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	Revision Status Report: Major Updates of Version 39, November 2023

	In this version 39, following changes, additions and updates have been made:

1) Sections 8, 9 and 10, and Annexes of the document has been restructured.
2) The web-based ANT Standards Overview has been updated with following new or revised Standards, Recommendations, Amendments and Corrigenda, Supplements, Technical Reports and other technical documents from ITU-T SG15, other ITU Study Groups and other SDOs that have been approved and published since the last ITU-T SG15 April 2023 plenary meeting:
· Access Network Architecture and Functions
> General on Access Network Architecture and Functions: no changes
> ETSI 5th Generation Fixed Network (F5G): ETSI GS F5G 013 V1.1.1 (2023-04), ETSI GS F5G 014 V1.1.1 (2023-05),  BBF TR-458 (08/2023)
> Wireline – Wireless Convergence: BBF TR-456 Issue 2 Corrigendum 1 (07/2023), 
> ITU-T and ITU-R technical papers, reports, guides and handbooks: ITU-R SG5 Guide to the use of ITU-R texts (10/2023) 

· Fibre Optic Broadband Access
> Point-to-Point (PtP): BBF TR-383 Amd.6 (03/2023)
> Passive Optical Network (PON): ITU-T G.987.2 (2023) Amd. 1 (06/2023)*, G.989.3 (2021) Amd. 1 (06/2023)*, G.9802.2 (07/2023), G.9805 (2022) Amd. 1 (06/2023)*; BBF TR-385 Issue 2 Amendment 1 (06/2023), BBF TR-489 (06/2023); ETSI GS F5G 016 V1.1.1 (2023-06)

· Metallic Conductor Broadband Access
> Digital Subscriber Lines (DSL) Technologies: ITU-T G.9701 (2019) Cor. 4 (06/2023)*, G.9711 (2021) Cor. 2 (06/2023)*
> G.hn Access: ITU-T G.9960 (06/2023), G.9962 (04/2023), G.9963 (06/2023)

· Hybrid Fibre Coax (HFC) Broadband Access
> General on Cable Networks: ITU-T J.152 (07/2023) and J Suppl. 10 (05/2023)
> DOCSIS (Data Over Cable Service Interface Specification): ITU-T J.224 (07/2023), J.225 (07/2024)

· Broadband Access Network Infrastructure
> Guide on Standards and Recommendations: no changes
> Network infrastructure engineering: CENELEC EN 50173-20:2022, EN 50700:2023; 
ISO/IEC 11801-6:2017 and 11801-6:2017/COR1:2018
> Fibre optic infrastructure: IEC 60794-1-1:2023, IEC 60794-2-11:2019+AMD1:2020 CSV
> Copper cables infrastructure: no changes
> Power supply and energy management: no changes
> Safety and equipment protection: ITU-T K.147 (07/2023)
> Operation and maintenance: ITU-T L.340 (06/2023); BBF TR-385 Issue 2 Amendment 1 (06/2023), BBF TR-489 (06/2023); IEC 61280-4-1:2019/COR2:2022; ETSI GS F5G 011 V1.1.1 (2022-11) and GS F5G 016 V1.1.1 (2023-06)

· Broadband Power Line Communications (PLC): no changes

· Fixed Broadband Wireless Access
> Fixed Broadband Wireless Access delivered from mobile networks: ITU-R SG5 Guide to the use of ITU-R texts (10/2023), ITU-R SM.2152-0 (09/2022); 
ITU-T J.152 (07/2023)

· Technical reports, technical papers, guides and handbooks on access network:
ITU-R SG5 Guide to the use of ITU-R texts (10/2023)
(*) Refer to the related main ITU-T Recommendation in the web-based overview to get access to the Amendment and/or Corrigendum 
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[bookmark: _Toc479830583][bookmark: _Toc480262065][bookmark: _Toc482087540][bookmark: _Toc528396601][bookmark: _Toc361761727]Introduction
In today’s global communications world the traditional boundaries in network access between Telecommunication Network Operators, Communication Services Providers, Satellite and Cable TV Networks, Mobile Networks and Information Technologies cease to exist. 
Within the ITU-T, the study and development of Recommendations related to transport in the access network is being carried out in several different Study Groups, e.g., SG 9, 13, 15. Moreover, ITU-R and other standards bodies, forums and consortia are also active in this area.
[bookmark: _Hlk108180519]Recognizing that without a strong coordination effort there is the danger of duplication of work as well as the development of incompatible and non-interoperable standards, the WTSC 96 designated Study Group 15 as Lead Study Group on Access Network Transport (ANT) - reaffirmed at the WTSA-20 – with the mandate to:
· study the appropriate core Questions (Question 2/15 and Question 4/15),
· define and maintain an overall (standards) framework, in collaboration with other SGs and standards bodies,
· coordinate, assign and prioritize the studies done by the Study Groups (recognizing their mandates) to ensure the development of consistent, complete, and timely Recommendations.
[bookmark: _Hlk108180588]Study Group 15 entrusted Working Party 1/15 (Transport aspects of access, home, and smart grid networks), under Question 1/15, with the task to manage and carry out the Lead Study Group activities on Access Network Transport.
[bookmark: _Toc479830584][bookmark: _Toc480262066][bookmark: _Toc482087541][bookmark: _Toc528396602][bookmark: _Toc361761728]1.	Scope
This document defines an ANT on the background of the Recs. G.902 and GII Y.100 series and provides an overview of the existing ANT related standards released and/or prepared by the ITU and other standardization bodies.
The main purpose of the ANT Standards Overview is to identify:
- Which standards exist,
- Lack of standards,
- Duplication and/or overlap,
- Market needs,
- Priorities.
[bookmark: _Hlk152777111][bookmark: _Toc479830585][bookmark: _Toc480262067][bookmark: _Toc482087542][bookmark: _Toc528396603][bookmark: _Toc361761729]Standards under study/development are identified in the ANT Standards Work Plan.
The existing ANT standards are listed in the web-based ANT Standards Overview. This web presentation of the existing ANT standards is part of the present document and is available in the web-based ITU-T Standards Landscape – Topic/Root “Access Network Transport Standards“ at ITU-T landscape for ICT standards - ANT on the ITU-T SG15 website. The description and taxonomy of the web-based ANT Standards Overview are provided in Sections 10.1, 10.2 and 10.3 of the present document.  
The list of ANT-Relevant Standards can be downloaded using the topics and related groups (ITU Study Groups and SDOs) of the web-based ANT Standards Overview represented in Section 10.3.
A guide on the use of the web-based ANT Standards Overview is provided in Annex 1.

The present ANT Standards Overview is a living document. The current version is available at  https://www.itu.int/en/ITU-T/studygroups/com15/Pages/ant.aspx.

2.	References
ITU-T Recommendation G.902 (11/1995): Framework Recommendation on functional access networks (AN) – Architecture and functions, access types, management and service node aspects

ETSI EG 202 306 V1.2.1 (1998-05): Transmission and Multiplexing I; Access networks for residential customers

ITU-T G Suppl. 50 (09/2011): Overview of digital subscriber line Recommendations

ITU-T Recommendations Y.100 series on Global Information Infrastructure (GII)

ANT Standards Work Plan (Issue 37)
[bookmark: _Toc479830586][bookmark: _Toc480262068][bookmark: _Toc482087543][bookmark: _Toc528396604][bookmark: _Toc361761730][bookmark: _Hlk11267068]3.	General Access Network architecture
The basic documents for the following definitions are ITU-T G.902 and ETSI EG 202 306.
Access Network Transport (ANT)
[bookmark: _Hlk11248724]Based on definitions specified in ITU-T Rec. G.902 the Access Network (AN) provides transport bearer capabilities for the provision of telecommunications services inside of the AN between a service node interface (SNI) providing customer access to a service node and each of the associated interfaces towards the Customer Premises Network(s) which are being grouped as user network interfaces (UNIs). An Access Network implementation comprises transmission media and access network element (NE) entities.
An Access Network is delimited by its interfaces. Users are connected via a User Network Interface (UNI) to the network. The AN is connected to the Service Node (SN) via the Service Node Interface (SNI) and to the Telecommunication Management Network (TMN) via a Q3 interface.
Figure 1 “General Access Network architecture and boundaries” shows the AN with the UNI, SNI and Q3 interface as the boundaries to other network entities.

[image: ]
[bookmark: _Hlk11252468][bookmark: _Hlk11250290]Figure 1 “General Access Network architecture and boundaries” (from ITU-T G.902)
[bookmark: _Hlk11248233]An Access Network element can be configured and managed through a Q3 interface that may be implemented at the Q reference point. This Q reference point is the access point for management information, configuration control, performance monitoring and maintenance as defined in ITU-T Rec. M.3010.
In principle there are no restrictions on the types and number of SNIs and UNIs that an Access Network may implement. The Access Network does not include Customer Premises Networks and/or terminal equipment respectively.
[bookmark: _Toc479830587][bookmark: _Toc480262069][bookmark: _Toc482087544][bookmark: _Toc528396605][bookmark: _Toc361761731]4.	Abbreviations
The list of ANT related abbreviations is included into the Annex 3.
[bookmark: _Toc479830588][bookmark: _Toc480262070][bookmark: _Toc482087545][bookmark: _Toc528396606][bookmark: _Toc361761732][bookmark: _Hlk11267129]5.	Access Network functional groups
The ANT functions as definitions specified in the ITU-T Rec. G.902 are divided into 5 groups:
· User port functions
· Service port functions
· Core functions
· Transport functions
· AN-system management functions

Figure 2 gives an example of one AN functional architecture and how each of the functional groups are interconnected.

