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1. Introduction
SA2 SID for 5G ProSe phase 2 SP-211653 has the below work tasks for UE-to-Network Relay path switch support.
WT#2.	Support of service continuity when switching between two indirect network communication paths for UE-to-Network Relay (NR PC5 and NR Uu are used).
WT#7.	Support of service continuity when switching between direct network communication path and indirect network communication path for Layer-2 UE-to-Network Relay, including inter-gNB indirect-to-direct and inter-gNB direct-to-indirect path switching.
In this contribution, we propose solutions for supporting the above UE-to-Network Relay path switch work tasks.
2. Discussion
When Remote UE performs path switch from a direct network communication path or one indirect network communication to another indirect network communication path, then it may be moving between any of the three types of UE-to-Network Relay paths agreed in Rel-17 5G ProSe:
· Layer-3 UE-to-Network Relay without N3IWF
· Layer-3 UE-to-Network Relay with N3IWF
· Layer-2 UE-to-Network Relay
Proposal 1: Remote UE select the target UE-to-Network Relay for path switch based on the NG-RAN configured measurement criteria and the 5G ProSe policy/URSP rules and the Remote UE traffic handling described in clause 6.5.4 of TS 23.304 [x].
Based on whether both NAS and AS connections are setup for Remote UE on the source indirect communication path and whether both connections can be setup on the target indirect communication path, the service continuity procedures that can be supported are different.
Proposal 2: Support the service continuity procedures in below table for path switch between indirect and indirect network communication paths
	Path switch from
	Path switch to
	Service continuity support

	Layer-3 U2N relay without N3IWF
	Layer-3 U2N relay without N3IWF
	@ App layer

	Layer-3 U2N relay without N3IWF
	Layer-3 U2N relay with N3IWF
	@ App layer

	Layer-3 U2N relay without N3IWF
	Layer-2 U2N relay
	@ App layer

	Layer-3 U2N relay with N3IWF
	Layer-3 U2N relay without N3IWF
	@ App layer

	Layer-3 U2N relay with N3IWF
	Layer-3 U2N relay with N3IWF
	@ 3GPP network (5GC)
Reuse handover procedures specified in clause 4.9.2 of TS 23.502 [l] for UE mobility between a 3GPP access and Untrusted non-3GPP access

	Layer-3 U2N relay with N3IWF
	Layer-2 U2N relay
	@ 3GPP network (5GC)
Reuse handover procedures specified in clause 4.9.2 of TS 23.502 [l] for UE mobility between a 3GPP access and Untrusted non-3GPP access

	Layer-2 U2N relay
	Layer-2 U2N relay
	@ 3GPP network (RAN/5GC)
Layer-2 Remote UE in CM-IDLE or CM-CONNECTED with RRC_INACTIVE state: AS service continuity in scope of RAN WG; App layer or SSC mode for NAS service continuity
Layer-2 Remote UE in CM-CONNECTED state: Network controlled handover procedures defined for 3GPP access in clause 4.9.1 of TS 23.502[l] can be reused to support AS/NAS service continuity.

	Layer-2 U2N relay
	Layer-3 U2N relay with N3IWF
	@ 3GPP network (5GC)
Reuse handover procedures specified in clause 4.9.2 of TS 23.502 [l] for UE mobility between a 3GPP access and Untrusted non-3GPP access

	Layer-2 U2N relay
	Layer-3 U2N relay without N3IWF
	@ App layer

	Direct Uu path 
	Layer-2 U2N relay
	@ 3GPP network (RAN/5GC)
Layer-2 Remote UE in CM-IDLE or CM-CONNECTED with RRC_INACTIVE state: AS service continuity in scope of RAN WG; App layer or SSC mode for NAS service continuity
Layer-2 Remote UE in CM-CONNECTED state: Network controlled handover procedures defined for 3GPP access in clause 4.9.1 of TS 23.502[l] can be reused to support AS/NAS service continuity.

