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1	Introduction
In RAN2#121, RAN2 discussed the multi-path sidelink relay issues based on a summary document in [R2- 2301925]. This contribution addresses the remaining issues from the summary.
2	Remaining issues from RAN2#121
2.1	Uu RLF
For Uu-RLF, RAN2 agreed in RAN2#121 that:
Agreement:
In case of Uu-RLF, at least for split SRB1, if SRB1 is available on indirect path not suspended, trigger report to network via indirect path to report the failure via a RRC message. Otherwise, RRC Re-establishment is initiated. RAN2 is requested to discuss whether the RRC message is the existing message e.g. MCGFailureInformation or a new message.

The current agreement says, ‘at least for split SRB1’. This is because some companies thought that further discussion is required for the case where the non-split SRB1 is configured on the indirect path not suspended. 
In RAN2#119bis, RAN2 agreed to support the non-split SRB1 on the indirect path. In RAN2#120, RAN2 agreed that the PCell is always on the direct path for multi-path (MP) operation, based on which it was considered by some companies that the agreement in RAN2#119 is no longer valid. In our view, there is no technical issue that prevents configuring a non-split SRB1 on the indirect path. It would be rather related to modeling of the MP relay operation.
Observation 1: There is no technical issue that prevents configuring a non-split SRB1 on the indirect path even if the PCell is located on the direct path.
If the Dual Connectivity (DC) concept is applied to the MP relay operation, each path would belong to different cell groups. Thus, configuring the non-split SRB1 on the indirect path and the PCell on the direct path would imply that the SRB1 and the PCell belong to the different cell groups. This was not possible in DC since the UE has a single RRC connection based on the MN RRC and control of MN RRC is done via MCG SRB, e.g., SRB1. In this sense, taking the DC concept for the MP relay operation, non-split SRB1 can only be supported on the direct path, which reverts the RAN2 agreement in RAN2#119. 
Observation 2: DC model, which differs from Rel-18 MP relay operation, does not allow PCell on the direct path and non-split SRB1 on the indirect path. 
In Carrier Aggregation (CA) concept, on the other hand, both of direct and indirect paths would be considered part of the same cell group. Therefore, even if non-split SRB1 is configured on the indirect path while having the PCell on the direct, we can still consider them to belong to the same cell group. Accordingly, non-split SRB1 on the direct path can still be supported despite the PCell is on the direct path for the MP relay operation. 
Observation 3: CA model allows PCell on the direct path and the non-split SRB1 on the indirect path.
In Rel-18, as we focus on single gNB for the MP relay operation, DC or CA modelling doesn’t make a big technical difference. Using a DC model in Rel-18, however, may result in unoptimized operation because DC is based on the two separate schedulers. On the other hand, using a CA model in Rel-18 may not be suitable when supporting the inter-gNB MP relay operation in the future. 
Proposal 1: RAN2 discuss whether non-split SRB1 can be supported on the indirect path when PCell is located on the direct path for the MP relay operation by considering the DC/CA model. 
One question left in the above agreement is whether to reuse the existing message, i.e., MCGFailureInformation or to introduce a new message. 
One of the benefits of reusing the MCGFailureInformation would be that we can reuse the MCG failure information procedure, i.e., S5.7.3b in TS 38.331, as much as possible. However, it cannot be reused as it is because MCG failure information is specified based on the failure detected for MCG MAC/RLC, which hasn’t been defined for the MP relay operation. In addition, the content of the failure report has not yet been discussed for the MP relay operation. Unless the content and the procedure are finalized, it wouldn’t be easier to decide whether the existing MCGFailureInformation is enough to be reused or introducing a new report message is easier.   
Proposal 2: RAN2 discuss the content of the failure report before discussing whether the existing message is to be reused or a new message is introduced. 
For Uu-RLF, RAN2 further agreed that:
Agreement:
The existing PC5-RRC Notification Message procedure is reused for the relay UE to inform the remote UE about Uu failure of the relay UE as currently specified in 38.331.

