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Abstract of the contribution: This contribution proposes various updates to solution #11.
Introduction

In this contribution we propose a number changes to solution 11:

1. Updated several figures that only depicted the 5G-RG scenario but is also applicable to the FN-RG scenario.

2. Added a clause about that location information (Line ID) provided for 5GC-capable UE behind a RG can be used for Line ID based mobility restriction and to have PCC rules based on Line ID.

3. Added a figure and some description on how the trusted scenario for 5GC capable UE behind RG map to the trusted N3GPP solution.

4. Added information that the 5G-RG may need to be provided with information about the IP address of the TNGF to be used as the destination for AAA messages. BBF will need to decide how this is achieved because it is the AGF that will have to provide the information, but three possible options are listed (via FCP, EAP-5G or via TR-69 mechanism).

5. Cleaned up the procedures for the trusted solution since there is now a conclusion to use IPsec as transport for NAS/user plane.

6. For untrusted solution and the collocated case, it is clarified that existing N3IWF selection algorithm can be used. The DNS server must use DNS policies based on source IP address (typically the FN-RG/5G-RG IP address) to deduct the closest/collocated N3IWF. There is no information available to the 5GC-capable UE that can be used to enhance the FQDN in the DNS request that could simplify the configuration of the DNS server. No Line ID/location information is available for the 5GC-capable UE.

Proposal
It is proposed to update TR 23.716 as follows

***** First Change *****
6.11
Solution #11 - Support 5GC-capable UEs via 5G-RG/FN-RG for wireline access network using N3GPP solutions

6.11.0 Overview

This solution is addresses scenarios 3 and 5 (5G-Capable UE behind 5G-RG/FN-RG) for key issue 9.

The solution is based on combining the solutions for untrusted N3GPP access (as per rel-15) and trusted N3GPP access (as per solution #1 in clause 7.1 in this TR) with solutions for PDU connectivity for 5G-RG/FN-RG accessing over wireline and FWA access as per solutions 2, 3, 13, 19 in this TR. The solution allows the RG and W-5GAN to act as untrusted/trusted N3GPP access towards 5GC-capable UEs behind the RG.

When FN-RG/5G-RG is serving a 5GC-capable UE, the control and user plane packets of the 5GC-Capable UE is transported using a FN-RG/5G-RG IP PDU session and then from PSA UPF of that PDU session to an IWF. A single FN-RG/5G-RG IP PDU session can be used to serve multiple 5GC UEs. The IWF is a term used in this solution which could include one or both of the N3IWF function (as per rel 15) and a TNGF (as per solution #1 in clause 7.1) The Figure below illustrates the overall solution.
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Figure 6.11.0-1: Overall solution for UE behind RG

The enhancements to the above-mentioned solutions for trusted/untrusted N3GPP access and 5G-RG/FN-RG access to 5GC is mainly to ensure that the IWF can be collocated with the W-5GAN. The UPF for the RG PDU Session can also be collocated with the W-5GAN, but a solution candidate for collocating UPF with W-5GAN is already captured in solution #13 and therefore not described here.
NOTE: 
5GC-capable UE can simultaneously use NG-RAN and FN-RG/5G-RG access and if using the same PLMN for both accesses, the same AMF shall be used.

6.11.1
General Reference Architecture
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Figure 6.11.1-1: Architecture for the 5G-capable UE behind a 5G-RG using Broadband Wireline access
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Figure 6.11.1-2: Architecture for the 5GC-capable UE behind a FN-RG using Broadband Wireline access
Figure 6.11.1-1 and 6.11.1-2 shows the architectures used in this solution. The W-5GAN maintains N2 and N3 connections for 5G-RG/FN-RG and IWF maintains N2/N3 for the 5GC-capable UE. Consequently, the N1 connection from the 5GC-capable UE is independent from the FN-RG/5G-RG N1 connection.

