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1. Introduction
This contribution proposes an additional solution architecture to cover cable fixed access network.
1.1 Background
Hybrid-Fiber Coax (HFC) is a widely deployed fixed network infrastructure alternative, with DOCSIS® technology that provides internet services to subscribers, and transport interconnect services for operators. As a category, fixed network technologies share several high-level characteristics. Each specific fixed access network technology, however, introduces its own unique characteristics that need to be addressed for operators to make full use of 5GC features and network services that may be leveraged across fixed and mobile network segments. Therefore, this contribution discusses how to interconnect HFC fixed networks with the 5GC while avoiding impacts to the 5GC or other fixed access networks.
1.2 Deployment use cases not covered in the TR
The present development of the TR 23.716 does not yet cover the use case of a 5G RG in the form of an HFC CPE (Customer Premise Equipment) for fixed wireline services. This realization of a 5G RG may include a 5GC enabled subscription for the fixed services to a residential subscriber. Alternatively, an enterprise 5G RG with an HFC CPE may be part of an integrated enterprise Wi-Fi deployment without an assigned subscription to the 5G GW.
1.3 Example architecture for CPE
The following diagram illustrates an example architecture for 5G RG in the form of an HFC CPE (henceforth called “5G CRG”, or 5G Cable Residential Gateway) that supports the HFC fixed network. The 5G CRG includes an HFC CPE for connectivity into the HFC fixed network. The 5G CRG connects into the operators HFC network through interfaces defined outside of 3GPP. The HFC network connects into the 5GC core via the SBI (Service Based Interface) defined by 3GPP. By applying the SBI to the HFC network, the operator is able to leverage the 5GC network services and infrastructure as part of the fixed HFC network. The interaction among 5GC network elements and the HFC network is a topic for study as part of the 5WWC SID (see S2-183026). There is some potential that the 5GC may be able to interconnect to HFC and BBF architectures in a unified or common method. Even so, it is recommended that the 5G CRG with HFC CPE be treated as its own scenario for the sake of the study item in order to ensure the most productive analysis and study item recommendations.
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2	Proposal
It is proposed to adopt the following proposals and the related changes to TR 23.716.
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[11]	BBF TR-178 issue 1: "Multi-service Broadband Network Architecture and Nodal Requirements".
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3	Definitions, symbols and abbreviations
[bookmark: _Toc508642454]3.1	Definitions
For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
The definitions in TS 23.501 [2], TS 23.502 [3] and TS 23.503 [8] are applicable unless differently defined in the following:
-	5G-RG: A 5G-RG is a RG capable of connecting to 5GC playing the role of a UE with regard to the 5G core. It supports secure element and exchanges N1 signalling with 5GC.
-	5G-CRG: A 5G-CRG is a cable residential gateway capable of connecting to 5GC playing the role of a UE with regard to the 5G core. It supports secure elements and exchanges N1 signalling with 5GC.
-	RG: The RG is a device capable of providing voice, data, broadcast video, video on demand, specified by BBF
-	FN-RG: A Fixed Network RG (FN-RG) is a RG playing a role similar of a UE with regard to the 5G core. It does not support N1 signalling. The FN-RG is a RG specified by BBF TR124i5 [9].
-	Fixed Access Gateway Function (FAGF): A Network function in W-5GAN that provides connectivity to the 5G Core of 5G-RG.
-	Wireline 5G Access Network: The Wireline 5G Access Network (W-5GAN) is a wireline AN that connects to a 5GC via N2 and N3 reference points.
-	Wireline 5G Cable Access Network: The Wireline 5G Cable Access Network (W-5GCAN) is a DOCSIS Wireline Access Network that connects to a 5GC via N2 and N3 reference points.
-	Wireline Access Network: An access network (optical or electrical) which is conform to BBF TR-101 [10] or BBF TR-178 [11].
-	DOCSIS Wireline Access Network: An access network that conforms to CableLabs DOCSIS [13].
-	Non-3GPP Access Network: In the context of this TR a Non-3GPP Access Network is an access network that is not defined by 3GPP including for example the Wireline 5G Access Network.
Editor's note:	the definition of Trusted Non-3GPP is FFS
[bookmark: _Toc508642455]3.2	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1], TS 23.501 [2] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
5G-RG	5G Residential Gateway
5G-CRG	5G Cable Residential Gateway
W-5GAN	Wireline 5G Access Network
W-5GCAN	Wireline 5G Cable Access Network
BBF	Broadband Forum
CPE	Customer Premises Equipment
FAGF	Fixed Access Gateway Function
FN-RG	Fixed Network RG
HA	Hybrid Access
RG	Residential Gateway
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[bookmark: _Toc508642467][bookmark: _Toc473204231]4.2.2.x	Scenario 7
The following architectural principles apply for a 5G-CRG.
Similar to scenario 1, the following architectural principles apply for a 5G-CRG:
1. A W-5GCAN interface the 5GC using the 3GPP reference points N2 and N3 as depicted in figure 4.2.2-7. The interface(s) between 5G-CRG and the W-5GCAN are not specified by 3GPP.
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
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Figure 4.2.2-x: High level architecture for the 5G-CRG case with N1, N2, and N3 interfaces

