


3GPP TSG-RAN WG2 Meeting #119bis Electronic	R2-2210101
10 – 19 October 2022	


Agenda item:	8.9.3
Source:	Nokia, Nokia Shanghai Bell
Title:	Discussion on service continuity enhancement for Inter-gNB path switching of L2 U2N relay
WID/SID:	NR_SL_relay_enh- Release 18
Document for:	Discussion and Decision
1	Introduction
The approved release 18 WI on enhanced NR SL Relay [RP-221262] 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 path switching scenario (i.e. scenario A, B and D) and proposes the solutions to be discussed in RAN2.
2	Discussion 
2.1 Issue related to prolonged inter-gNB signaling over Xn interface for inter-gNB path switching
In RAN2#119-e, the following agreements have been made for inter-gNB direct to indirect or indirect to indirect path switching:
Agreements:
For inter-gNB d2i path switching and intra-/inter-gNB i2i path switching in Rel-18, the network can select a target U2N relay UE in any RRC state, i.e., RRC_CONNECTED/IDLE/INACTIVE.
For the target U2N relay UE in any RRC state, the Rel-17 procedures for intra-gNB d2i path switching are used as a baseline for inter-gNB d2i path switching with the addition of inter-gNB signaling over the Xn interface.
The Rel-17 remote UE oriented solution to trigger the target U2N relay UE to the CONNECTED state should also be applicable to the Rel-18 inter/intra-gNB scenarios as a baseline for single-path relay.  Other mechanisms are not excluded if an issue is found with the baseline.

The Rel-17 baseline procedure of the intra-gNB direct to indirect path switching is illustrated in Figure 1 (copied from Figure 16.12.6.2-1 in TS 38.300). The gNB first configures the Relay UE for remote UE in step 2 before the gNB sends RRC Reconfiguration message to configure the remote UE for switching to indirect path in step 3.


Figure 1: Rel’17 procedure for L2 U2N Remote UE switching to indirect path

For inter-gNB indirect path switching, the inter-gNB signaling over the Xn interface should be similar to HO preparation procedure (i.e., HO Request and HO Request Acknowledgement) over Xn interface for inter-gNB HO. That is the serving gNB sends the path switching request to the target gNB and the target gNB responses the path switching request acknowledgement as illustrated in Figure 2. Following the baseline 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 Path Switching Request Acknowledgement to the serving gNB of 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. 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 currently connected relay UE and thus sending the RRC reconfiguration message to the remote UE may fail. Missing of the RRC reconfiguration message by the remote UE as illustrated in Figure 2 will cause path switching failure, which will impact the remote UE’s service continuity. To enhance the remote UE’s service continuity for inter-gNB path switching, RAN2 should discuss the possible solution to deal with the issue, for instance to allow the early RRC reconfiguration message to the remote UE for path switching and/or to use the target relay UE to assist the remote UE’s inter-gNB path switching.




Figure 2: Procedure of inter-gNB path switching to indirect path
Proposal 1: RAN2 to discuss how to solve the issue of prolonged path switching preparation time due to reconfiguration of the target relay UE for remote UE’s path switching.
2.2 Issues related to simultaneous relay UE’s inter-gNB HO and connected remote UE’s path switching 
When the remote UE has already established U2N relay connection via the relay UE with the serving gNB, the remote UE’s UP and CP traffic transmission with the serving gNB are forwarded via the relay UE. In rel-17, when the relay UE is configured by the serving gNB to handover (HO) to another gNB, the relay UE sends a NotificationMessageSidelink message to the remote UE to indicate relay UE’s HO, which triggers the remote UE to initiate RRC connection re-establishment procedure. The RRC connection re-establishment procedure will definitely impact the remote UE’s service continuity. To enhance the service continuity of remote UE during connected relay UE’s HO, it is better to configure the remote UE by the serving gNB either to handover to the same gNB as the relay UE while keeping the indirect path or path switching to the direct path to the same or different gNB as the relay UE. 
Proposal 2: RAN2 to agree the remote UE can be configured to make HO or path switching instead of initiating RRC connection re-establishment when the connected relay UE performs HO.
If proposal 2 is agreed, the serving gNB may configure the remote UE to perform HO or path switching while it configures the relay UE to perform inter-gNB HO. In L2 U2N relay, the RRC procedure of the remote UE is between the remote UE and the serving gNB, and thus the relay UE is not aware of which RRC procedure has been initiated by the serving gNB for the remote UE. When the relay UE receives RRC reconfiguration message (i.e., HO command message in HO case) of from its own serving gNB to configure the relay UE to perform HO, the relay UE will start the configured HO by detaching from the serving cell and synchronize to the target cell. This may happen before the relay UE receives the RRC reconfiguration message of the remote UE over Uu interface from the serving gNB. In this case the remote UE will not receive the RRC reconfiguration message from the serving gNB, thus the remote UE’s RRC connection to the current serving gNB will be interrupted and the ongoing services of the remote UE will be impacted.
A gNB implementation may solve the problem by triggering the remote UE’s RRC reconfiguration procedure for HO or path switching always earlier than the relay UE’s RRC reconfiguration for HO. However, there are the following issues with this type of gNB implementation:
· It may be too late to initiate RRC reconfiguration procedure to the relay UE for HO if the gNB needs to wait for the completion of remote UE’s RRC reconfiguration procedure. This may impact robustness of relay UE’s HO, especially, in high mobility scenario that is typical scenario for many V2X use cases.
· In normal HO procedure, the RRC reconfiguration completion message from the UE is not sent to the serving gNB (source gNB), but to the target gNB. In this case with regards to HO of the remote UE, the serving gNB is not able to ensure the RRC reconfiguration message has been delivered to the remote UE before it initiates the RRC reconfiguration procedure to the relay UE for HO as there is no end-to-end RLC or MAC protocol between gNB and remote UE to allow gNB aware of the delivery of RRC reconfiguration message by ARQ or HARQ feedback.

To avoid the relay UE detaching from the serving cell before the relay UE receives the RRC Reconfiguration message of the remote UE from the serving gNB over Uu interface, the relay UE should be explicitly indicated that the remote UE’s RRC Reconfiguration message has been delivered or received at least by the relay UE.
Proposal 3: RAN2 to discuss the possible solutions to indicate to the relay UE the delivery of the remote UE’s RRC reconfiguration message when the serving gNB configures the relay UE to perform inter-gNB HO and the remote UE’s HO or path switching simultaneously.

3	Conclusion
This paper contains the following proposals on service continuity when inter-gNB HO is performed:
Proposal 1: RAN2 to discuss how to solve the issue of prolonged path switching preparation time due to reconfiguration of the target relay UE for remote UE’s path switching.
Proposal 2: RAN2 to agree the remote UE can be configured to make HO or path switching instead of initiating RRC connection re-establishment when the connected relay UE performs HO.
Proposal 3: RAN2 to discuss the possible solutions to indicate to the relay UE the delivery of the remote UE’s RRC reconfiguration message when the serving gNB configures the relay UE to perform inter-gNB HO and the remote UE’s HO or path switching simultaneously.
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