	Layer-2 U2N relay 
	Direct Uu path 
	@3GPP network (RAN/5GC)
Follow the legacy procedures


3. Proposal
It is proposed to document the text below as a solution for supporting path switching and service continuity during path switch for the related work task/key issues. 
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6.x.1	General Description
This is a solution to support service continuity for a Layer-3 Remote UE connected to a Layer-3 UE-to-Network Relay without N3IWF path switch to another indirect network communication path, as shown in Figure 6.x.1-1.
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 Figure 6.x.1-1: Layer 3 Remote UE indirect-to-indirect path switch
6.x.2	Procedures
6.x.2.1	Relay (re)selection 
Layer-3 Remote UE that is connected to the Layer-3 UE-to-Network Relay keeps performing the PC5 unicast link measurements to perform Relay (re)selection, as specified in clause 6.5.3 of TS 23.304 [x]. When the NG-RAN configured measurement thresholds and the criteria for reselection from Layer-3 UE-to-Network Relay to another UE-to-Network Relay are satisfied, the Layer-3 Remote UE switch the indirect communication path from a Layer-3 UE-to-Network Relay to another Relay UE. The target UE-to-Network Relay can be a Layer-3 UE-to-Network Relay without N3IWF or a Layer-3 UE-to-Network Relay with N3IWF or a Layer-2 UE-to-Network Relay either connected to same NG-RAN or different NG-RAN than the source Layer-3 UE-to-Network Relay.
If multiple UE-to-Network Relay UEs satisfy the Relay (re)selection criteria, the Layer-3 Remote UE select the target UE-to-Network Relay for path switch based on the 5G ProSe policy/URSP rules and the Remote UE traffic handling described in clause 6.5.4 of TS 23.304 [x].
6.x.2.2	Service Continuity 
As described in clause 6.5.1.1 of TS 23.304 [x], 5G ProSe Layer-3 Remote UE does not have a PDU session with 5GC when connected via Layer-3 UE-to-Network Relay. Layer-3 Remote UE sends its traffic to the Layer-3 Relay over PC5 unicast link, which is relayed to the network over Layer-3 Relay UE relaying PDU Session. Hence, the existing 5GC procedures like SSC Mode 1/3 or Handover procedures are not suitable to support an IP session continuity and service continuity for the path switch of Layer-3 Remote UE from a Layer-3 UE-to-Network Relay to another UE-to-Network Relay. Instead, existing application layer procedures can be reused for service continuity support for Layer-3 Remote UE path switch between two indirect communication paths. 
· Commercial IMS Services: IMS service continuity procedures specified in TS 23.237 [y]  
· Missional Critical Services: service continuity procedures specified in Annex B of TS 23.280 [z], with the source path being an indirect communication path
· Other Commercial Services: application layer procedures specified outside of 3GPP
[bookmark: _Toc26173045][bookmark: _Toc26516365]6.x.3	Impacts on Existing Nodes and Functionality
The solution has impacts in the following entities:
NG-RAN:
-	support indirect-to-indirect path relay (re)selection measurement criteria configuration.
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6.y Solution #y: Service continuity support for path switch between two indirect network communication paths for Layer 3 UE-to-Network Relay with N3IWF
6.y.1	General Description
This is a solution to support service continuity for a Layer-3 Remote UE connected to a Layer-3 UE-to-Network Relay with N3IWF path switch to another indirect network communication path, as shown in Figure 6.y.1-1.
 (
Remote UE
Remote UE
UE-to-Network relay UE 
UE-to-Network relay UE 
NG-RAN 
Data network 
NG-RAN 
5GC 
PC5
PC5
Uu
Uu
N2/N33
N2/N33
N6
Xn
Indirect-to-Indirect path switch
N3IWF
)
 Figure 6.y.1-1: Layer 3 Remote UE with N3IWF access Indirect-to-indirect path switch
6.y.2	Procedures
6.y.2.1	Relay (re)selection 
Layer-3 Remote UE that is connected to the Layer-3 UE-to-Network Relay with N3IWF keeps performing the PC5 unicast link measurements to perform Relay (re)selection, as specified in clause 6.5.3 of TS 23.304 [x]. When the NG-RAN configured measurement thresholds and the criteria for reselection from Layer-3 UE-to-Network Relay with N3IWF to another UE-to-Network Relay are satisfied, the Layer-3 Remote UE switch the indirect communication path from a Layer-3 UE-to-Network Relay with N3IWF to another Relay UE. The target UE-to-Network Relay can be a Layer-3 UE-to-Network Relay without N3IWF or a Layer-3 UE-to-Network Relay with N3IWF or a Layer-2 UE-to-Network Relay either connected to same NG-RAN or different NG-RAN than the source Layer-3 UE-to-Network Relay.