[image: ]
Figure 2 “Example of functional architecture of an Access Network” (from ITU-T G.902)

Figure 3 shows an example of the layers that are processed in each functional group based on the example given in Figure 2.
[image: ]
[bookmark: _Hlk11255328]	Figure 3 “Layered structure of an Access Network based on G.902”
 (from ITU-T I.414)

· User port function (UPF):  This function adapts the specific UNI requirements into the core and system management functions.
· Service port function (SPF):  This function adapts the specific SNI requirements into the core and system management functions.
· Core function (CF):  This function adapts the individual User Port or Service Port bearer requirements into common transport bearers. The core function can be distributed in the AN.
· Transport function (TF):  This function provides the network connections for the common bearers between different locations and the media adaptation.
· AN system management function (AN-SMF):  AN System Management function coordinates operations and maintenance of the User Port function, Service Port function, Core function and Transport function within the AN. It coordinates time critical management and operation requirements for the allocated user ports with the Service Node via the SNI. It communicates with the TMN via the Q3 interface for the purpose of being monitored and/or controlled.
Functions of Access Network Transport (ANT)
The Transport Function (TF) provides the paths for the transport of common bearers between different locations in the Access Network (AN) and the media adaptation for the relevant transmission media used.
Examples of transport functions are:
· multiplexing function,
· cross connect function including grooming, on demand connection and configuration,
· management functions,
· physical media function.

[bookmark: _Toc479830589][bookmark: _Toc480262071][bookmark: _Toc482087546][bookmark: _Toc528396607][bookmark: _Toc361761733]6.	Reference configuration for ITU-T G.99x-series Recommendations
[bookmark: _Hlk11252927]As described in ITU-T G Suppl. 50, there are two generic reference configurations used to relate the ITU-T G.99x-series Recommendations for DSL systems. First reference configuration is based on the reference configuration used for the N-ISDN in ITU-T I.410 and described in figure 4 below. The other reference configuration is a protocol reference configuration to provide a view of the ITU-T G.99x-series Recommendations from the protocol architecture point of view.

[image: ]

Figure 4 “A reference configuration for a generic ITU-T G.99x system” 
(from ITU-T G Suppl. 50)

This reference configuration identifies the reference points in the context of Access Network (AN). The generic reference configuration consists of seven elements: 
1)	Core network
2)	Access network
3)	Network termination 1 (NT1)
4)	Network termination 2 (NT2)
5)	Terminal adapter (TA)
6)	User terminal
7)	Access network management
Core network and access networks are separated at the V reference point – which serves as Service Node Interface (SNI). The access network and the access network management elements are separated at the Q reference point. The NT1 makes a physical connection to the access network at the U reference point and provides service presentation to a customer on a logical or physical interface at the T reference point. An NT2 connects to the network at the T reference point, may connect to multiple user terminals on S reference point interfaces. The NT2 may be integrated with an NT1 to form an NT1/2. The NT term is used for generic network termination for various services. For some services it could be part of the access network, and for others not. The U and T reference points serve as Access Network Interfaces (XNI).  The Access Network Interface (XNI) is the interface between the access network and the user premises, and therefore also serves as User Network Interface (UNI).
A TA adapts the transport protocol to the specific requirements of a user terminal.
Note: The NT term is used for generic Network Termination for various services. For some services/configurations, the NT might be property of the customer and therefore integrated in the CPN; nevertheless, it terminates the Access Network from a functional/physical point of view.
7. [bookmark: _Toc479830590][bookmark: _Toc480262072][bookmark: _Toc482087547][bookmark: _Toc528396608][bookmark: _Toc361761734]Access Network Transport interfaces
Examples of Service Node Interfaces (SNIs)
SNI is defined as the interface that includes the following conditions:
· interconnection between the access network and the service node,
· described by a well-known standard,
· includes a physical layer aspect.
Example of SNIs, physical interfaces and services that can be supported by the physical interfaces are shown in Table 7-1.
	Table 7-1 – Examples of SNIs and services

	SNI
	Physical interface
	Service

	1GE/10GE/25GE/40GE/
50GE/100GE/200GE/400GE
[IEEE 802.3]
	1G/10G/25G/40G/50G/100G/200G/400G BASE
	Ethernet, or Ethernet-based eCPRI

	[ITU-T G.8261],
[ITU-T G.8262]
	-
	Synchronous Ethernet (SyncE)

	[ITU-T G.964] and 
[ITU-T G.965]
	V5.1 and V5.2
	POTS, basic ISDN

	[ITU-T G.967.1] and 
[ITU-T G.967.2]
	VB5.1 and VB5.2
	B- ISDN

	[ITU-T G.703]
	PDH, STM-1e
	DS3, E1, E3, STM-1, DS1, DS0

	[ITU-T G.957]
	STM-1,4,16,64
	E1, E3, DS1, DS3, GFP, E4, 
STM-n, DS0

	[ATIS 0600107]
	PDH
	DS0, DS1, DS3

	SDH/SONET
	SDH/SONET
	OC3-OC192, STM1-STM64

	OTN [ITU-T G.872] and 
[ITU-T G.709]
	I1, I2, I3
	OTN

	CPRI/OBSAI (Open Base Station Architecture Initiative)
	Option2, Option3 Option7, Option8, Option10
	Wireless fronthaul



Examples of User Network Interfaces (UNIs)
As defined in the ITU-T I.112, the User Network Interface (UNI) is the interface between the terminal equipment and a network termination at which interface the access protocols apply.
A UNI is defined as the interface that includes the following conditions:
· interconnection between the access network and the customer,
· described by a well-known standard,
· includes a physical layer aspect.
Examples of UNIs, physical interfaces and connectivity to be provided are shown in Table 7.2
	Table 7.2 – Examples of UNI and connectivity service

	UNI
	Physical interface
	Connectivity service 

	10Mbps/100Mbps/1Gbps/10Gbps/25Gbps Ethernet [IEEE 802.3]
	10/100/1000/10G/25G BASE
	Ethernet, or Ethernet based eCPRI

	MoCA Home™ 2.0/MoCA Home™ 2.5/
MoCA Home™ 3.0; 
MoCA Link™ 2.5
	–
	 MoCA Home™ 2.0
MoCA Home™ 2.5
MoCA Home™ 3.0
MoCA Link™ 2.5

	MoCA Access™ 2.5, MoCA Link™ 2.5
	-
	FTTB, FTTep

	1 Gbit/s fibre UNI
	1000BASE
	Ethernet

	10 Gbit/s fibre UNI
	10GBASE
	Ethernet

	[ITU-T G.8261],
[ITU-T G.8262]
	–
	Synchronous Ethernet (SyncE)

	[b‑ITU-T Q.552]
	–
	POTS

	ISDN [ITU-T I.430]
	–
	ISDN

	V.35
	–
	–

	G.hn [ITU-T G.9960] and [ITU-T 9961]
	G.hn
	G.hn, FTTB, FTTep

	VDSL2 [ITU-T G.993.2],
ADSL2+ [ITU‑T G.992.5]
	xDSL
	xDSL
(e.g., FTTB, FTTC, FTTCab)

	G.fast [ITU-T G.9700] and 
[ITU-T G.9701]
	G.fast
	G.fast (FTTdp)

	MGfast [ITU-T G.9710] and
[ITU-T G.9711]
	MGfast
	MGfast (FTTdp, FTTep)

	[bookmark: _Hlk57634394][ITU-T G.703]
	DS3, E1, E3
	 PDH

	[b‑ATIS 0900102] and [b‑ATIS 0600107]
	T1, DS0, DS1, DS3
	 PDH

	SDH/SONET
	OC3 – OC192, 
STM1- STM64
	 SDH/SONET

	OTN [ITU-T G.709], 
[ITU-T G.872]
	-
	I1, I2

	CPRI/OBSAI (Open Base Station Architecture Initiative)
	Option2, Option3 Option7, Option8, Option10
	Wireless fronthaul

	WLAN
	IEEE802.11x
	Wireless LAN

	1PPS
	1PPS
	Synchronizing interface



Examples of Services
Services for residential subscribers, business customers, and mobile backhauling applications

	Service

	 PSTN
	VoIP

	
	POTS

	
	ISDN

	TV (real-time)
	IPTV

	
	Digital TV broadcasting

	Video
	Digital video, video over IP

	Leased line
	T1, E1, E3, DS0, DS1, DS3

	High speed Internet access
	Gigabit Ethernet [IEEE 802.3]

	Ethernet data service
	Ethernet service is mainly to transmit data such as IP, which includes VoIP, video streams coded by MPEG-2 or MPEG-4, and so on

	L2 VPN services
	Such as Ethernet services, with latest MEF Carrier Ethernet 2.0 extension, etc. 

	IP services
	Such as L3 VPN and VoIP, etc.

	Mobile backhaul
	Accurate frequency/phase/time synchronization

	Mobile fronthaul
	Wireless fronthaul: Connectivity to wireless based stations (e.g., Wi-Fi Hotspots, 3G/4G/5G cell-sites)

	Business applications
	Ethernet services such as point-to-point, multipoint-to-multipoint and rooted-multipoint Ethernet virtual connection (EVC) services (also called E-Line, E-LAN and E-Tree, respectively).



