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Abstract: This paper proposes a solution for KI #6: L4S for non-3GPP access networks and intermediate 5GS nodes.
1. Introduction
TR 23.700-70 includes Key Issue #6: L4S for non-3GPP access networks and intermediate 5GS nodes. The description of the KI states:
As the use-cases and applications for XRM are not limited to 3GPP access, XRM devices and applications may use non-3GPP access as a means of communication. 
The objective of this Key Issue is to extend the L4S mechanism to non-3GPP access networks and the potential impacts of such extension on the non-3GPP access-specific intermediate nodes.
The following aspects should be studied:
-	How to support L4S for non-3GPP access networks and intermediate 5GS nodes (N3IWF, TNGF and W-AGF) to perform ECN marking for L4S.
-	Support L4S in untrusted/trusted access (e.g., N3IWF, TNGF).
-	Support L4S in wireline access (e.g. W-AGF).
NOTE: 	It is limited to re-using existing control plane and user plane between 5GC and non-3GPP access networks. Assumptions on W-AGF functionality are to be verified with BBF and CableLabs.
This pCR proposes a solution for KI #6.
2. Proposal
This contribution proposes to include Solution X in TR 23.700-70 V0.2.0.
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6.X	Solution #X: L4S in wireline access
6.X.1	Key Issue mapping
This solution proposes a solution for the following issue in KI #6:
· Support L4S in wireline access (e.g. W-AGF).
6.X.2	Description
6.X.2.1	General
In 5G System, ECN marking for L4S may be supported. ECN marking for L4S is enabled on a per QoS Flow basis in the uplink and/or downlink direction and may be used for GBR and non-GBR QoS Flows. ECN marking for L4S in the IP header is supported in either the NG-RAN (see TS 23.501 [2] clause 5.37.3.2), or in the PSA UPF (see TS 23.501 [2] clause 5.37.3.3) via NG-RAN. In extending ECN marking for L4S via wireline access, the following shows components in the route of an IP packet via wireline access, where ECN marking could be supported:
· Wireline access: Wireline access node(s) perform ECN marking for downlink/uplink
· 5G-RG: 5G-RG performs ECN marking for downlink/uplink
For an IP packet via wireline access, ECN marking could occur in one of the above components. Based on L4S behaviour as described in IETF RFC 9331 [a], congestion indication/marking by a component is performed only when congestion indication has not been set by previous component in a route. Depending on capabilities of each component, ECN marking on a route may be supported by a subset of the above, none of the above, or all the above.
For wireline cable access network e.g., DOCSIS, provides support for low-latency services through the dual-queue approach, by separating queue-building and non-queue-building traffic [b]. DOCSIS, such as Low Latency DOCSIS (LLD), also supports ECN marking for L4S, where L4S traffic would be managed separately from other class traffic (e.g., separate low latency service flow from other classic service flow(s)).
Besides, the RG can be a bottleneck link experiencing local congestion. Last-mile congestion on WLAN is not negligible and support of L4S in last-mile route would provide considerable performance benefits [c]. Thus, the solution also addresses this by allowing the RG to enable ECN marking for L4S.
The proposed solution has the following principles:
· ECN marking for L4S in W-5GAN is enabled on a per QoS Flow basis in the UL and/or DL direction.
· Dedicated W-UP resources are used for carrying L4S-enabled IP traffic.
· For DL, W-AGF maps the L4S-enabled QoS Flows to W-UP resources.
· For UL, 5G-RG maps the L4S-enabled QoS Flows to W-UP resources.
· 5G-RG may enable ECN marking for L4S in the IP header of the user IP packets based on its local congestion information.
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Fig 6.X.2.1-1 L4S support in wireline access

