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ITU-T Recommendation G.984.1

Gigabit-capable Passive Optical Networks (GPON): GQeeral characteristics

Summary

This Recommendation describes a flexible optidalefiaccess network capable of supporting the
bandwidth requirements of business and residesdéialices and covers systems with nominal line
rates of 1.2 Gbit/s and 2.4 Gbit/s in the downsiretrection and 155 Mbit/s, 622 Mbit/s, 1.2 Gbit/s
and 2.4 Gbit/s in the upstream direction. Both swtmiwal and asymmetrical
(upstream/downstream) Gigabit-capable Passive @phNetwork (GPON) systems are described.
This Recommendation proposes the general charstaterfor GPON based on operators' service
requirements.

This Recommendation aims to improve on the G.9&¥dtem by reconsidering a supporting
service, security policy, nominal bit-rate, and @a In order to insure maximal continuity with
existing systems and optical fibre infrastructuhégs Recommendation maintains some requirements
of ITU-T Rec. G.983.1.

Source

ITU-T Recommendation G.984.1 (2003) was preparediThyT Study Group 15 (2001-2004) and
approved under the WTSA Resolution 1 procedurethlarch 2003.
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ITU-T Recommendation G.984.1

Gigabit-capable Passive Optical Networks (GPON): Geeral characteristics

1 Scope

This Recommendation addresses the general chasticterof Gigabit-capable Passive Optical
Network (GPON) systems, in order to guide and nadé\the physical layer and the transmission
convergence layer specifications. The general cheniatics include examples of services, User
Network Interfaces (UNI) and Service Node Interfad®&NI) that are requested by network
operators. Also, this Recommendation shows thejma@h deployment configuration.

As much as possible, this Recommendation maintzhasacteristics from ITU-T Rec. G.982 and
G.983.x series of Recommendations. This is to ptermmackward compatibility with existing
Optical Distribution Networks (ODN) that compliestivthose Recommendations.

GPON systems are characterized, in general, bypdica Line Termination (OLT) system and an
Optical Network Unit (ONU) or Optical Network Ternmation (ONT) with a passive Optical
Distribution Network (ODN) interconnecting them.élrk is, in general, a one-to-many relationship
between the OLT and the ONU/ONTSs respectively.

2 References

The following ITU-T Recommendations and other refees contain provisions, which, through
reference in this text, constitute provisions a$ tRecommendation. At the time of publication, the
editions indicated were valid. All Recommendati@msl other references are subject to revision;
users of this Recommendation are therefore encedrmginvestigate the possibility of applying the
most recent edition of the Recommendations andratéierences listed below. A list of the

currently valid ITU-T Recommendations is regulaslyblished. The reference to a document within
this Recommendation does not give it, as a stamgealocument, the status of a Recommendation

[1] ITU-T Recommendation G.652 (200&)haracteristics of a single-mode optical fibre

cable

[2] ITU-T Recommendation G.902 (199%yamework Recommendation on functional access
networks (AN) — Architecture and functions, acagpss, management and service node
aspects

[3] ITU-T Recommendation G.982 (199®)ptical access networks to support services up to

the ISDN primary rate or equivalent bit rates

[4] ITU-T Recommendation G.983.1 (1998yo0adband optical access systems based on
Passive Optical Networks (PON)

[5] ITU-T Recommendation G.983.2 (200®)NT management and control interface
specification for B-PON

[6] ITU-T Recommendation G.983.3 (200R) broadband optical access system with
increased service capability by wavelength allomati

[7] ITU-T Recommendation 1.112 (1993)pcabulary of terms for ISDNs

ITU-T Rec. G.984.1 (03/2003) 1



3 Definitions

This Recommendation makes frequent use of the teefised in ITU-T Recs G.983.1 [4] and
G.983.3 [6]; some terms have been added. For caewes the main definitions related to the
GPON service requirements are reported in thisselau

3.1 Adaptation Function (AF). AF is additional equipment to change an ONT/ONU
subscriber interface into the UNI interface thatregiuired by an operator or to change a UNI
interface into an ONT/ONU subscriber interface. ¢tions of AF depend on the ONT/ONU
subscriber interface and UNI interface. AF is alsed to change an OLT network interface into the
SNI interface that is required by an operator ochange a SNI interface into an OLT network
interface.

