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1 Introduction

This contribution is to discuss the service continuity for additional L2 U2N relay mobility scenarios e.g., inter-gNB direct/indirect path switching, intra-gNB indirect/indirect path switching, inter-gNB indirect/indirect path switching.
2 Discussion
(1) Path switch procedures for enhanced service continuity

For Release 17 SL relay, TS 38.300[1] specifies intra-gNB indirect to direct path switching and intra-gNB direct to indirect path switching procedures as Figure 1 and Figure 2, respectively. The path switch procedures can include:
1)
Uu measurement configuration and measurement report procedures between gNB and Remote UE via Relay UE or directly;

2)
RRCReconfiguration with path switch configuration to Remote UE;

3)
RRCReconfigurationComplete message to gNB directly or via new Relay UE;
4)
RRCReconfiguration to Relay UE to reconfigure the connection between Relay UE and gNB, PC5 Relay RLC channel configuration, and bearer mapping configuration;

5)
PC5-RRC connection release between Remote UE and previous Relay UE or PC5-RRC connection establishment between Remote UE and new Relay UE;

6)
PDCP re-establishment or PDCP data recovery for lossless delivery.
For the details in each step we can refer to clause 16.12.6.1 and clause 16.12.6.2 in [1].
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Figure 1: Procedure for Remote UE switching to direct Uu cell
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Figure 2: Procedure for Remote UE switching to indirect Relay UE
For enhancing service continuity of L2 U2N relay in other scenarios we present example procedures below which are based on Figure 1 and Figure 2. 
A. Intra-gNB indirect/indirect path switch
The following procedures in Figure 3 can be used in case of L2 U2N Remote UE’s indirect/indirect path switching in the same gNB, where Remote UE switches from a Relay UE (aka Relay UE#1) to another Relay UE (aka Relay UE#2) in the gNB. One example change comparing with Release 17 L2 U2N relay service continuity is in step 3. This change comes from that Remote UE can be commanded to switch to Relay UE#2 as well as directly to gNB when Remote UE has been connected to gNB via Relay UE#1. In step 3 gNB can send an RRCReconfiguration message to Relay UE#2 containing L2 U2N Remote UE’s local ID and L2 ID, Uu and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration. This can be same as step 2 in Figure 2. The target Relay UE (aka Relay UE#2) can be in any RRC state as in Figure 2.
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Figure 3: Example of procedure for Remote UE switching (indirect to indirect) in the same gNB
1.
The Uu measurement configuration and measurement report signalling procedures are performed to evaluate both relay link measurement and Uu link measurement. The measurement results from L2 U2N Remote UE are reported when configured measurement reporting criteria are met. The sidelink relay measurement report shall include at least L2 U2N Relay UE's source L2 ID, serving cell ID (i.e., NCGI/NCI), and sidelink measurement quantity result. The sidelink measurement quantity can be SL-RSRP of the serving L2 U2N Relay UE, and if SL-RSRP is not available, SD-RSRP is used. The L2 U2N Remote UE reports one or multiple candidate L2 U2N Relay UE(s), after it measures/discovers the candidate L2 U2N Relay UE(s):

-
The L2 U2N Remote UE filters the appropriate L2 U2N Relay UE(s) according to Relay selection criteria before reporting. The L2 U2N Remote UE shall report only the L2 U2N Relay UE candidate(s) that fulfil the higher layer criteria;

-
The reporting includes at least L2 U2N Relay UE ID, L2 U2N Relay UE' s serving cell ID, and sidelink measurement quantity information. 
2.
The gNB decides to switch the L2 U2N Remote UE to a target L2 U2N Relay UE.
3.
The gNB sends an RRCReconfiguration message to the target L2 U2N Relay UE, which includes at least L2 U2N Remote UE's local ID and L2 ID, Uu and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration.
4.   The gNB sends RRCReconfiguration message to the L2 U2N Remote UE. The RRCReconfiguration message includes at least L2 U2N Relay UE ID, Remote UE's local ID, PC5 Relay RLC channel configuration for relay traffic and the associated end-to-end radio bearer(s). The L2 U2N Remote UE stops UP and CP transmission via L2 U2N Relay UE after reception of RRCReconfiguration message with the path switch configuration from the gNB. 
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 target L2 U2N Relay UE.

