[bookmark: OLE_LINK39]3GPP TSG-RAN WG2 Meeting #122		R2-2305247
Incheon, Korea, 22nd – 26th May 2023
	
Source:	vivo
[bookmark: Title]Title:	Remaining issues on service continuity enhancement for L2 U2N relay
[bookmark: Source]Agenda Item:	7.9.3
[bookmark: DocumentFor]Document for:	Discussion and Decision
1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13][bookmark: _GoBack]Introduction
At the last RAN2#121bis-e meeting, RAN2 has reached the following agreements on lossless data delivery issue for service continuity [1].
Agreements:
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.
Also, there is an FFS issue related to emergency service relaying in L2 U2N relay.
Agreements:
R2 assume no additional R2 impact for gNB to know the initiated service-type of remote UE, and to select proper relay UE serving the initiated service-type of remote UE.
R2 confirm R18 relay UE sets cause value for emergency service relaying as in Rel-17 for SL-RLC0 traffic.  FFS SL-RLC1 case for path switching.
Meanwhile, some potential RAN2 impact based on the LS from other WGs needs to be discussed and considered [2][2][4].
As above, we will focus on the following remaining issues and give our views correspondingly.
· [bookmark: _Hlk134628892]Down-selection for UL and DL lossless data delivery solutions
· RAN2 impact based on SA2 Reply LS on Differentiation of Layer2 ID and Coexistence of U2N/U2U 
· RAN2 impact based on RAN1&RAN4 Reply LS on comparison of SL-RSRP and SD-RSRP measurements
· FFS issue on emergency serving relaying

2. Discussion
2.1. Issue 1: Down-selection for UL and DL lossless data delivery solutions
UL lossless data delivery 
Based on the following agreement, it’s observed that only solutions U3 and U5 will be further considered for UL lossless data delivery for path switch.
[bookmark: _Hlk134699356]For uplink lossless data delivery for path switch, continue considering solutions U3 and U5 from R2-2304305. Other solutions are not pursued.
According to [AT121bis-e][432] Summary Report [5], we make comparison of solution U3 and solution U5 in below Table 1.
Table 1: Comparison of UL lossless solution U3 and U5
	
	U3
	U5

	Remote UE
	· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]still buffer the PDCP SDUs for which the successful delivery has been confirmed by PC5 RLC layer. (New UE behavior)
	· discard the PDCP SDUs for which the successful delivery has been confirmed by PC5 RLC layer.
(Legacy UE behavior)

	Source Relay UE 
	· continue to transmit the remaining Remote UE’s UL packets as long as it’s connected to the Source gNB.
(Legacy UE behavior)
	· continue to transmit the remaining Remote UE’s UL packets as long as it’s connected to the Source gNB.
(Legacy UE behavior)

	Source gNB
	· Release the Source Relay UE at any time after path switch command is sent to the Remote UE.
(Legacy NW behavior)
	· Forward the remaining Remote UE’s UL packets to the Target gNB
· Release the source Relay UE is specified i.e., only upon receiving UE context release about the Remote UE from the Target gNB
(New NW behavior)

	Target gNB
	· Trigger PDCP status report to Remote UE upon Remote UE’s successful path switch
	· Trigger PDCP status report to Remote UE upon Remote UE’s successful path switch

	Lossless performance 
	· Guaranteed by Remote UE buffer more PDCP SDUs than legacy + Remote UE re-transmission to Target gNB 
	· Guaranteed by Source Relay UE re-transmission to Source gNB + Xn forwarding form Source gNB to Target gNB