If multiple UE-to-Network Relay UEs satisfy the Relay (re)selection criteria, the Layer-3 Remote UE select the target UE-to-Network Relay for path switch based on the 5G ProSe policy/URSP rules and the Remote UE traffic handling described in clause 6.5.4 of TS 23.304 [x].
6.y.2.2	Service Continuity 
As described in clause 6.5.1.2 of TS 23.304 [x], 5G ProSe Layer-3 Remote UE connected to the network via  a Layer-3 UE-to-Network Relay UE with N3IWF access has a 5GC connection and PDU session(s) for services on the Layer-3 Remote UE. This is similar to the UE connectivity for “untrusted non-3GPP access to 5GC via N3IWF” described in clause 4.2.8 of TS 23.501 [m]. 
6.y.2.2.1 Path switch to an Indirect communication path via Layer-3 UE-to-Network Relay without N3IWF access 
When the Layer-3 Remote UE with N3IWF access path switch to an indirect communication path via Layer-3 UE-to-Network Relay without N3IWF access, then Layer-3 Remote UE cannot setup a PDU session with 5GC on the target path. Hence, the Handover procedures specified in clause 4.9.2 of TS 23.502 [l], cannot be used.   
Existing application layer procedures can be reused for service continuity support for Layer-3 Remote UE with N3IWF access path switch to an indirect communication path via Layer-3 UE-to-Network Relay without N3IWF access. 
Commercial IMS Services: IMS service continuity procedures specified in TS 23.237 [y]  
Missional Critical Services: service continuity procedures specified in Annex B of TS 23.280 [z], with the source path being an indirect communication path
Other Commercial Services: application layer procedures specified outside of 3GPP
6.y.2.2.2 Path switch to an Indirect communication path via Layer-3 UE-to-Network Relay with N3IWF access or a Layer-2 UE-to-Network Relay
This clause provides the procedures for service continuity support for a Layer-3 Remote UE during path switch from a Layer-3 UE-to-Network Relay with N3IWF access to another Layer-3 UE-to-Network Relay with N3IWF access or to a Layer-2 UE-to-Network Relay. 
When the Layer-3 Remote UE path switch via either a Layer-3 UE-to-Network Relay with N3IWF access or a Layer-2 UE-to-Network Relay, the Layer-3 Remote UE can still setup a 5GC connection and PDU session on the target path. Hence, the handover procedures specified in clause 4.9.2 of TS 23.502 [l] for UE mobility between a 3GPP access and Untrusted non-3GPP access, can be considered as baseline for NAS service continuity support of the Layer-3 Remote UE with N3IWF access indirect communication path switch to a Layer-3 UE-to-Network Relay with N3IWF access or Layer-2 UE-to-Network Relay. 
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Figure 6.y.2.2.2-1: Layer-3 Remote UE with N3IWF access indirect communication path switch to a Layer-3 UE-to-Network Relay with N3IWF access or to a Layer-2 UE-to-Network Relay
1. Layer-3 Remote UE connected to a Layer-3 UE-to-Network Relay with N3IWF performs relay (re)selection procedures as described in clause 6.y.2.1 to select a target UE-to-Network Relay to perform path switch procedures.
1a. If the selected target Relay is a Layer-3 UW-to-Network Relay with N3IWF access, the Remote UE performs connection establishment with the 5G ProSe Layer-3 UE-to-Network Relay with N3IWF using the procedures provided in Figure 6.5.1.2.1-1 of TS 23.304 [x]. N3IWF serving the target 5G ProSe Layer-3 UE-to-Network Relay with N3IWF can be same or different than the source 5G ProSe Layer-3 UE-to-Network Relay with N3IWF. Hence, the Remote UE needs to perform N3IWF selection during the connection establishment with the target 5G ProSe Layer-3 UE-to-Network Relay with N3IWF.
1b. If the selected target Relay is a Layer-2 UW-to-Network Relay, the Remote UE performs connection establishment, both NAS and AS connections, via the 5G ProSe Layer-2 UE-to-Network Relay using the procedures provided in Figure 6.5.2.2-1 of TS 23.304 [x]. 
2. Remote UE performs PDU Session Establishment procedure with the PDU Session ID of the PDU Session to be moved as specified in clause 4.12.5 of TS 23.502 [l].
	When sending the PDU Session Establishment Accept, within the N1 SM container and in the N2 SM information, the SMF shall include all QoS information (e.g. QoS Rule(s) in N1 SM container, QFI(s) and QoS Profile(s) in N2 SM information) for the QoS Flow(s) that are applicable to the PDU Session for the target indirect communication path.