3.2 logical reach Logical reach is defined as the maximum distahe¢ can be achieved for a
particular transmission system, regardless of gtiea budget.

3.3 differential fibre distance An OLT is connected to several ONU/ONTSs. Theatéhtial
fibre distance is the difference in the distancevben the nearest and furthest ONU/ONT from the
OLT.

3.4 mean signal transfer delayThe mean signal transfer delay is the averagbeotipstream
and downstream delay values between referencespdims value is determined by measuring
round-trip delay and then dividing by 2.

3.5 Optical Access Network (OAN) The OAN is the set of access links sharing theesa
network-side interfaces and supported by opticaless transmission systems. The OAN may
include a number of ODNs connected to the same OLT.

3.6 Optical Distribution Network (ODN): An ODN realizes the optical transmission from the
OLT towards the users and vice versa. It utilizesspre optical components.

3.7 Optical Line Termination (OLT): An OLT provides the network-side interface of the
OAN and is connected to one or more ODNSs.

3.8 Optical Network Termination (ONT): An ONT is an ONU used for FTTH that includes
the User Port function.

3.9 Optical Network Unit (ONU): An ONU provides (directly or remotely) the uséates
interface of the OAN and is connected to the ODN.

3.10 physical reach Physical reach is defined as the maximum phydgicsthnce that can be
achieved for a particular transmission system.

3.11  service Service is defined as a network service requngdperators. Service is described
by the name that is clearly recognized by everyoegardless of whether it is a frame structure
name or a general name.

3.12  Service Node Interfac¢SNI): See ITU-T Rec. G.902.
3.13  User Network Interface(UNI): See ITU-T Rec. 1.112.

4 Abbreviations
This Recommendation uses the following abbreviation

AF Adaptation Function
BRI Basic Rate Interface
DSL Digital Subscriber Line

FTTB Fibre to the Building

2 ITU-T Rec. G.984.1 (03/2003)



FTTCab/C Fibre to the Cabinet/Curb
FTTH Fibre to the Home

ISDN Integrated Services Digital Network
LT Line Terminal

MDU Multi-dwelling Unit

NT Network Termination

OAM Operation, Administration and Maintenance
OAN Optical Access Network

ODN Optical Distribution Network

OLT Optical Line Termination

ONT Optical Network Termination

ONU Optical Network Unit

OpS Operations System

PDH Plesiochronous Digital Hierarchy
PON Passive Optical Network

POTS Plain Old Telephone Service

PRI Primary Rate Interface

PSTN Public Switched Telephone Network
SDH Synchronous Digital Hierarchy

SN Serial Number

SNI Service Node Interface

TC Transmission Convergence

UNI User Network Interface

VOD Video-On-Demand

WDM Wavelength Division Multiplexing

5 Architecture of the optical access network

51 Network architecture

The optical section of a local access network systan be either active or passive and its
architecture can be either point-to-point or pagnultipoint. Figure 1 shows the architectures
considered, which range from Fibre to the Home (H) Tthrough Fibre to the Building/Curb
(FTTB/C) to Fibre to the Cabinet (FTTCab). The ©atiAccess Network (OAN) is common to all
architectures shown in Figure 1, hence the comnitgradl this system has the potential to generate
large worldwide volumes.

ITU-T Rec. G.984.1 (03/2003) 3
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Figure 1/G.984.1 — Network architecture

The differences of the FTTB, FTTC, FTTCab and FTmetwork options are mainly due the
different services supported, so they can be tieiie same in this Recommendation.

5.1.1 FTTB scenario

The FTTB scenario is divided into two scenariog @r multi-dwelling units (MDU) and the other
for businesses. Each scenario has the followingcgecategories:

5.1.1.1 FTTB for MDU

- Asymmetric broadband services (e.g., digital doaat services, VOD, file download, etc.).