Based on above Table 1, our views are summarized as follows:
· From performance perspective
· U3 (if assuming enough PDCP buffer memory) has better lossless performance than U5 in case when the Source Relay UE’s Uu link quality becomes bad e.g., link deterioration or RLF
· U5 (if assuming good Source Relay UE’s Uu link) has better lossless performance than U3 in case when the Remote UE’s PDCP buffer overflow and some old buffered PDCP SDUs are cleared by the Remote UE 
· From specification impact perspective
· U3 has potential impact to RAN2 (see highlighted yellow part in above Table 1)
· U5 has potential impact to RAN3 (see highlighted blue part in above Table 1)
From performance perspective, U3 and U5 have respective pros and cons in different cases. However, U3 requires higher capacity on UE buffer memory than legacy in order to guarantee the lossless performance. In real deployment scenario, the Remote UE can only make best efforts to buffer all the PDCP SDUs and the smart UE implementation would still clear some PDCP SDUs that is buffer too long time ago in order to spare some PDCP memory for processing the new traffic. While for U5, there is no such high UE requirement on UE buffer memory since the Remote UE acts as legacy. And in U5, the Relay UE’s Uu link may encounter link quality deterioration, especially during path switch procedure, can be deemed as corner case. Given the above consideration, it’s suggested to agree U5 first and reconsider whether to adopt U3 in addition.
Observation 1	In Solution U3, it requires much higher capacity on UE buffer memory than the legacy Remote UE.
Observation 2	In Solution U5, the Relay UE’s Uu link quality deterioration, especially during path switch procedure, can be deemed as corner case.
Proposal 1 	For uplink lossless data delivery for path switch, RAN2 tries to first agree U5. Reconsider whether U3 is also needed additionally. 
Proposal 1a 	If solution U5 is agreed as in P1, whether/how to capture the new NW behaviour is up to RAN3 decision 
Proposal 1b 	If solution U3 is agreed in addition to U5, FFS whether/how to capture the new Remote UE behaviour as shown in Table 1, e.g., with NOTE in TS 38.323.
DL lossless data delivery 
Based on the following agreement, it’s observed that solutions D3, D4 and U5 will be further considered for DL lossless data delivery for path switch.
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.
According to [AT121bis-e][432] Summary Report [5], we make comparison of solutions D3, D4 and U5 in below Table 2.
Table 2: Comparison of DL lossless solution D3, D4 and U5
	
	D3
	D4
	D5

	Source gNB
	· Forward the buffered DL packets to the target gNB based on an up-to-date PDCP status report from Remote UE before path switch
(New NW behavior)
	Forward the buffered DL packets to the target gNB based on the legacy PDCP status report
(Legacy NW behavior)
	· Proactively forward more the buffered data to the Target gNB, including DL packets for which the successful delivery has been confirmed by Uu RLC layer.
(New NW behavior)

	Target gNB
	· Trigger the Remote UE to send PDCP status report to the Target gNB within path switch command
(Legacy NW behavior)
	· Trigger the Remote UE to send PDCP status report to the Target gNB within path switch command
· Requests the Source gNB to additionally forward the missing DL packets that were not forwarded earlier after receiving the PDCP status report
(New NW behavior)
	· Trigger the Remote UE to send PDCP status report to the Target gNB within path switch command
(Legacy NW behavior)

	Lossless performance 
	· Guaranteed by the source gNB to receive an in-time PDCP status report from the Remote UE before path switch
	· Guaranteed by the Target gNB to additionally request for the missing DL packets
	· Guaranteed by the Source gNB buffer and proactively forward more DL packets than legacy


Based on the above comparison in above Table 2, solution D3 is less preferred than the other two solutions because the successful transmission of the PDCP Status Report from the Remote UE to the Source gNB right before path switch is not so reliable. We suggest to excluded D3 at first. Regarding the down-selection for solution D4 and solution D5, they both only have impact to Xn interface (see highlighted blue in Table 2). From our perspective, it’s better to let RAN3 to make the final decision rather than RAN2.
