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1. Introduction
In RAN2#121bis-e, the following agreements were made [1].
	For uplink lossless data delivery for path switch, continue considering solutions U3 and U5 from R2-2304305.  Other solutions are not pursued.
For downlink lossless data delivery for path switch, Solution-D4 is taken as the baseline solution and keep Solution-D3/D5 on the table for further decision at the next meeting.


This contribution provides our further considerations on the leftover issues of service continuity enhancements and lossless data delivery.
2. Discussion
2.1. [bookmark: _Toc72163958][bookmark: _Toc72164083][bookmark: _Toc72164151][bookmark: _Toc72164281][bookmark: _Toc72166021][bookmark: _Toc72166096][bookmark: _Toc72166120][bookmark: _Toc72166132][bookmark: _Toc72166144][bookmark: _Toc72166215][bookmark: _Toc72166223][bookmark: _Toc72764097][bookmark: _Toc72764105][bookmark: _Toc72764113][bookmark: _Toc72764121]Considerations on the Measurement Event of Indirect-to-indirect Path Switching 
For the indirect-to-indirect path switching, companies agreed to specify Event Z1 which compares the measurement result of the serving Relay UE and that of candidate Relay UE with two thresholds separately. About Event Z2 which compares the measurement result of the serving Relay UE and that of the candidate Relay UE directly, an LS R1-2302280/R2-2302234 on comparison of SL-RSRP and SD-RSRP measurements was sent to RAN1. RAN1 discussed this issue in the last RAN1 meeting (#112bis-e) and provided their reply in R1-2404211[2]:
	RAN1 informs RAN2 that comparison of SL-RSRP and SD-RSRP measurement is affected by at least the following issues
1.	Unicast is subject to transmit power control based on SL pathloss if parameter sl-P0-PSSCH-PSCCH is provided, while broadcast is not subject to this power control mechanism. 
2.	Due to CBR-based power control, if configured, maximum transmit power may depend on the priority of the transmission. The priority for discovery messages may be different from the priority used for the transmissions over which SL-RSRP is measured. 
3.	Transmission of discovery messages can take place in dedicated discovery pools; these may be configured differently, e.g. with respect to power control settings, from the pool(s) on which SL-RSRP is measured.
4.	Note: Sidelink carrier aggregation, for which an objective was added to Rel-18 NR_SL_enh2 at RAN#99, may additionally impact SL transmit power. 
Note: RAN1 has not started work on SL carrier aggregation.
RAN1 reply: RAN1’s understanding is that comparison of SL-RSRP and SD-RSRP measurement cannot be used for the purposes of triggering a measurement report at least due to the above outlined issues, and the decision on whether to use comparison of SL-RSRP and SD-RSRP measurement is up to RAN2.