The intention, to our understanding, is to reuse the legacy message, i.e., NotificationMessageSidelink, but not to reuse the Notification message procedure as it is specified in S5.8.9.10.4 of TS 38.331. 
If the remote UE with MP relay operation receives NotificationMessageSidelink, the current specification lets the UE initiate the RRC connection re-establishment procedure. This is not aligned with the RAN2 decision that, when PC5-RLF is detected, the UE can report the failure via the alive direct path. 
Proposal 3: RAN2 confirms that the relay UE informs the remote UE of Relay UE’s Uu failure by using NotificationMessageSidelink. Upon reception of this message, however, the behaviour of the remote UE with the MP relay operation may be different from Rel-17 without the MP relay operation. 

2.2	PC5 RLF
For PC5-RLF, RAN2 agreed that:
Agreement:
In case of PC5-RLF, if SRB1 is available on direct path not suspended, trigger report to network via direct path to report the failure via a RRC message.  FFS if an alternative case exists and what would be done in that case.  FFS which message is used.

The first FFS is regarding whether to re-establish the RRC connection if SRB1 is configured only on the indirect path and PC5-RLF is detected, which is related to Proposal 1. Also, which message to use is FFS but it can only be discussed when RAN2 understands what information is to be sent, which is related to Proposal 2. Thus, the remaining issues for PC5-RLF can be discussed together in the scope of Proposal 1 and 2. 
Observation 4: For PC5-RLF, the remaining FFS parts are related to support of non-split SRB1 on the indirect path and the content of the failure report. 

2.3	RLF reporting
In MP relay operation, if the failure is detected on the indirect path, it is due to either PC5 link or Uu link of the relay UE. Thus, it may be beneficial to inform which link of the indirect path is problematic so that the gNB fixes the problematic link individually. 
In addition, when the failure report is transmitted to the gNB, it is for fast link recovery, which can be either recovery of the failed path so that MP relay operation is continued or to revert to a single path operation. To facilitate the gNB decision, it would be beneficial for the gNB to acquire the latest buffer size information as well as the link quality since relying on the periodic or retransmission BSR may not be sufficient for the gNB to acquire the latest buffer size information at an appropriate time. 
Proposal 4: RAN2 considers that buffer size information, problematic link/interface indication, and link quality to be reported when reporting the RLF. 

As mentioned above, the failure report is for fast link recovery. Thus, if link recovery is neither possible nor needed, there is no reason to report the failure by the remote UE, which only increases the signaling and processing overhead without bringing any benefit. For instance, if the remote UE cannot discover any candidate relay UE camping on the same gNB, the link recovery of indirect path may not be possible because, in Rel-18, MP relay is supported only within the same gNB. Another example would be that the data amount is below a threshold upon RLF, for which use of single path is sufficient and it is fine to wait for the gNB to detect the problem.   In these cases, we see some benefits of not reporting the RLF even if split SRB1 is available on one path. In detail, skipping RLF report based on the pre-configured condition would avoid unnecessary failure report, which may interfere the continuous data transmission/reception on the alive path.  
Proposal 5: RAN2 discuss if the gNB can configure a condition not to send the RLF report even if the UE detects the RLF on one path while another path can be used for transmission of the RLF report. 

2.4	Relay UE in RRC_IDLE or RRC_INACTIVE
For the relay UE in RRC_IDLE or RRC_INACTIVE, RAN2 agreed in RAN2#121 that:
Agreements:
For bringing the idle/inactive relay UE to RRC_CONNECTED, the legacy Rel-17 behaviour (Alt 1 in the proposal) is not disabled for indirect path addition when split SRB1 is configured.  A PC5-RRC trigger is specified at least for other cases.
FFS if a Rel-17 relay UE is supported for use with multi-path and how the above agreement is reflected in such a case.