- Symmetric broadband services (e.g., content loamd e-mail, file exchange, distance
learning, telemedicine, online-game, etc.).

- POTS and ISDN. The access network must be aljeotade, in a flexible way, narrow-
band telephone services with appropriate timingHerintroduction.
5.1.1.2 FTTB for business

- Symmetric broadband services (e.g., group so&waontent broadcast, e-mail, file
exchange, etc.).

- POTS and ISDN. The access network must be ahpeotade, in a flexible way, narrow-
band telephone services with the appropriate tifonghe introduction.

- Private line. The access network must be ablerdoide, in a flexible way, private line
services at several rates.
5.1.2 FTTC and FTTCab scenario

Within this scenario, the following service categsrhave been considered:

- Asymmetric broadband services (e.g., digital Hoast services, VoD, file download,
online-game, etc.).

- Symmetric broadband services (e.g., content loamd e-mail, file exchange, distance
learning, telemedicine, etc.).

4 ITU-T Rec. G.984.1 (03/2003)



- POTS and ISDN. The access network must be aljeotade, in a flexible way, narrow-
band telephone services with the appropriate tifonghe introduction.

- xDSL backhaul.

5.1.3 FTTH scenario

Within this scenario, the following service categerhave been considered:
- Asymmetric broadband services (e.g., digital doaat services, VOD, file download, etc.).

- Symmetric broadband services (e.g., content loamd e-mail, file exchange, distance
learning, telemedicine, online-game, etc.).

- POTS and ISDN. The access network must be aljeotade, in a flexible way, narrow-
band telephone services with the appropriate tirfonghe introduction.

5.2 Reference configuration
The reference configuration is shown in Figure 2.

—— Q

AccessNetworkSystemManagemenEunctions

-

7 ' N
UNI R/S S/IR SNI
L ODN N
ONU/ - Service
AF I ONT . _ OoLT node
Optical Splitter function
(a) Reference point
. Feon | wDMm H | IFpon
T Reference point | ] WeM V reference point
NE j POINT A POINT B —L NE
G.984.1_F2
ONU Optical Network Unit
ONT Optical Network Terminal
ODN Optical Distribution Network
OLT Optical Line Termination
WDM Wavelength Division Multiplex Module (If WDM is natsed, this function is not necessary.)
NE Network Element which uses the different wavelerfgtim the OLT and the ONU
AF Adaptation Function (Sometimes, it may be inclugethe ONU.)
SNI Service Node Interface
UNI User Network Interface
S Point on the optical fibre just after the OLT (Dastieam)/ONU (Upstream) optical connection
point (i.e., optical connector or optical splice)
R Point on the optical fibre just before the ONU (Dwtream)/OLT (Upstream) optical connection

point (i.e., optical connector or optical splice)
(a) Reference pointlf AF is included in the ONU, this point is not ressary.
POINT A/B If WDM is not used, these points are not necessary.

NOTE — Whether or not the AF is an operating obggthe Q interface depends on the service.

Figure 2/G.984.1 — Reference configuration for GPON
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5.2.1 Service node interface
See ITU-T Rec. G.902 [2].

5.2.2 Interface at the reference points S/R and R/S

The interface at reference points S/R and R/S fimeld as Ilson. This is a PON-specific interface
that supports all the protocol elements necessaajldw transmission between OLT and ONUSs.

6 Services, user network interface and service nodeterface

6.1 Services

GPON is required to support all currently knowrnvesss and new services being discussed for the
residential subscribers and business customeraube®f such a broadband capability.

What specific services should be provided is clearesome operators than to others and depends
heavily on the particular regulatory conditionseafch operators’ markets, as well as on the own
markets potential. How these services are delivaredcost effective way is a function not only of
legal conditions, but also of factors includingstixig telecommunications infrastructure, dwelling
distribution and residential and business customexs

The examples of services are described in clatise I.

6.2 User Network Interface (UNI) and Service Nodeniterface (SNI)

ONU/ONT has UNI, as well as OLT, has SNI as desctiim Figure 2. UNI/SNI depends on which
services are provided by the service operator.

The examples of UNI are described in clause 1.Z0AThe examples of SNI are described in
clause 1.3.

