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1	Introduction
In RAN2#123, RAN2 discussed the multi-path sidelink relay issues based on the summary in [R2-2308949]. This contribution presents our views on the FFS parts and remaining aspects.
The agreements from the last meeting are captured below:
Agreement:
The procedures (except direct/indirect path change in Scenario 2) from R2-2308950 are taken as a baseline for future work on the RAN2 aspects of multi-path relay.

Agreements:
Include at least the following updated procedures in the running CR to 38.300. 
	For Scenario 1:
	Direct path addition in section 1.1
	Indirect path addition in section 1.2
	For Scenario 2:
	Indirect path addition in section 2.1
Include the following updated procedures in the running CR to 38.300.
	For Scenario 1:
	Direct path change in section 1.3
	Indirect path change in section 1.4
FFS (for discussion in CR implementation) if the change procedures for scenario 1 can be merged with path addition.

Agreements:
Confirm the following WAs:
For Scenario-1/2, MP remote UE is configured with a single cell group, i.e., MCG, for the direct path, and SL configuration, for the indirect path.
For scenario 1, primary path of the split SRB1 and SRB2 is always configured on direct path. And UE switches the primary path to the indirect path for reporting after direct path failure, and this switching is limited to the case where duplication is not configured as in legacy.
For Scenario 2, leave it to relay and remote UE implementation on how to trigger the RRC_IDLE/RRC_INACTIVE target relay UE to initiate RRC connection establishment procedure.

For scenario 1, non-split SRB on the indirect path is not supported.
T304 timer is reused for the direct path addition/change.
A new T420-like timer is introduced for the indirect path addition/change.
In packet duplication for scenario 1, the PDCP entity need not indicate to the Uu RLC entity to discard the PDCP PDU when the PC5 RLC entity acknowledges the transmission of the PDCP PDU.  FFS if this requirement can be stronger (“shall not”), to be discussed in CR development.
In packet duplication for scenario 1, in the case where Uu RLC entity at the remote UE acknowledges the transmission of a PDCP PDU, the PDCP entity shall indicate to the PC5 RLC entity to discard the PDCP PDU.

Working assumption:
Support case G for scenario 2 for RRC_CONNECTED target relay UE.

2	Discussions
2.1	Handling of path addition/change failure and RLF
For RLF, it has been agreed that failure report is done, and re-establishment is initiated if failure reporting is not possible. During [Post123][407] discussion, it was discussed whether the path addition/change failure should also be reported or should initiate re-establishment. 
For direct path addition/change, T304 is to be used start upon reception of RRCReconfiguration including reconfigurationWithSync not including sl-PathSwitchConfig (which is agreeable in [Post123][407]). Expiry of T304 was considered as RRC reconfiguration failure for MCG and it seems agreeable in [Post123][407] to initiate re-establishment as what we do for reconfiguration failure in DC. 
For indirect path addition/change, T420-like timer is to be used and it will start upon reception of RRCReconfiguration including sl-IndirectPathAddChange (which is agreeable in [Post123][407]). In our view, fallback to prior configuration is only necessary if re-establishment is to be initiated because the intent is mainly to reuse the PCell configuration for performing re-establishment. However, companies seem to have different understanding and the responses show that:
· Option 1. Fallback is unnecessary and report is done (4) – Huawei, InterDigital, OPPO, Samsung
· Option 2. Fallback is necessary and re-establishment is initiated (4) – Nokia, NEC, TCL, LGE
· Option 3. Fallback is necessary and report is done (12) – Xiaomi, Vivo, Lenovo, Apple, Fujitsu, Qualcomm, Kyocera, China Telecom, ZTE, Spreadtrum, CATT
It seems to be assumed by the companies who support option 1 and 2 that indirect path addition/change is more like SCG addition/change failure, which initiates failure report and does not initiate re-establishment immediately. We understand that indirect path has some similarity with secondary cell group because it is additional resources on top of MCG. However, indirect path is differentiated from SCG in that, e.g., indirect path can exist by itself without direct path while the SCG cannot exist without MCG, and indirect path in Rel-18 can only be supported by the same gNB as the direct path while the SCG can belong to the different gNB than MCG. Moreover, RAN2 already made a WA that both direct path and indirect path belong to the same cell group in RAN2#122 and confirmed it in RAN2#123.
For Scenario-1/2, MP remote UE is configured with a single cell group, i.e., MCG, for the direct path, and SL configuration, for the indirect path.
 
