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[bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]According to the approved WID on NR sidelink relay enhancements in RP-213585, the following objective is listed for Service Continuity Enhancement. 
2. Specify mechanisms to enhance service continuity for single-hop Layer-2 UE-to-Network relay for the following scenarios [RAN2, RAN3]:
A. Inter-gNB indirect-to-direct path switching (i.e., “remote UE <-> relay UE A <-> gNB X” to “remote UE <-> gNB Y”)
B. Inter-gNB direct-to-indirect path switching (i.e., “remote UE <-> gNB X” to “remote UE <-> relay UE A <-> gNB Y”)
C. Intra-gNB indirect-to-indirect path switching (i.e., “remote UE <-> relay UE A <-> gNB X” to “remote UE <-> relay UE B <-> gNB X”)
D. Inter-gNB indirect-to-indirect path switching (i.e., “remote UE<-> relay UE A <-> gNB X” to “remote UE <-> relay UE B <-> gNB Y”)
Note 2A: Scenario D is to be supported by reusing solutions for the other scenarios without specific optimizations.

This paper is to discuss the procedures for the abovementioned scenarios.

Discussion
Inter-gNB indirect-to-direct path switching
For service continuity of L2 U2N Relay, the following procedure can be used, in case of U2N Remote UE switching to direct path with a different gNB:
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1.	The Uu measurement configuration and measurement report signalling procedures are performed to evaluate both relay link measurement and Uu link measurement.
2.	gNB X decides to switch the U2N Remote UE onto direct Uu path with gNB Y.
3. 	gNB X issues a Handover Request message to the target gNB Y to prepare the handover at the target side.
4.	Admission Control may be performed by the target gNB Y.
5.	The target gNB Y prepares the handover and sends the Handover Request Acknowledge to gNB X.
6.	gNB X sends RRCReconfiguration message to the U2N Remote UE. The U2N Remote UE stops UP and CP transmission via U2N Relay UE after reception of RRCReconfiguration message from gNB X.
7.	gNB X sends the SN Status Transfer message to the target gNB Y to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status for RLC AM DRBs. 
8.	The UE synchronises to the target cell and completes the RRC handover procedure by sending RRCReconfigurationComplete message to target gNB Y. The data path is switched from indirect path to direct path. The DL/UL lossless delivery during the path switch is done according to PDCP data recovery procedure.
9.	The target gNB Y sends a Path Switch Request message to AMF to trigger 5GC to switch the DL data path towards the target gNB Y and to establish an NG-C interface instance towards the target gNB Y. The AMF confirms the Path Switch Request message with the Path Switch Request Acknowledge message.
10.	The gNB sends RRCReconfiguration message to the U2N Relay UE to reconfigure the connection between the U2N Relay UE and the gNB X. The RRCReconfiguration message to the U2N Relay UE can be sent any time after step 6 based on gNB implementation (e.g., to release Uu and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration between PC5 RLC and Uu RLC).
11.	Either U2N Relay UE or U2N Remote UE can initiate the PC5 unicast link release (PC5-S). The timing to execute link release is up to UE implementation. 
12.	 gNB Y indicates gNB X to release the Remote UE’s context. 

Note for the procedure:
For step 10, gNB X may initiate the step anytime after step 6. 
During the description for the procedure, the user data coming from UPF is omitted for simplicity. 

Inter-gNB direct-to-indirect path switching
For service continuity of L2 U2N Relay, the following procedure can be used, in case of U2N Remote UE switching to indirect path via a L2 U2N Relay UE in RRC_CONNECTED with a different gNB:
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1.	The L2 U2N Remote UE reports one or multiple candidate L2 U2N Relay UE(s) and Uu measurements, after it measures/discovers the candidate L2 U2N Relay UE(s). The reporting includes at least L2 U2N Relay UE ID and L2 U2N Relay UE' s serving cell ID.
2.	gNB X decides to switch the U2N Remote UE to a target Relay UE served by gNB Y.
3. 	gNB X issues a Handover Request message to the target gNB Y to prepare the handover at the target side.
4.	Admission Control may be performed by the target gNB Y.
5.	The target gNB Y prepares the handover and sends the Handover Request Acknowledge to gNB X.
6a.	gNB X sends RRCReconfiguration message to the U2N Remote UE to prepare the UE with the Uu and PC5 Relay RLC channel configuration for relaying with Relay UE. This signalling may also direct the UE to release its connections with gNB X. The U2N Remote UE stops UP and CP transmission via direct path after reception of RRCReconfiguration message from gNB X.
6b.	gNB Y sends RRCReconfiguration message to the U2N Relay UE to prepare the UE with the Uu and PC5 Relay RLC channel configuration for relaying with Remote UE. 
7a.	Relay UE and Remote UE establish the PC5 connection for relaying. 
7b.	gNB X sends the SN Status Transfer message to the target gNB Y to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status for RLC AM DRBs.
8.	The procedures for L2 U2N Remote UE connection establishment (as shown in Figure 16.12.5.1-1 of TS38.300) is used to establish the connection towards gNB Y. The data path is switched from direct path to indirect path. The DL/UL lossless delivery during the path switch is done according to PDCP data recovery procedure.
9.	The target gNB Y sends a Path Switch Request message to AMF to trigger 5GC to switch the DL data path towards the target gNB Y and to establish an NG-C interface instance towards the target gNB Y. The AMF confirms the Path Switch Request message with the Path Switch Request Acknowledge message.
10.	 gNB Y indicates gNB X to release the Remote UE’s context.