The current agreement implies that, if non-split SRB1 is configured, PC5-RRC message will be used to bring the relay UE to RRC_CONNECTED, i.e., the remote UE sends PC5-RRC message only when the associated relay UE is not in RRC_CONNECTED. Thus, the remote UE needs to know whether the associated relay UE is in RRC_CONENCTED or not in order to decide the transmission of PC5-RRC message, which is currently not possible. One option would be that the gNB informs the associated relay UE’s RRC state via RRCReconfiguration message when adding the indirect path to the remote UE. 
Proposal 6: RAN2 discuss how the remote UE is aware of the RRC state of the associated relay UE. 
In addition, we still see that the network may prefer to receive the RRCReconfigurationComplete message via the direct path even if split SRB1 is configured and the relay UE is not in RRC_CONNECTED.
In Rel-17, when path is switched from the direct path to the indirect path, there is no way but to send the RRCReconfigurationComplete message via the relay UE. Thus, RRCReconfigurationComplete message can be used to trigger a relay UE to make RRC connection if the relay UE was not in RRC_CONNECTED. 
Observation 5: In Rel-17, there is no way but to send the RRCReconfigurationComplete message to the indirect path.
In Rel-18, on the other hand, when the indirect path is added while having a direct path already, the remote UE can respond the RRCReconfigurationComplete message through the direct path, which was the path used for receiving the RRCReconfiguration message. Sending RRCReconfigurationComplete message through the indirect path may not be preferred by the network because the relay UE can send this message only after RRC connection is established and SL-RLC1 is reconfigured (as in Figure 2) – the transmission of RRCReconfigurationComplete is delayed. 
Observation 6: In Rel-18, sending the RRCReconfigurationComplete message to the direct path could preferred by the network because it can complete the reconfiguration procedure without being affected by the delay to bring the relay UE to RRC_CONNECTED. 
For fast completion of RRC reconfiguration procedure, one option would be that the network configures the path to send the RRCReconfigurationComplete message. For instance, if the network sets the path to direct path for the split SRB1, the remote UE transmits the RRCReconfigurationComplete message on the direct path and sends PC5-RRC message over the indirect path if the relay UE is not in RRC_CONNECTED (as in Figure 3). If the network sets the path to indirect path for the split SRB1, the remote UE transmits the RRCReconfigurationComplete message on the indirect path, which will initiate the RRC procedure if the relay UE is not in RRC_CONNECTED. 
Proposal 7: The network configures the remote UE with a path to send the RRCReconfigurationComplete message. If the path is set to the direct path, the remote UE sends the RRCReconfigurationComplete message to the direct path, and sends the PC5-RRC message to the relay UE, if the relay UE is not in RRC_CONNECTED. 
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Figure 1. Indirect path addition when the relay UE is in RRC_CONNECTED
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Figure 2. Indirect path addition when the relay UE is not in RRC_CONNECTED – Uu-RRC based mechanism. 
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Figure 3. Indirect path addition when the relay UE is not in RRC_CONNECTED – PC5-RRC based mechanism.

2.5	SRB1/SRB2
In [R2- 2301925], the following proposals are related to SRB1/SRB2 configuration:
Proposal 1.7A: [HP] The network is allowed to configure SRB1 and SRB2 on same path or different paths.
Proposal 1.7B: [HP] The bearer type (i.e., direct bearer, indirect bearer, or multi-path bearer) of SRB1 and SRB2 can be independently configured by the network. 
We see no motivation to configure these SRB1 and SRB2 on the different paths. However, the configuration should be up to the network, and we expect that RAN2 will not develop further mechanism for the case where SRB1 and SRB2 are configured on the different paths or the bearer type of SRB1 and SRB2 are different. 
Proposal 8: It is up to the network how to configure the SRB1 and SRB2 – it can be of different bearer type and configured on the different paths. However, RAN2 will not further develop any mechanism for the cases where SRB1 and SRB2 are configured on the different paths or the bearer type of SRB1 and SRB2 are different.