Maintaining N1/N2/N3 connections for the 5GC-capable UE that are separate from the N1/N2/N3 connections of the 5G-RG will enable the 5GC-capable UE to keep the same AMF and UPF at mobility between 3GPP and 5G-RG/FN-RG access if the AMF/UPF used on 3GPP access is also reachable and usable from the W-5GAN. AMF change as well as I-UPF insertion/change/removal when moving to 3GPP access may be needed and is supported as for Rel‑15. Support for session continuity and that IP services are kept when moving between the accesses can then be provided by the 5GC-capable UE’s 5GC nodes.

NOTE: 
5G-capable UE will not need to know whether the access point is a FN-RG/5G-RG or if it is an access point that can be used for normal trusted/untrusted N3GPP access. For trusted N3GPP access over WiFi, this implies that the RG can provide the ANQP information described in Solution 5 in clause 7.5.  
In case IWF is collocated with W-5GAN, the same serving PLMN will be used for both the 5G-RG/FN-RG and the 5GC-capable UE and in case the 5GC-capable UE has a subscription for another PLMN, the 3GPP roaming model and interfaces are used.

Network slicing can be supported for 5GC-capable Ues via 5G-RG/FN-RG as described in TS 23.501 [2] clause 5.15 where the W-5GAN will need the similar network slicing related functionality as 3GPP RAN and N3IWF.

6.11.2
Collocated deployment

6.11.2.1 Introduction

The reference architecture in the previous clause shows the general functional architecture. However, as described in solution #13 there are benefits with collocated FAGF-U and UPF for the PDU Sessions of 5G-RG/FN-RG. In addition, there are benefits with collocating also the IWF with the FAGF-U and UPF to reduce the number of user plane hops. This possibility for colocation is a key part of this solution and described in this clause.

6.11.2.1 Collocated FAGF-U and 5G-RG UPF

As described in solution #13, a deployment option is to collocate FAGF-U with UPF. This is possible when the PDU Session of the 5G-RG/FN-RG is established over wireline access. The figure below illustrates the architecture, where the RG can connect over either W-5GAN or NG-RAN (only for 5G-RG).
NOTE: 
The figures shows a FAGF separated into FAGF-C and FAGF-U. However, such split is dependent on whether BBF defines split FAGF-C/FAGF-U.
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Figure 6.11.2.1-1. Architecture with collocated FAGF-U and FN-RG/5G-RG UPF

6.11.2.2 Collocated FAGF-U, UPF and IWF

To further reduce the UP hops, and to enable coordinated handling of both RG and UE traffic in the W-5GAN, also the IWF can be collocated, as shown in the figure below. This is applicable when the 5G-RG/FN-RG connects via wireline access. The scenario where the 5GC-capable UE connects to IWF when the 5G-RG/FN-RG is using FWA is not standardized but may be enabled by deployment. 
NOTE: 
The figures shows a FAGF separated into FAGF-C and FAGF-U. However, such split is dependent on whether BBF defines split FAGF-C/FAGF-U.
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Figure 6.11.2.2-1. Architecture with collocated FAGF-U, UPF and IWF
In the collocated case, when the FN-RG/5G-RG uses wireline access, the W-5GAN and the IWF will be enabled to support QoS flows for a 5GC-capable UE using 5G-RG/FN-RG access, if the W-5GAN and the UWF can coordinate the QoS profile(s) received over N2 to IWF for 3GPP UE with the QoS profile(s) received over N2 to FAGF-C for the 5G-RG/FN-RG. For example, a QoS profile which is setup for 5GCcapable UE can result in that the W-5GAN setup dedicated resources between 5G-RG/FN-RG and the W-5GAN. This requires that the W-5GAN can receive and coordinate requests for PDU Session QoS resources over multiple N2 connections to different logical functions (FAGF-C and IWF),corresponding to 5G-RG as well as 5GC-capable UEs behind the RG, and perform e.g. admission control and coordination of the QoS requests associated to the 5G-RG as well as 5GC-capable UEs behind the RG.
Editor’s Note: How to support QoS for 5GC Capable UE shall be studied in normative phase.
In the collocated case, when the FN-RG/5G-RG uses wireline access, the W-5GAN and IWF can be enabled to provide wireline location information (line identity) over N2 for the 5GC-capable UE, which could be especially useful in emergency cases.
In the collocated case the AMF and PCF serving the 5GC-capable UE can use Line ID e.g. for applying differentiated services (based on 5GC-capable UE subscription data) As an example, the Line ID can be sent to PCF as ULI to be used as input parameter to decide what PCC rules to apply for the 5GC-capable UE.
Editor’s Note: How to differentiate 5GC Capable UEs belonging to guests and family in the Home LAN shall be studied in normative phase.
NOTE:
The 5GC-capable UE traffic is carried in same transport between 5G-RG/FN-RG and W-5GAN as an IP PDU session. The interfaces between FN-RG/5G-RG and W-5GAN to support a 5GC-capable UE is within BBF responsibility.