7 Bit rate

Basically, GPON aims at transmission speeds grélader or equal to 1.2 Gbit/s. However, in the
case of FTTH or FTTC with asymmetric XDSL, suchighkspeed upstream bit rate might not be
needed. Accordingly, GPON identifies 7 transmissipaed combinations as follows:

. 155 Mbit/s up, 1.2 Gbit/s down;
. 622 Mbit/s up, 1.2 Gbit/s down;
. 1.2 Gbit/s up, 1.2 Gbit/s down,;
. 155 Mbit/s up, 2.4 Gbit/s down;
. 622 Mbit/s up, 2.4 Gbit/s down;
. 1.2 Gbit/s up, 2.4 Gbit/s down,;
. 2.4 Gbit/s up, 2.4 Gbit/s down.
8 Logical reach

Logical reach is the maximum distance between ONNIY@nd OLT except for the limitation of
the physical layer. In GPON, the maximum logicalateis defined as 60 km.

9 Physical reach

Physical reach is the maximum physical distancevéeh the ONU/ONT and the OLT. In GPON,
two options are defined for the physical reachk&®and 20 km. It is assumed that 10 km is the

6 ITU-T Rec. G.984.1 (03/2003)



maximum distance over which FP-LD can be usedenQNU for high bit rates such as 1.25 Gbit/s
or above.

10 Differential fibre distance

In GPON, the maximum differential fibre distance2i3 km. This affects the size of the ranging
window and provides compliance with ITU-T Rec. @98

11 Maximum mean signal transfer delay
GPON must accommodate services that require a niaximean signal transfer delay of 1.5 ms.

Specifically, GPON system must have a maximum negnal transfer delay time of less than
1.5 ms between T-V (or (a)-V, depending on opelsifmeference). See clause 12/G.982 [3].

Although a section of the delay measurement is 1o FTTH system or (a)-V for the other
application in ITU-T Rec. G.982, in a GPON systdra teference points are not restricted by the
system configuration.

12 Split ratio

Basically, the larger the split ratio is for GPQONe more attractive it is for operators. However, a
larger split ratio implies greater optical spliginvhich creates the need for an increased power
budget to support the physical reach.

Split ratios of up to 1:64 are realistic for theypital layer given current technology. However,
anticipating the continued evolution of optical mtes, the TC layer must consider split ratios up
to 1:128.

13 Service overlay

An overlay wavelength may be used to provide enbdrservices to the subscriber. Accordingly,
GPON must vacate the Enhancement Band defineddrllRec. G.983.3.

14 Protection on the PON section

From the viewpoint of administration of the accesswvork, the protection architecture of GPON is
considered to enhance the reliability of the acceetwvorks. However, protection shall be
considered as an optional mechanism because itlenmeptation depends on the realization of
economical systems.

This clause presents some possible duplex contignsand related requirements as examples of
protected GPON systems. In addition, the requira@nessage for protection is mentioned.

14.1  Possible switching types

There are two types of protection switching bothvbich are analogous to those of SDH systems:
)] automatic switching; and

i) forced switching.

The first one is triggered by fault detection, sashloss of signal, loss of frame, signal degrade
(BER becomes worse than the predetermined threstasid so on. The second one is activated by
administrative events, such as fibre reroutingefiteplacement, etc. Both types should be possible
in the GPON system, if required, even though theg aptional functions. The switching
mechanism is generally realized by the OAM functitherefore, the required OAM information
field should be reserved in the OAM frame.

ITU-T Rec. G.984.1 (03/2003) 7



Figure 3 shows the duplex system model for thesscoetwork. The relevant part of the protection
in the GPON system should be a part of the pratedietween the ODN interface in the OLT and
the ODN interface in the ONU via the ODN, excludthg SNI redundancy in the OLT.

S/IR R/S
OLT
ONU
— m | |PON LT(1)| ~ |PON LT(1) SNILT(1) | — .
UNI . Servicel
LT g Switch node
— PON LT(0)| |— —1 | PON LT(0) SNILT(0) |

G.984.1_F3
Figure 3/G.984.1 — Duplex system model

14.2  Possible duplex GPON configurations and chargaristics

There can be several types of duplex GPON systamishown in Figures 4a to d. The control
protocols for each configuration should be spedifif@lependently from one another.