[bookmark: _Toc479830593][bookmark: _Toc480262075][bookmark: _Toc482087550][bookmark: _Toc528396611][bookmark: _Toc361761737]8.	Access Network Transport technologies
Today’s Access Network Transport technologies enable the telecom and internet service providers to offer multi-services and applications (e.g. voice telephony, data, video, etc.) – including both legacy and emerging services – to a wide range of markets and customers, e.g. residential subscribers in SFUs (single family units) and MDUs (multi-dwelling units), businesses, public organizations like schools, hospitals, etc.. They may also be connected to other network infrastructures like for example base stations of mobile networks, security and monitoring networks and they may support wholesale and retail.
Access Network Transport types can be classified as below according to the transmission medium of the physical path and used technology:

1. [bookmark: _Hlk524089519]Metallic Conductor Broadband Access
a. Integrated services digital network (ISDN) [ITU-T I.432.x-series]
b. [bookmark: _Hlk112662948][bookmark: _Hlk112666115]Digital Subscriber Lines (DSL) Technologies [ITU-T G.99x-series] and [ITU-T G.97xx-series]
· HDSL (High bit rate DSL) and SHDSL (Single-pair high-speed DSL) [ITU-T G.991.x-series]
· ADSL (Asymmetric DSL), ADSL2 and ADSL2plus [ITU-T G.992.x-series]
· VDSL (Very-high speed DSL), VDSL2 and VDSL2 Vectoring [ITU-T G.993.x-series]
· G.fast (fast access to subscriber terminals) /FTTdp [ITU-T G.9701] and      G.fastback (backhaul applications based on G.fast) [ITU-T G.9702]
· MGfast (Multi-gigabit fast access to the subscriber terminals) [ITU-T G.9711]
c. Ethernet over copper (EoC) [IEEE Std 802.3]
d. G.hn Access [ITU-T G.996x-series] 
2. [bookmark: _Hlk524089683]Fibre Optic Broadband Access [ITU-T G.98x-series] and [ITU-T G.98xx-series]
a. Point-to-Point (PtP) Ethernet (Bidirectional single fibre systems)
· 100 Mbit/s [ITU-T G.985]; 1 Gbit/s [ITU-T G.986]; 10 Gbit/s, 25 Gbit/s and 50 Gbit/s [ITU-T G.9806]; 100 Mbit/s, 1 Gbit/s, 10 Gbit/s, 25 Gbit/s and 50 Gbit/s [IEEE Std 802.3]
b.   Passive Optical Network (PON) 
· Early PON Protocols: OAN [ITU-T G.982] and B-PON [ITU-T G.983.x-series]
· Gigabit PON: G-PON [ITU-T G.984.x-series] and 1G-EPON [IEEE Std 802.3]
· 10-Gibabit PON: XG-PON [ITU-T G.987.x-series]; XGS-PON [ITU-T G.9807.1] and 10G-EPON
· [bookmark: _Hlk57394457][bookmark: _Hlk57402217]40-Gigabit PON: NG-PON2 (Nx10 Gbit/s per channel with N = min. 4 TWDM channels) [ITU-T G.989.x-series]
· [bookmark: _Hlk57396754]25G and 50G-EPON (Nx25-EPON) [IEEE Std 802.3]
· Higher-Speed PON (PONs that operate at speeds of 50 Gbit/s per channel for at least the downstream channels) [ITU-T G.9804.x-series]
· Multiple-wavelength PON (MW-PON) [ITU-T G.9802.x-series]
· Super-PON [IEEE Std 802.3] 
[bookmark: _Hlk152777580]Section 9 “Table of existing and under study Standards for Optical Access Networks” provides an overview of the divers PtP Ethernet and PON systems developed by IEEE 802.3 and ITU-T SG15.

Additional information on ITU-T PON and PtP optical fibre systems for the access network – including their maximum downstream/upstream bitrates – can be found on the ITU-T SG15 website at TECHNICAL FLYERS -  ITU-T SG15 Flyers.
c. Hybrid Fibre Access Technologies
· Radio Frequency over Glass Fibre-to-the-Home (RfoG) [ANSI/SCTE 174]
· Radio over Fibre (RoF) [ITU-T G.9803]
· RF-Video Overlay [ITU-T J.185] and [ITU-T J.186]
· Wireless – Fibre Access Networks (Wireless/Mobile xHaul) [G Suppl. 66] and [G Suppl. 75]
3. [bookmark: _Hlk524090070]Hybrid Fibre Coax (HFC) Broadband Access
a. DOCSIS (Data-Over-Cables Service Interface Specification) Network 
· [bookmark: _Hlk112669386]DOCSIS 1.0 [ITU-T J.112] and [ITU-T J.125]; DOCSIS 1.1 [ITU-T J.112 Annex B] and [ITU-T J.125]
· DOCSIS 2.0 [ITU-T J.112 Annex B] and [ITU-T J.122]
· [bookmark: _Hlk112670483]DOCSIS 3.0 [ITU-T J.222.x-series]
· DOCSIS 3.1 [ITU-T J.225]
· DOCSIS 4.0 [ITU-T J.224]
b. High Performance Networks over Coax (HiNoC) connected with fibre to the building (FTTB)
· 1st Generation HiNoc [ITU-T J.195.x-series]
· 2nd Generation HiNoc [ITU-T J.196.x-series]
· 3rd Generation HiNoc [ITU-T J.198.x-series]
c. Multimedia over Coax Alliance (MoCA) access networking [	MoCA Access™ 2.5] and [MoCA Link™ 2.5]
d. Ethernet Passive Optical Networks Protocol over Coax (Epoc) [IEEE Std 802.3]
e. Radio Frequency over Glass Fibre-to-the-Home (RfoG) [ANSI/SCTE 174]
f. Radio over IP transmission (RoIP) [ITU-T J.1106], [ITU-T J.1107] and [ITU-T J.1108]

4. Fixed Broadband Wireless Access
a. ETSI HiperMAN
b. Wireless MAN / WiMAX [IEEE Std 802.16]
c. Wireless LAN / Wi-Fi Hotspots [IEEE Std 802.11]
d. Fixed Broadband Wireless Access delivered from mobile networks (IMT-Advanced/4G [ITU-R M.2012]; IMT-2020/5G [ITU-R M.2150])
e. Broadband Satellite and High-Altitude Platform Stations (HAPS)
5.  Broadband Power Line Communications (PLC) [IEEE Std 1901] and [IEEE Std 1901b]

[bookmark: _Hlk527109734]Annex 2 depicts examples of deployment scenarios and references models of some major Access Network Transport technologies deployed today.
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[bookmark: _Hlk57396925]9. 	Table of existing and under study Standards for Optical Access Networks 
The matrix below provides an overview of the existing and under study standards for Optical Access Networks developed by IEEE 802.3 Ethernet Working Group and ITU-T Study Group 15. The matrix classifies the divers Point-to-Point (PtP) Ethernet and Passive Optical Network (PON) systems by bit-rate per channel and type of Optical Distribution Network (ODN). 
The standards highlighted in grey are under study.
The matrix below provides an overview of the currently existing and under study standards for Optical Access Networks developed by IEEE 802.3 Ethernet Working Group and ITU-T Study Group 15. The matrix classifies the divers Point-to-Point (PtP) Ethernet and Passive Optical Network (PON) systems by bit-rate per channel and type of Optical Distribution Network (ODN). 
The standards highlighted in grey are under study.


	[bookmark: _Hlk57457478]Standards Development Organizations
	1 Gb/s
per channel
	2.5 Gb/s 
per channel
	10 Gb/s
per channel
	25 Gb/s
per channel
	50 Gb/s
per channel

	 PtP Bidirectional single fibre systems

	ITU-T SG15
	G.986
	
	G.9806
	G.9806
	G.9806

	IEEE 802.3
	802.3ah
	
	802.3cp
	802.3cp
	802.3cp

	Splitter-based ODN Single channel TDMA systems

	ITU-T SG15
	
	G-PON 
G.984.x series
	XG-PON (NG-PON1)
G.987.x series

XGS-PON 
G.9807.1


	
	[bookmark: _Hlk58951247]50G-PON
G.9804.x series

G.9804.1: HSP Requirements 
G.9804.2: HSP comTC
G.9804.3: HSP 50Gpmd

	IEEE 802.3
	1G-EPON 
802.3ah
	
	10G-EPON
802.3av

	25G-EPON
802.3ca
Nx25G with N=1


	

	Splitter-based ODN Multi-channel TWDM systems

	ITU-T SG15
	
	
	NG-PON2	
G.989.x series

- Nx10G with N = up to 4 TWDM channels
- optional extended up to 8 TWDM channels
	
	Nx50G-PON
G.9804.x series

- Nx50G with N to be defined
G.9804.1: HSP Requirements
G.9804.2: HSP comTC
G.9804.4: HSP TWDMpmd


	IEEE 802.3
	
	
	
	50G-EPON
802.3ca
Nx25G with N=2


	

	Splitter-based ODN Multi-channel WDM Overlay

	ITU-T SG15
	NG-PON2	
G.989.x series
- Nx1G with N = up to 8 (12) PtP WDM channels as overlay to up to 8 (4) TWDM channels
	NG-PON2	
G.989.x series
- Nx2.5G with N = up to 8 (12) PtP WDM channels as overlay to up to 8 (4) TWDM channels

	NG-PON2	
G.989.x series
- Nx10G with N = up to 8 (12) PtP WDM channels as overlay to up to 8 (4) TWDM channels




	
	

	Wavelength multiplexed ODN with logical point to point connections (a.k.a. WDM-PON)

	ITU-T SG15
	
	
	
	[bookmark: _Hlk64383478][bookmark: _Hlk64384315]25GMW-PON
G.9802.x series

- Nx25G with N tbd
- optional Nx10G or mix of 10G & 25G channels

G.9802: MW-PON
G.9802.1: WDMPON.req
G.9802.2: WDMPON.pmd&tc

	

	Wavelength multiplexed ODN with point to multipoint connections (a.k.a. SuperPON)

	IEEE 802.3
	
	
	Super-PON
802.3cs
- Nx10G with N = up to 16 channels following the 10G-EPON standard

	
	




	
[bookmark: _Toc479830594][bookmark: _Toc480262076][bookmark: _Toc482087551][bookmark: _Toc528396612][bookmark: _Toc361761738][bookmark: _Hlk528259002]10.	Web presentation of the ANT Standards Landscape

10.1 	Web-based ANT Standards Overview
A web-based ANT Standards Overview was developed to classify the existing ANT standards using inputs and published standards lists from ITU-T Study Group 15 and other ITU Study Groups, as well as from other standards development organizations (SDOs), Forums & consortia.