6.11.2.3
Additional architecture aspects
The interfaces used by the 5GC-capable UE to access a FN-RG/5G-RG will leverage the untrusted/trusted N3GPP interfaces. The untrusted N3GPP interface is defined in 3GPP release 15. The trusted N3GPP interfaces are studied in this report. When these interfaces are not sufficient to accomplish the requirements for scenario 3 and 5, enhancements on top of the untrusted and trusted solutions are described below.

The same interface between 5GC-capable UE and IWF (as described in clauses 6.11.3 and 6.11.4) is used independent of access used by the 5G-RG so for the 5GC-capable UE there is no difference if 5G-RG is using wireline or NG-RAN access. Furthermore, the 5GC-capable UE will not be affected if 5G-RG changes access. Note that even though the figure above shows a 5G-RG connected to both NG-RAN and wireline access, it is not necessary that "simultaneous" hybrid access is applied, the 5G-RG can use either wireline access or NG-RAN.

NOTE:
Support for 5GC capable UEs connecting via 5G-RG when RG is connecting via NG-RAN could be optional to implement it in the normative phase of the first release of WWC.
6.11.3
WLAN association options

There are two different scenarios supported within this solution:

1.
5GC-capable UE behind 5G-RG using Trusted N3GPP (IEEE 802.1x [33] with 3GPP credentials).

2.
5GC-capable UE behind FN-RG/5G-RG using Untrusted N3GPP (IKEv2 and IPSec based access procedures).

These two scenarios cover the common WLAN deployment models of using IEEE 802.1x [33]/EAPOL for access control as well as WLANs using open access or a local access control based on private keys.
A 5GC-capable UE can select between option 1 and 2 above based on UE implementation and using e.g. the means described below. (UE selection between trusted and untrusted N3GPP access methods is however a generic issue and not specific for this solution):

-
A 5GC-capable UE can select to use 802.1x with 3GPP credentials based on:

-
ANQP Information sent by the 5G-RG e.g., by using ANQP with the information element "3GPP cellular network".

-
Configuration in the 5GC-capable UE to use 802.1x for a certain WLAN SSID.

-
A 5GC-capable UE can select to use IKEv2 and IPsec based access procedures based on successful result of a normal N3IWF selection procedure.
6.11.3
5GC-capable UE behind 5G-RG using Trusted Non-3GPP access network
6.11.3.1
General