Therefore, considering indirect path addition/change failure as SCG failure would only complicate the overall concept of multi-path in Rel-18 and possibly cause complex handling when the indirect path is supported with different gNB in the future. 
Observation 1. RAN2 already agreed that both of direct and indirect path belong to MCG together.
Observation 2. It is more reasonable and future proof to consider the indirect path addition/change failure as MCG reconfiguration failure because only one gNB is supported in Rel-18. 
Proposal 1. In Rel-18, with the support of only one gNB, indirect path addition/change failure is handled in the same way as MCG reconfiguration failure, i.e., to initiate RRC connection re-establishment without reporting.

2.2	Connection with ‘wrong’ cell
In [Post123][407], it was discussed how to address the case where the relay UE in RRC_IDLE/INACTIVE establishes an RRC connection with a ‘wrong’ cell, which requires further discussion in RAN2. 
In the current specification, the relay UE may select a cell that is served by different gNB when the relay UE in RRC_IDLE/INACTIVE performs RRC connection establishment procedure, hence, the issue is valid. There are some companies who think no special handling is necessary, however, because the remote UE can know the cell ID of the relay UE via discovery message and exclude them from the candidate relay UEs. However, the remote UE may not receive the discovery message anymore once it discovered the relay UE, in which case target cell ID needs to be reported via different message. 
Also, there was a proposal to reuse the R17 mechanism, where the relay UE sends NotificationMessageSidelink to the remote UE by setting the indication type as relayUE-CellReselection when cell reselection is performed, and the remote UE considers cell re-selection occurs in the relay UE. However, R17 mechanism cannot be reused at least for indirect path addition/change because the remote UE may have no PC5 connection with the relay UE yet, in which case the relay UE cannot send Notification message to the remote UE. Without the Notification message, the remote UE will continue the indirect path addition/change procedure via the relay UE. The failure will be identified by the gNB of the relay UE only after the relay UE establishes its own RRC connection to the wrong gNB and Remote UE’s RRCReconfigurationComplete message is delivered to that gNB. However, the relay UE or remote UE still does not know whether the relay UE made RRC connection with different gNB, and remote UE may not be able to detect the problem at all, or understand the problem only after a very long time. Given that R18 multi-path sidelink relay aims at achieving improved throughput compared to R17, starting multi-path operation quickly would be one key to achieve the goal. Therefore, it is beneficial to identify the failure as early as possible.  One enhancement to allow the relay UE to identify the failure earlier is that the remote UE indicates the target cell ID to the relay UE upon triggering (e.g. by sending RRCReconfigurationComplete or PC5 RRC message) the RRC connection of the relay UE When the relay UE receives the target cell ID from the remote UE, the relay UE would be able to send the Notification message to the remote UE if the relay UE identifies that the received target cell ID is not the same as the current camping cell. 
Observation 3: R17 NotificationMessageSidelink cannot be sent to the remote UE in case of indirect path addition/change if the remote UE and the relay UE have not established the PC5 connection yet. 
Proposal 2: The remote UE sends its target cell ID information to the relay UE when triggering the RRC connection establishment of the relay UE to facilitate the early identification of path addition/change failure due to cell reselection of the relay UE in RRC_IDLE/INACTIVE.

2.3	Primary path for split DRB
In RAN2#122, it was agreed that primary path of split SRB is always set to the direct path, but it is not clear for the split DRB. 
It was understood that the direct path would ensure more reliable transmission in general, hence, RAN2 agreed to set the primary path for split SRB to the direct path to ensure reliable transmission of SRB. For DRB, however, data rate as well as reliability is an important KPI. In addition, having a flexibility to distribute traffic through the indirect path can be beneficial from the network perspective. For instance, the network may want to steer the low priority data over the indirect first, i.e., until the buffer size is below a threshold, while using the direct path first for the high priority data, which can be achieved by setting the primary path of low priority RB to the indirect path while setting the primary path of high priority RB to the direct path. Therefore, we suggest allowing primary path to be set to either the direct or the indirect path for split DRB.
Proposal 3: For split DRB, primary path can be either the direct or the indirect path.