7.
The gNB sends RRCReconfiguration message to the old L2 U2N Relay UE to reconfigure the connection between the old L2 U2N Relay UE and the gNB. The RRCReconfiguration message to the old L2 U2N Relay UE can be sent any time after step 4 based on gNB implementation (e.g., to release Uu and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration related to the L2 U2N Remote UE).
8.
Either old L2 U2N Relay UE or L2 U2N Remote UE's AS layer can release PC5-RRC connection and indicates upper layer to release PC5 unicast link after receiving RRCReconfiguration message from the gNB. The timing to execute link release is up to UE implementation.

9.
The data path is switched to indirect path between the L2 U2N Remote UE and gNB via the target L2 U2N Relay UE. The PDCP re-establishment or PDCP data recovery in Uplink is performed by the L2 U2N Remote UE for lossless delivery during path switch if gNB configures it.
NOTE:
Step 9 can be executed any time after step 6. Step 9 is independent of step 7 and step 8.
In case the target L2 U2N Relay UE is in RRC_IDLE or RRC_INACTIVE, after receiving the path switch command, the L2 U2N Remote UE establishes a PC5 link with the target L2 U2N Relay UE and sends the RRCReconfigurationComplete message via the target L2 U2N Relay UE, which triggers the target L2 U2N Relay UE to enter RRC_CONNECTED state. When the target L2 U2N Relay UE is in RRC_IDLE or RRC_INACTIVE, step 3 can be executed after the L2 U2N Relay UE enters RRC_CONNECTED state.


B. Inter-gNB indirect to direct path switch, inter-gNB direct to indirect path switch
For Remote UE switching scenarios to a cell in different gNB or to a Relay UE in different gNB, the example procedures for Remote UE switching are present as Figure 4 and Figure 5, respectively. For these scenarios, it is assumed that there are some signalling transaction between gNBs for Remote UE’s path switch in step 3 and those can be similar to handover preparation procedure between gNBs and the detail design, for example which node to determine to use direct/indirect path in target gNB and which node to choose target Relay UE in target gNB, is up to RAN3. Regarding other procedures for example RRC signalling between Remote UE and gNB directly or via Relay UE, PC5 RRC connection establishment or release between Remote UE and Relay UE, the procedure of intra gNB indirect to direct path switch as Figure 1 or the procedure of intra gNB direct to indirect path switch as Figure 2 can be used. 
The procedures in Figure 4 can be used in case of L2 U2N Remote UE’s path switch to direct path to target gNB.
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Figure 4: Example of procedure for Remote UE switching indirect to direct (inter-gNB)
1.
The Uu measurement configuration and measurement report signalling procedures are performed to evaluate both relay link measurement and Uu link measurement. The measurement results from L2 U2N Remote UE are reported when configured measurement reporting criteria are met. The sidelink relay measurement report shall include at least L2 U2N Relay UE's source L2 ID, serving cell ID (i.e., NCGI/NCI), and sidelink measurement quantity result. The sidelink measurement quantity can be SL-RSRP of the serving L2 U2N Relay UE, and if SL-RSRP is not available, SD-RSRP is used.

2.
The L2 U2N Remote UE’s path switch onto direct Uu path to the target gNB is decided. The source gNB can perform procedures with the target gNB to prepare the handover at the target side. (The details are up to RAN3)
3.   The source gNB sends RRCReconfiguration message to the L2 U2N Remote UE. The L2 U2N Remote UE stops UP and CP transmission via L2 U2N Relay UE after reception of RRCReconfiguration message with the path switch configuration from the gNB.