This sub-solution is applicable when IEEE 802.1x [33] (EAP over LAN) and 3GPP credentials are used to associate with the WLAN. In this option, the solution for trusted N3GPP is used  but with the additional property that the service is offered via a wireline access and a 5G-RG. FN-RG is not applicable for this case since changes may be needed in the RG (FN-RG is not supporting the role of EAP Authenticator). This option can typically be used in case a service provider offers services via wireline access to all the subscribers of the service provider.
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 Figure 6.11.3.1-1. Mapping of 5GC-capable UE behind 5G-RG scenario to Trusted N3GPP architecture
As shown in figure 6.11.3.1-1, the combination of 5G-RG,  W-5GAN, UPF and IWF will act as a trusted N3GPP access network from the 5GC-capable UE and 5GC perspective. Interface between 5G-RG and IWF will be defined by BBF. SA WG3 will specify all security details, including whether NULL encryption is sufficient and what type of security protection is generally required for NAS transport and User Plane transport between the UE and the TNGF. Solution #1 described in clause 7.1 is used as baseline but it is expected that any solution selected for trusted N3GPP can be re-used/enhanced for this scenario as well.
The EAP-5G messages need to be forwarded between the 5G-RG and the IWF. The 5G-RG may include a AAA client for the AAA protocol between 5G-RG (TNAP) and IWF (TNGF) or may forward the EAP-5G message using some other means to an entity that acts as AAA client. The AAA traffic is carried in a PDU session of the 5G-RG (same PDU session as is used for IKE/IPsec traffic from the 5GC-capable UE). These different scenarios could be supported by BBF (with a AAA client in the 5G-RG):
1.
5G-RG in IP routed mode with IP PDU session established by 5G-RG (5G-RG has NAT):

-
5G-RG gets IP address for the PDU Session from SMF/UPF

-
5GC-capable UE gets IP address from 5G-RG

-
DN for PDU Session of the RG must have IP connectivity to IWF

2.
5G-RG in IP routed mode with Ethernet PDU session established by 5G-RG (5G-RG has NAT):

-
5G-RG gets IP address over Ethernet PDU session which is terminated in DN and the first router and DHCP server is in the DN. 

-
5GC-capable UE gets IP address from 5G-RG

-
DN for PDU Session must have connectivity to IWF (and DHCP server and router if AAA protocol use IP transport)

3.
5G-RG in L2 bridge mode with an Ethernet PDU session (5G-RG has no NAT)

-
If AAA protocol use IP transport: 5G-RG gets an IP address over Ethernet PDU session which is terminated in DN and the first router and DHCP is in the DN. 

-
5GC-capable UE gets IP address over Ethernet PDU session which is terminated in DN and the first router and DHCP server is in DN. 

DN for PDU Session must have connectivity to IWF (and DHCP server and router if AAA protocol use IP transport)
The 5G-RG needs to receive the TNGF contact info (IWF IP address or MAC address) using one of the following mechanisms (to be specified by BBF):
1. Parameter in FCP during 5G-RG registration
2. Parameter in EAP-5G during 5G-RG authentication
3. By using TR-69 mechanism 
6.11.3.2
Registration procedure

The registration procedure in clause 7.1.3.3 (solution #1) will be used where 5G-RG act as TNAP and IWF act as TNGF. In similar manner the procedures proposed in clause 7.1.3.4.2 (steps 1-15) on how to complete the registration will be followed.
For the collocated FAGF-U, UPF and IWF case, when the 5G-RG/FN-RG is connected via wireline access, the IWF may provide line identity as location information for the 5GC-capable UE to the AMF.
Thei Interface between 5G-RG and W-5GAN will be defined by BBF.

6.11.3.3
PDU session establishment procedure

The procedures in clause 7.1.3.4.2 (steps 20-24) will be followed where 5G-RG act as TNAP and IWF act as TNGF.

For the collocated FAGF-U, UPF and IWF case,, the IWF together with the W-5GAN can setup QoS reservations for the 5G-RG when IWF receives the N2 PDU session request from AMF.

6.11.3.3
User plane stacks

As proposed in clauses 7.1.3.4.2 interface between 5GC-capable UE and IWF (acting as TNGF-UP) will use IP/ESP/GRE/PDU data.
6.11.4
5GC-capable UE behind FN-RG/5G-RG using Untrusted Non-3GPP Access network
6.11.4.1
General

In the second sub-solution, the WLAN association is assumed to have been carried out before the 5GC-capable UE does 5GC registration. How that is done is outside the scope of 3GPP. Services are only offered to 5GC-capable UEs that can both 1) associate to the WLAN of the 5G-RG/FN-RG and 2) register to the 5GC via the W-5GAN as described below.

