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Introduction
In last RAN2 meeting, regarding to service continuity enhancements for L2 U2N relay, the issue of lossless path switching from indirect to indirect/direct has been thoroughly discussed. The agreement [1] is:
Agreement:
RAN2 consider that lossless data delivery in the inter-gNB i2x cases needs to be addressed.  Solutions can be considered next meeting (including the possibility of solutions needing work from RAN3).  Solutions based on the PDCP status report mechanism are the baseline.
In addition, for scenarios in R18 and the new introduced measurement events, the following agreements were reached:
Agreements:
RAN2 confirms that the relay UE A and relay UE B in scenario D are two different relay UEs.  No UE behaviour is expected to enforce this, i.e., the network does not trigger inter-gNB path switch to the same relay UE.  FFS how/if to capture in spec.
Event Z2 will not be specified unless the issue of comparing SL-RSRP and SD-RSRP can be resolved.  LS to RAN1/RAN4 to ask about the feasibility of such comparisons, clarifying that there is not yet consensus on whether to support the event.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Many issues were discussed in last RAN2 meeting but have no convergence. In this contribution, we continue to discuss the leftover issues.
Discussion
0. RRM measurement
Measurement event(s)
It has been agreed that Event Z2 will not be specified unless the issue of comparing SL-RSRP and SD-RSRP can be resolved. Since there is no response LS from RAN1/RAN4 yet, whether introduce Event Z2 can be shelved.
But to only evaluate the target node, the legacy Event Y2 introduced in R17 could be reused for indirect-to-indirect path switching: Candidate L2 U2N Relay UE becomes better than threshold.
[bookmark: _Ref127438071]Proposal 1: Clarify the legacy Event Y2 (Candidate L2 U2N Relay UE becomes better than threshold) can also be used for i2i path switching.
0. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Which node to decide the target U2N relay UE
The legacy HO procedure is as below:
· In XnAP, the HANDOVER REQUEST message will be sent to the target NG-RAN node and carry Target Cell Global ID of the target cell;
· In the inter-node message of HandoverPreparationInformation imbedded in the HANDOVER REQUEST message, a list of recommended best candidate cell(s) on each frequency of this NG-RAN node for which measurement information was available can be optionally included, together with the measurement result of each cell;
· Based on all the information received from the source NG-RAN node and the information got in the target node itself, e.g. the load of different cells, the target NG-RAN node could choose any cell under the node to include it in the HO command.


Figure 1 Legacy inter-gNB handover procedures
For the L2 U2N relay scenario, RAN3 has agreed that:
	RAN3#118:
Turn WA to agreement: Source gNB selects the target path type (direct or indirect).
RAN3#119:
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]During direct to indirect and indirect to indirect path switch procedures, the source gNB sends a list of candidate relay UEs belonging to the same target cell in the HO REQ message.
At least Remote UE L2 ID and a list of candidate target relay UE IDs should be included in the XnAP HANDOVER REQUEST message.