4.
The L2 U2N Remote UE synchronizes with the target gNB and performs Random Access.

5.
The UE (i.e., L2 U2N Remote UE in previous steps) sends the RRCReconfigurationComplete message to the target gNB via direct path, using the configuration provided in the RRCReconfiguration message. From this step, the UE (i.e., L2 U2N Remote UE in previous steps) uses the RRC connection via the direct path to the target gNB.
6.
The source gNB sends RRCReconfiguration message to the L2 U2N Relay UE to reconfigure the connection between the L2 U2N Relay UE and the source gNB. The RRCReconfiguration message to the L2 U2N Relay UE can be sent any time after step 4 based on gNB implementation (e.g., to release Uu and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration related to the L2 U2N Remote UE).
7.
Either L2 U2N Relay UE or L2 U2N Remote UE's AS layer can release PC5-RRC connection and indicates upper layer to release PC5 unicast link after receiving RRCReconfiguration message from the source gNB. The timing to execute link release is up to UE implementation.

8.
The data path is switched from indirect path to direct path between the UE (i.e., previous L2 U2N Remote UE) and the target gNB. The PDCP re-establishment or PDCP data recovery in Uplink is performed by the UE (i.e., previous L2 U2N Remote UE) for lossless delivery during path switch if target gNB configures it.
NOTE:
Step 8 can be executed any time after step 4. Step 8 is independent of step 6 and step 7.


The following procedures in Figure 5 can be used in case of L2 U2N Remote UE’s path switch to indirect path to target gNB.
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Figure 5: Example of procedure for Remote UE switching direct to indirect (inter-gNB)
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 L2 U2N Remote UE filters the appropriate L2 U2N Relay UE(s) according to Relay selection criteria before reporting. The L2 U2N Remote UE shall report only the L2 U2N Relay UE candidate(s) that fulfil the higher layer criteria;

-
The reporting includes at least L2 U2N Relay UE ID, L2 U2N Relay UE' s serving cell ID, and sidelink measurement quantity information. 

2.
L2 U2N Remote UE’s path switch to target L2 U2N Relay UE in a target gNB is decided. The source gNB can perform procedures with the target gNB to prepare the handover at the target side. (The details are up to RAN3)
3.   The target gNB sends an RRCReconfiguration message to the target L2 U2N Relay UE, which includes at least L2 U2N Remote UE's local ID and L2 ID, Uu and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration.

4.
The source gNB sends the RRCReconfiguration message to the L2 U2N Remote UE. The RRCReconfiguration message includes at least L2 U2N Relay UE ID, Remote UE's local ID, PC5 Relay RLC channel configuration for relay traffic and the associated end-to-end radio bearer(s). The L2 U2N Remote UE stops UP and CP transmission over Uu after reception of RRCReconfiguration message from the source gNB.

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 target gNB via the L2 U2N Relay UE.

7.
The data path is switched from direct path to indirect path between the L2 U2N Remote UE and the target gNB.
In case the selected L2 U2N Relay UE to indirect path switch is in RRC_IDLE or RRC_INACTIVE, after receiving the path switch command, the L2 U2N Remote UE establishes a PC5 link with the L2 U2N Relay UE and sends the RRCReconfigurationComplete message via the L2 U2N Relay UE, which triggers the L2 U2N Relay UE to enter RRC_CONNECTED state. When the selected L2 U2N Relay UE is in RRC_IDLE or RRC_INACTIVE, step 3 can be executed after the L2 U2N Relay UE enters RRC_CONNECTED state. 


According to the discussion in A and B, we can have the following observations.
Observation 1. Intra-gNB indirect to direct path switch procedure and intra-gNB direct to indirect path switch procedure in Rel-17 SL Relay can be baseline procedures for intra-gNB indirect/indirect, inter-gNB indirect/direct, inter-gNB direct/indirect service continuity of L2 U2N relay.

Observation 2. For inter-gNB L2 U2N relay service continuity, handover preparation like procedure can be executed between gNBs to decide direct/indirect path to target gNB and to decide target node in target gNB, which is up to RAN3 discussion.