Note for the procedure:
The scenario described in the procedure assumes the Relay UE is in RRC Connected state. In case the selected U2N Relay UE for direct to indirect path switch is in RRC_IDLE or RRC_INACTIVE, a mechanism is needed to trigger the Relay UE to enter the RRC Connected state. Please be noted that the same intra-gNB mechanism may be applicable here. For intra-gNB mechanism, “the U2N Remote UE establishes a PC5 link with the U2N Relay UE and sends the RRCReconfigurationComplete message via the U2N Relay UE, which will trigger the U2N Relay UE to enter RRC_CONNECTED state.” One thing to be highlighted here is that the Relay UE may change its camping gNB, after the Remote UE discovers the Relay UE. In this case, when the Remote UE sends the RRCReconfigurationComplete message via the U2N Relay UE to the new gNB, the new gNB may reject the Remote UE for path switch, since the RRCReconfigurationComplete message is supposed to go to gNB Y, which performed the admission control during HO preparation.  We can not ensure that the Relay UE will be camping one gNB Y when the Relay UE transits from RRC_IDLE or RRC_INACTIVE to connected state.
In addition, during the description for the procedure, the user data coming from UPF is omitted for simplicity.

Intra-gNB indirect-to-indirect path switching
For service continuity of L2 U2N Relay, the following procedure can be used, in case of U2N Remote UE switching to a new indirect path from the old indirect path within the same gNB:
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1.	The L2 U2N Remote UE reports one or multiple candidate L2 U2N Relay UE(s) and Uu measurements, after it measures/discovers the candidate L2 U2N Relay UE(s). The reporting includes at least L2 U2N Relay UE ID and L2 U2N Relay UE' s serving cell ID.
2.	gNB X decides to switch the U2N Remote UE to a target Relay UE B served by itself.
[bookmark: _Hlk105362324]3.	Then gNB X sends an RRCReconfiguration message to the target L2 U2N Relay UE B, which includes at least L2 U2N Remote UE's Identity, Uu and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration.
4.	gNB X sends RRCReconfiguration message to the U2N Remote UE. The U2N Remote UE stops UP and CP transmission via U2N Relay UE after reception of RRCReconfiguration message from gNB X.
5.	The L2 U2N Remote UE establishes PC5 RRC connection with target L2 U2N Relay UE.
6.	The L2 U2N Remote UE completes the path switch procedure by sending the RRCReconfigurationComplete message to the gNB via the L2 U2N Relay UE..
7.	Then gNB X sends an RRCReconfiguration message to the source L2 U2N Relay UE A, which removes the relaying link configuration with Remote UE. The source L2 U2N Relay UE A acknowledges gNB X with RRCReconfigurationComplete message. 
8.	The L2 U2N Remote UE releases its PC5 RRC connection with Relay UE A. 

Note for the procedure:
For step 7, gNB X may initiate the step anytime after step 4. 

Inter-gNB indirect-to-indirect path switching
For service continuity of L2 U2N Relay, the following procedure can be used, in case of U2N Remote UE switching to a new indirect path served by a new gNB from the old indirect path:
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1.	The L2 U2N Remote UE reports one or multiple candidate L2 U2N Relay UE(s) and Uu measurements, after it measures/discovers the candidate L2 U2N Relay UE(s). The reporting includes at least L2 U2N Relay UE ID and L2 U2N Relay UE' s serving cell ID.
2.	gNB X decides to switch the U2N Remote UE to a target Relay UE B served by gNB Y.
3. 	gNB X issues a Handover Request message to the target gNB Y to prepare the handover at the target side.
4.	Admission Control may be performed by the target gNB Y.
5.	The target gNB Y prepares the handover and sends the Handover Request Acknowledge to gNB X.
6.	Then gNB Y sends an RRCReconfiguration message to the target L2 U2N Relay UE B to prepare the relaying link, which includes at least L2 U2N Remote UE's Identity, Uu and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration. Relay UE B acknowledges the configuration via RRCReconfigurationComplete. Meanwhile, gNB X sends RRCReconfiguration message to the U2N Remote UE. The U2N Remote UE stops UP and CP transmission via U2N Relay UE after reception of RRCReconfiguration message from gNB X.
7.	The L2 U2N Remote UE establishes PC5 RRC connection with target L2 U2N Relay UE.
8. 	gNB X sends the SN Status Transfer message to the target gNB Y to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status for RLC AM DRBs.
9.	The procedures for L2 U2N Remote UE connection establishment (as shown in Figure 16.12.5.1-1 of TS38.300) is used to establish the connection towards gNB Y. The data path is switched from direct path to indirect path. The DL/UL lossless delivery during the path switch is done according to PDCP data recovery procedure.
10.	Then gNB X sends an RRCReconfiguration message to the source L2 U2N Relay UE A, which removes the relaying link configuration with Remote UE. The source L2 U2N Relay UE A acknowledges gNB X with RRCReconfigurationComplete message. 
11.	The L2 U2N Remote UE releases its PC5 RRC connection with Relay UE A.
Note for the procedure:
The same issues discussed for section 2.2 Inter-gNB direct-to-indirect path switching applies here. 
For step 10, gNB X may initiate the step anytime after step 6.  
Conclusion and Proposal
We have the following proposal:

Proposal: Take the procedures described at section 2 as the baseline for describing the Service Continuity Enhancement for Sidelink Relay.
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