The web-based ANT Standards Overview is part of the web-based ITU-T Standards Landscape
- Topic/Root “Access Network Transport Standards” and is available on the ITU-T SG15 website at
ITU-T landscape for ICT standards - ANT         

[image: ]

The web-based ANT Standards overview is organized by topics representing the broadband access network technologies, the various systems generations of each technology and related technical matters. It enables an easy identification and download of the publicly available Standards, Recommendations, Technical Specifications, and other technical documents related to each topic. The web-based ANT Standards Overview focuses on the most relevant published and updated documents related to Access Network Transport. 
The items listed within each topic represent Standards, Recommendations, Technical Specifications or other technical documents and are identified by their responsible ITU Study Group or SDO, their individual document reference number, as well as their publication date and title. The items are also searchable on number, title and description and are alphanumerically listed within each topic; this is inherent in the data base system.  
Lists of Standards, Recommendations, Technical Specifications and other documents (items) can be generated from the web-based ANT Standards Overview as needed per topic(s) and/or per responsible group(s) (ITU-T Study Groups or SDOs) and exported on an excel table.
The taxonomy used for the web-based ANT Standards Overview is described in the section below and a guide on how to use the web presentation is provided in Annex 1.


10.2	Taxonomy of the web-based ANT Standards Overview
Topics of “Access Network Transport Standards” representing the broadband access network technologies.
[image: ]

Each of the above topics is further described on the next pages.

         
















Topics of  “Access Network Achitecture and Functions” providing general information on related technical matters.
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Topics of the “Fibre Optic Broadband Access” representing the various PtP and PON systems generations as well as other fibre based access technologies and related technical matters.
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Topics of the “Metallic Conductor Broadband Access” representing the various DSL systems generations as well as other copper based access technologies and related technical matters.
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Topics of the “Hybrid Fibre Coax (HCF) Broadband Access” representing the various DOCSIS systems generations and cable modems as well as other cable TV access technologies and related technical matters.
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Topics of the “Broadband Access Network Infrastructure” representing the various technologies and components of the broadband network physical infrastructure and related technical matters.
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Topic “Broadband Power Line Communications (PLC)”
[image: ]

Topics of the “Fixed Broadband Wireless Access” representing the various broadband FWA solutions and related technical matters.

[image: ]

Topic “Technical reports, technical papers, guides and handbooks on access networks”
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[bookmark: top]10.3	ANT Topics and related Groups (ITU Study Groups and SDOs)
Some of the listed documents in the web-based ANT Standards Overview may not be publicly available. Interested people may contact the responsible standardization group in the list of contacts in Section 4 of the ANT Standards Work Plan.

ANT Topics related to Transmission Medium and Technologies

	TOPICS
	GROUPS: ITU Study Groups and SDOs

	Access Network Architecture and Functions
	

	> General on Access Network Architecture and Functions
	Broadband Forum, ETSI TC ATTM,
ITU-T SG13 and SG15                                                                                               

	> ETSI 5th Generation Fixed Network (F5G)
	ETSI ISG F5G, ITU-T SG15

	> Fixed Access Network Sharing
	Broadband Forum

	> FTTdp and FTTep
	Broadband Forum

	> Hybrid Access Networks
	Broadband Forum

	> Wireline – Wireless Convergence
	Broadband Forum, ITU-T SG13

	> ITU-T and ITU-R technical papers, reports, guides and handbooks                                                                            
	ITU-R SG5, ITU-T SG5, SG13 and SG15                                                                                           

	> ITU-D reports and guides
	ITU-D SG1

	Fibre Optic Broadband Access
	

	> General on optical system design
	ITU-T SG15

	> Point-to-Point (PtP)
	

	>>> 34 Mbit/s PtP
	ITU-T SG15

	>>> 100 Mbit/s PtP Ethernet
	IEEE 802.3, ITU-T SG15

	>>> 1 Gbit/s PtP Ethernet
	IEEE 802.3, ITU-T SG15

	>>> Higher Speed PtP Ethernet (10 Gbit/s, 25 Gbit/s, and 50 Gbit/s)
	IEEE 802.3, ITU-T SG15

	>>> YANG models for PtP systems
	Broadband Forum, IEEE 802.3, IETF

	> Passive Optical Network (PON)
	

	>>> Early PON Protocols: OAN and B-PON
	ETSI TC ATTM, ITU-T SG15

	>>> Gigabit PON: G-PON and 1G-EPON
	IEEE 802.3, ITU-T SG15

	>>> 10-Gigabit PON: XG-PON, XGS-PON and 10G-EPON
	IEEE 802.3, ITU-T SG15

	>>> 40-Gigabit PON: NG-PON2
	Broadband Forum, ITU-T SG15

	>>> 25G and 50G-EPON
	IEEE 802.3

	>>> Higher Speed PON: 50G-PON
	ITU-T SG15

	>>> Multiple-wavelength PON (MW-PON)
	ITU-T SG15

	>>> Super-PON
	IEEE 802.3

	>>> PON above 50 Gb/s per wavelength
	ITU-T SG15

	>>> Coexistence of PON systems
	ITU-T SG15

	>>> Mobile backhaul/midhaul/fronthaul over PON
	Broadband Forum, ITU-T SG15


	>>>PON Abstraction Interface, Slicing, Latency control, OLT with IT functions
	Broadband Forum, ITU-T SG15

	>>> Protection and system power saving considerations
	ITU-T SG15

	>>> ONU Management and Control Interfaces (OMCI)	 and other ONU considerations
	Broadband Forum, ITU-T SG15

	>>> PON Optical-link Management
	Broadband Forum

	>>> YANG models for PON systems
	Broadband Forum, IEEE 802.3, IETF,
ETSI IGS F5G

	>>> Conformance and Interoperability for PON systems
	Broadband Forum, IEEE 1904, ITU-T SG15

	> Hybrid Fibre Access Technologies
	

	>>> RFoG (Radio Frequency over Glass Fiber-to-the-Home)	
	SCTE

	>>> Radio over Fibre (RoF)
	ITU-R SG5, ITU-T SG15

	>>> RF-Video Overlay
	ITU-T SG9

	>>> Wireless/Mobile xHaul
	Broadband Forum, ITU-T SG15

	Metallic Conductor Broadband Access
	

	> Integrated services digital network (ISDN)	
	ATIS, ITU-T SG13 and SG15

	> Digital Subscriber Lines (DSL) Technologies
	

	>>> Overview DSL systems
	ITU-T SG15

	>>> HDSL (High bit rate DSL)	
	ATIS, ETSI TC ATTM, ITU-T SG15

	>>> SHDSL (Single-pair high-speed DSL)	
	ATIS, ETSI TC ATTM, ITU-T SG15

	>>> ADSL (Asymmetric DSL)
	ATIS, Broadband Forum, ETSI TC ATTM, 
ITU-T SG15

	>>> ADSL2 (Asymmetric DSL2) and ADSL2plus	
	Broadband Forum, ETSI TC ATTM, 
ITU-T SG15

	>>> VDSL (Very-high speed DSL)
	ATIS, ETSI TC ATTM, ITU-T SG15

	>>> VDSL2 (Very-high speed DSL2)
	ETSI TC ATTM, ITU-T SG15

	>>> VDSL2 Vectoring (Very-high speed DSL2 Vectoring)
	Broadband Forum, ITU-T SG15

	>>> G.fast (fast access to subscriber terminals)
	ITU-T SG15

	>>> MGfast (Multi-gigabit fast access to the subscriber terminals)
	ITU-T SG15

	> DSL techniques
	

	>>> Spectrum management
	ATIS

	>>> Handshake
	ITU-T SG15

	>>> Physical layer management for transceivers
	ITU-T SG15

	>>> Link layer / Physical layer interface
	ITU-T SG15

	>>> Multi-pair bonding
	ATIS, Broadband Forum, ITU-T SG15

	>>> Impulse noise protection
	ITU-T SG15

	>>> Reverse Powering
	Broadband Forum, ETSI TC ATTM

	>>> Test procedures for DSL systems	
	Broadband Forum, ITU-T SG15

	>>> YANG models for DSL systems	
	Broadband Forum, IETF

	>>> Conformance and Interoperability for DSL systems
	Broadband Forum, ITU-T SG15

	> Ethernet over copper (EoC)
	IEEE 802.3

	> G.hn Access
	Broadband Forum, HomeGrid Forum, 
ITU-T SG15

	Hybrid Fibre Coax (HFC) Broadband Access
	

	> General on Cable Networks
	ETSI JTC Broadcast, ETSI TC ATTM, SCTE,
ITU-T SG9

	> DOCSIS (Data Over Cable Service Interface Specification)
	

