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[bookmark: scroll-bookmark-5]1.1 Purpose
The purpose of this study is to find common interfaces for the AN and CN, to support converged wireline-wireless networks that use the 5G CN.
This project will study N1, N2 and N3 interfaces and provide detailed feedback to 3GPP in the context of 5G Fixed (as recommended by the joint 3GPP-BBF Workshop), to let 3GPP evaluate how to proceed with this as swiftly as possible.
This project will specify of a 5G Access Gateway Function (AGF) that adapts fixed access onto the 5G core, and then consider and specify several architectural deployment options as well as the underlying infrastructure sharing aspects.
It will also devise strategies and develop specifications to address a desire by a number of operators for interworking of existing fixed access subscribers and deployed equipment into a 5G core.
With the outcome of this project, BBF will provide recommendations for 5G system architectural and functional integration related to highlighted/identified convergence items during the joint 3GPP-BBF Workshop.
[bookmark: scroll-bookmark-6]1.2 Scope
This project focuses on the following technical study work,
· Study of the architectural and functional impact on the fixed broadband system of wireline access integration, especially on N1, N2, N3 reference points.
· To identify if there are gaps on User Plane and Control Plane functions, to support fixed access sessions. In particular, this study compares fixed access requirements with functionalities provided by AMF, AUSF, SMF and UPF.
· To address in particular the support by the converged core of the following requirements for fixed access:
· Session management, including e.g. VLAN tagging modes
· RG authentication
· Session authorization and service instantiation
· End-to-end QoS
· Study and definition of a function, named Access Gateway Function (AGF) in this study document, addressing the support of N2/N3 by a BBF-specified wireline access network, and where in the network such 5G AGF is to be placed. The AGF functionality includes relay of N1, mapping and termination of N2 and N3. It would be the functional equivalent of an eNodeB but where the access media was fixed instead of an air interface. The work will reference the appropriate 3GPP specifications. The AGF functionality may also include mapping and termination N1 in case of support of legacy RG. This study will make recommendations for 3GPP and BBF to further specify such a function (AGF) in standardization.
This project will focus on trusted Non-3GPP access. The timeline of the study will align with the 3GPP roadmap for Rel.15 (study) and Rel.16 (normative).
This project makes recommendations for changes to existing BBF specifications, including nodal behavior modifications and some feature deprecation. The outcome of this project may require modifications to at least the following BBF specifications:
· TR-124 “Functional Requirements for Broadband Residential Gateway Devices”
· TR-69/TR-181 “CPE WAN Management Protocol” and the associated management models
· TR-178 “Multi-Service Broadband Network Architecture and Nodal Requirements”
[bookmark: scroll-bookmark-7]2 References and Terminology
[bookmark: scroll-bookmark-8]2.1 Conventions

In this Study Document, several words are used to signify the requirements of the specification. These words are always capitalized. More information can be found be in RFC 2119 [5].

	MUST
	This word, or the term "REQUIRED", means that the definition is an absolute requirement of the specification.

	MUST NOT
	This phrase means that the definition is an absolute prohibition of the specification.

	SHOULD
	This word, or the term "RECOMMENDED", means that there could exist valid reasons in particular circumstances to ignore this item, but the full implications need to be understood and carefully weighed before choosing a different course.

	SHOULD NOT
	This phrase, or the phrase "NOT RECOMMENDED" means that there could exist valid reasons in particular circumstances when the particular behavior is acceptable or even useful, but the full implications need to be understood and the case carefully weighed before implementing any behavior described with this label.

	MAY
	This word, or the term "OPTIONAL", means that this item is one of an allowed set of alternatives. An implementation that does not include this option MUST be prepared to inter-operate with another implementation that does include the option.


[bookmark: scroll-bookmark-9]2.2 References
The following references are of relevance to this Study Document. At the time of publication, the editions indicated were valid. All references are subject to revision; users of this Study Document are therefore encouraged to investigate the possibility of applying the most recent edition of the references listed below.
A list of currently valid Broadband Forum Technical Reports is published at www.broadband-forum.org.