Considering the reply from RAN1, the key point is that these two kind of measurements cannot be compared directly. Therefore, to enable Event Z2, separate offsets should be configured to enable the comparison between different types of measurement results and the comparison for the same type of measurement results. So we propose:
[bookmark: _Toc134437298][bookmark: _Toc134723883]RAN2 to define multiple offsets for Event Z2 if Event Z2 is accepted by RAN2.
2.2. Basic Procedures of for Inter-gNB I2D Path Switching and Inter-gNB I2I Path Switching
When considering the procedure of inter-gNB I2D path switching including the releasing of indirect path, one issue is when to reconfigure Relay UE to release the configuration of relay channel(s).
For intra-gNB I2D path switching, the gNB is aware of the access of Remote UE for the reason that the gNB is performed as both source gNB and the target gNB. So the reconfiguration of Relay UE can be executed at a proper time based on gNB implementation, such as the RRCReconfiguration message to the L2 U2N Relay UE can be sent anytime after step 3 [4]. 
However, for inter-gNB I2D path switching, the path switching command is sent via the source Relay UE. Due to the per-hop RLC scheme being adopted, the source gNB is not aware of whether the path switching command is sent to Remote UE successfully.  Furthermore, Remote UE will access to the target gNB while the source gNB is in charge of the reconfiguration of Relay UE. Therefore, the source gNB is not aware of whether the path switching of Remote UE is finished. Thus, it may happen that the source gNB reconfigures the source Relay UE to release the PC5 relay RLC channel/the PC5 connection between Remote UE before the successful delivery of path switching command to Remote UE. For example, the path switching command is waiting for RLC retransmission at the source Relay UE, but the PC5 relay RLC channel of Relay UE is released as requested by the source gNB. Moreover, a similar situation may happen to inter-gNB I2I path switching.
[bookmark: _Toc134437297][bookmark: _Toc134723882]For inter-gNB I2D path switching and inter-gNB I2I path switching, when to reconfigure the source Relay UE should be considered to guarantee the successful delivery of the path switch command.
To solve this problem, one simple method is the target gNB be notified by the source gNB with the access of Remote UE. After that, the source Relay UE can be reconfigured. So we propose:
[bookmark: _Toc134437299][bookmark: _Toc134723884]RAN2 to consider when to reconfigure Relay UE to release the configuration of relay channel(s) for inter-gNB I2D path switching and inter-gNB I2I path switching.
2.3. Failure handling for inter-gNB path switching 
During D2I or I2I path switching, the RRC layer of Remote UE may trigger the upper layer to establish the PC5 unicast link with the target Relay UE. The RRCReconfigurationComplete message can only be sent if this link is successfully established. Since extra time is needed for the preparation of the target Relay UE between two gNBs compared to intra-gNB case, the channel condition between Relay UE and Remote UE may be changed during that long time period, leading to the failure of the PC5 unicast link establishment. Therefore, the RRCReconfigurationComplete message will not be sent, let alone sending it successfully to stop timer T420 [5]. This failure of path switching can be detected by Remote UE once the PC5 unicast link is not established successfully. Thus Remote UE can solve the failure in time by executing the connection re-establishment procedure, rather than waiting for the expiration of timer T420. So we propose:
[bookmark: _Toc134437300][bookmark: _Toc134723885]RAN2 to consider the failure of PC5 unicast link establishment during path switching to trigger the RRC Reconfiguration failure procedure.

2.4. Solution to avoid data loss for UL transmission during path switch
In the last meeting, for uplink lossless data delivery for path switch, it was agreed to continue considering solutions U3 and U5 from R2-2304305 [3]. This section further evaluate these two solutions. 
Solution-U3: Remote UE’s PDCP retransmission based on DL PDCP Status Report from target gNB
The Remote UE can determine the PDCP SDUs for retransmission to the target gNB following the PDCP Status Report sent from target gNB to the Remote UE after path switch. Remote UE can use this PDCP Status Report to determine the boundary for PDCP SDU retransmission.
This option can reduce the data loss during path switch since more PDCP SDUs can be retransmitted from Remote UE to the target gNB at PDCP layer. This will ensure that there will be no UL packet loss upon path switch from indirect to indirect/direct, as long as the packet has not been discarded already due to the expiry of the discard timer.
This solution can prevent unnecessary retransmission and present minimum specification change.

Solution-U5: Source Relay UE continues to transmit UL data to source gNB and gNB forwards to the target gNB
The data loss could happen in the case that the Remote UE’s Uu configuration is released before the UL data are totally transmitted from the Relay UE to the source gNB. One possible way to address this issue is to keep source Relay UE’s Uu configuration for the Remote UE and allow the source Relay UE to continue to transmit the Remote UE’s UL packets. And the source gNB should forward received UL packets to the target gNB. It can leave source gNB implementation (e.g. setting a longer release timer or does not release Remote UE Uu context in the Relay UE, etc) or target gNB implementation (the target gNB will know the UL packets are totally received and request to release the Remote UE context on source part and UL forwarding tunnel.
This solution attempts to reuse the existing Uu procedure but requires that the source gNB still keeps the Remote UE/Relay UE context even after the Remote UE’s handover. Meanwhile, it is unclear how long the target gNB should wait for such data forwarding.
As can be seen solution U5 is subject to the restriction on unreasonable gNB implementation. As comparison, solution U3 only presents minimum specification change. Then we suggest RAN2 to take solution U3 as the way forward.  
[bookmark: _Toc134723886]Solution-U3 (as described in R2-2304305) is selected to avoid data loss for UL transmission during path switch.  

