[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK16][bookmark: OLE_LINK17]3GPP TSG-RAN WG2 Meeting #121	R2-2301738
[bookmark: _Hlk127529427]Athens, Greece, 27th February - 3rd March, 2023	

Agenda Item:	8.9.3
Source:	MediaTek Inc.
Title:	Inter-gNB path switch to Relay UE in RRC_IDLE or RRC_INACTIVE
Document for:	Discussion, Decision

[bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]According to the discussion at the last meeting, the following agreements were reached for Service Continuity Enhancement for SL Relay (Rel-18). 

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.

When indirect-to-indirect path switch is initiated, the Remote UE can inform upper layers to release the PC5 unicast link with the source relay UE. The timing to execute link release is up to UE implementation.
Introduce a new measurement event that considers both the PC5 link quality with the serving Relay UE and that with candidate Relay UE for the indirect-to-indirect path switch purpose.  FFS if there would be more than one event type.

For inter-gNB path switch procedure, one critical issue is how the source gNB and/or the target gNB decides on the target U2N relay UE in RRC_IDLE/RRC_INACTIVE. This issue was discussed but there was no consensus at last meeting.
Discussion
Procedure for the case of Idle/Inactive Relay UE
According to the agreements made at the last RAN2 meeting, it was agreed to reuse the “Remote UE based” behaviour as a baseline for the case that the target U2N relay UE is in RRC_IDLE or RRC_INACTIVE:
(1) RRCReconfiguration goes to Remote UE;
(2) Remote UE sends its first message to the target Relay UE in RRC_IDLE or RRC_INACTIVE;
(3) The target Relay UE transits to RRC connected state.

Following the agreements for service continuity of L2 U2N Relay, the procedure for the case of Idle/Inactive Relay UE can be depicted in Figure 1 for inter-gNB case. Figure 1 assumes that the target gNB selects the target Relay UE, as proposed by some companies in RAN2#119-e. This seems reasonable for the case that the candidate Relay UEs are in RRC_CONNECTED, because the target gNB has knowledge of their radio conditions and can make an informed choice among them. If candidate Relay UEs are in RRC_IDLE or RRC_INACTIVE, the target gNB may have no detailed information to select a preferred Relay UE, and in this case the target gNB could still make the selection for consistency with RRC_CONNECTED case. We know that RAN3 is also discussing this issue, the final decision is up to RAN3.
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Figure 1: Procedure for the case of Idle/Inactive Relay UE.

Proposal-1: From RAN2 point of view, the target gNB selects the target Relay UE for path switch, final decision is up to RAN3.

Issues for blind admission and blind relay selection
It should be noted that, if target Relay UE is in RRC_IDLE/RRC_INACTIVE, the target gNB does not hold the UE context except for the case that the target gNB is coincidently the anchor gNB of the target Relay UE RRC_INACTIVE. Then when the target gNB receives the handover request from the source gNB, the target gNB needs to decide to admit a UE that he does not know (i.e. Step 4 in Figure 1). The target gNB also needs to select a Relay UE without any knowledge of the Relay UE. This can be a real blind HO admission and a blind relay UE selection. 

Issues for blind HO admission
When target gNB makes such admission control in this case, it is equivalent to an admission control for a pair of UEs (i.e., (Remote UE and Relay UE) simultaneously. 
To us, the only criteria for the target gNB for making such HO admission control may be system load. However, this needs to be acknowledged by the network vendor. It is not very clear for us if additional criteria should or could be applied here. Meanwhile, it is not very sure if this can be based on pure base station implementation. 

Proposal-2: Discuss the criteria for the target gNB for making HO admission control for inter-gNB path switch considering target Relay UE in RRC_IDLE/RRC_INACTIVE.

Issues for blind relay selection
In general, any Relay UE that satisfies the discovery criteria should qualify. However, it should be noted that the target gNB cannot distinguish two qualified candidate Relay UEs, since there is no other reference information to support the target gNB for such selection. 
We think that this type of blind relay selection should be avoided, in order for the target gNB to make a more meaningful selection to maximize the system performance. It proposed by us that Ran2 should study the possibility to provide more information for target gNB to do such selection, if the target gNB is asked to select a Relay UE from multiple candidates. 
For example, if the candidate Relay UEs are in different RRC states, the relay selection made the target gNB may need to be made based on the RRC states of Relay UE. 
As can be seen within Figure 1, in order to avoid blind selection, some assistance information may be transmitted from the source gNB to the target gNB. This assistance information may be reported by the Remote UE (e.g., the signal quality of the Uu interface between Relay UE and the target cell).

Proposal-3: Study the possibility for providing more information to source gNB for relay selection for inter-gNB path switch considering target Relay UE in RRC_IDLE/RRC_INACTIVE.

Issues for cell change during relay selection
We see that there is a case that the Relay UE in RRC_IDLE/RRC_INACTIVE may change its serving cell (e.g., camping on another cell hosted by another gNB) during the Relay UE selection by Remote UE. This may be a critical case, since the outcome of the HO negotiation as shown by Figure 1 may be out of date due to this cell change.
In the HO procedure, the remote UE receives the HO command, moves to the relay UE, transmits the HO complete to the target gNB via the relay UE, and considers that the handover is successfully completed. When the unprepared new target gNB receives the HO complete, it will have no idea what is happening.  I think the gNB implementation cannot really do anything except discard the message.  (There is no “handover complete failure” case.) This leads to an out-of-sync condition between the remote UE and the new target gNB, where the remote UE thinks it is in RRC_CONNECTED with the gNB, but the gNB has no knowledge that the remote UE is there. The relay UE also does not know anything is wrong, so it can’t indicate to the remote UE to fix the situation. The case may not be common, but it’s pretty bad when it occurs, and there isn’t an obvious way for the system to recover, so we should fix it somehow.
Currently, there is no mechanism to forbid the Relay UE to change its camping cell during this procedure. If this happens, the Relay UE may attempt to forward the Remote UE’s RRCConfigurationComplete message to an unprepared cell/gNB. It is proposed to study the possible mechanism to handle such case. 
In general, we suggest that either the new target gNB must be able to retrieve the expected Remote UE configuration from the original target gNB (because the original target gNB created the Remote UE’s configuration as shown within the RRCConfiguration message), or the Relay UE must be able to reject the RRCConfigurationComplete message from the Remote UE. Both alternatives can be discussed.
Proposal-4: Discuss the case where Relay UE’s the serving cell changes during relay selection for inter-gNB path switch considering target Relay UE in RRC_IDLE/RRC_INACTIVE, with the following options:
· New target gNB retrieves the expected Remote UE configuration from the original target gNB
· Relay UE rejects the RRCReconfigurationComplete message from the Remote UE
Conclusion and Proposal
We have the following proposals:
Proposal-1: From RAN2 point of view, the target gNB selects the target Relay UE for path switch, final decision is up to RAN3.
Proposal-2: Discuss the criteria for the target gNB for making HO admission control for inter-gNB path switch considering target Relay UE in RRC_IDLE/RRC_INACTIVE.
Proposal-3: Study the possibility for providing more information to source gNB for relay selection for inter-gNB path switch considering target Relay UE in RRC_IDLE/RRC_INACTIVE.
Proposal-4: Discuss the case where Relay UE’s the serving cell changes during relay selection for inter-gNB path switch considering target Relay UE in RRC_IDLE/RRC_INACTIVE.
· New target gNB retrieves the expected Remote UE configuration from the original target gNB
· Relay UE rejects the RRCReconfigurationComplete message from the Remote UE
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