1. 3GPP TR 22.261 - Service requirements for next generation new services and markets
2. 3GPP TR 23.799 - Study on Architecture for Next Generation System
3. 3GPP TS 23.501 - System Architecture for the 5G System
4. 3GPP TS 23.502 – Procedures for the 5G System
5. 3GPP TS 24.301 - Non-Access-Stratum (NAS) protocol for Evolved Packet System (EPS): Stage 3
6. 3GPP TS 23.122 - Non-Access-Stratum (NAS) functions related to Mobile Station in idle mode
7. TR-069 – CPE WAN Management Protocol
8. TR-101 - Migration to Ethernet-based Broadband Aggregation
9. TR-124 – Functional Requirements for Broadband Residential Gateway Devices
10. TR-134 – Broadband Policy Control
11. TR-146 – IP Session Management
12. TR-177 - IPv6 in the context of TR-101
13. TR-178 - Multi-service Broadband Network
14. TR-181i2 - Device Data Model for TR-069
15. TR-187i2 – IPv6 for PPP Broadband Access
16. TR-291 - Nodal Requirements for Interworking between Next Generation Fixed and 3GPP Wireless Access
17. TR-300 - Policy Convergence for Next Generation Fixed and 3GPP Wireless Networks
18. SD-357 - Combined 3GPP and BBF Functions
19. SD-373 - 5G Requirements and Enablers
[bookmark: scroll-bookmark-10]2.3 Definitions
The following terminology is used throughout this Study Document.
Network
Core network
Access Network (AN): A network used by a subscriber device to access a service edge, typically IP edge,, i.e. BRAS, BNG, P-GW, 5G core.
Wireline Access Network: Access network whose physical media or channel is solid, e.g. optical fiber or electrical cable. The egress interface of a wireline access network is either V or (N’2, N’3).
Wireless Access Network: Access Network whose physical media or channel is air, e.g. Cellular, Wi-Fi radio techniques, e.g. egress interface of a 4G cellular access network is S1.
· Cellular Wireless  AN
· Wi-Fi Wirleine AN
Distinguish RG as UE and RG as relay UE for Wi-Fi
Hybrid Access: Access that utilize both wireline access network and wireless access networks. From the perspective of RG, NG-RG or UE, this can either be exclusive or simultaneous access.
Wireline 5G Access Network (W-5GAN)
This is a wireline AN that can connect to a 5G core via the AGF. The egress interfaces of a W-5GAN form the border between access and core. They are N’2 for the control plane and N’3 for the user plane.
Access Gateway function (AGF): Afunction which added to a wireline AN, allows connectivity to the 5G core.
AGF-CP: The control plane of the AGF is in charge of the mediation between the AN control plane and N2’.
AGF-UP: The user plane of the AGF is in charge of the mediation between the AN user plane and N3’.
NG-RG: An RG acting as UE with regard to the 5G core. It holds a secure element and exchanges NAS signaling with the 5G core.
Ed. Check TS. 23.501
N1: "Reference point between UE and the AMF" [3GPP TS23.501]
N1’: Reference point between NG-RG and the AMF.
N2: "Reference point between (R)AN and the AMF" [3GPP TS23.501]
N2’: Reference point between W-5GAN and the AMF. On the W-5GAN side, the termination point is the AGF-CP.
N3: "Reference point between (R)AN and the UPF" [3GPP TS23.501]
N3’: Reference point between W-5GAN and the UPF. On the W-5GAN side, the termination point is the AGF-UP.

