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Introduction
At RAN2#119e meeting, the following agreements related to path switch were agreed [1]. 
	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.

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 the signalling and procedures in Uu and PC5, intra-gNB indirect-to-direct path switch is used as the baseline for inter-gNB i2d path switch.


In this contribution, we will further discuss the details of these path switching cases, such as target path type decision, target relay UE selection, measurement report triggering, path switch configuration and lossless delivery. 
Discussion
2.1 Decision on target path type
After receiving measurement results (may include Uu measurements and SL measurements) from remote UE, the source gNB may trigger path switch for the remote UE. But which node to decide the target path type (i.e. switch to direct path or indirect path) is not clear and shall be considered.
In legacy HO, after receiving measurement results from UE, source gNB may decide to handover the UE to a target gNB. The source gNB selects a target cell based on the measurement results and sends a HO request message including the target cell ID to the target gNB passing a transparent RRC container with necessary information to prepare the handover at the target side. In addition, the HO request message may include the UE reported measurement information including beam-related information or candidate cell info list if available. Beam-related info may be used for the target gNB to configure the RACH resources. While the candidate cell info may be used for the target gNB to configure the Scell addition. 
Upon receiving HO request, the target gNB may perform admission control, prepare the HO and send a HO request acknowledge message to the source gNB including a transparent container to be sent to the UE as an RRC message to perform the handover. Generally speaking, the target gNB won’t re-selects a target cell different from the target cell indicated by source gNB.
Observation 1: In legacy HO, the source gNB selects a target cell based on measurement results from UE and sends a HO request message including the target cell ID to the target gNB. 
Observation 2: The source gNB may provide the target gNB the UE reported measurement information, which may be used for RACH resources or SCell addition configuration at target gNB side. 

Observation 3: Upon receiving HO request, the target gNB performs admission control and provides HO configuration.
Based on measurement results from L2 U2N remote UE, if only Uu measurements of neighbour gNB1 is available and only candidate relay measurements of neighbour gNB2 is available, actually the target path type is determined when source gNB selects the target gNB. Then the target gNB just performs admission control and provides HO configuration. Only if both Uu measurements and candidate relay measurements of a same target gNB are available, it is possible for the target gNB to decide the target path type, target cell ID or target relay UE. However, in this case, the target cell is determined by target gNB which breaks the legacy procedures and the target cell ID in HO request is meaningless. Moreover, if the Uu measurements is good, it would be prioritized to switch to direct path. UE will be switched to a indirect path only if the Uu measurements is not good. So it is enough for the source gNB to decide the new path type based on measurement results from remote UE and there is no much benefits for the target gNB to decide the new path type.

Following the legacy procedures, the target cell shall be decided by the source gNB if a UE is switched/handed over to a target Uu cell/direct path, no matter the UE is a normal UE or a L2 U2N remote UE and no matter the original path is direct Uu path or indirect path. While if a UE is switched to a indirect path, which node (S-gNB or T-gNB) to decide the target relay UE is another issue to be discussed in section 2.2. Thus, it is suggested the source gNB decides the new path type, i.e. direct path or indirect path.
Observation 4: Target gNB decision on new path type is not applicable to all cases and target gNB decision on target cell ID breaks legacy procedures.

Proposal 1: Based on measurements from L2 U2N remote UE, the source gNB decides the new path type, i.e. direct path or indirect path.
Proposal 2: If both Uu measurements and candidate relay measurements of a same target gNB are available, path switching to direct path shall be prioritized if the Uu measurement is good.
2.2 Selection of target relay UE
In last RAN3#117e meeting, the issue on which node should select the target relay UE was discussed. But no consensus was reached. Generally, for the selection of target relay UE, it could be the source gNB or target gNB to perform the selection. Regarding the target gNB to select the target relay UE, it shall be further considered what information shall be provided to target gNB, i.e. a list of candidate relay UE, or also the measurement information of remote UE.
After receiving measurement report from remote UE, the source gNB may trigger to switch the remote UE to an indirect path. Source gNB is able to identify the multiple candidate relay UEs served by a same neighbour gNB based on the NCGI in measurement report received from remote UE. If there are several candidate relay UEs in different neighbour gNBs’ coverage (e.g. candidate relay UE1/2 is under gNB2 and candidate relay UE3/4 is under gNB3), the source gNB shall first select a target gNB by its implementation. After selecting the target gNB (e.g. gNB2), if the source gNB further selects a target relay UE, the selected target relay UE may be rejected by the target gNB or the path switch failure may be happened since the source gNB has no further information about the candidate relay UEs other than the PC5 link quality when selecting target relay UE. On the other hand, since the target gNB is more clear about the status (such as RRC state/Uu link quality/resources) of candidate relay UEs in its coverage, it is more likely to select a more appropriate target relay UE and thus reduce the probability of path switch failure. Therefore, it is suggested that target gNB selects the target relay UE.
Proposal 3: Target gNB selects the target relay UE, since it is more clear about the status of candidate relay UEs in its coverage.
Specifically, the source gNB could send to the target gNB the HO request message including information of the multiple candidate relay UEs served by the target gNB. The information of each candidate relay UE in measurement report can be provided to target gNB for the target relay UE selection, i.e. the relay UE’s source L2 ID, the serving cell of the relay UE and the PC5 link quality of the relay UE. The PC5 link measurement information is useful for target gNB to perform selection. For the list of candidate relay UEs’ information, there are following three options about how to include them in HO request message:

Alt 1: all the information are explicitly included as XnAP IEs; or

Alt 2: all the information are included in INM RRC message (e.g. in RRC Context IE which refers to  HandoverPreparationInformation); or

Alt 3: the list of candidate relay UE IDs is explicitly included as XnAP IE while other information are included in RRC Context IE.
All the three options are feasible. Alt 1 needs RAN3 spec enhancements while Alt 2 needs RAN2 spec enhancements. Alt 3 requires both RAN2 and RAN3 spec changes while it seems no much benefits than Alt 1 and 2. In legacy, Uu measurements may be included in HandoverPreparationInformation to send to target gNB, it seems easy and possible to include also SL measurements info of candidate relay UEs in this message. So Alt 2 is preferred. 
Proposal 4: For the target gNB selection of target relay UE, source gNB shall provide candidate relay UEs’ information to target gNB including the relay UE’s source L2 ID, the serving cell of the relay UE and the PC5 link quality of the relay UE.
Proposal 5: The candidate relay UEs’ information are included in INM RRC message (i.e. HandoverPreparationInformation).  
2.3 Measurement report event
In RAN2#119 meeting, it is agreed to 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. In our view, both the following two events can be considered:
 Event Z1: serving L2 U2N relay UE becomes worse than threshold A and candidate L2 U2N relay UE becomes better than threshold B.
 Event Z2: candidate L2 U2N relay UE becomes offset better than serving L2 U2N relay UE.
According to R17 mechanism, for the serving L2 U2N relay, SL-RSRP is used as the SL measurement quantity. When SL-RSRP of the serving relay is not available, it is up to remote UE’s implementation to measure SD-RSRP. No separate threshold is needed for SD-RSRP measurement for the case that when SL RSRP of the serving relay is not available (UE treats the SD-RSRP measurement with the same threshold as SL-RSRP). For the candidate relay UE, SD-RSRP is used as the SL measurement quantity. R17 principles are also applicable for event Z1. 
In addition, it is possible to directly compare the serving relay link with the candidate relay link. In this case, the serving relay link could be restricted to use SD-RSRP as the SL measurement quantity. Or it is left to remote UE implementation to use SL-RSRP or SD-RSRP as measurement quantity for the serving relay link. Power imbalance on directly comparing SL-RSRP and SD-RSRP could be minimized by network configuration and be ignored. Therefore, it is suggested to define the new measurement report events Z1/ Z2 for indirect-to-indirect path switching.

Proposal 6: It is suggested to define the two new measurement report events for indirect-to-indirect path switching: 

 Event Z1: serving L2 U2N relay UE becomes worse than threshold A and candidate L2 U2N relay UE becomes better than threshold B;
 Event Z2: candidate L2 U2N relay UE becomes offset better than serving L2 U2N relay UE.
2.4 Path switch configuration

Inter-gNB indirect-to-direct path switch

In R17, for intra-gNB indirect-to-direct path switch, the contents in RRC Reconfiguration message for Remote UE is the same as legacy NR RRC Reconfiguration with sync. And the existing T304 is used. Regard to the inter-gNB I2D path switch, it is actually the same as intra-gNB case. That is, the T304 is used and configuration is the same as the legacy NR RRC Reconfiguration with sync. 
Proposal 7: For inter-gNB indirect-to-direct path switch, the contents in RRC Reconfiguration message for Remote UE is the same as legacy NR RRC Reconfiguration with sync. And the existing T304 is used.
Inter-gNB direct-to-indirect path switch

In R17, for intra-gNB direct-to-indirect path switch, T420 is introduced and the existing ReconfiguraionWithSync is used to indicate the path switch configuration to remote UE. 
For inter-gNB direct-to-indirect path switch, if remote UE’s HO is accepted and a target relay UE is selected, the target gNB provides the SL path switch configuration and relay communication related configuration to remote UE. The SL path switch configuration and T420 specified for intra-gNB direct-to-indirect path switch within ReconfiguraionWithSync could be reused for inter-gNB direct-to-indirect path switch.