3. Remote UE releases the PC5 unicast link with the source Layer-3 UE-to-Network Relay with N3IWF. User plane resources on the source indirect communication path corresponding to the PDU sessions transferred to the target indirect communication path are released as per the procedures in step 3 of clause 4.9.2.1 of TS 23.502[l]. 
6.y.3	Impacts on Existing Nodes and Functionality
The solution has impacts in the following entities:
5GC entities (AMF, SMF, PCF, UPF):
-	support the handover to non-3GPP access via N3IWF as defined in TS 23.502 [l].
NG-RAN:
-	support indirect-to-indirect path relay (re)selection measurement criteria configuration
Remote UE:
-	Remote UE needs to support handover procedures for untrusted non-3GPP access via N3IWF over L3 UE-to-NW Relay with N3IWF indirect communication path.
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[bookmark: definitions]6.z Solution #z: Service continuity support for path switch with Layer 2 UE-to-Network Relay 
6.z.1	General Description
This is a solution to support service continuity for a Layer-2 Remote UE connected to a Layer-2 UE-to-Network Relay path switch to another indirect network communication path, as shown in Figure 6.z.1-1 or from a direct path to indirect network communication via Layer-2 UE-to-Network Relay, as shown in Figure 6.z.1-2.
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 Figure 6.z.1-1: Layer 2 Remote UE indirect-to-indirect path switch
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 Figure 6.z.1-2: Layer 2 Remote UE path switch between direct and indirect network communication path via Layer-2 UE-to-Network Relay
As described in clause 6.5.2 of TS 23.304 [x], 5G ProSe Layer-2 Remote UE connected to the network via  a Layer-2 UE-to-Network Relay UE has a NAS connection and AS connection, similar to a UE connected directly to the network. Thus, Layer-2 Remote UE can be in CM-IDLE or CM-CONNECTED with RRC_CONNECTED or RRC_INACTIVE state. In TS 23.502 [l], network controlled handover procedures are defined for handling the mobility of a UE in CM-CONNECTED with RRC_CONNECTED state. These network controlled handover procedures can be reused for Layer-2 Remote UE path switch to an indirect communication path via another Layer-2 UE-to-Network Relay. 
Layer-2 Remote UE in CM-IDLE or CM-CONNECTED with RRC_INACTIVE state can only support UE controlled handover procedures based on Relay (re)selection procedures.
6.z.2	Procedures
6.z.2.1	Relay (re)selection 
Layer-2 Remote UE in CM-IDLE or CM-CONNECTED with RRC INACTIVE state that is connected to the Layer-2 UE-to-Network Relay performs the PC5 unicast link measurements to perform Relay (re)selection, as specified in clause 6.5.3 of TS 23.304 [3]. When the NG-RAN configured measurement thresholds and the criteria for reselection from Layer-2 UE-to-Network Relay to another UE-to-Network Relay are satisfied, the Layer-2 Remote UE switch the indirect communication path from a Layer-2 UE-to-Network Relay to another Relay UE. The target UE-to-Network Relay can be a Layer-3 UE-to-Network Relay without N3IWF or a Layer-3 UE-to-Network Relay with N3IWF or a Layer-2 UE-to-Network Relay either connected to same NG-RAN or different NG-RAN than the source Layer-2 UE-to-Network Relay.
If multiple UE-to-Network Relay UEs satisfy the Relay (re)selection criteria, the Layer-2 Remote UE select the target UE-to-Network Relay for path switch based on the 5G ProSe policy/URSP rules and the Remote UE traffic handling described in clause 6.5.4 of TS 23.304 [x].
6.z.2.2	Service Continuity 
6.z.2.2.1 Path switch to an Indirect communication path via Layer-2 UE-to-Network Relay 
Layer-2 Remote UE in CM-IDLE or CM-CONNECTED with RRC_INACTIVE state:
In TS 23.502 [l], different Session and Service Continuity (SSC) modes are defined to support service continuity for NAS Sessions.  For Layer-2 Remote UE in CM-IDLE or CM-CONNECTED with RRC_INACTIVE state, AS service continuity is in the scope of RAN WG. Depending on the SSC mode of the PDU session, IP address continuity can be provided e.g. if SSC mode 1 is used or rely on upper layers to obtain service continuity if SSC mode 2 or 3 is used. 
Layer-2 Remote UE in CM-CONNECTED state:
Network controlled handover procedures defined for 3GPP access in clause 4.9.1 of TS 23.502[l] can be reused to support AS/NAS service continuity for Layer-2 Remote UE in CM-CONNECTED state path switch to an indirect communication path via Layer-2 UE-to-Network Relay. 