C. Inter-gNB indirect to indirect path switch

For this service continuity scenario, the procedures in Figure 3 can be extended for Remote UE’s path switch indirectly to target gNB i.e., RRCReconfiguration with path switch command can include a Relay UE in other gNB as target Relay UE. Inter-gNB procedure between source gNB and target gNB as in Figure 4 and Figure 5 can be executed to decide indirect path switch and target Relay UE in target gNB. So the procedures for this scenario can be discussed after figuring out path switch procedures for intra gNB indirect/indirect path switch scenario, inter-gNB direct/indirect path switch scenario and inter-gNB indirect/direct path switch scenario.
Observation 3. Procedures for Remote UE’s indirect/indirect switch to target gNB can be discussed based on path switch procedures for other 3 scenarios.
So we propose the proposals as below:
Proposal 1. For Remote UE switching from indirect to indirect in the same gNB, RAN2 is to discuss and adopt the procedures in Figure 3 as a starting point.

Proposal 2. For Remote UE switching from indirect to direct path to other gNB, RAN2 is to discuss and adopt the procedures in Figure 4 as a starting point. 

Proposal 3. For Remote UE switching from direct to indirect path to other gNB, RAN2 is to discuss and adopt the procedures in Figure 5 as a starting point.

(2) Measurement configuration and reporting for enhanced service continuity

In Release 17 SL relay, to support intra-gNB direct to indirect path switch and intra-gNB indirect to direct path switch cases, additional reporting events as below are specified in TS 38.331 [2]. 
	Event X1: Serving L2 U2N Relay UE becomes worse than absolute threshold1 AND NR Cell becomes better than another absolute threshold2
Event X2: Serving L2 U2N Relay UE becomes worse than absolute threshold

Event Y1: PCell becomes worse than absolute threshold1 AND candidate L2 U2N Relay UE becomes better than another absolute threshold2

Event Y2: Candidate L2 U2N Relay UE becomes better than absolute threshold


The reporting events above can be used for enhanced service continuity scenarios e.g., Remote UE switching from Relay UE in a gNB to direct Uu cell in other gNB (i.e., inter-gNB indirect/direct) and Remote UE switching from direct Uu cell in a gNB to Relay UE in other gNB (i.e., inter-gNB direct/indirect). 
Observation 4. Events X1, X2, Y1, and Y2 can be used for the enhanced service continuity scenarios.
For service continuity scenarios of intra-gNB indirect to indirect and inter-gNB indirect to indirect, a new measurement event can be considered to compare link measurement of candidate Relay UE(s) and link measurement of serving Relay UE.
Observation 5. A new measurement event can be considered to compare the link quality of candidate Relay UE and the link quality of serving Relay UE.
Proposal 4. RAN2 is to discuss following new report event for indirect to indirect path switch:

· Event: Serving L2 U2N Relay UE becomes worse than threshold1 and candidate L2 U2N Relay UE becomes better than threshold2
3 Conclusion

Observation 1. Intra-gNB indirect to direct path switch procedure and intra-gNB direct to indirect path switch procedure in Rel-17 SL Relay can be baseline procedures for intra-gNB indirect/indirect, inter-gNB indirect/direct, inter-gNB direct/indirect service continuity of L2 U2N relay.

Observation 2. For inter-gNB L2 U2N relay service continuity, handover preparation like procedure can be executed between gNBs to decide direct/indirect path to target gNB and to decide target node in target gNB, which is up to RAN3 discussion.

Observation 3. Procedures for Remote UE’s indirect/indirect switch to target gNB can be discussed based on path switch procedures for other 3 scenarios.

Observation 4. Events X1, X2, Y1, and Y2 can be used for the enhanced service continuity scenarios.

Observation 5. A new measurement event can be considered to compare the link quality of candidate Relay UE and the link quality of serving Relay UE.

Based on the above observations, RAN2 is asked to discuss and capture the following proposals:
Proposal 1. For Remote UE switching from indirect to indirect in the same gNB, RAN2 is to discuss and adopt the procedures in Figure 3 as a starting point.

Proposal 2. For Remote UE switching from indirect to direct path to other gNB, RAN2 is to discuss and adopt the procedures in Figure 4 as a starting point. 

Proposal 3. For Remote UE switching from direct to indirect path to other gNB, RAN2 is to discuss and adopt the procedures in Figure 5 as a starting point.

Proposal 4. RAN2 is to discuss following new report event for indirect to indirect path switch:

· Event: Serving L2 U2N Relay UE becomes worse than threshold1 and candidate L2 U2N Relay UE becomes better than threshold2
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