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1. Introduction
RAN#84 meeting updated the WI: NG interface usage for WWC (Wireless Wireline Convergence) in [1]. The objectives are copied as follows.
•
The description and enhancement of NG protocols to support the interface between the Trusted Non-3GPP Access Network and the 5GC;

•
The description and enhancement of NG protocols to support the interface between the Wireline 5G Access Network and the 5GC.

NOTE: The possible impact on TS 38.413 and others NG protocols is not precluded.
The contribution intends to discuss the overall WWC work from RAN perspective, specifically including the trusted non-3GPP Access network and Wireline 5G Access Network  which includes 5G-RG access, FN-RG access and 5GC capable UE access.
2. Discussion
In SA2, the study phase of WWC was concluded in the TR 23. 716 followed by the work item phase in [2]. During the work time phase SA2 has specified in the Release 16 of TS 23. 316, TS 23. 501 and TS 23. 503, which intends to support the Trusted Access Network in addition of the current R15 Untrusted Access network, and support connectivity to 5GC using wireline broadband access. In this context of wireline access, BBF has performed the study for the enhancement of the wireline access network in order to enable the connectivity to 5GC. And the support of hybrid-fibre coaxial (HFC) access network technologies is specified by CableLabs. 
In RAN, the objective of this WID is to enhance the NG interface protocols specified in TS 29.413, to fulfil the Stage 2 requirements allowing the Trusted Non-3GPP Access and the Wireline Access connectivity with the 5GC as described by SA2.
Below gives the detailed introduction of trusted non-3GPP Access network and Wireline 5G Access Network.

2.1 General Concepts to Support trusted non-3GPP Access

The support of trusted non-3GPP has been specified by SA2 by defining the Trusted Non-3GPP Gateway Function (TNGF). The interface between the TNGF with 5G core network CP and UP functions is via the N2 and N3 interfaces, respectively. 
The Ta is the interface point between the Trusted WLAN Access Point (TWAP) and TNGF.  And the Tn interface is the reference point between two TNGFs, which is used to facilitate UE mobility between different TNGFs (inter-TNGF mobility). Currently, both Ta and Tn are not specified in SA2. 
The UEs can discover the non-3GPP access networks that can provide trusted connectivity to one or more PLMNs  by Trusted Non-3GPP Access Network. When the UE decides to use trusted non-3GPP access to connect to a 5G Core Network in a PLMN:

-
the UE first selects a PLMN; and then

-
the UE selects a non-3GPP access network (a TNAN) that supports trusted connectivity to the selected PLMN.
The detailed RAN impact analysis can be found in [7]. 
Observation 1: The trusted non-3GPP Access is introduced by defining the TNGF function.
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Figure 1: Non-roaming architecture for 5G Core Network with trusted non-3GPP access
2.1.1 Support Non-5G-Capable over WLAN UEs

A trusted WLAN access network is a particular type of a Trusted Non-3GPP Access Network (TNAN) that supports a WLAN access technology, e.g. IEEE 802.11. The devices that do not support 5GC NAS signalling over WLAN access are referred to as "Non-5G-Capable over WLAN" UEs, or N5CW UEs for short. A N5CW UE is not capable to operate as a 5G UE that supports 5GC NAS signalling over a WLAN access network, however, it may be capable to operate as a 5G UE over NG-RAN.

To support 5GC access from N5CW UEs, a trusted WLAN access network must support the special functionality specified below (e.g. it must support a TWIF function). The TWIF provides interworking functionality that enables N5CW UEs to access 5GC, such as terminates the N1, N2 and N3 interfaces, and implements the NAS protocol stack and exchanges NAS messages with the AMF on behalf of the UE.
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Figure 2: Non-roaming and LBO Roaming Architecture for supporting 5GC access from N5CW UEs
Observation 2: The support of Non-5G-Capable over WLAN UEs is introduced by defining the TWIF function.
2.2 General Concepts to Support Wireline Access
Wireline 5G Access Network can be connected to the 5G Core Network via a Wireline Access Gateway Function (W-AGF). The W-AGF interfaces the 5G Core Network CP and UP functions via N2 and N3 interfaces, respectively. 

