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Recommendation ITU-T G.984.6

Gigabit-capable passive optical networks (G-PON): Reach extension

Amendment 2

Summary

Amendment 2 to Recommendation ITU-T G.984.6 (2008) is aimed at defining additional features,
specifications, and/or types of gigabit-capable passive optical networks (G-PONSs) compatible reach
extender units, especially using a distributed Raman amplified G-PON reach extender. It aso
includes miscellaneous corrections to the Recommendation.

History
Edition Recommendation Approval  Study Group
1.0 ITU-T G.984.6 2008-03-29 15
11 ITU-T G.984.6 (2008) Amd. 1 2009-11-13 15
12 ITU-T G.984.6 (2008) Amd. 2 2012-05-07 15
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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunications, information and communication technologies (ICTs). The ITU Telecommunication
Standardization Sector (ITU-T) is a permanent organ of ITU. ITU-T is responsible for studying technical,
operating and tariff questions and issuing Recommendations on them with a view to standardizing
telecommunications on aworldwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years,
establishes the topics for study by the ITU-T study groups which, in turn, produce Recommendations on
these topics.

The approval of ITU-T Recommendationsis covered by the procedure laid down in WTSA Resolution 1.

In some areas of information technology which fall within ITU-T's purview, the necessary standards are
prepared on a collaborative basis with 1SO and IEC.

NOTE

In this Recommendation, the expression "Administration" is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency.

Compliance with this Recommendation is voluntary. However, the Recommendation may contain certain
mandatory provisions (to ensure, e.g., interoperability or applicability) and compliance with the
Recommendation is achieved when all of these mandatory provisions are met. The words "shall" or some
other obligatory language such as "must" and the negative equivalents are used to express requirements. The
use of such words does not suggest that compliance with the Recommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility that the practice or implementation of this Recommendation may
involve the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence,
validity or applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others
outside of the Recommendation development process.

As of the date of approval of this Recommendation, ITU had not received notice of intellectua property,
protected by patents, which may be required to implement this Recommendation. However, implementers
are cautioned that this may not represent the latest information and are therefore strongly urged to consult the
TSB patent database at http://www.itu.int/ITU-T/ipr/.

©I1TU 2012

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the
prior written permission of 1TU.

i Rec. I TU-T G.984.6 (2008)/Amd.2 (05/2012)


http://www.itu.int/ITU-T/ipr/

1)

Changesto ITU-T G.984.6 asamended by ITU-T G.984.6 Amd.1.........cceovvvrvrnnnne
1.1) Changesto ClauSe 1, "SCOPE" .....ccceeveeieeeeseeriesee s e eee e te e s e e e
1.2) Changesto clause 2, "RefErenCes” .........cocvveveeiee i
1.3) Changesto clause 3, "Definitions ..o
1.4) Changes to clause 4, "Abbreviations and acronyms’ ............ccoceevvreeneniennes
1.5) New clause 6.6, "Raman amplified reach extenders’..........c.ccoovorieiencseenn.
1.6) Changesto clause 7.1, "Compatibility" ..o
1.7) Changesto clause 7.2, "Management” ..........cceceveeneeieseeseeseesee e esee e
1.8) Modify clause 8.6.4, "Cyclic OTL wavelength allocation plan” ...................
1.9 New clause 8.7, " Specifications for Raman amplified reach extender” .........
1.10) Addnew Appendix IX, "General characteristics of reverse pumped
distributed Raman amplifiers” ...
1.11) Addnew Appendix X, "General considerations and guidelines of safety
PrOCEAUIE" ... ettt sttt b et e st e sbeetesaeesbeeeesneenrean
1.12)  Bibliography .......cccooioeiiiiiieieese s

Table of Contents

Rec. ITU-T G.984.6 (2008)/Amd.2 (05/2012)

&
Q
[¢)

AR DN WNMNNERERRE PR






Recommendation I TU-T G.984.6
Gigabit-capable passive optical networ ks (G-PON): Reach extension

Amendment 2

This amendment adds a Raman amplified reach extender to Recommendation ITU-T G.984.6 as
amended. It defines the configuration, features, and specifications of the new type of G-PON reach
extender using distributed Raman amplification in feeder fibre. It also includes miscellaneous
corrections to the Recommendation.

1) Changesto ITU-T G.984.6 asamended by ITU-T G.984.6 Amd.1

1.1) Changesto clausel, " Scope"

Add the following text after the last paragraph:
"Optionally, Raman amplified type RE units are described in clause 6.6."