Definitions of 3GPP concepts [3GPP TS23.501]
5G Access Network (5GAN): This comprises 5G radio ANs (RANs) and 5G wireline ANs connecting to a 5G core.
5G System (5GS): A system consisting of 5G Access Network (AN), 5G Core Network and UE.
Network Slice Selection Assistance Information (SM-NSSAI): SM-NSSAI = Slice Service Type (SST) [+ Slice Differenciator (SD)]
Using Network Slice Selection Policy (NSSP), the UE associates its applications with SM-NSSAIs and determines the PDU session which          this traffic should be routed to.
NSSP: TBC
NSSAI: It is the set of SM-NSSAI that a UE is authorized to access. It is stored in the UE and corresponds to the NSSAI in the subscriber information in the network database.
Configured NSSAI: An NSSAI that has been provisioned in the UE. For instance, the NG-RG may store a configured NSSAI for VoIP traffic.
Allowed NSSAI: Provided by the serving network during e.g. a registration procedure, indicating the NSSAI allowed by the network for the UE in that particular registration area.
PDU session: Temporal association between the UE and a Data Network that provides a PDU connectivity service. A  session can be IP, Eth or unstructured.
Access & Mobility Function (AMF): The AMF is a 5GC-CP function that terminates N1, the control interface with UEs, and N2, the control interface with access networks.It is responsible for mobility & access related functions. It acts as the security anchor point for a given UE. At PDU session establishment, it selects the SMF corresponding to the requested slice and targeted DN, and relays session related messages to this SMF.
Session Management Function (SMF): The SMF is a 5GC control plane function.
Its main functionality is:
· establishing
· modifying and releasing sessions
· maintaining tunnel(s) between UPF and access network
· UPF control and selection
· address allocation
· policy and QoS enforcement
5GC-UP: The 5GC user plane is a chain of UPFs.
User Plane Function (UPF)
The UPFs provide the following functions:
· packet routing & forwarding
· packet inspection and UP part of Policy rule enforcement
· uplink classifier to support routing traffic flows to a data network
· branching point to support multi-homed PDU session
· QoS handling for UP, e.g. packet filtering, gating, UL/DL rate enforcement, transport level packet marking
Policy Control Function (PCF): The PCF supports a unified policy framework to govern network behavior and provides policy rules to CP function(s) to enforce them. It utilizes subscription information relevant for policy decisions stored in a UDR.
User Data Management (UDM): The UDM has two parts, the application front end (FE) and the User Data Repository (UDR).
The data stored in the UDR is accessed via FE and includes::
· User subscription data, including identifiers, security credentials, access and mobility related and session related data
· Policy data
[bookmark: scroll-bookmark-11]2.4 Abbreviations
This Study Document uses the following abbreviations:
AAA – Authentication, Authorization and Accounting
ACS – Auto-Configuration Server (TR-069)
AF – Application Function
AGF – 5G Access Gateway Function
AMF – Access and Mobility Management Function
AN – Access Node
API – Application Programming Interface
AUSF – Authentication Server Function
BBF – Broadband Forum
BPCF – Broadband Policy Control Function
BNG – Broadband Network Gateway
BRG – Bridged RG
BSG – Broadband Service Gateway
BSS – Business Support Systems
CPE – Customer Premises Equipment
DC – Data Center
DHCP – Dynamic Host Configuration Protocol
DM – Data Model
DN – Data network
FAP – Femtocell Access Point
FTTdp – Fiber To The Distribution Point
FMIF – 5G Fixed Mobile Interworking Function
GW – Gateway
LSL – Logical Subscriber Link
MSBN – Multi-Service Broadband Network
MS-BNG – Multi-Service BNG
NAT – Network Address Translation
NERG – Network Enhanced Residential Gateway
NFV – Network Function Virtualization
NFVI – NFV Infrastructure
OAM – Operations, Administration and Management
OSS – Operations Support Systems
PCF – Policy Control function
PCRF – Policy and Charging Rules Function
PON – Passive Optical Networking
(R)AN – (Radio) Access Network
RG – Residential Gateway
SDN – Software-Defined Networking
SMB – Small/Medium Business
SMF – Session Management Function
STB – Set Top Box
UDM – Unified Data Management
UE – User Equipment
UML – Unified Modeling Language
UPF – User plane Function
USP – User Services Platform
VBG – Virtual Business Gateway
vBNG – Virtual BNG
vG – Virtual Gateway
5G Core Network (5GC)
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Figure 5-1. Integration model for wireline access

The egress interfaces of a W-5GAN form the border between access and core. They are N2' for the control plane and N3' for the user plane.
In this scenario, there is no NG-RAN connecting the NG-RG which is only connected via wireline access. The user devices (i.e. UE, PC, and STB) access to the 5G Core Network (5GC) through NG-RG and W-5GAN. N1’ is supported by NG-RG and carried over the W-5GAN. W-5GAN comprises of wireline access nodes (legacy) and an adaption function for 5G convergence, i.e. 5G AGF. The 5G AGF may be split into AGF-CP and AGF-UP, which support N2’ and N3’ to interact with AMF and UPF in the control plane and data plane, respectively.
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Figure 5-2. Integration model for wireline access － UE with N1 interface

In this scenario, the NG-RG and the W-5GAN are connected to 5GC and UPF as in figure 5.1. The UE (e.g. a 3GPP UE or a 3GPP IoT) has its own N1 interface towards the 5G CN, and it accesses via NG-RG and W-5GAN to 5GC. The N1 of UE is carried over the NG-RG and W-5GAN towards the AMF in the 5GC.
Editor’s Note: how the N1 of UE is carried towards the AMF is for further study.
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Figure 6-1. Interworking model with AAA & BPCF

In the interworking model as shown in Figure 6-1, the user devices access via FN-RG, wireline access network, and then BNG to the 5GC. 5G FMIF is the function that is responsible for the interworking between the 5GC and BBF network. The 5G FMIF may also be split into FMIF CP and FMIF UP to support N1’’/N2’’ and N3’’ in control plane and user plane, respectively.
In this scenario, AAA and BPCF are kept in the BBF network and interact with BNG. This model applies to the interworking between two different operators. When the users of the operator that owns the network shown at the bottom would like to access to the Data network 1 owned by another operator that owns 5GC, the 5G FMIF will be needed for the interworking between the two operators.
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Figure 6-2. Interworking model with AAA & BPCF - UE with N1 interface