2.6	Primary path 
Regarding split operation, it has been discussed a couple of times in RAN2 whether the primary path concept is introduced, and it has been proposed in [R2- 2301925] that:
Proposal 1.8A: [HP] The concept of the existing ‘primary path and primary RLC entity’ is adopted for each MP split bearer configuration.
Proposal 1.8B: [HP] PDCP control PDU only transmits on the primary RLC entity same as legacy.
The only argument we’ve heard so far is to follow the legacy mechanism in DC. However, we still think it is not good approach to copy and paste the legacy mechanism just because the L2 protocol architecture has some similarity even if they are aiming at different deployments/scenarios. It should be noted that, in DC, it was considered that the MCG provides more stable connection than SCG and SCG resources are considered as additional resources. In MP relay operation, it wouldn’t be a reasonable assumption that one path is better or more stable than the other path in a static manner, and, thus, restricting the use of a path to a primary path would be nothing but wasting the resources of non-primary path.
Observation 7: In MP relay operation, there is no technical reason provided so far why a PDCP control PDU cannot be sent over any path, and why both paths cannot be used when the buffer size is below a threshold.
Proposal 9: RAN2 identifies the technical problem when the primary path is not introduced, based on which RAN2 decides whether to introduce the concept of primary path (=primary RLC entity).

2.7	High priority issues for scenario 2
2.7.1 Relay UE selection/association
For scenario 2, RAN2 needs to discuss how the remote-relay UE association is managed and indicated to the gNB, which was proposed [R2- 2301925] but not yet discussed in RAN2#121:
Proposal 2.1B: [HP] The remote UE reports relay UE’s ID to gNB for indirect path addition, when both UEs are in RRC_CONNECTED. FFS which UE ID is used as relay UE’s ID. FFS for relay UE’s serving cell information.
Proposal 2.1C: [HP] RAN2 is requested to discuss whether to support more than one relationship between relay UE and remote UE. 
There seems to be two purposes of reporting the multiple candidate relay UEs to the gNB. One is for the authorization and the other one is for selecting a relay with better AS condition. 
During the study phase, it is agreed in RAN2#119e as follows:
Agreement:
RAN2 assumes that the relation between remote UE and relay UE in scenario 2 is pre-configured or static and how the relation is pre-configured or static is out of the 3GPP scope.
RAN2 deprioritizes discussion on authorization and association mechanism between remote UE and relay UE in scenario 2.

When RAN2 agreed on the pre-configured or static association for scenario 2, it was understood that pre-configuring or establishing a static association would not be the scope of 3GPP. As a result, the discussion on authorization/association mechanism was deprioritized [R2-2208809]. There was a debate around whether RAN2 should send an LS to SA2 to trigger the related discussion in SA2, for which no consensus was reached. Thus, the authorization/association mechanism can still be assumed deprioritized, and it can be left up to non-3GPP implementation how to find an authorized relay UE. 
Observation 8: RAN2 assumes that the association between the remote UE and the relay UE in scenario 2 is pre-configured or static, which can be done by non-3GPP implementation and does not require gNB involvement.
It was further suggested that the gNB chooses an appropriate relay among the candidate relay UEs based on their AS condition/capabilities. However, since the UE-to-UE link is non-3GPP interface, the remote/relay UE would have better knowledge than the gNB does. Thus, it would be more reasonable and efficient approach that the remote and relay UE share their 3GPP AS related condition/capabilities and choose the best relay UE instead of reporting the non-3GPP condition to the gNB and letting the gNB choose the target relay UE.  
Observation 9: For scenario 2, the gNB cannot be better than the remote/relay UE in selection of an appropriate relay due to lack of knowledge about UE-to-UE link.
Proposal 10: In scenario 2, the remote UE selects the target relay UE and reports the selected relay UE to the gNB.  
To configure the Uu link of the relay UE, the gNB needs to know whether a UE is acting as a relay UE. For this, the remote UE can report the C-RNTI of the selected relay UE. As C-RNTI is unique within the cell, the serving cell information of the relay UE may also be required. One question here would be when the remote UE reports it. The remote UE would be able to report the relay UE’s C-RNTI only after the relay UE enters the RRC_CONNECTED state. Since we assume it is up to the implementation in scenario 2 how to bring the relay UE to RRC_CONNECTED, it would also be up to the implementation when the remote UE reports the relay UE information to the gNB.
Proposal 11: In scenario 2, the remote UE reports the C-RNTI and serving cell information of the relay UE to the gNB once the relay UE is in RRC_CONNECTED. It is out of 3GPP scope how and when the relay UE enters the RRC_CONNECTED and when the remote UE reports the relay UE’s information to the gNB. 