1.2) Changesto clause 2, " References’

Add the following referencesto the list:

[ITU-T G.664] Recommendation ITU-T G.664 (2006), Optical safety procedures and
requirements for optical transport systems.

[ITU-T G.665] Recommendation ITU-T G.665 (2005), Generic characteristics of Raman
amplifiers and Raman amplified subsystems.

[ITU-T G.698.3] Recommendation ITU-T G.698.3 (2012), Multichannel seeded DWDM
applications with single-channel optical interfaces.

[IEC 60825-1] International Standard |EC 60825-1 (2007), Safety of laser products — Part 1:
Equipment classification and requirements.

[IEC 60825-2] International Standard |EC 60825-2 (2000), Safety of laser products — Part 2:
Safety of optical fibre communication systems.

1.3) Changesto clause 3, " Definitions'

Add the following to clause 3:

3.2 maximum pump power (based on [ITU-T G.665]): The highest pump power(s) available
at RP; (as defined in Appendix I) for reverse pumping.

3.3 minimum pump power (based on [ITU-T G.665]): The lowest pump power(s) available at
RP; (as defined in Appendix 1) for reverse pumping for which the operation of the Raman amplifier
isusable.

34 net gain (based on [ITU-T G.665]): Net gain is defined as the Raman On-Off gain with the
loss between the input and output reference points of the amplifier subtracted fromit.

35 Raman on-off gain (based on [ITU-T G.665]): The increase in signal optical power at the
gain measurement point (GMP) defined in Appendix | when the Raman pump is activated
compared to the signal optical power at the GMP when the Raman pump is de-activated.

This Recommendation uses the following terms defined el sewhere:

automatic power reduction (APR) [ITU-T G.664]: A technique (procedure) to automatically
reduce the output power of laser and optical amplifiersto avoid exposure to hazardous levels.
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DOP of pump laser [ITU-T G.665]: The degree of polarization of the pump laser.

loss of continuity (of an optical link) [ITU-T G.664]: Any event which may cause hazardous
optical power levelsto be emitted from some point along the path of an optical transmission system.
Common causes of loss of continuity of an optical link are a fibre cable break, equipment failure,
connector unplugging, etc.

reverse pumped Raman amplifier [ITU-T G.665]: The pump energy and signal propagate in
opposite directionsin the transmission fibre.

RIN of pump laser [ITU-T G.665]: Relative Intensity Noise of pump energy.

1.4)  Changesto clause 4, " Abbreviations and acronyms"

Add the following items to the list:

AEL Accessible Emission Limit

APR Automatic Power Reduction

GMP Gain Measurement Point

R"/S" Optical trunk line interface to ODN

RP; Reverse-Pumped signal input reference point

RP, Reverse-Pumped signal output reference point

S'/R" Optical line termination interface to Raman reach extender

15) New clause 6.6, " Raman amplified reach extenders"

Add the following clause 6.6:

6.6 Schemes and ar chitectures on Raman amplified reach extenders

The general architecture of a Raman RE is shown in Figure 7c. The Raman RE device is inserted
between the OLT and the optical trunk line (OTL), which is optical fibre. The OLT and ONU are
compliant with existing G-PON Recommendations, i.e., ITU-T G.984-series. This approach extends
the reach of the PON by increasing the alowable length of the OTL, and may also increase the split
ratio of the PON. Note the Raman-RE device can be co-located with the OLT at the central office
(CO) and therefore it keeps the ODN passive (no electrical power required in R/S to R/S section).

/R SNI

Figure 7c — Raman G-PON reach extension
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The generic configuration of a Raman-RE is shown in Figure 7d by way of example. The Raman
pumps at appropriate wavelengths are coupled into the OTL to provide reverse pumped distributed
Raman gain for the G-PON upstream (US) signals. An optional optical amplifier (OA) may be used
to boost the G-PON downstream (DS) signal power before launching into the OTL. The OA could
be a semiconductor optical amplifier (SOA), discrete Raman amplifier, and EDFA, or any other
suitable optical amplifier providing gain over the 1480-1500 nm wavelength range. The OA may be
omitted if the G-PON DS power is high enough to accommodate the high loss for long reach or
higher split ratio. Furthermore, the OA may also be replaced by an opto-electronic repeater
providing improved launch power to overcome increased losses in the OTL and ODN. A Raman
pump at the appropriate wavelength may also optionally be used to couple into the OTL to provide
forward pumped distributed Raman gain for the G-PON DS signal. A WDM combiner is used to
combine the G-PON DS signals with the Raman pump and separate the G-PON US signals. The
pass bands of the WDM combiner are designed to ensure compatibility with the wavelength band
specifications for G-PON signals as defined in [ITU-T G.984.5]. The WDM combiner may
optionally act as an optical bandpass filter (OBF) to remove amplified spontaneous emission (ASE)
noise outside of the signal bands in order to improve transmission performance.