For example, no switching protocol is requiredtfoe OLT/ONU in Figure 4a, since the switching
is only applied for the optical fibres. Also, ingere 4b, no switching protocol is required sinoe th
switching is carried out only in the OLT.

14.2.1 Configuration examples

Type A: The first configuration doubles only thetiopl fibres, as shown in Figure 4a. In this case,
the ONUs and OLT are singular.

Type B: The second configuration (Figure 4b) dostitee OLTs and the optical fibres between the
OLTs and the optical splitter, and the splitter has input/output ports on the OLT side. This
configuration reduces the cost of duplexing the @N@Ithough only the OLT side can be
recovered.

Type C: The third configuration (Figure 4c) doubtest only the OLT side facilities but also the
ONU side. In this configuration, recovery from ta# at any point is possible by switching to the
standby facilities. Therefore, the full duplex cestibles a high reliability.

Type D: If the ONUs are installed in the customeitdings, the in-house wiring may or may not be
duplexed. Additionally, if each ONU is owned by #fatent user, the reliability requirement
depends on each user and only a limited numberNf©may have the duplex configuration.
Based on this consideration, the last configuraffeigure 4d) permits a partial duplexing on the
ONU side. This Figure shows an example where theseduplex (ONU#1) and single (ONU#N)
ONUs. Its key principles are:

1) using double N:2 optical splitters to connectNPOT(0) in ONU#1 to splitter N(0) and
PON LT(1) in ONU#1 to splitter N(1);

2) connecting PON LT in ONU#N to either opticaligpl (because it is single);

3) using double 2:1 optical splitters to connecNPKI (0) in the OLT to splitter(0) and PON
LT(1) in the OLT to splitter(1);

4) connecting double N:2 optical splitters and deutil optical splitters, where one port of
splitter(1) is connected to splitter N(0), and qoet of splitter(0) to splitter N(1);

5) using the cold standby method in both OLT andUSNo avoid optical signal collision
from PON LT(0) and PON LT(1) in the OLT, or PON I0j@nd PON LT(1) in ONU #1.

8 ITU-T Rec. G.984.1 (03/2003)
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G.984.1 F4a

Figure 4a/G.984.1 — Duplex GPON system: Fibre duptesystem

ONU #1
PON LT
N:2 optical splitter
OLT
| << PON LT(2)
' ) PON LT(O
ONU #N />

PONLT

G.984.1_F4b

Figure 4b/G.984.1 — Duplex GPON system: OLT-only dulex system
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G.984.1_F4c

Figure 4c/G.984.1 — Duplex GPON system: Full duplesystem
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ONU #1

PON LT(1)
Double Double
PON LT(0)[ N:2 optical splitter 2:1 optical splitter
\ OLT

D |/
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\ PON LT(0)
ONU #N ) ﬁ( / G.984.1_F4d

EplitterN(O splitter(0)
PON LT(1 /

PON LT(0)

Figure 4d/G.984.1 — Duplex GPON system: Partial dupx configuration

14.2.2 Characteristics

Type A: In this case, signal loss or even frames Issnevitable in the switching period. However,
all the connections between the service node amdetfminal equipment should be held after this
fibre switching.

Type B: This configuration requires cold standbytled spare circuit in the OLT side. In this case,
signal loss or even frame loss is, in general,itable in the switching period. However, all the
connections supported between the service noddhenterminal equipment should be held after
this switching.

Type C: In this case, the hot standby of the spareiver circuits is possible in both ONU and OLT
sides. In addition, hitless switching (without frahoss) is also possible in this configuration.

Type D: The characteristics of this type are thmesas Type B.

14.3  Requirements
)] The protection switching function should be op@l.

i) Both automatic protection switching and forcewitching are possible in the GPON
system, if required, even though they are optifunadtions.

iii) All the configuration examples of 14.2 will bpossible, even though they are optional

functions.

iv) The switching mechanism is generally realizegd the OAM function, therefore, the
required OAM information field must be reservedhe OAM frame.