2.7.2 Indirect path change
RAN2 needs to decide whether to support the indirect path change for the scenario 2. 
Proposal 2.3: [HP] RAN2 is requested to discuss whether to support indirect path change in Scenario 2
In principle, we assume static or pre-configured relay UE for scenario 2. Thus, support of indirect path change while keeping the direct path seems not essential. Furthermore, it is likely in scenario 2 that the remote UE and the relay UE is in proximity, which means keeping one path and changing the other path would happen only rarely. Therefore, we propose not to develop further on the case G for scenario 2. 
Proposal 12: In scenario 2, RAN2 will not further optimize a mechanism to support case G.

2.7.3 SRB1/SRB2
For SRB1 and 2, the remaining issues are:
Proposal 2.4A: [HP] non-split SRB1 and 2 over indirect path is not supported in Scenario 2.
Proposal 2.4B: [HP] split SRB1 and 2 are supported in Scenario 2 and primary path of the split SRB 1 and 2 is always on direct path.
Scenario 2 is originated from UE aggregation, where the relay UE is acting as a tethered UE in close proximity to the remote UE. Thus, it is likely that the indirect path provides similar link quality as the direct path but with increased latency. Furthermore, the UE-to-UE link can be of any interface for which we may not ensure safe delivery of the SRB. Thus, it seems not so necessary to support the non-split SRB on the indirect path.
Proposal 13: In scenario 2, non-split SRB on the indirect path is not supported.
The next question is whether to support the split SRB for scenario 2. 
If the reason of not supporting the non-split SRB on the indirect path for scenario 2 is because the UE-to-UE link is not trustable, the same can be applied to the split SRB, hence, split SRB cannot be supported. 
Even in case the UE-to-UE link is trustable, it would be of no benefit just splitting the path to deliver the SRB because our assumption is that the relay UE in scenario 2 is near the remote UE – the link quality of direct path and indirect path would be similar while the direct path provides lower latency. The only beneficial case, in our view, would be to configure the packet duplication for the split SRB to increase the reliability. Thus, we don’t think primary path is not necessary for split SRB in scenario 2. 
Proposal 14: In scenario 2, if split SRB is to be supported, primary path is not necessary.

2.7.4 UE-to-UE link failure handling
For failure handling, it was proposed in [R2- 2301925] that:
Proposal 2.6A: [Easy] Detection of UE-UE link failure is supported based on UE implementation.
Proposal 2.6B: [HP] If UE-UE link failure is detected on indirect path in Scenario 2, the remote UE can report UE-UE link failure to gNB over direct path, based on what RAN2 will agree for Scenario 1 assuming that the corresponding procedure is agreed for Scenario 1.
For scenario 2, the detection of failure over UE-to-UE link should be out of 3GPP scope. In addition, if the link failure is detected on the UE-to-UE link, the recovery of UE-to-UE link should also be done without impacting the 3GPP protocol. However, it would be of no harm to report the UE-to-UE link failure to the gNB because the gNB can adapt its scheduling, e.g., not to over schedule the relay UE’s Uu link for uplink relay operation, not to scheduling in downlink via the indirect path. In our view, non-3GPP UE-to-UE link wouldn’t motivate any need of differentiated failure reporting, hence, the failure reporting that will be defined for scenario 1 can be reused.
Proposal 15: In scenario 2, the failure detection over UE-to-UE link is not 3GPP scope. 
Proposal 16: In scenario 2, the failure report procedure for scenario 1 is reused for scenario 2. 