Raman reach extender

OTL: us
feeder fiber :

| B ]

- ((( ) ks |8 el DS
: —— 8 T OA

| = R |
S ¢|_Raman pumpsfor BS |
4—( Raman pumps for US |

G.984.6(08)-Amd.2(12)_F7c¢

Figure 7d — Example configuration for Raman RE; OA
and Raman pumpsfor DS are optional

Due to the nature of the Raman RE system, the equipment should be specified for a defined
application range taking into account applicable penalties due to ASE and any non-linear penalties.
The equipment should also be specified with the key parameters for Raman pumps, such as the
Raman pump wavelength, maximum power, and the expected Raman on-off gain for the specified
OTL fibre type. Other parameters for reverse pumped distributed Raman amplifiers defined in
[ITU-T G.665] may aso be included in the equipment specifications. It is recommended to refer to
[ITU-T G.665] on "Generic characteristics of Raman amplifiers and Raman amplified subsystems”.
The key performance parameters and test methods used for Raman RE, as defined in
[ITU-T G.665], are summarized in Appendix I. In addition, the equipment may be specified with
the key parameters for the OA including, for example, the saturated output power, linear gain and
noise figure.

1.6) Changesto clause7.1, " Compatibility"

Add the following text at the end of clause 7.1:

The Raman-RE will be compatible with both narrow wavelength band option (US: 1300-1320 nm)
and the reduced wavelength band option (US: 1290-1330 nm) as defined in [ITU-T G.984.5]. Due
to the limited Raman gain bandwidth and laser safety considerations, support is not intended for the
regular wavelength band option (US: 1260-1360 nm) as defined in [ITU-T G.984.5].

The Raman-RE must be compatible with existing G-PON 2.4/1.2 Gbit/s class B+ rated ONT
equipment and class B+ ODN [ITU-T G.984.2 Amd.1]. It is aso possible for the extender to
support a more capable ODN, such as the class C+ defined in Amendment 2 to [ITU-T G.984.2].
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As the Raman-RE uses the OTL fibre to provide gain, the system gain is dependent on the length of
the OTL. A typical OTL length greater than 20 km will be employed before optical splitting (see
"specification for Raman amplified reach extender"). OTL lengths shorter than 20 km are possible
but will result in areduction of the Raman on-off gain and thus the supported |oss budget.

1.7)  Changesto clause 7.2, " Management"

Add the following text at the end of clause 7.2:

The Raman-RE shall support full management functions for configuration, performance monitoring,
and fault reporting. This will include the configuration and provision of the output power level of
Raman pumps.

Considering that the Raman-RE will most likely operate at optical power levels well in excess of
the Hazard Level 1 limit, as specified by [|[EC 60825-2], it should provide optical safety features for
automatic power reduction (APR) of the Raman pump lasers when aloss of continuity occursin the
OTL. Genera requirements for, and considerations on, APR with respect to "safety considerations
for avoiding damage to the human eye and skin" and consideration to keep fibres damage-free are
provided in [ITU-T G.664].

1.8) Maodify clause 8.6.4, " Cyclic OTL wavelength allocation plan™

Replace the entire contents of clause 8.6.4 with the following text:
"The cyclic OTL wavelength plan isdefined in [ITU-T G.698.3]."

19) New clause 8.7, " Specifications for Raman amplified reach extender™

Add the following clause 8.7:

8.7 Specifications for Raman amplified reach extender

Anillustrative specification for the OTL and ODN with a Raman-RE is shown in Table 6. Note that
the actual performance achieved will need to be defined by engineering rules that consider the
actual fibre plant configuration as the Raman gain is highly sensitive to losses from connectors and
splicesin the vicinity of the R/S interface.

