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1. Introduction
[bookmark: _Hlk46842767]In the last RAN2 meeting #121, the following agreements were made for the topic of service continuity [1].
	RAN2#121 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.
· 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.



In the above-quoted agreements, i2x refers to indirect-to-indirect and indirect-to-direct path switching. In this document, we discuss RAN2 aspects related to inter-gNB path switching and indirect-to-indirect intra-gNB path switching, i.e support for scenarios A-D for service continuity in Release 18, while considering the agreements and open aspects from previous RAN2 meetings.
1. Discussion
Lossless Path Switch
[bookmark: _Toc110896796][bookmark: _Toc110951940][bookmark: _Toc110969154][bookmark: _Toc115276069][bookmark: _Toc115276145][bookmark: _Toc115276201]It was agreed in the last RAN2 meeting #121, that an issue of data loss may occur for the case of inter-gNB path switching in Release 18 and needs to be addressed. This issue was also raised in RAN3 in the email discussion on service continuity [R3-225084], that if PC5 RLF occurs during the path switching process, there can be some DL data loss towards the Remote UE (i.e. the source gNB may not forward packets that are not acknowledged by the Remote UE towards the target gNB). However, it was left for RAN2 to discuss about this case to determine a resolution and way forward. While reestablishment and recovery is already supported in PDCP layer, there can be some corner cases where data loss may occur if the R17 mechanism for U2N Relaying is used for inter-gNB path switching scenarios in R18. The PDCP is terminated between the Remote UE and the gNB and does not have per-hop termination as in the case of RLC layer. For PDCP data recovery, the PDCP entity only performs retransmission for packets for which the successful delivery has not been confirmed by lower (RLC) layers. Below we provide an example in DL and UL scenario, respectively, where data loss could occur using legacy mechanisms.
In one example for DL scenario, relay UE receives and acknowledges delivery of PDUs on RLC AM bearer from the source gNB. The source gNB decides to perform path switching to direct path following measurement event X1 and sends RRCReconfiguration message to Remote UE, upon which Remote UE stops UP and CP transmission via the L2 U2N Relay UE. During this time, if PC5 RLF occurs, data loss could occur. This is because the RLC is terminated at each hop. The source gNB may have received acknowledgement from lower (RLC) layer for certain packets successfully received by the relay UE, however, upon PDCP re-establishment, the Remote UE may not be aware of these packets and they are consequently lost. 
In another example for UL scenario, relay UE receives and acknowledges delivery of PDUs on SL-RLC AM bearer from the Remote UE. If Uu RLF occurs after Remote UE stops UP/CP transfer using relay UE upon receiving RRCReconfiguration message from the source gNB, the relay UE cannot indicate to the remote UE of the Uu RLF, and data loss could occur. This is because the Remote UE may have received acknowledgement from lower layer for certain packets successfully received by the relay UE, however, they may not have been received by the source gNB and therefore not included in the SN STATUS transfer to be recovered.
Considering the examples above, it can be established that the issue of data loss exists in both DL and UL scenarios.
Proposal 1. [bookmark: _Toc131087719][bookmark: _Toc131330274]RAN2 agrees that data loss can occur in the inter-gNB i2x case in both UL and DL scenarios.
Solution Approach
In the last RAN2 meeting #121, it was agreed to use PDCP status report mechanisms as a baseline. There are two possibilities that can be considered
1) Remote UE sends PDCP status report to the source gNB.
2) Remote UE sends PDCP status report to the target gNB.
Below we separately consider the timeline for PDCP status report transmission, for uplink and downlink scenarios.
Uplink Transmission
Similar to the intra gNB scenario in Rel-17, for the inter-gNB scenario in Rel-18, the PDCP re-establishment or PDCP data recovery in uplink can be performed by the Remote UE for lossless delivery during path switch if source gNB configures it. One option is that the source gNB can send a PDCP status report to the Remote UE along with the RRCReconfiguration message for path switching, using the relay link. The source gNB forwards the buffered data for lost packets to the target gNB after SN status transfer as in legacy HO. While the status report is transmitted from the source gNB, the remote UE can retransmit the lost PDCP Data PDUs to the target gNB after performing random access to the target gNB.
Another option is that, after receiving the SN status and buffered data from the source gNB, the target gNB sends a PDCP status report to the remote UE, and the remote UE accordingly retransmits PDCP Data PDUs to the target gNB as needed.
While the issue exists in uplink, it can be up to gNB implementation (source or target gNB) when to send the status report to the remote UE. Also, the source gNB could configure a relaxed discard timer for PDCP at the remote UE such that it does not discard data during the path switching process to the target gNB, however, this can also be up to source gNB implementation.
Proposal 2. [bookmark: _Toc131330275][bookmark: _Toc131087720]For UL transmission, it is up to gNB implementation (of source or target gNB) to ensure lossless delivery during inter-gNB i2x path switching scenarios. 
Downlink Transmission
Similar to the case of UL transmission, we can consider both options of the recipient of the PDCP status report. 
Remote UE sends PDCP status report to the source gNB
In this option, 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.
There could be several approaches on the time when the PDCP status report is triggered by the source gNB.
Approach (1.A) Upon receiving the path switch command
In this case the path switching triggers a PDCP status report from the remote UE to the source gNB. In the last RAN2 meeting, some companies raised the point that this PDCP status report to the source gNB would be transmitted via the relay UE which will be a deteriorating link to begin with. We believe that this can be handled by source gNB implementation, such that for inter-gNB transfer, the source gNB may configure the threshold for event X1, such that the relay link is still considered usable/reliable to carry the PDCP status report to the source gNB e.g configuring a higher threshold. Another issue could be that there may not be sufficient time for the source gNB to receive the PDCP status report from the Remote UE before the path switch (or SN status transfer). Whether the gNB delays SN status transfer till it receives the PDCP status report from the Remote UE could be another possibility up to source gNB implementation.
Approach (1.B) An explicit trigger before path switching command
In this case, an explicit trigger can be introduced before the path switching command, to prompt the remote UE to send the PDCP status report. After the source gNB makes the handover decision in Step 2, it could send this explicit trigger to remote UE via RRC signalling  to the remote UE. 
Approach (1.C) Measurement reporting event triggers status report
The source gNB could also configure an internal trigger at the UE, e.g. based on the measurement event type or RRCReconfiguration, such that the UE sends a PDCP status report as soon as it receives the configuration for measurement reporting, i.e., for the scenario of indirect to direct path switching, the measurement event X1 triggers both a measurement report and a PDCP status report from the remote UE. 
From the three approaches listed above, we see merit in Approach (1.C). In this case since the status report is sent right after the measurement report, the link is reliable enough to carry the status report, and this would ensure that the source gNB receives the status report before the SN status transfer, and it can forward the required data to the target gNB during path switching. 