Observation 3	Solution D3 is less preferred than the other two solutions because the successful transmission of the PDCP Status Report from the Remote UE to the Source gNB right before path switch is not so reliable.
Observation 4	For solution D4 and solution D5, they both only have impact to Xn interface, which is better to be decided by RAN3.
Proposal 2 	For downlink lossless data delivery for path switch, solutions D3 is not pursued. Final down-selection from solutions D4 and solution D5 are up to RAN3 decision.
2.2. Issue 2: SA2 Reply LS on Differentiation of Layer2 ID and Coexistence of U2N/U2U
At RAN2#119bis-e agreement, there is an FFS issue that needs to be revisited, see in red as following:
[bookmark: _Hlk134710815]Proposal 4 (modified)	For i2i scenario, serving/candidate U2N relay UEs, when SL-RSRP is unavailable, SD-RSRP is used as the measurement quantity. Wording can be revisited if it is determined that L2IDs for U2U and U2N are always different (so that candidate U2N relay UEs would never have SL-RSRP available).
According to SA2 reply LS in [2], it’s concluded in the below Answer 2 that the L2 ID used for U2U communication would be different from the L2 ID for U2N services. 
Question2:
[bookmark: _Hlk134710449]Can the L2ID used for U2U communication be the same as the L2ID for U2N services?
Answer 2:
No. The Source Layer-2 IDs used for 5G ProSe UE-to-UE Relay Communication would be different from the Source Layer-2 IDs used for 5G ProSe UE-to-Network Relay Discovery and Communication.
Therefore, we suggest to rewording the above agreement at RAN2#119bis-e meeting as follows:
For i2i scenario, for serving U2N Relay UEs, when SL-RSRP is unavailable, SD-RSRP is used as the measurement quantity. And for candidate U2N Relay UEs, only SD-RSRP is used as the measurement quantity.
Proposal 3 	RAN2 to revise the original proposal 4 agreed for i2i scenario as “Proposal 4 (modified)	For i2i scenario, for serving/candidate U2N relay UEs, when SL-RSRP is unavailable, SD-RSRP is used as the measurement quantity. And for candidate U2N relay UEs, only SD-RSRP is used as the measurement quantity. Wording can be revisited if it is determined that L2IDs for U2U and U2N are always different (so that candidate U2N relay UEs would never have SL-RSRP available).”
2.3. Issue 3: RAN1&4 Reply LS on comparison of SL-RSRP and SD-RSRP measurements
According to the RAN1 reply LS in [3] and RAN4 reply LS in [4] as shown below, it’s observed that several issues have been identified by RAN1/RAN4 when direct comparison of SL-RSRP and SD-RSRP cannot used.
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.
RAN4 Answer: Comparison of SL-RSRP and SD-RSRP cannot be used to trigger a measurement report due to transmission power difference between the reference signals on which the UE is measuring SL-RSRP and SD-RSRP, unless the difference caused by transmission power control mechanism can be properly handled. 
On the other hand, at RAN2#121 meeting, RAN2 made an agreement as follows:
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: _Hlk134709674]To support direct comparison of SL-RSRP and SD-RSRP, there will be complexity and a lot of efforts to resolve the identified issues by RAN1/RAN4 at first. Therefore, we propose to confirm that Event Z2 will not be specified.
Proposal 4 	RAN2 to confirm that measurement Event Z2 is not pursued.
With regard to the measurement Event Z1 (see in red) which was agreed at RAN2#119bis-e meeting as below:
Proposal 1 (modified)	For i2i path switch procedure, introduce a new measurement event based on individual thresholds i.e., Event Z1: Serving L2 U2N Relay UE becomes worse than threshold1 and Candidate L2 U2N Relay UE becomes better than threshold2.  FFS if we also have an event Z2: Candidate L2 U2N Relay UE becomes an offset better than serving L2 U2N Relay UE, and in this case if/how to compare SL-RSRP of serving U2N relay UE and SD-RSRP of candidate U2N relay UE.