Based on the above agreements, when discussing the inter-gNB handover procedure for relay, two issues should be made clear step by step:
1) Whether the target gNB can change the path type (direct or indirect), e.g. based on the target gNB’s final decision?
2) Which information should be sent from the source gNB to the target gNB? 
For 1), all measurement results which can be measured by the UE are reported to the source gNB. The measurement object of frequency can be tied to only one report configuration which includes only one measurement event, therefore the source gNB could deduce the best candidate target cell/relay UE reported by the UE. If more than one measured event or a periodical measurement is report to the source gNB, it is reasonable the source gNB decide the target gNB and send the HANDOVER REQUEST message to the target gNB. The agreements provided by RAN3 said that “Source gNB selects the target path type (direct or indirect)” [2] and “the source gNB sends a list of candidate relay UEs belonging to the same target cell in the HO REQ message” [3]. Therefore, the source gNB is responsible to choose the target cell or a list of candidate relay UEs belonging to the same target cell if the choose path type is indirect. 
The best target cell or the list of candidate relay UEs belongs to the gNB can be transmitted via XnAP, but it is in RAN3 scope. Meanwhile, from RAN2 point of view, to align with the legacy procedure, if the target path type is indirect, lists of candidate relay UEs could be introduced for signaling enhancement, together with the corresponding legacy candidate cells included in the inter-node message of HandoverPreparationInformation. 
 After the target gNB received the HANDOVER REQUEST message, we think the target gNB could choose another cell or another relay UE based on e.g. load information count by the target gNB, the RRC state of the target relay, and some other information else. Therefore it is reasonable for the source gNB to convey the candidate list including the identities of cell(s) and/or relay(s), and for the target gNB to final decide whether a cell or a relay UE under the cell is more appropriate for the new path of the UE.
[bookmark: _Ref127446507]Proposal 2: The target gNB is allowed to change the path type.
For 2), based on the proposal above, the inter-node message of HandoverPreparationInformation can be enhanced by a set of candidate relay UE ID(s) and the related measurement result can be included, together with the legacy field of candidateCellInfoList.
[bookmark: _Ref127446513]Proposal 3: The candidate relay UE ID(s) and the related measurement result(s) can be sent to the target gNB via inter-node message, besides the legacy candidate cell information.
0. Lossless data delivery
Inter-gNB path switching cases
It is RAN2 agreement to consider that lossless data delivery in the inter-gNB i2x cases needs to be addressed in R18. To consider the solutions, we can discuss the new scenarios and cases based on DL and UL separately, and only the i2d and i2i cases are considered:
· Inter-gNB case 1: DL data in inter-gNB path switch
For inter-gNB path switch, DL data should be forwarded to the target gNB and be re-transmitted to the UE based on the rule in 38.300 [4]:
Step 1: For DL data forwarding, the PDCP SDUs with SN number in the source NG-RAN node may be firstly forwarded to the target NG-RAN node if not acknowledged by the UE in 38.300 [4]:
	-	for DRBs for which preservation of SN status applies, the source NG-RAN node may forward in order to the target NG-RAN node 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.


Step 2: The target NG-RAN node will re-transmit the forwarded PDCP SDUs in 38.300 [4]:
	For RLC-AM bearers:
 -	The target gNB re-transmits and prioritizes all downlink data forwarded by the source gNB (i.e. the target gNB should first send all forwarded PDCP SDUs with PDCP SNs, then all forwarded downlink PDCP SDUs without SNs before sending new data from 5GC), excluding PDCP SDUs for which the reception was acknowledged through PDCP SN based reporting by the UE.


[bookmark: _GoBack]If follows the legacy spec, for i2d/i2i case, the DL data has not been acknowledged by the relay RLC may be forwarded: The data acknowledged by Relay but lost in the source PC5 link cannot be forwarded to the target gNB, therefore it cannot be re-transmitted from the target gNB to the UE, no matter the PDCP status report is configured to be sent by the UE or not.
[bookmark: _Ref127447130][bookmark: OLE_LINK12][bookmark: OLE_LINK13]Observation 1: For DL data in inter-gNB i2d/i2i path switch, the source gNB may not forward all the un-successfully delivered PDCP SDUs to the target gNB assuming the DL data may be lost in the source PC5 link.
· Inter-gNB case 2: UL data in inter-gNB path switch
For inter-gNB path switch, the UE should re-transmit the UL data from the oldest PDCP SN number which has not been acknowledged at RLC based on the rule in [4]:
	For RLC-AM bearers:
-	The UE re-transmits in the target gNB all uplink PDCP SDUs starting from the oldest PDCP SDU that has not been acknowledged at RLC in the source, excluding PDCP SDUs for which the reception was acknowledged through PDCP SN based reporting by the target.