	>>> DOCSIS 1.0 and 1.1
	CableLabs, SCTE, ETSI TC ATTM, ITU-T SG9

	>>> DOCSIS 2.0
	CableLabs, SCTE, ETSI TC ATTM, ITU-T SG9

	>>> DOCSIS 3.0
	CableLabs, SCTE, ETSI TC ATTM and TC Cable, ITU-T SG9

	>>> DOCSIS 3.1
	CableLabs, SCTE, ETSI TC Cable, ITU-T SG9

	>>> DOCSIS 4.0	
	CableLabs, SCTE, ETSI TC Cable, ITU-T SG9

	>>> DOCSIS Provisioning of EPON (DPoE)
	ETSI TC ATTM

	>>> Cable Modem
	ETSI TC Cable, ITU-T SG9

	> High Performance Networks over Coax (HiNoC)	
	ITU-T SG9

	> Multimedia over Coax Alliance (MoCA) access networking
	MoCA

	> Ethernet Passive Optical Networks Protocol
 over Coax (EPoC)
	IEEE 802.3

	> Radio Frequency over Glass Fibre-to-the-Home (RFoG)
	SCTE

	> Radio over IP transmission (RoIP)
	ITU-T SG9

	> Test Procedures for Cable Networks
	CableLabs, SCTE

	Broadband Power Line Communications (PLC)
	IEEE COM/PLC, ISO/IEC JTC1/SC6, TIA


	Fixed Broadband Wireless Access
	

	> Basic requirements and general characteristics of FWA
	ETSI TC BRAN, ITU-R SG1 and SG5, 
ITU-T SG5, SG9 and SG13                         

	> ETSI HIPERACCESS and HIPERMAN
	ETSI TC BRAN

	> IEEE 802.16 Wireless MAN / WiMAX
	IEEE 802.16

	> IEEE 802.11 Wireless LAN / Wi-Fi Hotspot
	IEEE 802.11

	> Fixed Broadband Wireless Access delivered from mobile networks
	3GPP, ITU-R SG5, 
ITU-T SG5, SG9 and SG13

	> Broadband High-Altitude Platform Systems (HAPS)
	ETSI TC SES, ITU-R SG5

	> Broadband Satellite Systems	
	3GPP, ETSI TC SES, ITU-R SG4 and SG5, ITU-T SG5

	> Technical reports, technical papers, guides
 and handbooks on fixed wireless access
	ITU-D SG1, ITU-R SG5, ITU-T SG13, 



ANT Topics related to Components of the Physical Infrastructure incl. Operation and Maintenance

	TOPICS	
	GROUPS: ITU Study Groups and SDOs 

	Broadband Access Network Infrastructure
	

	> Guide on Standards and Recommendations	
	ETSI TC ATTM, ITU-T SG9 and SG15

	> Network infrastructure engineering
	

	>>> General on transmission characteristics	
	ITU-T SG15

	>>> General aspects and network design                
	CENELEC TC 86A, ETSI TC ATTM, 
ITU-T SG5 and SG15

	>>> General on racks and cabinets
	ETSI TC EE, ETSI TC ATTM

	>>> Building and home cabling
	CENELEC TC 215, ETSI TC ATTM,
ISO/IEC JTC1/SC25, ITU-T SG5

	> Fibre optic infrastructure
	

	>>> Optical fibre and cable characteristics
	IEC TC 86 SC 86A, ITU-T SG15

	>>> Cable structure and characteristics
	IEC TC 46 SC 46C, IEC TC 86 SC 86A,
ITU-T SG15

	>>> Cable evaluation
	ITU-T SG15

	>>> Guidance and installation technique
	ETSI TC ATTM, IEC TC 78 and TC 86 SC 86A, ITU-T SG5 and SG15

	>>> Infrastructure including node elements - except cables
	IEC TC 86 SC 86B, ITU-T SG15

	>>> Passive optical devices
	ETSI TC ATTM, IEC TC 86 SC 86B,
ITU-T SG15

	>>> Marinized terrestrial cables
	ITU-T SG15

	>>> Optical fibre splicing
	ETSI TC ATTM, IEC TC 86 SC 86A and SC 86B, ITU-T SG15

	> Copper cables infrastructure
	

	>>> Symmetric pairs cables characteristics
	IEC TC 46 SC 46C, ITU-T SG5 and SG15

	>>> Coaxial cables characteristics
	IEC TC 46 SC 46A and SC 46C, SCTE, 
ITU-T SG15

	>>> Copper cable components	
	ITU-T SG5

	> Power supply and energy management
	

	>>> Power supply to ICT equipment
	ATIS, ETSI TC EE, ITU-T SG5 and SG15

	>>> Powering of access network equipment               
	ATIS, Broadband Forum, ETSI TC EE, 
ETSI TC ATTM, ITU-T SG15

	>>> Green and smart energy solutions
	ITU-T SG5

	>>> Energy storage technology
	ETSI TC EE, ITU-T SG5

	>>> Energy management
	CableLabs, ETSI TC ATTM and TC Cable

	>>> Energy efficiency and key performance indicators     
	ETSI TC ATTM, ITU-T SG5

	> Safety and equipment protection
	IEC TC 76 and TC 78, ITU-T SG5 and SG15

	> Operation and maintenance (OAM)
	

	>>> Systems management and control        
	Broadband Forum, ETSI TC ATTM and IGS F5G, IEEE 1904, ITU-T SG9, SG15 and SG16

	>>> YANG data models                              
	Broadband Forum, IEEE 802.3, IETF,
ETSI IGS F5G

	>>> Optical fibre cable maintenance                     
	CENELEC TC 86A and TC 86BXA, 
ETSI TC ATTM, IEC TC 86 SC 86B and SC 86C, ISO/IEC JTC1/SC25, ITU-T SG15

	>>> Copper cable maintenance and DSL testing            
	Broadband Forum, ETSI TC ATTM, 
ITU-T SG5 and SG15

	>>> HFC networks maintenance
	CableLabs, SCTE, ITU-T SG9

	>>> Infrastructure maintenance
	CENELEC TC 86A, ITU-T SG15

	>>> Operation support and infrastructure management
	Broadband Forum, ETSI TC ATTM, ITU-T SG15

	>>> Disaster management
	ATIS, SCTE, ITU-T SG15

	>>> Conformance and Interoperability testing
for PON systems
	Broadband Forum, IEEE 1904, ITU-T SG15

	>>> Conformance and Interoperability testing
for DSL systems
	Broadband Forum, ITU-T SG15

	Technical reports, technical papers, guides and handbooks on access network
	ETSI TC ATTM, ITU-D SG1, ITU-R SG5, 
ITU-T SG5, SG13 and SG15





				






























Annex 1	
Guide on the use of the web-based ANT Standards Overview

1. Search of a list of standards using the Topics structure:
for example, search the list of all ITU-T SG15 Recommendations on 10G PON
Step 1 – starting from ITU-T landscape for ICT standards 
[image: ]Click on 


Step 2 – or starting from ITU-T landscape for ICT standards - ANT
[image: ]Click on 


Step 3
[image: ]Click on 


Step 4
[image: ]Click on 


Step 5
[image: ]Click on 


Step 6
[image: ]Click on 








Step 7
The list of all ITU-T SG15 Recommendations, including Supplements related to 10G PON is displayed. The list can be exported on an excel table.Click on 

[image: ]

Step 8: “DocumentsExport xlsx” is ready for download, the list of all ITU-T SG15 Recommendations on 10G PON can be displayed in excel.
[image: ]

2. Search of a selected standard using the Topics structure: 
for example, search Recommendation ITU-T G.9807.1

Proceed with steps 1 to 6 as in above search example 1
Step 7: Click on item ITU-T G.9807.1Click on 

[image: ]




Step 8: See the displayed information on ITU-T G.9807.1 (06/2016) and click on the link to access to the ITU-T SG15 webpage of Recommendation G.9807.1
[image: ]Click on Link 

Step 9: The ITU-T SG15 webpage of Recommendation G.9807.1 (06/2016) including its Amendments is displayed, and the searched document can be downloaded. 
Click on “here” to download the document.

[image: ]
	 	  [image: ]Click on here
to download the document







3. Search of a standard using the search function of the ITU-T Standards Landscape:
for example, search Recommendation ITU-T G.984.1
Step 1: Enter G.984.1 in the “Search standards” window of the ITU-T Standards Landscape
and launch the search. The items are also searchable on title or descriptive terms.
[image: ]


Step 2: See displayed Results and continue as for steps 7, 8 and 9 in above search example 2.
[image: ]Click on 












4. Search of a list of standards using the Groups structure:
for example, search the list of all ITU-T SG15 Recommendations related to PtP solutions in the fibre access
Proceed with steps 1 to 2 as above in section 1
Step 3
[image: ]

Step 4: click on the Groups ITU-TClick on 

[image: ] Click on 


Step 5
[image: ]Click on 



Step 6: The list of all ITU-T SG15 Recommendations related to PtP solutions in the fibre access is displayed. The list can be downloaded and exported on an excel table.
Proceed as for steps 7 and 8 in above search example 1 to download the list in excel.