Figure 1: Remote UE sends PDCP status report to source gNB
Remote UE sends PDCP status report to the target gNB
In this option, the remote UE sends the status report to the target gNB. This could be transmitted after the remote UE performs RA to the target gNB and can be triggered by PDCP data recovery or PDCP entity re-establishment, as shown in Figure 2. The target gNB can then potentially retransmit PDCP Data PDUs to the Remote UE, as required. However, since the source gNB does not have an up to date status from the remote UE at the time of path switching, it could either forward extra data or less data than required by the target gNB for retransmission. Therefore, based on gNB implementation two scenarios are possible in this case. 


Figure 2:Remote UE sends PDCP status report to target gNB

Approach (2.1) [bookmark: _Hlk131329454]Source gNB uses conservative approach for data forwarding
In this case, the source gNB may take the conservative approach, and forwards data up to some delta time to the target gNB, even including packets which were acknowledged over RLC by the relay UE. This could also be similar to Early Status Transfer in DAPS handover. This will be different from legacy non-DAPS handover implementation. In this case, source gNB forwards more data than is required to the target gNB, and the target gNB may eventually discard many packets forwarded by the source gNB that are not required to be retransmitted to the remote UE. 
Approach (2.2) Source gNB uses legacy approach for data forwarding
This is the likely possibility if the source gNB uses legacy handover approach when forwarding data and SN status, i.e., it will forward less data than required to the target gNB during path switching. From the source gNB’s perspective, the relay UE can acknowledge packets successfully received over RLC, whereas they may be lost in the second hop, e.g., due to PC5 failure. The downlink PDCP SN transmitter status in Step 6 in Figure 2 only indicates the next PDCP SN that the target gNB shall assign to new PDCP SDUs, not having a PDCP SN yet, and would therefore not indicate the PDCP Data PDUs which may have been lost in the second (PC5) hop. Since the source gNB does not receive the updated PDCP status report from the remote UE, it cannot be guaranteed in this case that the target gNB will have received all the data from the source gNB which it may have to retransmit to the UE. 
The target gNB may need to send an inter-node message to the source gNB requesting required data for retransmission. Secondly, in this case, it needs to be decided for how long the source gNB needs to buffer data even beyond SN status transfer, which has already been acknowledged over RLC (by the relay UE). Otherwise, the discard timer for PDCP data PDUs at the source gNB (which are later to be retransmitted in DL by the target gNB) may already expire during the path switching process to the target gNB. 
Below we summarize our discussion on sending the status report to the source or target gNB.
Table 1: Summary of possible options and approaches for PDCP status reporting
	Option
	Approach
	Drawback
	Different from legacy?
	Data loss?

