDM PONS,
respectively. When not using cyclic channel grid, if CS is 100 GHz, its minimum tuning
windows are 340 GHz and 740 GHz for four and eight channel TWDM PONSs,
respectively. When not using cyclic channel grid, if CS is 50 GHz, the minimum tuning
windows are 175 GHz and 375 GHz for 4 and 8 channel TWDM PONSs, respectively.
NOTE 3 - Type A link values assume an unamplified OLT receiver. However, an
amplified OLT receiver is not precluded.

NOTE 4 - Type B link values assume an amplified OLT receiver with the amplifier at
the S/R-CG reference point. However, other amplifier approaches, including an
unamplified OLT receiver are not precluded.

NOTE 5 - A lower extinction ratio is allowed but must be compensated by a larger
transmitter launch power within the limits of the "Mean launch power — maximum” value.
However, the impact of reduced ER on OOB/OOC power must be considered.

NOTE 6 - SMSR is measured on the laser output, before any filtering. This prevents a
significant mode partition noise penalty. Other limitations on OOB and OOC PSD still
apply to the R/S reference point.

NOTE 7 - This value is based on the following assumptions: OOB impact from

TWDM PON on PtP WDM PON can be controlled through appropriate filtering, 0.1 dB
penalty, PtP WDM PON operates without FEC, and four or eight interfering TWDM
channels, respectively.

NOTE 8 - See OOC-PSD mask in clause 9.3.9. These values are based on the
following assumptions: 1 dB US OOC penalty, TWDM PON operates with FEC, and four
or eight TWDM channels (three or seven interferers), respectively. In some
implementations, this requirement may be achieved by more tightly regulating the Tx
output power (lowering the maximum level while maintaining the minimum level).

NOTE 9 - This value is based on the following assumptions: 0.1 dB penalty, TWDM
PON operates with FEC, and 64 TWDM PON ONUs in one channel (63 interferers).
NOTE 10 - The specified penalty takes into account the class—specific Tx power,
distance, and number of wavelengths. The maximum OPP values assume no SR-/CG
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located based splitters and low optical fibre loss, resulting in the worst case Raman
effect. ODNs that include high loss elements near the OLT or  higher loss optical cable
will exhibit lower penalties.

NOTE 11 - See clause 9.4.1 [b-ITU-T G.Sup39] for additional details.

NOTE 12 - See clause 11.1.4.3.1 for an approach to accommodate the case of 40 km
and eight wavelengths.

NOTE 13 - This parameter is applicable for ONU transmitters that require OLT
interaction to tune the transmitting wavelength.

NOTE 14 - An optical power levelling mechanism can be applied to the ONU in

order to help meet the OOB/OOC PSD and OLT Rx overload parameters. The  concept
of optical power levelling is described in Annex D

NOTE 15 - Scrambled NRZ is assumed for the OPP parameter values. Other coding
schemes for 40 km may result in lower OPPs with alternative transmitter  technologies.
These other coding schemes are for further study.

NOTE 16 - The 4 channel, DD20 values are rounded up from those actually calculated.

- OLT o}olttolo] 13 nk~=(G.989.2 Amd.1, Fig.11-3, Table 11-8)

4w, Wl o o
| e Mean level
of centre of
logical "1"
-
0.5 f:
/ /
PR B Y.
0 _____________i______________é___________ Mean level
| i of centre of
¥, 1 logical "0"
: s e A s
0 % X I
G.5a%.2014)_F11-3
2.48832 Gbit/s 9.95328 Gbhit/s
x3-x2 (Note 1) 0.2 0.2
yl, v3, v4 0.25 0.25
y2 0.75 0.75

NOTE 1 - x2 and x3 of the rectangular eye mask need not be equidistant with
respect to the vertical axes at O unit interval (Ul) and 1 UL.

NOTE 2 - The values are taken from [ITU-T G.959.1], clause 7.2.2.14.
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- ONU o}o]tho]o| 18 ut2~=(G.989.2 Amd.1,

Fig.11-5, Table 11-9)

I+,

]

Mean level
of centre of
logical "1"

- Mean level

of centre of
logical "0

1
G.GE52014)_F11-5

2.48832 Gbit/s 9.95328 Gbit/s
x3-x2 (Note 1) 0.2 0.2
y1, v3, v4 0.25 0.25
y2 0.75 0.75

NOTE 1-x2 and x3 of the rectangular eye mask need not be equidistant with
respect to the vertical axes at 0 Ul and 1 UL

NOTE 2 - The values are taken from [ITU-T G.957], clause 6.2.5.

1}, 10GE-PON %= F24

IEEE 802.3av
Ao R etk
Zt= ONUY 4l

E
=

* 10GBASE-PR-D1/10GBASE-PR-U1:PR10,
* 10GBASE-PR-D2/10GBASE-PR-U1:PR20,
* 10GBASE-PR-D3/10GBASE-PR-U3:PR30, 3

* 10GBASE-PR :

% 10Gbpse] %

4 5 el

£ z'= 10G-EPON =%
Aol Hit A AE &5

+F 10Gbps, 32347 ]-20km
trel SMFE o] &3 10/10G-EPON PIMP 23 ] A= 77

1) st g £=(10Gbps)E 2t ONU 54l 54 9 ofolsfdd

- 802.3av- Table

75-8 PR E}J2] ONU 4!

73

EX]

— O




OlRisln Malst SMUEYS J[Et DRIS 95t 7147IE T
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M& &2 10.3125+100ppm | 10.3125+100ppm GBd
m}& 1260-1280 1260-1280 nm
ARIERE X H|2(z]2) 30 30 dB
Zf B4 & &9 4 9 dBm
A o & &P -1 4 dBm
F54 2zt g7 &&EH -45 -45 dBm
Z| & 2| 6 6 dB
RIN;sOMA(Z| cH) -128 -128 dB/Hz
z 2 &3 OMA® -0.22(0.95) 4.78(3.01) dBm(mWw)
&4l ofo| ojA= {0.25, 0.40, 0.45, | {0.25, 0.40, 0.45, Ul
{X1, X2, X3, Y1, Y2, Y3} 0.25, 0.28, 0.40} | 0.25, 0.28, 0.40}
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Z_':-| I:H Toff 512 512 ns
Z|f 58 HEAL &4 15 15 daB
z|Of SAl7| "HiAbE -10 -10 dB
Z|Cf SAI7] 2 22 ofde[ 3.0 3.0 dB
SA7] 2 24 I2ElE 4

+0.0625 +0.0625 Ul

et decision timing offset

a M7= thd EF ZE= TH|. chip2 & & 42 m{LEJt E 75B28 £
USHA| e BFE 518

b: 2 WP ZED 4 52 OMAE ER=6dBol i3 =&

c I8 &=

d: SM7|7F &2 TDPE ZHechH, & &4 £ OMAOMAN)2t & Ea
=3 (AVPmin)= 3.0dB - TDPEHZ 2talE

Nomalized Amplitude

1+Y3

1-Y1
1-¥2

0.5

Y2
Y1

-Y3

¥ X5 10 1-X2 11 1

Nomalized Time (Unit Interval)
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a: BER 10?2 FECE Al
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