[image: ]

__________________________

[bookmark: _Toc479830595][bookmark: _Toc480262077][bookmark: _Toc482087552][bookmark: _Toc528396613][bookmark: _Toc361761739][bookmark: _Toc479830618][bookmark: _Toc480262100][bookmark: _Toc482087575][bookmark: _Toc528396637][bookmark: _Toc361761764]Annex 2

[bookmark: _Hlk524619451]Examples of deployment scenarios and references models of 
Access Network Transport technologies
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A1.1 	Metallic Conductor Broadband Access
[bookmark: _Hlk524090148]A1.1.1 	Access Digital Subscriber Line (DSL) technology
Examples of ADSL2plus, VDSL2 and G.fast deployment

[image: ]
Figure 1.1 – Example of Access Network solutions using ADSL2plus, VDSL2 and G.fast technologies
	
	VDSL2 supports FTTCab (fibre to the cabinet), FTTC (fibre to the curb) and FTTB (fibre to the building) types of deployment.
G.fast supports FTTdp (fibre to the distribution point) and FTTB (fibre to the building) types of deployment.
[bookmark: _Hlk524020147]	








A1.1.2 	Example of VDSL system reference model

Figure 1.2 illustrates the ITU-T G.993.1 system VDSL reference model aligned with the reference configuration for ITU-T G.99x-series Recommendations described in Section 6.
[image: ]
Figure 1.2 – ITU-T G.993.1 system VDSL reference model and its alignment with
 the generic reference configuration (from ITU-T G Suppl. 50)

The ITU-T G.993.1 system reference model shows the functional blocks necessary to illustrate a VDSL transmission system. With reference to the alignment with the generic reference configuration, the core network may contain the following functions:
–	concentrator and/or switch;
–	interface to the broadband and narrow-band network.
The VDSL access network consists of the following:
–	VDSL Transceiver Unit-ONU (VTU-O);
–	POTS splitter to separate the POTS and VDSL channels;
–	copper loop plant.
The VDSL-NT1 may consist of the following functions:
–	VDSL Transceiver Unit – Remote Terminal end (VTU-R);
–	multiplexer/Demultiplexer;
–	higher layer functions;
–	interface to the user terminal or a home network.
The VDSL-NT2, the terminal adapter and the user terminal may share some or all of the NT1 functionalities.
In ITU-T G.993.1, interfaces are defined at the V, U and T reference points namely U-O, U-R, V-O, and T-R interfaces.

A1.1.3	Example of G.fast application reference model

Implementations complying with Recommendation ITU-T G.9701 for fast access to subscriber terminals (G.fast) are typically deployed in a fibre to the-distribution point (FTTdp) scenario. A FTTdp deployment may be a further evolution of a FTTx (e.g., FTTCab, FTTC and FTTB) deployment, taking the fibre deeper into the network, or it may be a FTTH deployment with a copper extension where installation of the fibre inside the customer premises is not possible. The optical distribution network that feeds the distribution point units (DPUs) may be based on point-to-multipoint (e.g., PON) or point-to-point (e.g., GbE) technologies.

[image: ]
Figure 1.3 – Application reference model for FTTdp with POTS (ffrom ITU-T G.9701)
A key aspect of FTTdp deployment is the requirement that the customer should be able to self-install the equipment. Figure 1.3 provides an overview of the basic application reference model for customer self-install with POTS as the underlying narrowband service. Alternatively, the integrated services digital network (ISDN) may be used as the underlying narrowband service. This application model is very similar to the ITU-T G.993.2 generic application reference model for splitterless remote deployment. The DPU may contain one or multiple instantiations of the FTU-O and service splitter functionalities.
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A1.2	Fibre Optic Broadband Access
[bookmark: _Hlk524036178]A1.2.1	Optical access network architecture
The optical section of a local access network system can be either active or passive and its architecture can be either point-to-point or point-to-multipoint. Figure 2.1 shows the considered architectures, which can be fibre to the home (FTTH), fibre to the cell site (FTTCell), fibre to the building/curb (FTTB/C), fibre to the cabinet (FTTCab), fibre to the distribution point (FTTdp) etc. The optical distribution network (ODN) is common to all the architectures shown in Figure 2.1; hence, the commonality of this system has the potential to generate large worldwide volumes.

[bookmark: _Hlk524036009][image: Y:\APP\TSB_DESSINS\DESSINS\AAP\G\G.9807.1-2016\G.9807.1(16)_FA.5-1.png]
Figure 2.1 – Network architecture (from ITU-T G.9807.1)
NOTE – An ONU supporting FTTH has been commonly referred to as ONT (see [ITU-T G.987]).
[bookmark: _Hlk524036112]The differences among these FTTx options are mainly due to the different services supported and the different locations of the ONUs rather than the ODN itself, so they can be treated as one. It must be noted that a single OLT optical interface might accommodate a combination of several scenarios described hereafter. 

1)	FTTB scenario
The fibre to the building FTTB scenario is divided into two scenarios, one for multi-dwelling units (MDU) and the other for businesses or mixed environments, multi-tenant units (MTUs). Each scenario has the following service categories:
1.1)	FTTB for MDU-served residential users
· Asymmetric broadband services (e.g., Internet protocol television (IPTV), digital broadcast services, video on demand (VoD), file download, etc.).
· Symmetric broadband services (e.g., content broadcast, e-mail, file exchange, distance learning, telemedicine, online-games, etc.).
· Plain old telephone service (POTS) – The access network must be able to provide, in a flexible way, narrow-band telephone services using either emulation (complete replication of a legacy service) or simulation (providing a service that is almost the same as the legacy service)
1.2)	FTTB for MTU-served business users
· Symmetric broadband services (e.g., group software, content broadcast, e-mail, file exchange, etc.).
· POTS – The access network must be able to provide, in a flexible way, narrow-band telephone services using either emulation (complete replication of a legacy service) or simulation (providing a service that is almost the same as the legacy service).
· Private line – The access network must be able to provide, in a flexible way, private-line services at several rates.
2)	FTTCurb and FTTCab scenarios
For fibre to the curb (FTTC) and fibre to the cabinet (FTTCab) scenarios, the following service categories have been considered:
· Asymmetric broadband services (e.g., IPTV, digital broadcast services, VoD, file download, online-games, etc.).
· Symmetric broadband services (e.g., content broadcast, e-mail, file exchange, distance learning, telemedicine, etc.).
· POTS – The access network must be able to provide, in a flexible way, narrow-band telephone services using either emulation (complete replication of a legacy service) or simulation (providing a service that is almost the same as the legacy service).
· xDSL backhaul.
3)	FTTH scenario
For fibre to the home (FTTH) scenario, the following service categories have been considered:
· Asymmetric broadband services (e.g., IPTV, digital broadcast services, VoD, file download, etc.).
· Symmetric broadband services (e.g., content broadcast, e-mail, file exchange, distance learning, telemedicine, online-games, etc.).
· POTS – The access network must be able to provide, in a flexible way, narrow-band telephone services using either emulation (complete replication of a legacy service) or simulation (providing a service that is almost the same as the legacy service).
4)	FTTO scenario
Fibre to the office (FTTO) addresses business ONU dedicated to a small business customer. Within this scenario, the following service categories have been considered: 
· Symmetric broadband services (e.g., group software, content broadcast, e-mail, file exchange, etc.).
· POTS – The access network must be able to provide, in a flexible way, narrow-band telephone services using either emulation (complete replication of a legacy service) or simulation (providing a service that is almost the same as the legacy service).
· Private line – The access network must be able to provide, in a flexible way, private line services at several rates.
5)	FTTCell wireless scenario (Mobile Backhaul/Fronthaul)
For fibre to the cell-site (FTTCell) scenario, the ONU (called a cell-site backhauling unit (CBU) in the case of mobile backhaul) will have to provide connectivity to wireless base stations:
· Symmetric TDM services (e.g., 2G cell site backhaul)
· Symmetric/asymmetric packet-based broadband services (e.g., 3G/4G/5G cell-site x-haul)
· Hot spots
PON system solutions for 5G fronthaul transport: The OLT and ONUs must be able to provide the 5G transport between the Central Unit (CU) and Remote Units (Rus) of 5G wireless networks. The PON system solutions must be able to meet the requirements set by the 5G wireless networks such as capacity, latency, synchronization and OAM functions. 6)      FTTdp scenario
For fibre to the distribution point (FTTdp) scenario the ONU will be called a distribution point unit (DPU) that in addition to the FTTB service categories and capabilities may support:  
· Reverse powering capability with power supplied through the copper drop from the end-user installation,
· xDSL or G.fast copper drop UNI.
[bookmark: _Hlk524038734]FTTdp architectures involving DPU are described in the Broadband Forum Technical Report TR-301.


A1.2.2	Examples of Access Network solutions using PON technology
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Figure 2.2 – A summary of some XGS-PON deployment scenarios (from ITU-T G.9807.1)
Figure 2.2 represents exemplary scenarios of PON applications 




A1.2.3	Reference configuration: example of XG-PON (as in the ITU-T G.987.x series)
A high level and simple reference configuration of XG-PON is depicted in Figure A2-3, which shows a very similarly high level reference configuration of B-PON as in the ITU-T G.983.x series and G-PON as in the ITU-T G.984.x series of Recommendations.
	[image: ]
Figure 2.3 – High-level reference configuration of XG-PON (from ITU-T G.987.1)
In addition to Figure 2.3, when XG-PON is deployed with an RF video overlay service, the ODN can use a WDM device or an optical coupler/splitter to combine PON and RF video signals.


		[image: ]
Figure 2.4 – Reference access network architecture (from ITU-T G.987.1)
Figure 2.4 depicts the generic optical access network (OAN) reference architecture that applies to the XG-PON. It includes an OLT, ONUs and an optical distribution network between them. As shown in Figure 2.4, an XG-PON ODN can consist of a single passive optical distribution segment (ODS), or a group of passive ODSs interconnected with reach extenders (Res) [ITU-T G.987].
Note: The Recommendation ITU-T G.9807.1 for 10-Gigabit-capable symmetric passive optical network (XGS-PON) reuses the optical access network terminology and definitions system adopted by ITU-T G.987 for 10-Gigabit-capable passive optical network (XG-PON) systems.