3	Conclusion
In this contribution, we presented our observations and proposals as follows:
Observation 1: There is no technical issue that prevents configuring a non-split SRB1 on the indirect path even if the PCell is located on the direct path.
Observation 2: DC model, which differs from Rel-18 MP relay operation, does not allow PCell on the direct path and non-split SRB1 on the indirect path. 
Observation 3: CA model allows PCell on the direct path and the non-split SRB1 on the indirect path.
Proposal 1: RAN2 discuss whether non-split SRB1 can be supported on the indirect path when PCell is located on the direct path for the MP relay operation by considering the DC/CA model. 
Proposal 2: RAN2 discuss the content of the failure report before discussing whether the existing message is to be reused or a new message is introduced. 
Observation 4: For PC5-RLF, the remaining FFS parts are related to support of non-split SRB1 on the indirect path and the content of the failure report. 
Proposal 3: RAN2 confirms that the relay UE informs the remote UE of Relay UE’s Uu failure by using NotificationMessageSidelink. Upon reception of this message, however, the behaviour of the remote UE with the MP relay operation may be different from Rel-17 without the MP relay operation. 
Proposal 4: RAN2 considers that buffer size information, problematic link/interface indication, and link quality to be reported when reporting the RLF. 
Proposal 5: RAN2 discuss if the gNB can configure a condition not to send the RLF report even if the UE detects the RLF on one path while another path can be used for transmission of the RLF report. 
Proposal 6: RAN2 discuss how the remote UE is aware of the RRC state of the associated relay UE. 
Observation 5: In Rel-17, there is no way but to send the RRCReconfigurationComplete message to the indirect path.
Observation 6: In Rel-18, sending the RRCReconfigurationComplete message to the direct path could preferred by the network because it can complete the reconfiguration procedure without being affected by the delay to bring the relay UE to RRC_CONNECTED. 
Proposal 7: The network configures the remote UE with a path to send the RRCReconfigurationComplete message. If the path is set to the direct path, the remote UE sends the RRCReconfigurationComplete message to the direct path, and sends the PC5-RRC message to the relay UE, if the relay UE is not in RRC_CONNECTED. 
Proposal 8: It is up to the network how to configure the SRB1 and SRB2 – it can be of different bearer type and configured on the different paths. However, RAN2 will not further develop any mechanism for the cases where SRB1 and SRB2 are configured on the different paths or the bearer type of SRB1 and SRB2 are different.
Observation 7: In MP relay operation, there is no technical reason provided so far why a PDCP control PDU cannot be sent over any path, and why both paths cannot be used when the buffer size is below a threshold.
Proposal 9: RAN2 identifies the technical problem when the primary path is not introduced, based on which RAN2 decides whether to introduce the concept of primary path (=primary RLC entity).
Observation 8: RAN2 assumes that the association between the remote UE and the relay UE in scenario 2 is pre-configured or static, which can be done by non-3GPP implementation and does not require gNB involvement.
Observation 9: For scenario 2, the gNB cannot be better than the remote/relay UE in selection of an appropriate relay due to lack of knowledge about UE-to-UE link.
Proposal 10: In scenario 2, the remote UE selects the target relay UE and reports the selected relay UE to the gNB.  
Proposal 11: In scenario 2, the remote UE reports the C-RNTI and serving cell information of the relay UE to the gNB once the relay UE is in RRC_CONNECTED. It is out of 3GPP scope how and when the relay UE enters the RRC_CONNECTED and when the remote UE reports the relay UE’s information to the gNB. 
Proposal 12: In scenario 2, RAN2 will not further optimize a mechanism to support case G.
Proposal 13: In scenario 2, non-split SRB on the indirect path is not supported.
Proposal 14: In scenario 2, if split SRB is to be supported, primary path is not necessary.
Proposal 15: In scenario 2, the failure detection over UE-to-UE link is not 3GPP scope. 
Proposal 16: In scenario 2, the failure report procedure for scenario 1 is reused for scenario 2. 
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