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1	Introduction
The approved release 18 WI on enhanced NR SL Relay [RP-223501] includes the following objective on enhancement of service continuity: 
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 contribution discusses the issues that impact the service continuity of L2 U2N relay for inter-gNB x-to-indirect path switching scenario (i.e., scenario B and D) and proposes solutions to be discussed in RAN2. 
2	Discussion
2.1	Procedure of inter-gNB path switching to indirect path 

The stage 2 procedure on inter-gNB path switching from direct path to indirect path or from indirect-to-indirect path has not been added in the endorsed stage 2 TS38.300 running CR yet. According to RAN3 agreement that the HO preparation procedure over Xn interface is reused for inter-gNB path switching, the proposed flow charts for inter-gNB D2I and I2I path switching are illustrate in Figure 1 and Figure 2 respectively for the case when the target relay UE is in RRC_Connected. 
 

 
Figure 1: Proposed procedure for inter-gNB path switching from direct path to indirect path  



Figure 2: Proposed procedure for inter-gNB path switching from indirect path to indirect path 

Proposal 1: RAN2 to agree to use Figure 1 and 2 as the baseline for inter-gNB path switching to indirect path. 
2.2	Discussion on remaining issues for inter-gNB path switching to indirect path
The proposed flow charts in Figure 1 and Figure 2 follow the procedure of intra-gNB indirect path switching, the target gNB should first configure the target relay UE for the remote UE using RRC Reconfiguration procedure before it can send Handover Request Ack to the source gNB of the remote UE. The additional RRC reconfiguration procedure between the target gNB and the selected target relay UE will prolong the path switching preparation time before the source gNB can send path switching command to the remote UE.  

Observation 1: When inter-gNB path switch to indirect path is performed, the Relay UE configuration delays the target gNB to send the acknowledgement for path switching.

During the prolonged path switching preparation time, the probability of missing the path switching command transmitted from the source gNB for configuring path switching becomes higher than in normal inter-gNB HO scenario. For example, during the prolonged path switching preparation procedure over Xn, the remote UE may already move out of coverage of the current serving cell if the remote UE has direct path with the source gNB, or if the remote UE has indirect path with the source gNB, it may happen that the relay UE moves out of coverage of source cell or the SL connection between the remote UE and the currently connected relay UE fails. Missing of the RRCReconfiguration message by the remote UE, as illustrated in Figure 3, will cause path switching failure, which will have a negative impact to the remote UE’s service continuity.


 
Figure 3: Procedure of inter-gNB path switching to indirect path with failure of RRC reconfiguration 

Observation 2: Missing of the RRCReconfiguration message by the remote UE can easily become a frequent problem due to prolonged path switching preparation time caused by inter-gNB path switching. 

To enhance the remote UE’s service continuity for inter-gNB path switching, RAN2 should discuss the possible solution to deal with the issue. One of the solutions is to allow the source gNB to send an “early” RRCReconfiguration message to the remote UE for path switching before performing the RRC reconfiguration for the relay connection in the relay UE as depicted in Figure 4. In this early RRCReconfiguration message, the source gNB may provide the RRC reconfiguration parameters in the similar way as the target relay UE is in RRC_Idle/Inactive state according to the configuration parameter provided by the target gNB in step 4 of Figure 4. Upon the successful RRC Reconfiguration procedure between relay UE and the target gNB as illustrated in step 6 of Figure 4, the target relay UE can assist the remote UE’s inter-gNB path switching by forwarding the RRC Reconfiguration message to the remote UE if further RRC reconfiguration parameters need to be configured to the remote UE. 
 


Figure 4: Enhanced procedure of inter-gNB path switching to indirect path 

Proposal 2: RAN2 to agree to allow early RRCReconfiguration message to the remote UE for path switching and to use the target relay UE to assist the remote UE’s inter-gNB path switching. 

If the selected target relay UE in inter-gNB path switching is in RRC_IDLE/INACTIVE state, the inter-gNB path switching latency will be further increased by the relay UE’s transition to the RRC_CONNECTED state, which lead to longer interruption for remote UE’s path switching and therefor impact the remote UE’s service continuity. To fasten the RRC connection setup/resume procedure for the relay UE in RRC_IDLE/INACTIVE, one possible enhancement would be that the gNB sends the relay UE’s RRC connection establishment configuration, e.g., similar to RRCSetup/RRCResume, to the remote UE, e.g., as a container, in advance, and the remote UE forwards it to the relay UE when triggering initiation of the RRC connection to the relay UE. 

Proposal 3: RAN2 to discuss the enhancement on relay UE’s RRC connection establishment or resume for the relay UE in RRC_IDLE/INACTIVE.
3	Conclusion
This document has made the following observations and proposals:
Proposal 1: RAN2 to agree to use Figure 1 and 2 as the baseline for inter-gNB path switching to indirect path.
Observation 1: When inter-gNB path switch to indirect path is performed, the Relay UE configuration delays the target gNB to send the acknowledgement for path switching.
Observation 2: Missing of the RRCReconfiguration message by the remote UE can easily become a frequent problem due to prolonged path switching preparation time caused by inter-gNB path switching.
Proposal 2: RAN2 to agree to allow early RRCReconfiguration message to the remote UE for path switching and to use the target relay UE to assist the remote UE’s inter-gNB path switching.
Proposal 3: RAN2 to discuss the enhancement on relay UE’s RRC connection establishment or resume for the relay UE in RRC_IDLE/INACTIVE.
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