Table 6 — Physical medium dependent layer parametersof OTL and ODN (Note 1)

Par ameter Unit Specifications
Fibre type - [ITU-T G.652] (Note 2)
Maximum fibre length of OTL km 60 (minus the distance used in

the distribution fibre)

Minimum fibre length of OTL km 20
Maximum attenuation at ODN dB 21 (Note 3)
Maximum attenuation between R/S and R'/S' points at dB 39 (Note 4)
1300-1320 nm

NOTE 1 — Assuming B+ optics with narrow wavelength band option (US: 1300-1320 nm) as defined in
[ITU G.984.5].

NOTE 2 — Other fibre types may be used but the performance of other typeswill vary.

NOTE 3 — Assuming losses for 64-way split, but if the fibre length of OTL is short, this may increase to
128-way split.

NOTE 4 — Total losses of OTL and ODN.
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Example optical parameters of the Raman reach extender are given in Table 7.

Table 7 —Theoptical parameters of the Raman reach extender (Note 1)

Items Unit Specifications
Passband for US nm | 1300-1320
Passband for DS nm 1480-1500
Wavelength range of Raman pump laser nm | 1240 (£0.5) (Note 2)
Output power of Raman pump laser mw | 100-750
RIN dB/Hz | <90
Range of Raman on-off gain dB 5-15
Saturated output power of SOA dBm | > 16 (Note 3)
Minimum linear gain of SOA dB 10 (Note 3)
Maximum polarization dependent gain (PDG) daB 1 (Note 3)
Noise figure (NF) of SOA dB 6.5 (Note 3)
Maximum transmission penalty for US daB 2.5(Note 4)
Maximum transmission penalty for DS dB 1.5 (Note 5)
NOTE 1 — For B+ optics G-PON OLT and ONU.
NOTE 2 — For narrow wavelength band option (US: 1300-1320 nm) as defined in [ITU G.984.5].
NOTE 3 —If the OA is an SOA then this needs to be operated near the linear regime in order to reduce
pattern-dependent distortion caused by gain dynamics of the SOA.
NOTE 4 — ASE noise induced receiver power penalty.
NOTE 5 — Receiver power penalty caused by pattern-dependent distortion and fibre dispersion and other
non-linear penalty.

1.10) Add new Appendix I X, " General characteristics of rever se pumped distributed
Raman amplifiers"

Add the following Appendix I X:

Appendix I X

General characteristics of rever se-pumped distributed Raman amplifiers
(This appendix does not form an integral part of this Recommendation.)

This appendix summarizes generic characteristics of reverse-pumped distributed Raman amplifiers
for Raman RE.

As defined in [ITU-T G.665], a reference model is used to define the performance parameters and
their test methods. This model isillustrated in Figure I.1, where the point labelled GMP is the gain
measurement point, and at which two signal power measurements are made. One is the signal
power measured when the Raman pumps are on (P,) and the other is the signal power measured
when the Raman pumps are off (Pyy).
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The Raman on-off gain is then defined as 10Log[ E"” ]

off
RP; isthereverse-pumped signal input reference point
RP, isthe reverse-pumped signal output reference point

The net gain is the on-off gain with the loss between the reference point RP, and RP, subtracted
from it.

Raman reach extender

usS
Feeder fiber SR
2 - : OLT
R/S € g I DS _ —
I 38 <1 OA
= RP /GMP
i 2
RP, =
4—‘ Raman pumps for US

G.984.6(08)-Amd.2(12)_FI.1

Figurel.l—Reverse pumped distributed Raman amplifier for Raman RE
Table IX.1 outlines various measurement points at which the parameters are to be measured.

TableX.1—Generic characteristics of rever se pumped Raman amplifier for the Raman RE

Parameters M easur ement points
Gain passband range GMP
Raman on-off gain GMP
Output signal power RP,
Reflectance at signal input interface RP,
Reflectance at signal output interface RP,
Reflectance at pump output interface RP,
Pump power RP,
RIN of pump laser RP;
DOP of pump laser RP;
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A list of performance parameters and test methods for the Raman RE is contained in Table 1X.2

TablelX.2 —Performance and test parametersfor the Raman RE

Functional parameters Unit Test method
Raman on-off gain dB [b-1EC 61290-1]
Net gain dB [b-1EC 61290-1]
Pump power dBm [b-1EC 61292-6]
RIN of pump laser dB/Hz | [b-IEC 61292-2], or [b-IEC 61290-3]
DOP of pump laser % [b-1EC 61290-11]
Input signal power dBm Section 2.11 of [b-1EC 61292-6]
Output signal power dBm Section 2.12 of [b-1EC 61292-6]

1.11) Add new Appendix X, " General consider ations and guidelines of safety procedure’
Add the following Appendix X:

Appendix X

General considerations and guidelines of safety procedure
(This appendix does not form an integral part of this Recommendation.)