4.2.2.y	Scenario 8
In addititon to scenario 7, the following architectural principles apply for a 3GPP UE behind a 5G-CRG:
1. 3GPP UE shall use 3GPP procedures and impact on 3GPP reference points shall be minimized
2. 5G-CRG shall enable the N1 signalling between the 3GPP UE and AMF/SMF.
3. 5G-CRG shall enable the UP transport between the 3GPP UE and UPF.
4. 5G-CRG and 5GC should enable the 3GPP UE to exchange traffic with the other devices on the Home LAN network.
5. A W-5GCAN interfaces the 5GC using the reference points N2 and N3 as depicted in figure 4.2.2-y. For the interface(s) between 5G-CRG and the W-5GCAN the same principles defined for scenario 7 bullet 1 apply.
 [image: ]
Figure 4.2.2-y: High level architecture for the 3GPP UE behind a 5G-CRG case with N1, N2, and N3 interfaces
Additional scenarios, e.g. where the 5G-CRG can connect to both the 5GC via a NG-RAN and/or via a W-5GCAN, or where a 3GPP UE that is not 5GC capable is a device behind the 5G-CRG, are for further study.
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[bookmark: _Toc492303727][bookmark: _Toc508099409]6.1	Solution #1 – General architecture for wireless and wireline convergence
This solution provide the following architectures.
Editor's note:	Whether these are architecture assumptions is FFS.
-	Figure 6.1-1 shows the architecture for 5GS with Wireline Access Network, 5G-RG and devices not supporting N1 connected behind 5G-RG.
-	Figure 6.1-2 shows the architecture for 5GS with Wireline Access Network, 5G-RG and 3GPP UE connected behind 5G-RG.
-	Figure 6.1-3 shows the architecture for 5GS with NG RAN, 5G-RG and devices not supporting N1 connected behind 5G-RG.
-	Figure 6.1-4 shows the architecture for 5GS with NG RAN, 5G-RG and 3GPP UE connected behind 5G-RG.
-	Figure 6.1-5 shows the architecture for 5GS supporting Hybrid Access and devices not supporting N1 connected behind 5G-RG.
-	Figure 6.1-6 shows the architecture for 5GS supporting Hybrid Access and 3GPP UE connected behind 5G-RG.
-	Figure 6.1-x shows the architecture for 5GS with DOCSIS Wireline Access Network, 5G-CRG and devices not supporting N1 connected behind the 5G-CRG.
-	Figure 6.1-y shows the architecture for 5GS with DOCSIS Wireline Access Network, 5G-CRG and 3GPP UE connected behind the 5G-CRG.



Figure 6.1-1: Non-roaming architecture for 5GS with Wireline Access Network, with 5G-RG and devices not supporting N1 connected behind 5G-RG .
NOTE 1:	The reference architecture in figure 6.1-1 only shows the architecture with SBI representation, but the reference point representation is under the scope of the study and only not represented in the figure.


Figure 6.1-2: Non-roaming architecture for 5GS with Broadband Wireline access, 5G-RG and 3GPP UE connected behind 5G-RG .
NOTE 2:	The reference architecture in figure 6.1-2 only shows the architecture with SBI representation, but the reference point representation is under the scope of the study and only not represented in the figure.


Figure 6.1-3: Non-roaming architecture for 5GS with NG RAN, 5G-RG and devices not supporting N1 connected behind 5G-RG.
NOTE 3:	The reference architecture in figure 6.1-3 only shows the architecture with SBI representation, but the reference point representation is under the scope of the study and only not represented in the figure.


Figure 6.1-4: Non-roaming architecture for 5GS with NG RAN, 5G-RG and 3GPP UE connected behind 5G-RG.
NOTE 4:	The reference architecture in figure 6.1-4 only shows the architecture with SBI representation, but the reference point representation is under the scope of the study and only not represented in the figure.


Figure 6.1-5: Non-roaming architecture for 5GS supporting Hybrid Access and devices not supporting N1 connected behind 5G-RG.
NOTE 5:	The reference architecture in figure 6.1-5 only shows the architecture with SBI representation, but the reference point representation is under the scope of the study and only not represented in the figure.


Figure 6.1-6: Non-roaming the architecture for 5GS supporting Hybrid Access and 3GPP UE connected behind 5G-RG.
NOTE 6:	The reference architecture in figure 6.1-6 only shows the architecture with SBI representation, but the reference point representation is under the scope of the study and only not represented in the figure.
Editor's note:	The definition of network element included in W-5GAN (e.g. Optical termination, BNG, etc) and functionalities needs to be agreed with BBF.
Editor's note:	Whether the UPF is equivalent to the BNG is FFS and needs to be verified with BBF.
Editor's note:	The roaming architecture is FFS.
The description of the reference points N2, N3, N4, N6 are defined in clause 4.2 of TS 23.501 [2].
Editor's note:	Whether and how the reference points N1, N2, N3, N4 and N6 require further improvements and changes is FFS.
Editor's note:	How the 5G-RG and devices connected behind 5G-RG supporting N1 is FFS.
Y3	Reference point between the 5G-RG and the Broadband Wireline access network defined by Broadband Forum and is outside the scope of 3GPP.
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Fig 6.1-x: Non-roaming architecture for 5GS with Wireline Access Network, with 5G-CRG and devices not support N1 connected behind 5G-CRG, and with N1, N2, and N3
NOTE: The reference point DOCSIS between the 5G-CRG and the W-5GCAN in Fig 6.1-x is defined by CableLabs and is outside the scope of 3GPP.

 [image: ]
Fig 6.1-y: Non-roaming architecture for 5GS with Wireline Access Network, with 5G-CRG and 3GPP devices connected behind 5G-CRG, and with N1, N2, and N3
NOTE: The reference point DOCSIS between the 5G-CRG and the W-5GCAN in Fig 6.1-y is defined by CableLabs and is outside the scope of 3GPP.
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