A1.2.4	Reference configuration: example of NG-PON2 (as in the ITU-T G.989.x series)
1) Multi-wavelength PON system reference points
In a multiple wavelength passive optical network (PON) system, such as next generation passive optical network 2 (NG PON2), the optical line terminal (OLT) is conceptually composed of multiple OLT channel terminations (CTs) connected via a wavelength multiplexer (WM). The associated reference logical architecture and its reference points are presented in Figure 2.5.
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Figure 2.5- NG-PON2 reference logical architecture (from ITU-T G.989)

NG-PON2 is an optical fibre access system based on time and wavelength division multiplexing (TWDM) and an optional point-to-point wavelength division multiplexing (PtP WDM) used in an overlay to TWDM. Capable to provide both point-to-multipoint connectivity and point-to-point connectivity over the same ODN, NG-PON2 enables the network operator to offer various services to different customers and applications (e.g., residential subscribers, business customers, mobile backhaul) in a flexible way over the same PON infrastructure.

2) Network reference architecture
Figure 2.6 depicts the functional optical access network architecture and reference points that apply to NG-PON2 systems with legacy systems coexistence. The ODN consists of the splitter and the coexistence element (WDM) and, optionally, reach extenders may also be used in the ODN.
	 [image: ]
Figure 2.6 – Functional reference architecture and points for NG-PON2 system
 coexistence with legacy systems (from ITU-T G.989.1)

[bookmark: _Toc479830609][bookmark: _Toc480262091][bookmark: _Toc482087566][bookmark: _Toc528396627][bookmark: _Toc361761753]A1.3	Hybrid Fibre Coax (HFC) Broadband Access
[bookmark: _Hlk524090746]A1.3.1	The DOCSIS network
The elements that participate in the provisioning of DOCSIS services are shown in Figure 3.1:

					
[bookmark: _Hlk11269447]Figure 3.1 – The DOCSIS network (from ITU-T J.222.1)

The CM connects to the operator’s HFC network and to a home network, bridging packets between them. Many CPE devices can connect to the CMs’ LAN interfaces. CPE devices can be embedded with the CM in a single device, or they can be separate standalone devices, as shown in Figure ‎3.1. 
CPE devices may use Ipv4, Ipv6 or both forms of IP addressing. Examples of typical CPE devices are home routers, set-top devices, personal computers, etc. 
The CMTS connects the operator’s back office and core network with the HFC network. Its main function is to forward packets between these two domains, and between upstream and downstream channels on the HFC network.
1) [bookmark: _Hlk524090992]Service goals
As cable operators have widely deployed high-speed data services on cable television systems, the demand for bandwidth has increased. Additionally, networks have scaled to such a degree that Ipv4 address constraints are becoming a burden on network operations. It is thus appropriate to add new features to the DOCSIS Recommendations for the purpose of increasing channel capacity, enhancing network security, expanding addressability of network elements, and deploying new service offerings.
The DOCSIS system allows transparent bidirectional transfer of Internet protocol (IP) traffic, between the cable system head-end and customer locations, over an all-coaxial or hybrid-fibre/coax (HFC) cable network. This is shown in simplified form in Figure 3.2.



Figure 3.2 – Transparent IP traffic through the data-over-cable system from ITU-T J.222.1)

2)     Reference architecture
The reference architecture for data-over-cable services and interfaces is shown in Figure ‎3.3



Figure 3.3 – Data-over-cable reference architecture (from ITU-T J.222.1)

A1.3.2	High performance network over coax (HiNoC) connected with fibre to the building (FTTB)
Typical scenario for HiNoC operation-deployment
Cable operators around the world are interested in deploying triple-play services over cable television systems while supporting existing analogue or digital TV broadcasting services. Most triple-play services with video content require a very high-speed access network.
In high-density residential or office areas, FTTB and coax solutions have been introduced. A typical network scenario is shown in Figure 3.4. The FTTB + coax network can be realized by the PON system in the distribution network and the HiNoC system in a coaxial network. Services such as analogue or digital TV, VoIP, Internet access and interactive services can be transferred over the network. The second and third generations high performance network over coax (HiNoC) provide data transmission of 1 Gbit/s and 10 Gbit/s, respectively, over a premises coaxial network connected with fibre to the building (FTTB).



[image: ]

Figure 3.4 – FTTB + coax (from ITU-T J.195.1)
A1.4	Fixed Broadband Wireless Access
Broadband Wireless Access (BWA) in the fixed service
1) 	Application and services
BWA systems operating in the fixed service should support a wide range of applications in use today and be extendable to support future services. The main user applications that can be foreseen today are as follows:
· Internet access (e.g., IP versions 4 and 6)
· LAN bridging and remote LAN access
The protocols could support bridged LAN service and remote LAN access capabilities.
· Videotelephony and videoconferencing
· Computer gaming
· Real-time video and audio
· Telemedicine; tele-education
· Telephony/voice services (e.g., VoIP)
· Voice-band modems and fax 
The system could facilitate unicast, multicast, as well as broadcast services.
Fixed BWA systems can also be used to provide backhaul links for local area networks (LAN), metropolitan area networks (MAN), and cellular mobile networks, as well as synchronous digital hierarchy (SDH) rings.

2)	Topology structures
There are four kinds of basic topology:
· A conventional point-to-point (P-P) topology where a station communicates directly with another station;
· A conventional point-to-multipoint (P-MP) topology where each subscriber unit (SU) communicates directly with a base station (BS);
· A multipoint-to-multipoint (MP-MP) with mesh network topology where Sus communicate with nearest neighbours and information is passed back through the mesh in a manner analogous to internet traffic;
· A combination of P-P, P-MP and MP-MP topology.
The main difference between the P-MP and MP-MP topology structures is that in the P-MP mode, traffic only occurs between BS and Sus while in the MP-MP topology traffic can occur directly between Sus and also can be routed further through other Sus. It should be noted that a P-P application may be used as an element link of P-MP or MP-MP topology, and that some backhaul links including mobile infrastructure may also use P-P application.
The above four topology structures, P-P, P-MP and MP-MP, or a combination structure of them, should be evaluated when being considered for implementation.
2.1) 	P-P deployment topology
In P-P systems, traffic is transmitted directly from one station to another. Uses for P-P systems also include backhaul links for LAN, MAN, and cellular mobile networks.
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[bookmark: _Hlk11269853]Figure 4.1 – Illustration of network deployment configuration based on P-P configuration
 (from ITU-R F.2086-1)

2.2) 	P-MP deployment topology
In P-MP systems, all data traffic (data, voice or multimedia) should go through the BS that shall serve as a radio resource supervisor.
Figure 4.2 shows an example deployment configuration. The BS can serve individual buildings, multiple subscribers in multiple buildings (using multiple radio links), or multiple subscribers in a single building by use of a single radio link and further in-building distribution systems. It shows the use of an optional repeater and route diversity in order to provide extended coverage and coverage in difficult areas. This does not imply the use of these features in all systems.
BWA base stations are deployed to form either contiguous cells or spot-type coverage.
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Figure 4.2 Illustration of network deployment configuration based on P-MP configuration
(from ITU-R F.2086-1) 


2.3) 	MP-MP deployment topology
The system may support MP-MP with mesh network topology.
Figure 4.3 illustrates an example of MP-MP system with mesh network topology. The wireless mesh network consists of wireless nodes, which are either customer sites, relay nodes without originating/terminating traffic, or points of interface (PoI) to other networks such as ISP networks. The entire network shown in Figure 4.3 can be regarded as an MP-MP system. When at least one diversity route is available in the network, the system is specifically referred to as “an MP-MP system with mesh network topology”.
		[image: ]
Figure –.3 – Illustration of network deployment configuration based on MP-MP configuration
(from ITU-R F.2086-1) 

2.4)	 Combination P-P, P-MP and MP-MP deployment topology 
Figure 4.4 illustrates an example of mix topology. In this case, the wireless network may have both P MP and MP-MP links and the BS supporting its SU may be connected to the other networks via backbone network.
				[image: ]
Figure 4.4 - Illustration of network deployment based on combination P-P, P-MP and MP-MP configuration (from ITU-R F.2086-1)
[bookmark: _Toc528396633][bookmark: _Toc361761760]A1.5 Broadband Power Line Communications (PLC)
The Power Line Communications technology, also called Power Line Telecommunications (or PLT) enables the provision of telecommunications narrowband and broadband services over the power line. The Access Network PLC technology is designed to provide the services to the user’s home through the external electricity grid, while the In-home PLC technology is designed to provide the services within the user’s home.