If follows the legacy spec, for i2d/i2i case, the UL data has been acknowledged by the relay RLC may not be re-transmitted by the UE to the target gNB: If the data is acknowledged by Relay but lost in the source Uu link, it may not be re-transmitted to the target gNB if its PDCP SN is small than the oldest PDCP SDU that has not been acknowledged at RLC, even the PDCP status report from the target gNB ask for the lost PDCP SDUs.
[bookmark: _Ref127447134]Observation 2: For UL data in inter-gNB i2d/i2i path switch, the remote UE may not re-transmit all the un-successfully delivered PDCP SDUs to the target gNB, even the PDCP status report from the target gNB ask for the lost PDCP SDUs assuming the UL data may be lost in the  source Uu link, e.g. Uu RLF, Uu HO.
Since the data forwarding for DL data and the UE re-transmission for UL data are based on the Relay’s acknowledgement, there have chance that the PDCP SDUs may be lost. To solve the problem:
For UL, the option 2 in R17 summary [5] can be used: Remote UE re-transmits all the PDCP SDUs for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by PDCP status report in the target gNB after path switch;
For DL, since the RLC ACK from Relay cannot represent the end-to-end transmission status, the data forwarding mechanism can be enhanced to forward all the PDCP SDUs in the buffer to the target gNB, and then similar as UL, the target gNB re-transmits all the PDCP SDUs for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by PDCP status report in the target gNB after path switch.
[bookmark: _Ref127446546]Proposal 4: During inter-gNB i2x path switching, in order to support lossless data delivery, enhancement can be performed for UL and DL respectively:
· For UL, the remote UE should re-transmit all the PDCP SDUs for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by PDCP status report in the target gNB after path switch;
· For DL, the data forwarding mechanism should be enhanced by RAN3 for the inter-gNB path switching scenario to forward all the PDCP SDUs in the buffer to the target gNB, and then, the target gNB re-transmits all the PDCP SDUs for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by PDCP status report in the target gNB after path switch.
Intra-gNB path switching case
The agreement made in last meeting only cover the inter-gNB scenarios, but the intra-gNB i2i path switching scenario is also in R18 scope. For this scenario, we consider the R18 assumption of “the Remote UE’s UL/DL data can be lost during Relay UE’s Uu/PC5 link change” should be followed. Therefore the similar R18 inter-gNB solution should be used for this scenario, without the cross gNB data forwarding operation.
[bookmark: _Ref131769289]Proposal 5: During intra-gNB i2i path switching, in order to support lossless data delivery, enhancement can be performed for UL and DL respectively:
· For UL, the remote UE should re-transmit all the PDCP SDUs for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by PDCP status report in the target path after path switch;
· For DL, the target cell re-transmits all the PDCP SDUs for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by PDCP status report to the UE after path switch.
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the analysis in section 2, we propose:
For RRM measurement
Proposal 1: Clarify the legacy Event Y2 (Candidate L2 U2N Relay UE becomes better than threshold) can also be used for i2i path switching.
For final path type decision
Proposal 2: The target gNB is allowed to change the path type.
Proposal 3: The candidate relay UE ID(s) and the related measurement result(s) can be sent to the target gNB via inter-node message, besides the legacy candidate cell information.
For lossless data delivery
Observation 1: For DL data in inter-gNB i2d/i2i path switch, the source gNB may not forward all the un-successfully delivered PDCP SDUs to the target gNB assuming the DL data may be lost in the source PC5 link.
Observation 2: For UL data in inter-gNB i2d/i2i path switch, the remote UE may not re-transmit all the un-successfully delivered PDCP SDUs to the target gNB, even the PDCP status report from the target gNB ask for the lost PDCP SDUs assuming the UL data may be lost in the  source Uu link, e.g. Uu RLF, Uu HO.
Proposal 4: During inter-gNB i2x path switching, in order to support lossless data delivery, enhancement can be performed for UL and DL respectively:
· For UL, the remote UE should re-transmit all the PDCP SDUs for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by PDCP status report in the target gNB after path switch;
· For DL, the data forwarding mechanism should be enhanced by RAN3 for the inter-gNB path switching scenario to forward all the PDCP SDUs in the buffer to the target gNB, and then, the target gNB re-transmits all the PDCP SDUs for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by PDCP status report in the target gNB after path switch.
Proposal 5: During intra-gNB i2i path switching, in order to support lossless data delivery, enhancement can be performed for UL and DL respectively:
· For UL, the remote UE should re-transmit all the PDCP SDUs for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by PDCP status report in the target path after path switch;
· For DL, the target cell re-transmits all the PDCP SDUs for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by PDCP status report to the UE after path switch.
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