· When Xn interface is supported between the source NG-RAN and target NG-RAN, Xn based inter NG-RAN handover specified in clause 4.9.1.2 of TS 23.502 [l] can be reused.
· When the Xn interface is not supported the source NG-RAN and target NG-RAN, Inter NG-RAN node N2 based handover specified in clause 4.9.1.3 of TS 23.502 [l] can be reused.
NOTE:	Intra-NG-RAN and Inter-NG-RAN AS handover procedures for path switch between Layer-2 UE-to-Network Relay indirect communication paths are in scope of RAN WG
6.z.2.2.2 Path switch to an Indirect communication path via Layer-3 UE-to-Network Relay with N3IWF access 
This clause provides the procedures for service continuity support for a Layer-2 Remote UE during path switch from a Layer-2 UE-to-Network Relay to another Layer-3 UE-to-Network Relay with N3IWF access.
When the Layer-2 Remote UE path switch to an indirect communication path via another Layer-3 UE-to-Network Relay with N3IWF, it can only setup a NAS connection and not the AS connection via Layer-3 UE-to-Network Relay with N3IWF. Thus, only NAS service continuity using the handover procedures specified in clause 4.9.2 of TS 23.502 [l] for UE mobility between a 3GPP access and Untrusted non-3GPP access, can be considered as baseline for service continuity support. 
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Figure 6.z.2.2.2. -1: Layer-2 Remote UE indirect communication path switch to a Layer-3 UE-to-Network Relay with N3IWF access 
1. Layer-2 Remote UE connected to a Layer-2 UE-to-Network Relay performs relay (re)selection procedures as described in clause 6.z.2.1 to select a target UE-to-Network Relay to perform path switch procedures.
If the selected target Relay is a Layer-3 UW-to-Network Relay with N3IWF access, the Remote UE performs connection establishment with the 5G ProSe Layer-3 UE-to-Network Relay with N3IWF using the procedures provided in Figure 6.5.1.2.1-1 of TS 23.304 [x]. 
2. Remote UE performs PDU Session Establishment procedure with the PDU Session ID of the PDU Session to be moved as specified in clause 4.12.5 of TS 23.502 [l].
	When sending the PDU Session Establishment Accept, within the N1 SM container and in the N2 SM information, the SMF shall include all QoS information (e.g. QoS Rule(s) in N1 SM container, QFI(s) and QoS Profile(s) in N2 SM information) for the QoS Flow(s) that are applicable to the PDU Session for the target indirect communication path.
3. Remote UE releases the PC5 unicast link with the source Layer-2 UE-to-Network Relay. User plane resources on the source indirect communication path corresponding to the PDU sessions transferred to the target indirect communication path are released as per the procedures in step 3 of clause 4.9.2.2 of TS 23.502[l]. 
6.z.2.2.3 Path switch to an Indirect communication path via Layer-3 UE-to-Network Relay without N3IWF access 
When the Layer-2 Remote UE path switch to an indirect communication path via Layer-3 UE-to-Network Relay without N3IWF access, then Layer-3 Remote UE cannot setup a PDU session with 5GC on the target path. Hence, the Handover procedures specified in clause 4.9.2 of TS 23.502 [l], cannot be used.   
Existing application layer procedures can be reused for service continuity support for Layer-2 Remote UE path switch to an indirect communication path via Layer-3 UE-to-Network Relay without N3IWF access. 
Commercial IMS Services: IMS service continuity procedures specified in TS 23.237 [y]  
Missional Critical Services: service continuity procedures specified in Annex B of TS 23.280 [z], with the source path being an indirect communication path
Other Commercial Services: application layer procedures specified outside of 3GPP
6.z.3	Impacts on Existing Nodes and Functionality
The solution has impacts in the following entities:
5GC entities (AMF, SMF, PCF, UPF):
-    support the Handover procedures in 3GPP access as defined in TS 23.502 [l]
-	support the handover to non-3GPP access via N3IWF as defined in TS 23.502 [l]
NG-RAN:
-	support the Handover procedures in 3GPP access as defined in TS 23.502 [l]
-     support indirect-to-indirect path relay (re)selection measurement criteria configuration
Remote UE:
· Remote UE needs to support handover procedures in 3GPP access
· Remote UE needs to support handover procedures for untrusted non-3GPP access via N3IWF over L3 UE-to-NW Relay with N3IWF indirect communication path
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