Figure 5.1 depicts a typical Power Line Communications solution for the Access
________________
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List of Abbreviations

	ADSL
	Asymmetric Digital Subscriber Line

	AF
	Access Bearer Handling Function 

	AN 
	Access Network 

	ANSI
	American National Standards Institute

	AN-SMF
	Access Network System Management Function

	ANT
	Access Network Transport 

	ANT RM
	Access Network Transport Reference Model

	ANT SMF
	Access Network Transport System Management Function

	AP
	Access Point

	ATIS
	Alliance for Telecommunications Industry Solutions

	ATM
	Asynchronous Transfer Mode

	BBF
	Broadband Forum

	BiDi
	Bidirectional

	B-ISDN
	Broadband ISDN

	BRAN
	Broadband Radio Access Networks

	BS
	Base Station

	BSC
	Base Station Controller

	BSS
	Base Station System 

	BTS
	Base Transceiver Station (for wireless systems)

	BWA
	Broadband Wireless Access

	CATV
	Cable Television

	CDMA 
	Code Division Multiple Access 

	CENELEC
	European Committee for Electrotechnical Standardization

	CF
	Core Function

	CL 
	Circuit Layer

	CM
	Cable Modem

	CMTS
	DOCSIS Cable Modem Terminating Systems

	CN
	Core Network

	CO
	Central Office

	CPE
	Customer Premises Equipment

	CPN
	Customer Premises Network

	CPRI
	Common Public Radio Interface

	CSU
	Channel Service Unit

	CTB
	Customer Termination Box

	DLL
	Data Link Layer

	DMT
	Discrete Multi Tone modulation

	DN
	Distribution Node

	DOCSIS
	Data Over cable Service Interface Specification

	DPU 
	Distribution Point Unit

	DSL
	Digital Subscriber Line

	DSP
	Digital Signal Processing

	DS1
	Digital Signal level 1

	DVB 
	Digital Video Broadcasting 

	EIA/TIA
	Electronic Industry Alliance/Telecommunications Industry Association 

	EFM
	Ethernet in the First Mile

	EPON
	Ethernet Passive Optical Network

	EoC
	Ethernet over copper

	ETSI
	European Telecommunications Standard Institute

	EVC
	Ethernet Virtual Connection
Ethernet Virtual Circuit

	F5G
	Fifth Generation Fixed Network

	FANS
	Fixed Access Network Sharing

	fast
	fast access to subscriber terminals

	FDB
	Fibre Distribution Box

	FDD
	Frequency Division Duplex

	FDM
	Frequency-Division Multiplexing

	FDMA 
	Frequency Division Multiple Access 

	FEC
	Forward Error Correction 

	FEXT
	Far End crosstalk

	FITH
	Fibre in the Home

	FITL
	Fibre in the Loop

	FSAN
	Full Service Access Networks Initiative

	FTTB
	Fibre to the Building

	FTTC
	Fibre to the Curb

	FTTCab
	Fibre to the Cabinet

	FTTCell
	Fibre to the Cell site

	FTTdp
	Fibre to the distribution point

	FTTep
	Fibre to the extension point

	FTTH
	Fibre to the Home

	FTTN 
	Fibre to the Node

	FTTO
	Fibre to the Office

	FTTP
	Fibre to the Premise

	FTTx
	Generic term for all of the fibre to the x above

	FWA
	Fixed Wireless Access 

	GII
	Global Information Infrastructure

	GPON
G-PON
	Gigabit-capable passive optical network

	GSM 
	Global System for Mobile Communications  

	HAPS
	High Altitude Platform Stations

	HB 
	HiNoC Bridge

	HDSL
	High bit rate Digital Subscriber Line

	HFC
	Hybrid Fiber Coax

	HiNoC
	High Performance Networks over Coax 

	HiperMAN
	High Performance Radio Metropolitan Area Network

	HM
	HiNoC Modem

	HN (hn)
	Home Network

	HNT
	Home Network Transport

	HON
	High Order Node

	HSP
HS-PON
	Higher Speed PON

	HS-PtP
	Higher Speed Point to Point

	IEEE
	Institute of Electrical and Electronics Engineers

	IMT
	International Mobile Telecommunications

	IEC
	International Electrotechnical Commission

	IL 
	Insertion Loss

	IP
	Internet Protocol

	IPTV
	Television over Internet Protocol

	ISDN
	Integrated Services Digital Network

	ISDN-BA
	ISDN basic access

	ISO
	International Organization for Standardization

	ISP
	Internet Service Provider

	ITU-D
	International Telecommunication Union – Telecommunication Development Sector

	ITU-R 
	International Telecommunication Union – Radiocommunication Sector

	ITU-T 
	International Telecommunication Union  - Telecommunication Standardization Sector

	LAN
	Local Area Network

	LE
	Local Exchange

	LT
	Line Termination

	LTB
	Line Termination Box

	LTU
	Line Termination Unit

	MAC
	Medium Access Control

	MDU
	Multi-Dwelling Units

	MoCA
	Multimedia over Coax Alliance

	MPEG
	Motion Picture Experts Group video compression standard

	MWA
	Mobile Wireless Access

	MW-PON
	Multiple-Wavelength Passive Optical Network

	N-ISDN
	Narrowband ISDN

	NE
	Network Element

	NE
	Network Element layer

	NEF
	Network Element Function

	NEFANT
	Network Element Function ANT

	NEFSN
	Network Element Function SN

	NEXT
	Near End crosstalk

	NGA 
	Next Generation Access Network

	NGN
	Next Generation Network

	NG-PON1 
	ITU Next Generation PON 1
XG-PON: 10-Gigabit-capable passive optical network

	NG-PON2
	ITU Next Generation PON 2 
40-Gigabit-capable passive optical networks

	NMS
	Network Management System

	NT (NTU)
	Network Terminating Unit  
Network Termination  
Network Termination Unit

	NT1
	Network Termination 1

	NT2
	Network Termination 2

	OAM (OA&M)
	Operation, Administration and Maintenance, Operation and Maintenance (used in ISDN related Recs.)

	OAM&P
	Operations, Administration, Maintenance and Provisioning

	OAN
	Optical Access Networks

	OBSAI
	Open Base Station Architecture Initiative

	ODF
	Optical Distribution Frame

	ODN
	[bookmark: _Hlk66443402]Optical Distribution Network

	OLT
	Optical Line Terminal/Termination

	OMCI
	ONU Management and Control Interfaces

	ON
	Optical Network

	ONE
	Optical Network Element

	ONT
	Open Network Termination/Terminal

	ONU
	Optical Network Unit

	OTN
	Optical Transport Network

	P2MP
	Point-to-Multi-Point (communication, connection, configuration)

	P2P (PtP)
	Point-to-Point (communication, connection, configuration)

	PDH
	Plesiochronous Digital Hierarchy

	PHY
	Physical Layer

	PLC
	Power Line Communications

	PLCP
	Physical Level Convergence Procedure

	PMD
	Physical Media Dependent sublayer

	PMS-TC
	Physical Media Specific – Transmission Convergence sublayer

	PON
	Passive Optical Network

	POP
	Point of Presence

	POTS
	Plain Old Telephone Service

	PSD
	Power Spectral Density

	PSTN
	Public Switched Telephone Network

	PTT
	Postal, Telephone and Telegraph

	Q
	Interface
Reference point

	QAM
	Quadrature Amplitude Modulation

	QoS
	Quality of Service

	QPSK
	Quadrature Phase Shift Keying

	RAN
	Radio Access Network

	RF
	Radio Frequency

	RFI
	Radio Frequency Interference

	RoF
	Radio over Fibre RoF

	RFoG
	Radio Frequency over Glass Fiber-to-the-Home

	RITL
	Radio in the Loop

	RLL
	Radio Local Loop

	RT
	Remote Terminal

	SCTE
	Society of Cable Telecommunications Engineers

	SDH
	Synchronous Digital Hierarchy

	SHDSL
	Single-pair High-speed Digital Subscriber Line
Symmetrical High bit rate Digital Subscriber Line

	SDO
	Standards Development Organization

	SIEPON
	Standard for Service Interoperability in Ethernet Passive Optical Networks

	SFU
	Single Family Unit

	SMATV
	Satellite Master Antenna TeleVision

	SN
	Service Node 

	SNI
	Service Node Interface

	SN-SMF
	Service Node System Management Function

	SOHO
	Small Office Home Office

	SONET
	Synchronous Optical Network 

	SPF
	Service Port Function

	STM
	Synchronous Transfer Mode

	STP
	Shielded Twisted Pair

	STU
	Set Top Unit

	T1/E1
	Primary rate transmission system

	TA
	Terminal Adapter

	TC
	Transmission Convergence sublayer

	TCM
	Time-Compression Multiplexing

	TCP
	Transmission Control Protocol

	TDM
	Time Division Multiplex

	TDMA
	Time Division Multiple Access

	TE
	Terminal Equipment

	TF
	Transport Function

	TM  
(TML)
	Transmission Media Layer

	TMN
	Telecommunications Management Network

	TP
	Path Layer

	UMTS
	Universal Mobile Telecommunications System

	UNI
	User Network Interface

	UPF
	User Port Function

	UTP
	Unshielded Twisted Pair

	VDSL
	Very high speed Digital Subscriber Line
Very high bit rate Digital Subscriber Line  

	VoIP
	 Voice over Internet Protocol

	VPN
	Virtual Private Network

	WAN 
	Wide Area Network

	WBS
	Wireless Base Station

	WiMAX
	Worldwide Interoperability for Microwave Access

	WDM
	Wavelength Division Multiplexing

	WL
	Wireless Loop

	WLAN
	Wireless Local Area Network

	WLL
	Wireless Local Loop

	WM 
	Wavelength Multiplexer

	WWC
	Wireline-Wireless Convergence

	xDSL
	Any of the various types of Digital Subscriber Line systems
Generic term for all the different Digital Subscriber Line systems

	XG-PON
	10-Gigabit-capable passive optical network
(also known as asymmetric 10G-PON)

	XGS-PON
	10-Gigabit-capable symmetric passive optical network
(also known as symmetric 10G-PON)

	XNI
	Access Network Interface
Customer to Network Interface  

	YANG
	Yet Another Next Generation
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