This sub-solution re-uses procedures defined for untrusted N3GPP solution in rel-15 but put into a context of trusted W-5GAN. This enables supporting a 5GC-capable UE behind a legacy FN-RG at the same time as allowing the W-5GAN and IWF  to act as a trusted N3GPP access network, supporting e.g. QoS enforcement and other features available in trusted N3GPP access.

For the collocated FAGF-U, UPF and IWF case the combination of these functional roles can in contrast to standalone N3IWF provision the access network specifically for the 5G capable UEs. For example, QoS flows could be setup in the access network to carry voice traffic for the 5GC capable UE.
Differences compared to rel-15 untrusted non-3GPP access procedures are described in clause 6.11.5 below.

6.11.4.2
Registration

The 5GC registration will follow the untrusted N3GPP access registration procedure as defined in TS 23.502 [3] clause 4.12.2.2. To support the collocated FAGF-U, UPF and IWF case:

-
During N3IWF selection, the UE shall select an IKE/IPsec endpoint (i.e. IP address where to send the IKE signalling) in the collocated node. This can be solved by existing rel-15 N3IWF selection procedure by having IP source address based DNS policies in the DNS server to respond with the collocated N3IWF.

-
The N2 message with the NAS registration request shall be adapted so it is supported to include fixed access location information (Line id).

6.11.4.3
PDU session establishment procedure and user plane transport

The PDU session establishment procedure for trusted access networks is using the UE Requested PDU Session Establishment via Untrusted non-3GPP Access as baseline, see clause 4.12.5 of TS 23.502 [3].

For the collocated FAGF-U, UPF and IWF case, the access network/IWF can coordinate the QoS profiles received in the N2 PDU session request with the QoS profiles assigned for the 5G-RG/FN-RG in the AGF.
6.11.4.3
User plane protocol stacks

For user-plane transport: IP/ESP/GRE/PDU data (as defined for Non-3GPP in TS 23.501 [2] (Release 15)).

6.11.5
Impacts on Existing Functions

The untrusted and trusted N3GPP procedures are re-used as is with the following additions:

-

-
TNGF/N3IWF can provide wireline location information (Line ID) over N2 for trusted and collocated untrusted case (applicable when 5G-RG/FN-RG is connected via wireline access).
-
The 5G-RG will include a AAA client for trusted case.
-
TNGF IP address shall be provided to 5G-RG during registration from AGF.
-
For the collocated FAGF-U, UPF and IWF case, the access network/IWF shall be able to coordinate the QoS profiles received in the N2 PDU session request with the QoS profiles assigned for the 5G-RG/FN-RG in the AGF. The interface between F-AGF-U, UPF and IWF to accomplish this does not have to be specified but the specifications should not prevent to support it.
NOTE: 
For the untrusted collocated case, the DNS server resolving N3IWF address may e.g. use source UE IP address and DNS policy to provide a local IWF
6.11.6
Solution evaluation

The solution is re-using untrusted and trusted N3GPP solutions to support UE behind 5G-RG and UE behind FN-RG scenarios. Apart from minor impacts to the possible content of existing information elements there is no impact to the procedures.

The 5GC-capable UEs will be identifiable by the 5GC with 3GPP credentials.

When the 5G-RG uses wireline access and the IWF is collocated with W-5GAN, the W-5GAN can be enabled to support QoS flows for a 5GC-capable UE. Furthermore, for the same deployment scenario, the W-5GAN and IWF can be enabled to provide wireline location information (line identity) over N2 for the 5GC-capable UE

It will be possible to support handover/service continuity for the 5GC capable UE between wireline and 3GPP access. Also, solutions that are defined for ATSSS can be re-used by the 5GC-capable UE for this scenario.
In scenarios where location information (Line id) is available in the IWF (N3IWF/TNGF), the solution allows for applying different services (e.g. policies, charging etc) based on that information and subscription information for the 5GC-capable UE.
***** End of Changes *****

�Changed 5G-RG to FN-RG + removed N1 connection from FN-RG to AMF (instead this interface is from AMF) + Removed support for FN-RG via NG-RAN.
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