Generally there are three scenarios of Wireline Access: 5G-RG Access, FN-RG Access and 5GC Capable UE Access. 
2.2.1 5G-RG Access

In this case, the 5G-RG can be connected to 5GC via W-5GAN, NG RAN or via both accesses. The Y4 is the Reference point between the 5G-RG and the W-AGF which transports the user plane traffic and the N1 NAS protocol. Some W-AGF functions include the following. 

- 
Termination of N2 and N3 interfaces to 5G Core Network for control - plane and user-plane respectively.

-
Handling of N2 signalling from SMF (relayed by AMF) related to PDU Sessions and QoS.

-
Supporting AMF discovery and selection defined in TS 23.501 [2] clause 6.3.5.

-
Termination of wireline access protocol on Y4.

When a 5G-RG is connected via a NG-RAN and via a W-5GAN, multiple N1 instances shall exist for the 5G-RG i.e. there shall be one N1 instance over NG-RAN and one N1 instance over W-5GAN.

A 5G-RG simultaneously connected to the same 5G Core Network of a PLMN over a 3GPP access and a W-5GAN access shall be served by a single AMF in this 5G Core Network.

The 5G-RG shall maintain the NAS signalling connection with the AMF over the W-5GAN after all the PDU Sessions for the 5G-RG over that access have been released or handed over to 3GPP access.
Observation 3: The 5G-RG Access is introduced by defining the W-AGF function.
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Figure 3: Architecture for 5G-RG with Wireline 5G Access network and NG RAN
2.2.2 FN-RG Access

The FN-RG (Fixed Network Residential Gateway), which is not 5G capable, can only be connected to 5GC via W-5GAN. the W-AGF provides the N1 interface to AMF on behalf of the FN-RG. Y5 is the reference point between the FN-RG and the W-AGF. 
Some W-AGF functions include the following. 

- 
Termination of N2 and N3 interfaces to 5G Core Network for control - plane and user-plane respectively.

-
Handling of N2 signalling from SMF (relayed by AMF) related to PDU Sessions and QoS.

-
Supporting AMF discovery and selection defined in TS 23.501 [2] clause 6.3.5.

-
Termination of wireline access protocol on Y5.
Observation 4: The FN-RG Access is introduced where the W-AGF provides the N1 interface to AMF on behalf of the FN-RG. 
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Figure 4: Architecture for FN-RG with Wireline 5G Access network and NG RAN
2.2.3 UE behind 5G-RG
An UE connected to a 5G-RG or FN-RG can access to the 5GC via the N3IWF or via the TNGF. As specified in  [3], an RG connecting via W-5GAN or NG-RAN access towards 5GC can provide connectivity for a UE behind the RG to access an N3IWF or TNGF. It is assumed that the UE is 5G capable, i.e. supports untrusted non-3GPP access and/or trusted non-3GPP access. This allows the RG, W-5GAN and the RG's connectivity via 5GC to together act as untrusted/trusted N3GPP access to support UEs behind the RG.
The 5G-RG can be connected to 5GC via W-5GAN, NG RAN or via both accesses. The UE can be connected to 5GC via 5G-RG, NG RAN or via both accesses.
Observation 5:  The UE behind 5G-RG and FN-RG can connect to 5GC via an N3IWF or TNGF.
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Figure 5: Architecture for  UE behind 5G-RG using trusted N3GPP access
2.3 General Concepts to Support fixed wireless Access
The 5G-RG can connect to 5GC via NG-RAN as Figure 1 shows. The procedures defined in stage 2 CRs with the following typical modification:
-
The UE corresponds to the 5G-RG.

-
5G Multi-Operator Core Network (5G MOCN) is supported. 
Observation 6:  The 5G-RG can connect to 5GC via NG-RAN.

4. Conclusion
This contribution provides the overview work of WWC with the introduction of SA2 work. The following observations are proposed
Observation 1: The trusted non-3GPP Access is introduced with defining the TNGF function.

Observation 2: The support of Non-5G-Capable over WLAN UEs is introduced by defining the TWIF function.
Observation 3: The 5G-RG Access is introduced by defining the W-AGF function.

Observation 4: The FN-RG Access is introduced where the W-AGF provides the N1 interface to AMF on behalf of the FN-RG. 

Observation 5:  The UE behind 5G-RG and FN-RG can connect to 5GC via an N3IWF or TNGF.

Observation 6:  The 5G-RG can connect to 5GC via NG-RAN.

The detailed impact analysis can be found in our companion papers in [4-9]. 
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