6.X.2.2	Support of ECN marking for L4S in wireline node(s)
In case of DL direction, when the W-AGF receives N2 requests related with PDU Session resources, the W-AGF maps the QoS profile(s) received from the 5GC to W-UP level QoS. The SMF may be instructed, based on either dynamic or predefined PCC rule, to provide an indication for L4S for a corresponding QoS Flow(s) to W-AGF. W-AGF maps the L4S-enabled QoS Flow(s) to L4S-enabled wireline QoS resource(s). 
When the W-AGF receives a DL PDU via N3, it identifies the QFI from the GTP-U header, and if the QFI corresponds to a QoS Flow with L4S enabled, it determines the corresponding L4S-enabled wireline QoS resource to use for sending the DL PDU to the RG.
Details on ECN marking for L4S by wireline nodes (such as a CMTS) are outside of 3GPP scope.
In case of UL, when the 5G-RG receives NAS message related with PDU Session QoS, the 5G-RG maps the QoS rule(s) received in NAS to W-UP level QoS. The SMF may be instructed, based on either dynamic or predefined PCC rule, to provide an indication for ECN marking for L4S for a corresponding QoS Flow(s) to the 5G-RG. 5G-RG maps the L4S-enabled QoS Flow(s) to L4S-enabled wireline QoS resources(s).
When the 5G-RG transmits an UL PDU, if it determines (by using the QoS rules of the PDU Session) that the QFI corresponds to a QoS Flow with L4S enabled, it determines the corresponding L4S-enabled wireline QoS resource to use for sending the UL PDU to the W-AGF.

6.X.2.3	Support of ECN marking for L4S in RG
5G-RG may be requested by SMF to perform ECN marking for L4S in the IP header of the user IP packets, based on its local congestion conditions, for those QoS flows for which it received an indication for L4S in the QoS rule(s) via the NAS message. The criteria based on which 5G-RG decides to mark ECN bits for L4S is 5G-RG implementation specific.

6.X.3	Procedures
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Fig. 6.X.3-1 High-level procedure of the solution
1. Steps 1-2a specified in TS 23.316 [d] clause 7.3.1.1, with the difference that the RG 5GSM Core Network Capability included in the PDU Session Establishment Request within the N1 SM container indicates whether the 5G-RG supports ECN marking for L4S.
2a. The N2 SM information carries information that the AMF shall forward to the W-AGF which includes: For each QoS Flow, an ECN marking for L4S indicator to W-5GAN in the case of ECN marking for L4S in W-5GAN.
The N1 SM container that the AMF shall provide to the 5G-RG contains the: For each QoS Flow, an ECN marking for L4S indicator to 5G-RG in the case of ECN marking for L4S in the 5G-RG, if the 5G-RG indicated support for ECN marking for L4S.
2b. The AMF shall under request of the SMF send a N2 PDU Session Resource Setup Request message, which includes the ECN marking for L4S indicator, to W-AGF to establish the access resources for this PDU Session.
3. Based on the QoS flows and QoS parameters received in the previous step, W-AGF determines the corresponding L4S-enabled wireline QoS resource needed for the PDU session.
4. The W-AGF sets up the W-UP resources for the PDU session.
5. After all W-UP resources are established, the W-AGF shall forward to 5G-RG via the W-CP signalling connection the PDU Session Establishment Accept message (including the ECN marking for L4S indicator) received in step 2b.
6. The W-AGF shall send to AMF an N2 PDU Session Resource Setup Response including: established QoS Flows status (active/not active) for ECN marking for L4S in wireline access.
7. All steps specified in TS 23.502 [3] clause 4.3.2.2.1 after step 14 are executed according to the PDU Session Establishment procedure over 3GPP access.

6.X.4	Impacts on services, entities and interfaces
SMF:
· Indication of ECN marking for L4S to 5G-RG over N1
W-AGF:
· Mapping of L4S-enabled QoS profile to L4S-enabled W-UP resource
5G-RG:
· Mapping of L4S-enabled QoS rule to L4S-enabled W-UP resource
· ECN marking for L4S in the IP header of the user IP packets
· Indication of support for ECN marking for L4S during PDU Session Establishment Request
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