V) All the connections supported between the seraede and the terminal equipment should

be held after switching.

Regarding the last requirement, one implementaifothe POTS service node (exchange) requires
the frame loss period to be less than 120 mselfittime loss period becomes longer than that, the
service node disconnects the call, and the callgés$ required again after the protection switghin
Since GPON supports the emulation of conventioaalises, such as POTS and ISDN, this value
should be taken into consideration.
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14.4  Required information fields for OAM frame

According to the analogy of the SDH system, pratecswitching requires less than ten codes to be
used for both upstream and downstream, which wilidalized by the field of the OAM frame. The
field mapping of the OAM frame for the protectioillvee required to be defined.

15 Security

Due to the multicast nature of the PON, GPON neesiscurity mechanism adapting the following
requirements:

. To prevent other users from easily decoding thens$tream data;
. To prevent other users from masquerading as an@NU/ONT or user;
. To allow cost-effective implementation.

Appendix |

Examples of services, UNI and SNI

This appendix describes the examples of servich$,add SNI, which are required by operators.

.1 Examples of services

The examples of services that GPON are requiresbpport are shown in Table 1.1, along with
relevant remarks.

Table 1.1/G.984.1 — Examples of services and relateemarks

Service category

(Note 1) Service Remarks
Data service Ethernet Standardized in IEEE 802.3.
(Note 2) Comply with IEEE 802.1D.
PSTN POTS Mean signal transfer delay time between T-V (of\(ashould be less

than 1.5 ms. If echo cancellation is used in thevoek, the mean
signal transfer delay time between T-V (or (a)-¥)tbe PON-based
system may be longer, provided End-to-End trardséay
requirements are met.

Synchronize with the network's 8 kHz clock.

Signal on the T reference point and V referenceatpoust be
continuous.

ISDN (BRI) | Bearer rate is 144 kbit/s.

Mean signal transfer delay time between T-V (of\(pshould be less
than 1.5 ms.

Synchronize with the network's 8 kHz clock.
ISDN (PRI) Bearer rate is 1.544 Mbit/s and 2.048ithkgb

Mean signal transfer delay time between T-V (of\(ashould be les$
than 1.5 ms.

Synchronize with the network's 8 kHz clock.

o

1
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Table 1.1/G.984.1 — Examples of services and relateemarks

Serv(llslitzait)egory Service Remarks
Private Line T1 Bearer rate is 1.544 Mbit/s.
Mean signal transfer delay time between T-V (of\(ashould be less
than 1.5 ms.
Synchronize with the network's 8 kHz clock.
E1l Bearer rate is 2.048 Mbit/s.
Mean signal transfer delay time between T-V (of\(ashould be less
than 1.5 ms.
Synchronize with the network's 8 kHz clock.
DS3 Bearer rate is 44.736 Mbit/s.
Synchronize with the network's 8 kHz clock.
E3 Bearer rate is 34.368 Mbit/s.
Synchronize with the network's 8 kHz clock.
ATM Standardized in ITU-T Rec. 1.361.
Complies with ITU-T Rec. 1.356.
Video Digital video | Deliver with same quality as class.1 specifiedTioT 1.356 or
rt-VBR/CBR specified in ATM-Forum.
NOTE 1 — Service category is merely an index. ftasmeaningful in itself, but it is useful in vidizing
the services.
NOTE 2 — Ethernet service is mainly to transmitdiaéa such as IP, which includes VolIP, video steeam
coded by MPEG-2 or MPEG-4, and so on.

.2 Examples of UNI

In this Appendix, UNI is defined as the interfabattincludes the following conditions:
. described by a well-known standard.
. includes a physical layer aspect.

Some UNIs are provided via an AF, so it is not naoy that the ONU/ONT support those
interfaces.

Examples of UNIs, physical interfaces and servibasthey provide are shown in Table I.2.