2.5. Solution to avoid data loss for DL transmission during path switch 
In the last meeting, for downlink lossless data delivery for path switch, it was agreed to take solutions D4 from R2-2304305 as the baseline and continue to discuss D3/D5. This section further evaluate these solutions.
Solution-D3: A PDCP status report sent from Remote UE to the source gNB
The source gNB triggers the Remote UE to send a PDCP status report to the source gNB before the source gNB performs SN status transfer to the target gNB. The source gNB can then forward the buffered data to the target gNB, and the target gNB can retransmit PDCP Data PDUs to the Remote UE as required.
The PDCP status report can be triggered by the source gNB at one of the following timelines: 
· Upon receiving the path switch command
· An explicit trigger before path switching command
· Measurement reporting event triggers status report
This solution is based on a PDCP status report sent from the Remote UE to the source gNB before handover.   
Evaluation
Remote UE may not be able to deliver the PDCP status report successfully to source gNB due to poor radio link quality (either poor PC5 condition between the Remote UE and the Relay UE or due to the Relay UE’s Uu condition) during the HO procedure. Or the status report may be sent too early (e.g. if UE is triggered to send PDCP status report when measurement report is triggered to send) to have up-to-date status report of DL reception.
This solution can only work if the source gNB can receive an accurate PDCP status report before the SN status transfer, and assumes the source gNB can send the required data to the target gNB during path switch.

Solution-D4: Enhanced Data forwarding from source gNB to target gNB per target gNB request (legacy PDCP status report based)
As proposed by some companies in the contributions last meeting, target gNB relies on the legacy PDCP status report sent from the Remote UE after path switch. The target gNB requests the source gNB to additionally forward the missing DL packets that were not forwarded earlier after receiving the PDCP status report. 
The data forwarding mechanism should be enhanced for the inter-gNB path switch, to allow source gNB forward missing DL packets to the target gNB after it receives a request, 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.
Evaluation
This solution basically is an addon to the legacy solution (following the legacy handling for inter-gNB handover where the data is forwarded as usual during HO) with additional late/supplementary forwarding based on the target gNB request.
This solution will have Xn interface impact (managed by RAN3) for supplementary forwarding but can ensure lossless DL data delivery as the target gNB can request any missing DL packets.     

Solution-D5: Proactive Data forwarding from source gNB to target gNB
Following the same principle of the solution-D4, this solution allow the source gNB to forward all the buffered data to the target gNB without receiving the request from target gNB, and is based on source gNB implementation to do so. 
Evaluation
This solution is fully dependent on source gNB’s implementation.
The feasibility of this solution depends on if source gNB (PDCP sublayer) can buffer (i.e., will not discard) the DL data even though the delivery of the data may be acknowledged by its lower layer (i.e., RLC). In practice, this solution may require lots of data to be forwarded to target gNB, which leads to unnecessary data forwarding, since this data forwarding is not based on the target gNB request.
This proactive forwarding solution is not based on PDCP status report.

In the last meeting, solution-D4 was agreed as the baseline solution. As comparison, with Solution-D3, Remote UE may not be able to deliver the PDCP status report successfully to source gNB due to poor radio link quality and then the data loss during path switch can not be guaranteed. Solution-D5 is no based on PDCP status report. Hence we suggest RAN2 take solution-D4 as the way forward for avoiding data loss for UL transmission during path switch. 
[bookmark: _Toc134723887]Solution-D4 (as described in R2-2304305) is selected to avoid data loss for DL transmission during path switch, and solution-D3 and solution-D5 are excluded.

3. Conclusion
We have the following proposals:
Observation 1:	For inter-gNB I2D path switching and inter-gNB I2I path switching, when to reconfigure the source Relay UE should be considered to guarantee the successful delivery of the path switch command.

Proposal 1:	RAN2 to define multiple offsets for Event Z2 if Event Z2 is accepted by RAN2.
Proposal 2:	RAN2 to consider when to reconfigure Relay UE to release the configuration of relay channel(s) for inter-gNB I2D path switching and inter-gNB I2I path switching.
Proposal 3:	RAN2 to consider the failure of PC5 unicast link establishment during path switching to trigger the RRC Reconfiguration failure procedure.
Proposal 4:	Solution-U3 (as described in R2-2304305) is selected to avoid data loss for UL transmission during path switch.
Proposal 5:	Solution-D4 (as described in R2-2304305) is selected to avoid data loss for DL transmission during path switch, and solution-D3 and solution-D5 are excluded.
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