2.4	Packet duplication
RAN2 agreed that, for Scenario-1/2, PDCP duplication of DRB is controlled by legacy Duplication Activation/Deactivation MAC CE and Duplication RLC Activation/Deactivation MAC CE and they are delivered via direct path. In addition, RAN2 also agreed that for Scenario-1/2, MP remote UE is configured with a single cell group, i.e., MCG, for the direct path, and SL configuration, for the indirect path. 
The current Duplication A/D MAC CE and Duplication RLC A/D MAC CE includes Di field and RLCi field, respectively, which indicate activation or deactivation status for an RLC entity, and there can be a couple of issues.
For Duplication RLC Activation/Deactivation MAC CE, the RLCi field indicates RLC entity i where i is ascending order of logical channel ID of secondary RLC entities in the order of MCG and SCG. As both paths belong to MCG but logical channel ID is separate for Uu channel and PC5 channel, we need to discuss whether the RLC entity i indicates RLC entity i in ascending order of logical channel ID, what if the LCID is the same for Uu channel and PC5 channel, or whether to have a network restriction that the same logical channel ID for Uu and SL are not used.
Proposal 4: For Duplication RLC Activation/Deactivation MAC CE, RAN2 discuss which RLC entity the RLCi field indicates activation/deactivation.
For Duplication Activation/Deactivation MAC CE, when a MAC entity receives this MAC CE, it applies the activation/deactivation for the RLC entity associated with this MAC entity. This is because, in DC, MgNB and SgNB send the Duplication A/D MAC CE independently and the UE maintains two separate MAC entities. However, in SL MP relay, there is one scheduler sending this MAC CE while the UE maintains one MAC entity for Uu and SL. Thus, the interpretation may need to be changed. For example, Di field indicates activation deactivation status of PDCP duplication of secondary RLC entity associated with DRB i, which is corresponding to the non-primary path. It means that packet duplication through the primary RLC entity is not able to be turned off but only the duplication over the secondary RLC entity is turned on and off.
Proposal 5: When an MP remote UE receives a Duplication Activation/Deactivation MAC CE, the MP remote UE activates or deactivates the secondary RLC entity, i.e., RLC entity corresponding to the non-primary path, and the primary RLC entity, which is an RLC entity for primary path, is not impacted.
Although the MAC CE format is reused, the field description needs to be differentiated for DC and SL MP relay. In this case, it is conventional to define the MAC CE as a new MAC CE by assigning a new LCID. Alternatively, we can just update the field description of the legacy MAC CE while leaving it up to UE’s responsibility to interpret well based on UE’s configuration, i.e., if remote UE, field description for SL relay is applied. 
From specification perspective, it would be logical and clean to define them as new MAC CEs while saving one LCID value sometime are considered important. 
Proposal 6: For Duplication RLC Activation/Deactivation MAC CE and Duplication Activation/Deactivation MAC CE in SL MP relay, RAN2 discuss whether to assign a new LCID or to update the field description without assigning any LCID.
Meanwhile, there are some unclear aspects in use of CA duplication, which was discussed in [R2-2307857, R2-23083832, R2-2307656]. And one proposal from R2-2308949 was to discuss:
1) Whether CA duplication is applied to the direct path of the remote UE. If yes, what is the maximum number of RLC entities over the direct path of the remote UE?
2) Whether CA duplication is applied to the Uu link of the relay UE. If yes, FFS any impact on the specification.
We think there is no reason to have any further restriction over the direct path, i.e., there can be maximum 3 RLC entities for packet duplication (one RLC entity is for PC5 RLC entity). 
Proposal 7: Over direct path, there can be 3 RLC entities configured for duplication. 
For duplication operation, we think LCH-to-carrier restriction is still necessary over the direct path, but for indirect path, there is no need of having LCH-to-carrier mapping as there will be only one PC5 RLC entity.
CA Duplication over the indirect path may not be simple because duplication transmission of relay packet over relay UE’s Uu link is not discussed yet and requires more discussion. To support CA duplication for an RB over relay UE’s Uu link, RAN2 needs to discuss how to perform the duplication without PDCP, which is explained in [R2-2306313]. For instance, the SRAP entity would need to perform the packet duplication instead of PDCP entity, which would be different from PDCP duplication since SRAP is not per RB. Therefore, it seems a bit late to decide to support CA duplication over indirect path’s Uu link. 
Proposal 8: In Rel-18, CA duplication over relay UE’s Uu link on the indirect path is not supported.