Table 1.2/G.984.1 — Examples of UNI and services

UNI (Note 1) Physical interface (Note 2) Service (e 3)
10BASE-T (IEEE802.3) - Ethernet
100BASE-TX (IEEE802.3) - Ethernet
1000BASE- T (IEEE802.3) - Ethernet
ITU-T Rec. 1.430 - ISDN (BRI)
ITU-T Rec. 1.431 - ISDN (PRI), T1, ATM
ITU-T Rec. G.703 PDH DS3, ATM, E1, E3
ITU-T Rec. 1.432.5 25 Mbit/s metallic interfacqg ~ ATM
ITU-T Rec. G.957 STM-1,4 ATM
ANSI T1.102, ANSI T1.107 PDH T1, DS3
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Table 1.2/G.984.1 — Examples of UNI and services

NOTE 1 — There are many other services accommodat®&ON, but those services do not have
specified UNIs.

NOTE 2 — Each item in the "Physical Interface" cotuis illustrated by the corresponding entry in the
"UNI" column.

NOTE 3 — The column labeled "Service" shows whigtvises can be supported by the physical interface.

1.3 Examples of SNI

In this appendix, SNI is defined as the interfdw tncludes the following conditions:
. described by a well-known standard;
. includes a physical layer aspect.

Examples of SNIs, physical interfaces and senticasthey provide are shown in Table I.3.

Table 1.3/G.984.1 — Examples of SNI and services

SNI Physical interface Service

(Note 1) (Note 2) (Note 3)
1000BASE- X (IEEE802.3) - Ethernet
ITU-T Rec. G.965 V5.2 POTS, ISDN(BRI), ISDN(PRI)
ITU-T Rec. G.703 PDH DS3, ATM, E1, E3
ITU-T Rec. G.957 STM-1,4,16 El, ATM
ANSI T1.107 PDH T1, DS3
ANSI T1.105.06, 0OC3, OC12 T1, DS3, ATM
ANSI T1.117

NOTE 1 — There are many other services accommoda@&®ON, but those services do not have
specified SNIs.

NOTE 2 — Each item in the "Physical Interface" cotuis illustrated by the corresponding entry in the
"SNI" column.

NOTE 3 — The column labeled "Service" shows whietvises can be supported by the physical interface.

Appendix I

Bibliography

The following ITU-T Recommendations and other refmes are referred in this appendix as
bibliography (non-normative reference).

[App.lI-1] ITU-T Recommendation G.703 (200Bhysical/electrical characteristics of
hierarchical interfaces

[App.lI-2] ITU-T Recommendation G.957 (1999 ptical interfaces for equipments and systems
relating to the synchronous digital hierarchy

[App.lI-3] ITU-T Recommendation G.965 (200);Interfaces at the digital local exchange
(LE) — V5.2 interface (based on 2048 kbit/s) far shupport of access network (AN)

[App.lI-4] ITU-T Recommendation 1.356 (200@;ISDN ATM layer cell transfer performance
[App.lI-5] ITU-T Recommendation 1.361 (1998;ISDN ATM layer specification
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[App.lI-6] ITU-T Recommendation 1.430 (1998asic user-network interface — Layer 1
specification

[App.lI-7] ITU-T Recommendation 1.431 (1993 rimary rate user-network interface — Layer 1
specification

[App.lI-8] ITU-T Recommendation 1.432.5 (199B;ISDN user-network interface — Physical
layer specification: 25.600 kbit/s operation

[App.lI-9] IEEE Standard 802.1D-199Bart 3: Media Access Control (MAC) Bridges

[App.lI-10] IEEE Standard 802.3-200Bart 3: Carrier sense multiple access with collisio
detection (CSMA/CD) access method and physicat Epyecifications

[App.1I-11] ANSI T1.102 (1999)Digital Hierarchy — Electrical Interfaces
[App.11-12] ANSI T1.107 (1995)Digital Hierarchy — Formats Specifications

[App.lI-13] ANSI T1.105.06 (1996)Synchronous Optical Network (SONET) — Physical Laye
Specification

[App.lI-14] ANSI T1.117 (1997)Digital Hierarchy Optical Interface SpecificatioiShort Reach)
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