Proposal 8: T420 and the SL path switch configuration within ReconfiguraionWithSync specified for intra-gNB direct-to-indirect path switch could be reused for inter-gNB direct-to-indirect path switch.
Intra-/inter-gNB indirect-to-indirect path switch

In our opinion, T420 and the SL path switch configuration within ReconfiguraionWithSync specified for intra-gNB direct-to-indirect path switch could be reused for indirect-to-indirect path switch with modification/extending the condition of the sl-pathSwitchConfig.  
Proposal 9: The existing T420 and SL path switch configuration could be reused for indirect-to-indirect path switch with modifying/extending the condition of the sl-pathSwitchConfig.
2.5 Lossless delivery

In legacy HO, after receiving HO request acknowledge from target gNB, the source gNB may send the SN status transfer to the target gNB. During HO execution, user data can be forwarded from source gNB to target gNB, in which the forwarding should take place in order as long as packets are received at the source gNB from the UPF or the source gNB buffer has not been emptied. Specifically, for DL data forwarding, the source gNB may forward in order to the target gNB via the DRB DL forwarding tunnel all downlink PDCP SDUs with their SN corresponding to PDCP PDUs which have not been acknowledged by the UE. 
For inter-gNB indirect-to-direct/indirect-to-indirect path switch cases, due to the hop-by-hop RLC in original path, source gNB may forward to target gNB all DL data which have not been acknowledged by the relay UE. That is, the source gNB forwards DL data to target gNB based on the receiving status of relay UE instead of remote UE. However, the receiving status of relay UE is not actually reflecting the receiving status of remote UE. Since the path switching may be triggered due to PC5 link quality becoming worse, it is very likely that packet loss occurring on PC5 interface during HO execution. Then there may be some DL packets buffered at relay UE which have been RLC-acked by relay UE to source gNB but have not been successfully transmitted to remote UE over PC5 hop due to bad PC5 link quality. In this case, such packets might be regarded as lost packets after remote UE successfully switched to the target gNB. It is suggested to consider the lossless delivery for DL data forwarding during path switching.
Observation 5: For inter-gNB indirect-to-direct/indirect-to-indirect path switching, due to the hop-by-hop RLC in original path, the source gNB forwards DL data to target gNB based on the receiving status of relay UE instead of remote UE, which may lead to DL packet lost at remote UE. 
Proposal 10: It is suggested to consider the lossless delivery for DL data forwarding during path switching.
Conclusion
In this contribution, we further discussed the details of these path switching cases, such as target path type decision, target relay UE selection, measurement report triggering, path switch configuration and lossless delivery. And we have the following observations and proposals:

Observation 1: In legacy HO, the source gNB selects a target cell based on measurement results from UE and sends a HO request message including the target cell ID to the target gNB. 
Observation 2: The source gNB may provide the target gNB the UE reported measurement information, which may be used for RACH resources or SCell addition configuration at target gNB side. 

Observation 3: Upon receiving HO request, the target gNB performs admission control and provides HO configuration.
Observation 4: Target gNB decision on new path type is not applicable to all cases and target gNB decision on target cell ID breaks legacy procedures.

Proposal 1: Based on measurements from L2 U2N remote UE, the source gNB decides the new path type, i.e. direct path or indirect path.
Proposal 2: If both Uu measurements and candidate relay measurements of a same target gNB are available, path switching to direct path shall be prioritized if the Uu measurement is good.
Proposal 3: Target gNB selects the target relay UE, since it is more clear about the status of candidate relay UEs in its coverage.
Proposal 4: For the target gNB selection of target relay UE, source gNB shall provide candidate relay UEs’ information to target gNB including the relay UE’s source L2 ID, the serving cell of the relay UE and the PC5 link quality of the relay UE.
Proposal 5: The candidate relay UEs’ information are included in INM RRC message (i.e. HandoverPreparationInformation).  
Proposal 6: It is suggested to define the two new measurement report events for indirect-to-indirect path switching: 

 Event Z1: serving L2 U2N relay UE becomes worse than threshold A and candidate L2 U2N relay UE becomes better than threshold B;
 Event Z2: candidate L2 U2N relay UE becomes offset better than serving L2 U2N relay UE.
Proposal 7: For inter-gNB indirect-to-direct path switch, the contents in RRC Reconfiguration message for Remote UE is the same as legacy NR RRC Reconfiguration with sync. And the existing T304 is used.
Proposal 8: T420 and the SL path switch configuration within ReconfiguraionWithSync specified for intra-gNB direct-to-indirect path switch could be reused for inter-gNB direct-to-indirect path switch.
Proposal 9: The existing T420 and SL path switch configuration could be reused for indirect-to-indirect path switch with modifying/extending the condition of the sl-pathSwitchConfig.
Observation 5: For inter-gNB indirect-to-direct/indirect-to-indirect path switching, due to the hop-by-hop RLC in original path, the source gNB forwards DL data to target gNB based on the receiving status of relay UE instead of remote UE, which may lead to DL packet lost at remote UE. 
Proposal 10: It is suggested to consider the lossless delivery for DL data forwarding during path switching.
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