As discussed in Section 2.2, for serving U2N Relay UEs, when SL-RSRP is unavailable, SD-RSRP is used as the measurement quantity. And for candidate U2N Relay UEs, only SD-RSRP is used as the measurement quantity. If we SL-RSRP and SD-RSRP are not directly comparable as RAN1 concluded, it is impractical to use one threshold to check both metric; so, it seems needed to have some clarifications on the threshold configuration for Event Z1, i.e., whether we need two configured threshold values for threshold1 in case of SL-RSRP and SD-RSRP respectively. We think it’s more reasonable to support separate SL-RSRP threshold and SD-RSRP thresholds in such a case.
Proposal 5 	The threshold configuration in RRC signalling for measurement Event Z1 includes:
· two separate SL-RSRP and SD-RSRP threshold value for threshold1
· one SD-RSRP threshold value for the threshold2
In accordance with proposal 3, the U2N Remote UE’s measurement evaluation behaviour is further clarified by following proposals.
Proposal 5a 	If the U2N Remote UE has available SL-RSRP measurement results with the serving U2N Relay UE, it applies the SL-RSRP threshold value for threshold1 and the SD-RSRP threshold value for the threshold2 to evaluate Event Z1.
Proposal 5b 	If the U2N Remote UE has no available SL-RSRP measurement results with the serving U2N Relay UE, it applies the SD-RSRP threshold value for threshold1 and the SD-RSRP threshold value for the threshold2 to evaluate Event Z1.
2.4. Issue 4: FFS issue on emergency serving relaying
At the last RAN2#121bis-e meeting, how to support emergency serving relaying in L2 U2N Relay scenario was discussed and agreed as below.
R2 assume no additional R2 impact for gNB to know the initiated service-type of remote UE, and to select proper relay UE serving the initiated service-type of remote UE.
R2 confirm R18 relay UE sets cause value for emergency service relaying as in Rel-17 for SL-RLC0 traffic.  FFS SL-RLC1 case for path switching.
For the above FFS issue, the intention is to resolve a potential scenario that the Remote UE has on-going emergency service and receives a i2i/d2i path switch command from its serving gNB. And when the target Relay UE indicated in the path switch command is in RRC_IDLE/RRC_INACTIVE, what the expected cause value setting behaviour is for the target Relay UE’s RRC establishment/resume procedure.
According to Rel-17 U2N Relay UE behaviour as currently specified in TS 38.331 as below NOTE 2:
NOTE 2:	In case the L2 U2N Relay UE initiates RRC connection establishment triggered by reception of message from a L2 U2N Remote UE via SL-RLC0 or SL-RLC1 as specified in 5.3.3.1a, the L2 U2N Relay UE sets the establishmentCause by implementation, but it can only set the emergency, mps-PriorityAccess, or mcs-PriorityAccess as establishmentCause if the same cause value is in the message received from the L2 U2N Remote UE via SL-RLC0.
NOTE 2:	In case the L2 U2N Relay UE initiates RRC connection resume triggered by reception of message from a L2 U2N Remote UE via SL-RLC0 or SL-RLC1 as specified in 5.3.13.1a, the L2 U2N Relay UE sets the resumeCause by implementation, but it can only set the emergency, mps-PriorityAccess, or mcs-PriorityAccess as resumeCause, if the same cause value in the message received from the L2 U2N Remote UE via SL-RLC0.
If following Rel-17 U2N Relay UE behavior (as highlighted in yellow in above NOTE2), there is concern that the Relay UE may not set the establishmentCause/resumeCause to emergency for SL-RLC1 case for emergency service relaying. In our understanding, the Rel-17 U2N Relay UE behaviour is specified in TS 38.331 with NOTE, which means recommended UE behavior. In other words, smart Relay UE implementation can still be able to set emergency if there is a necessity. For example, the Relay UE can utilize the cross-layer information from its own ProSe layer to figure out whether it’s for emergency service relaying in case of path switching, e.g., based on whether the PC5-S link is established between Remote UE and Relay UE is dedicated for emergency service relaying or not. As a result, to support emergency service relaying in Rel-18, the Relay UE implementation can still set the establishmentCause/resumeCause to emergency for SL-RLC1 case.
Proposal 6 	RAN2 to confirm that it’s up to Rel-18 U2N Relay UE implementation to set cause value to emergency in case of emergency service relaying in SL-RLC1 case for path switch.
3. Conclusion
This contribution discussed the remaining issues on serving continuity enhancement for L2 U2N relay. The contribution concludes with:
Observation 1	In Solution U3, it requires much higher capacity on UE buffer memory than legacy Remote UE.
Observation 2	In Solution U5, the Relay UE’s Uu link quality deterioration, especially during path switch procedure, can be deemed as corner case.
Observation 3	Solution D3 is less preferred than the other two solutions because the successful transmission of the PDCP Status Report from the Remote UE to the Source gNB right before path switch is not so reliable.
Observation 4	For solution D4 and solution D5, they both only have impact to Xn interface, which is better to be decided by RAN3.
UL lossless data delivery
Proposal 1 	For uplink lossless data delivery for path switch, RAN2 tries to first agree U5. Reconsider whether U3 is also needed additionally. 
Proposal 1a 	If solution U5 is agreed as in P1, whether/how to capture the new NW behaviour is up to RAN3 decision 
Proposal 1b 	If solution U3 is agreed in addition to U5, FFS whether/how to capture the new Remote UE behaviour as shown in Table 1, e.g., with NOTE in TS 38.323.
DL lossless data delivery
Proposal 2 	For downlink lossless data delivery for path switch, solutions D3 is not pursued. Final down-selection from solutions D4 and solution D5 are up to RAN3 decision.
RAN2 impact based on LS from other WGs
Proposal 3 	RAN2 to revise the original proposal 4 agreed for i2i scenario as “Proposal 4 (modified)	For i2i scenario, for serving/candidate U2N relay UEs, when SL-RSRP is unavailable, SD-RSRP is used as the measurement quantity. And for candidate U2N relay UEs, only SD-RSRP is used as the measurement quantity. Wording can be revisited if it is determined that L2IDs for U2U and U2N are always different (so that candidate U2N relay UEs would never have SL-RSRP available).”
Proposal 4 	RAN2 to confirm that measurement Event Z2 is not pursued.
Proposal 5 	The threshold configuration in RRC signalling for measurement Event Z1 includes:
· two separate SL-RSRP and SD-RSRP threshold value for threshold1
· one SD-RSRP threshold value for the threshold2
Proposal 5a 	If the U2N Remote UE has available SL-RSRP measurement results with the serving U2N Relay UE, it applies the SL-RSRP threshold value for threshold1 and the SD-RSRP threshold value for the threshold2 to evaluate Event Z1.
Proposal 5b 	If the U2N Remote UE has no available SL-RSRP measurement results with the serving U2N Relay UE, it applies the SD-RSRP threshold value for threshold1 and the SD-RSRP threshold value for the threshold2 to evaluate Event Z1.
FFS on emergency serving relaying
Proposal 6 	RAN2 to confirm that it’s up to Rel-18 U2N Relay UE implementation to set cause value to emergency in case of emergency service relaying in SL-RLC1 case for path switch.
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