X.1 General consider ation

[ITU-T G.664] and [IEC 60825-2] provide optical safety procedures and requirements for optical
transport systems, and classifications of laser class and hazard level. Based upon the description and
classification of Laser Class by [IEC 60825-1], [I[EC 60825-2], and [ITU-T G.664], the complete
G-PON reach extension system using distributed Raman amplification as described in this
Recommendation can be regarded as a Class 1 laser product because, under normal conditions, the
emissions from all pump lasers and transmitters are completely enclosed and no light should be
emitted outside the protective housing.

However, by the classification described in the accessible emission limit (AEL) Tables in
[IEC 60825-1], the Raman pump power from the laser itself exceeds Class 1 limits (sometimes at
Class 3b or Class 4 levels depending on the pump power used for Raman G-PON reach extender).
This can be potentially hazardous when the pump light escapes from the optical system, for
example, if afibre break occurs in the feeder fibre and/or an optical connector is unplugged. These
hazardous conditions can cause not only risks of human eye damage but also skin and perhaps even
other bodily damage. Hence safety procedures for avoiding damage to the human eye and skin
should be considered.

In addition, when optical fibres are being operated at such high optical power levels, fibre and
optical connectors could be damaged by imperfect connections. These imperfect connections may
be caused, for example, by imperfect mating of the fibre or by surface contamination on the fibre
connections at R'/S point (e.g., oils, dust, or dirt) that can absorb some of the optical pump power
and cause a hot spot. Some aspects of this high power operation in fibres and connectors are also
related to safety. For example, fires may be started by local heating in contaminated connectors
carrying high optical power.
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[b-IEC/TR 61292-4] provides extensive guidance on the following topics:
- Fibre fuse and its propagation;

- Loss-induced heating at connectors or splices;

- Connector end-face damage induced by dust/contamination;

- Fibre-coat burn/melt induced by tight fibre bending.

It is recommended to refer to the above guidance and other best practices for optical power safety
when operating the Raman RE.

Because high pump power being injecting into the feeder fibre at OLT when the Raman G-PON RE
Is deployed, it is aso necessary to provide for a capability for automatic (optical) power reduction
(APR) in the case of loss of optical power within one section of the main optical path. This loss of
power can be caused by fibre break and connector unplugging, etc., as described above. This
condition can be generically referred to as aloss of continuity within afibre link.

X.2 APR issuesfor the Raman G-PON extender

Many known APR systems that detect failures in optical communication systems detect the loss of
signal (LOS) on the data channel (for example, that being described in [ITU-T G.664]). Other APR
systems detect loss of frame (LOF) on the optical supervisory channel (OSC). In G-PON, there is
no OSC. Some APR systems detect both LOS on the data channels and LOF on the OSC. After
APR systems detect LOS on the data channel and/or LOF on OSC, they reduce the power of lasers
and other active components to the level that is below safety level. Because the 1310 nm upstream
data signal operates in burst mode for Raman G-PON extension systems, and because the PON is a
point-to-multipoint topology, the use of the G-PON loss of signal needs to be addressed with some
care. For further information, refer to [ITU-T G.664].

1.12) Bibliography
Add the following bibliography after Appendix X:

[b-1EC 61290-1] |EC 61290-1-1 ed2.0 (2006), Optical amplifiers— Test methods — Part 1-1:
Power and gain parameters — Optical spectrum analyzer method
[b-1EC 61290-3] |EC 61290-1-3 ed2.0 (2005), Optical amplifiers— Test methods — Part 1-3:

Power and gain parameters — Optical power meter method.

[b-1EC 61290-11] IEC 61290-1-11, Optical amplifiers — Test methods — Part 11: Polarization
mode dispersion parameter.

[b-1EC 61292-2] IEC/TR 61292-2 ed1.0 (2003), Optical amplifier technical reports— Part 2:
Theoretical background for noise figure evaluation using the electrical
spectrum analyzer.

[b-1EC 61292-6] IEC/TR 61292-6 ed1.0 (2010), Optical amplifiers— Part 6: Distributed
Raman amplification.
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