In Figure 6-2, the UE, for example a 3GPP UE, has its own N1 interface. Since there is no NG-RAN, the N1 interface will be carried over the BBF network and then N2’’ towards the AMF in the 5GC. In this case, 5G FMIF CP does not need to support N1.
Editor’s Note: how the N1 of UE is carried towards the AMF is for further study

[image: ]Figure 6-3. Interworking model with AAA & BPCF integrated into the 5G-CN

Compared to the scenario shown in Figure 6-1, in Figure 6-3, the AAA and BPCF are integrated with the 5GC. The AUSF and UDM are the Network Functions supporting authentication and User profile information respectively, while PCF performs Policy Control. This scenario applies to a single operator that owns both fixed and mobile accesses.
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Figure 6-4. Interworking model with AAA & BPCF integrated into the 5GC - UE with N1 interface

In Figure 6-4, the UE, for example a 3GPP UE, has its own N1 interface. Since there is no NG-RAN, the N1 interface will be carried over the BBF network and then N2’’ towards the AMF in the 5GC. In this case, 5G FMIF CP does not need to support N1.
Editor’s Note: how the N1 of UE is carried towards the AMF is for further study.
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Figure 7-1. Hybrid access model based on Integration model

3GPP TS23.501 Clause 4.2.8 defines that when a UE is connected via a NG-RAN and via a N3GPP access, there shall be one N1 instance for each access, i.e. one N1 instance over NG-RAN and one over N3GPP access. In brief the motivation is for allowing manage the session for each single access, to enable to move session from one access to the other when one of the two accesses becomes not available, etc. The N1 on 3GPP NG-RAN will be paired by N2 and N3 from the NG RAN, while the N1' will be bind to the W-5GAN with the N2' and N3'.
The two N2 instances apply to a single AMF for a UE that is simultaneously connected to the same 5GC over 3GPP access and N3GPP access. The two N3 instances may apply to different UPFs when different PDU sessions are activated over 3GPP access and N3GPP access.
In the hybrid access model as shown in Figure 7-1, the NG-RG has both NG-RAN and wireline access interfaces, consequently shall support 2 NAS/N1 interfaces: the N1 is related to the management of NG-RAN access interface and access (e.g. registration on NG-RAN, session on NG-RAN, etc.); the N1’ is related to the management of W-5GAN wireline interface and access (e.g. registration on W-5GAN, session on W-5GAN, etc.). 5G AGF supports N2’ and N3’ for control plane and user plane communications, respectively. In this scenario, the N3GPP devices are connected to the NG-RG.
For a hybrid access NG-RG, the assumption is that when accessing a given 5G core (PLMN in 4G terms), all accesses would be homed on a common UPF (APN in 4G terms). Such an architecture has the advantage of having a single policy enforcement point for the aggregate of subscriber traffic served by that 5G core instance.
The granularity, criteria and policy for traffic steering are open issues that are up to study.
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Figure 7-2.  Hybrid access model based on Integration model - UE with N1 interface

In this scenario, the UE#1 end device, for example a 3GPP UE, supports N1 interface and access via NG-RG. The connection of UE#1 and the transport of N1 of UE#1 has the same open issue of scenario with wireline only with the additional scenario that it may be carried over N1 or N1’. The solution shall be applicable to both N1’ and N1, since the Hybrid access scenario can use at one point in time only 1 leg, i.e. either NG RAN or wireline.
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Figure 8-1. Hybrid access model based on interworking model with AAA & BPCF

In the hybrid access model shown in Figure 8-1, NG-RG is used to connect the two legs in the hybrid access. One leg goes via NG-RAN to the 5GC, while the other leg goes via wireline access network and then BNG and 5G FMIF to the 5GC. In this architecture, the AAA and BPCF are kept in the fixed network and interact with BNG. The figure includes both scenarios of devices connected via NG-RG supporting N1, e.g. 3GPP UE, and not supporting N1, that in model in clause 7 are shown in separate figures.
This model may apply to the operators when operator start deploying new NG-RG in the network that are based on interworking model adopting 5G FMIF to interwork with 5GC as shown in Figure 6-1 and Figure 6-2.
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Figure 8-2. Hybrid access model based on interworking model with AAA & BPCF integrated into the 5GC

The only difference from Figure 8-1 is that in Figure 8-2 AAA and BPCF are integrated into the 5GC, which is based on the interworking model adopting 5G FMIF to interwork with 5GC as shown in Figure 6-3 and Figure 6-4.
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