	Option (1) Status report to source gNB
	Approach 1A – upon PS command
	Use of deteriorating link and insufficient time before link failure
	Yes
	Yes (if status report not received due to listed drawback)

	
	Approach 1B – explicit trigger
	Explicit trigger needs to be introduced and signaled
	Yes
	No

	
	Approach 1C – internal UE trigger by measurement event
	None
	Yes
	No

	Option (2) Status report to target gNB
	Approach 2.1 – source uses conservative approach
	Source forwards more data than required
	Yes
	No

	
	Approach 2.2 – source uses legacy approach
	Source forwards less data than required. INM needed for data request from source and source to buffer data beyond SN status transfer
	No
	Yes (if INM and extended data buffering not introduced)



Proposal 3. [bookmark: _Toc131330276]To ensure lossless delivery during inter-gNB i2x path switching scenarios, RAN2 agree Option 1C, i.e.  the remote UE sends a PDCP status report to the source gNB triggered by measurement event (X1 or Z1, as applicable).
Measurement event Z2 for indirect-to-indirect path switching
It was agreed in RAN2 to introduce a measurement event Z1:  
· Z1: Serving L2 U2N Relay UE becomes worse than threshold1 and Candidate L2 U2N Relay UE becomes better than threshold2  
It is still not decided in RAN2 whether an additional measurement event needs to be defined, as event Z2:
· Z2:  Candidate L2 U2N Relay UE becomes an offset better than serving L2 U2N Relay UE 
One of open issues of Z2 is if/how to compare SL-RSRP of serving U2N relay UE and SD-RSRP of candidate U2N relay UE because it was also decided to re-use SL-RSRP or SD-RSRP measurement quantities for path switching. For the case of event Z2, the measurement result for the source and target relay UE will potentially be based on different reference signal, i.e SL-RSRP or SD-RSRP. The candidate relay UE could belong to a different cell and could also be served by a different gNB (since both intra-gNB and inter-gNB indirect to indirect path switching is supported in Rel-18). In the last RAN2 meeting #121, companies raised a  concern on how the power control mechanism applied on PC5 unicast links can be considered in such direct comparison of SD/SL-RSRP measurements of the source and candidate relay UE(s). To this end, RAN2 sent an LS to RAN1/4 to ask about the feasibility of such comparisons. It is therefore prudent for RAN2 to wait for the response from RAN1/4 in this regard.
Proposal 4. [bookmark: _Toc118288267][bookmark: _Toc118288313][bookmark: _Toc118402072][bookmark: _Toc118405743][bookmark: _Toc118408141]RAN2 to wait for RAN1/4 response to LS on the feasibility of comparing SD-RSRP and SL-RSRP before deciding whether to introduce measurement event Z2.
Selection of Target Relay UE in direct/indirect-to-indirect path switching
In the last RAN3 meeting #119, following agreements were reached
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. 
It is decided in RAN3 that the source gNB sends a list of candidate relay UEs and it is up to the target gNB to select the target relay UE. However, it is up to RAN2 to decide whether PC5 measurement results need to be forwarded to the target gNB. Another option is for the source gNB to forward an ordered candidate relay UE list to the target gNB, e.g., the 1st candidate relay UE is better than the 2nd candidate relay UE (e.g. better PC5 link). This could provide some information to assist the target gNB to make the decision. RAN2 can send an LS to suggest sending an ordered candidate relay UE list to the target gNB.
Proposal 5. RAN2 agrees that receiving an ordered list of candidate relay UEs from the source gNB (e.g. based on PC5 measurement results) has benefit e.g for down-selected by target gNB if candidate relay UE(s) is RRC_IDLE. 
Proposal 6. RAN2 to send LS to RAN3 to send an ordered list of candidate relay UEs, based on PC5 measurement results, in the HO REQ message from the source gNB to the target gNB.

1. Conclusion
In this contribution we discuss aspects related to service continuity in R18 and make the following observations and proposals:
No table of contents entries found.
Proposal 1.	RAN2 agrees that data loss can occur in the inter-gNB i2x case in both UL and DL scenarios.
Proposal 2.	For UL transmission, it is up to gNB implementation (of source or target gNB) to ensure lossless delivery during inter-gNB i2x path switching scenarios.
Proposal 3.	To ensure lossless delivery during inter-gNB i2x path switching scenarios, the remote UE sends a PDCP status report to the source gNB triggered by measurement event (X1 or Z1, as applicable).
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