2.5		LCG allocation
As RAN2 agreed that both of direct and indirect paths belong to the MCG and one MAC entity in the UE side, there are some stage-3 aspects to discuss. 
1) Whether the Uu logical channel, i.e., logical channel carrying UL data, and SL logical channel, i.e., logical channel carrying SL data, can belong to the same LCG or not.
2) Whether the maximum number of LCG is 8 or 16 in total.
For 1) there may be a problem if the Uu logical channel and the SL logical channel belong to the same LCG. Although the BSR trigger condition and BSR MAC CE format are well distinguished for Uu and SL in TS 38.321, the data volume calculation in TS 38.322 and TS 38.323 do not differentiate whether the data volume is to calculate only the UL data or SL data. As a result, if Uu logical channel and SL logical channel belong to the same LCG, Uu and SL data volume will be reported in one LCG together and the network may not be able tell how much UL grant and SL grant are needed separately. In order not to complicate the specification and implementation, it would be better not to assign the same LCG to both Uu and SL logical channels. Similar to CA, where each logical channel of split RB are assigned to different LCGs, it can be left up to network’s implementation and no UE impact is expected.
Proposal 9: It is up to network not to assign the same LCG to Uu logical channel and SL logical channel, hence, no specification impact. 
For Uu-BSR, the maximum number of LCGs is 8. For SL-BSR, TS 38.321 also states that the maximum number of LCGs is 8. The question is whether the remote UE can be configured with total 16 LCGs or the maximum number of total LCGs, i.e., including Uu LCG and SL LCG, should be kept under 8. 
If the maximum number of LCGs is 8 with multi-path, the granularity will decrease in buffer size reporting, which is not desirable from scheduling perspective. On the other hand, we don’t see any technical problem to support 16 LCGs in the UE side given that the maximum number of LCGs is already 256 for IAB. Therefore, we suggest that the maximum number of LCGs for one MAC is 16 for multi-path operation. 
Proposal 10: The maximum number of LCGs for a MAC entity is 16 if multi-path is configured.
The next question is whether the LCG ID is separated for Uu LCG and SL LCG, i.e., from 0 to 7 for Uu LCG and 8 to 15 for SL LCG. As long as it is clear how the buffer size of each LCG is obtained, it wouldn’t cause any problem to assign the same LCG ID to both LCGs. On the other hand, assigning LCG ID from 8 to 15 to SL LCG may require change of the SL BSR MAC CE format because the LCG ID field is 3 bits in SL BSR MAC CE, which can indicate only up to LCG ID 7. 
With Proposal 10, it is clear how the buffer size is calculated for each LCG, and buffer size for Uu LCG and SL BSR are not reported in the same MAC CE, i.e., they are reported in a separate MAC CE, hence, no confusion expected. Thus, it would be possible that Uu LCG and SL LCG have LCG ID value from 0 to 7 as today. 
Proposal 11: The LCG ID for Uu LCG and SL LCG is from 0 to 7, hence, no specification impact. 

3	Conclusion
The observations and proposals are summarised below:
Observation 1. RAN2 already agreed that both of direct and indirect path belong to MCG together.
Observation 2. It is more reasonable and future proof to consider the indirect path addition/change failure as MCG reconfiguration failure because only one gNB is supported in Rel-18. 
Proposal 1. In Rel-18, with the support of only one gNB, indirect path addition/change failure is handled in the same way as MCG reconfiguration failure, i.e., to initiate RRC connection re-establishment without reporting.
Observation 3: Sending Notification message only after the relay UE camps on a wrong cell would cause undesirable delay in use of multi-path by the remote UE because the remote UE should start from finding or reporting new relay UEs. 
Proposal 2: The remote UE sends its target cell ID information to the relay UE when initiating the RRC connection establishment to the relay UE.
Proposal 3: For split DRB, primary path can be either the direct or the indirect path.
Proposal 4: For Duplication RLC Activation/Deactivation MAC CE, RAN2 discuss which RLC entity the RLCi field indicates activation/deactivation.
Proposal 5: When an MP remote UE receives a Duplication Activation/Deactivation MAC CE, the MP remote UE activates or deactivates the secondary RLC entity, i.e., RLC entity corresponding to the non-primary path, and the primary RLC entity, which is an RLC entity for primary path, is not impacted.
Proposal 6: For Duplication RLC Activation/Deactivation MAC CE and Duplication Activation/Deactivation MAC CE in SL MP relay, RAN2 discuss whether to assign a new LCID or to update the field description without assigning any LCID.
Proposal 7: Over direct path, there can be 3 RLC entities configured for duplication. 
Proposal 8: In Rel-18, CA duplication over relay UE’s Uu link on the indirect path is not supported.
Proposal 9: It is up to network not to assign the same LCG to Uu logical channel and SL logical channel, hence, no specification impact. 
Proposal 10: The maximum number of LCGs for a MAC entity is 16 if multi-path is configured.
Proposal 11: The LCG ID for Uu LCG and SL LCG is from 0 to 7, hence, no specification impact. 




