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In the last two meetings, RAN2 has confirmed the benefits of multi-path in term of throughput/reliability enhancement as well as achieved good progress on protocol stack design, bearer types, configuration cases, and basic user plane mechanisms. 
Considering this is the last meeting of the study phase, in this contribution we will discuss the left issues from previous meetings and give a brief summary of the status of multi-path support for both of scenario 1 and scenario 2.
2 Discussion
In the first part, we would like to discuss and address the following FFS points left from last RAN2 meeting:
· To confirm the working assumption about protocol stack for scenario 2
· To clarify the concept of primary path
· Uu RLM (and failure recovery) and PCell location in scenario 1
· Failure detection and recovery for the non-3GPP UE-to-UE connection in scenario 2
· Left issues for configuring indirect link during multi-path establishment, including how/when to trigger idle/inactive relay to go into connected state
· To clarify multi-path configuration handling in inactive state
· To clarify data spit and duplication support for DRB and SRB
· To confirm the supported/not supported configuration cases
In the second part, based on a brief summary of the study phase, we observe the objective of study on multi-path has been accomplished by RAN2 and it can proceed into normative work from RAN2 perspective.
2.1 Left issues
2.1.1 Protocol Stack in scenario 2
In last RAN2 meeting, for protocol stack design for scenario 2, all the potential issues have been discussed for the solutions with or without adaptation layer in offline #425. And it was confirmed feasible if there is no adaptation layer in Uu hop and in PC5 hop, assuming that one relay UE only serves one remote UE, and no support of M:1 bearer mapping.
	Agreements:
Proposal 1A: The relay UE is restricted to serve only one remote UE in Scenario 2.
Proposal 5A (modified): For Scenario 2, different Uu logical channels are configured for identification of data directed to/originating from the relay UE and data relayed from/to the remote UE over the Uu link of the indirect path, as in Rel-17.
Proposal 9A (modified): Do not specify adaptation layer over UE-to-UE link for scenario 2 in RAN2.
Proposal 1C (modified): UE identification is not needed over Uu link in Scenario 2, if relay UE serves only one remote UE (as in Proposal 1A) and different Uu RLC channels can be assumed for the remote UE and the relay UE (as in Proposal 5A).
Working assumptions:
Proposal 3A: Bearer identification except LCID is not needed in L2 PDU over Uu link in Scenario 2. Only 1:1 bearer mapping is supported over Uu link for the indirect path.  FFS how to configure the mapping.
Proposal 3B: Without the adaptation layer over Uu link in scenario 2, a PDCP PDU can be delivered to an intended PDCP entity or RLC entity for support of more than one RB over Uu link e.g. by configuring 1:1 bearer mapping and different Uu RLC channels for relay UE local traffic and relay traffic for PDU delivery.
Proposal 9B: Do not specify adaptation layer over Uu link for scenario 2 in RAN2.



For indirect link (i.e. non-3GPP UE-UE connection), it was easily agreed it can be left to UE implementation if UE differentiation and/or E2E bearer identification are needed, which means no adaptation layer is to be specified. But for Uu hop, it is more controversial whether the adaptation layer is needed or not, which depends on the bearer mapping support. In last meeting, majority agreed that M:1 bearer mapping is not necessary in scenario 2, since UE aggregation is intended mainly for uplink power/throughput/data rate boosting for remote UE, and the current maximum Uu LCID (i.e. 32) are sufficient to carry relay UE’s own radio bearer as well as remote UE’s radio bearer in normal cases. In addition, without bearer mapping and adaptation layer, the remote UE/relay UE’s behaviour would be simplified and it can also reduce the overhead of adaptation layer header. This use case is confirmed and preferred by the operator, therefore we suggest to confirm the working assumption on the restrictions to simplify the discussion in the limited time. 
Proposal 1. Confirm the following working assumptions from last meeting:
· Bearer identification except LCID is not needed in L2 PDU over Uu link in Scenario 2. Only 1:1 bearer mapping is supported over Uu link for the indirect path. 
· Without the adaptation layer over Uu link in scenario 2, a PDCP PDU can be delivered to an intended PDCP entity or RLC entity for support of more than one RB over Uu link e.g. by configuring 1:1 bearer mapping and different Uu RLC channels for relay UE local traffic and relay traffic for PDU delivery.
· Do not specify adaptation layer over Uu link for scenario 2 in RAN2.
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Figure 1. Protocol stack for scenario 2 (UE aggregation)
2.1.2 Concept of primary path 
The concept of primary path issue was discussed in the post email discussion [1], but companies cannot reach a common consensus. 
In general, primary path is not a new terminology, which is used for the data split/ duplication operation in DC (Dual Connectivity) to indicate a primary RLC entity in current RRC specification. From the discussion in [1], we can see that the companies have different understanding of the concept for primary path, which is also different with the definition in DC. Besides, the motivation for introducing primary path is not clear. Therefore, we think that introducing this definition is not beneficial for specification, but on the opposite, may cause confusion and waste time. As some companies commented, the primary path definition issue can be de-prioritize and spec design can go ahead without it. 
We can focus on the control plane procedures and user plane issues as discussed below at this stage. If we need to characterize the role of the two paths, as a recommendation, we can use what we have currently, i.e., the direct path and indirect path. If we need to differentiate the path established first or added later, we can use first path and second path for discussion in study phase. And if the need to have a particular terminology is justified/clarified, RAN2 can further discuss and decide what it is called.  
Proposal 2. RAN2 focus on the basic control plane and user plane procedures, and use the terms of first path/second path if needed. Whether to introduce the concept of “primary path” can be decided in normative work in case the requirement can be justified. 
2.1.3 Uu RLM and PCell location
In last meeting, as the outcome of offline #426, RAN2 agreed that UE should perform RLM in Uu link, but there was no detailed discussion on how to perform Uu RLM considering the situation is different in case of the Uu link is the first path or second path. 
Following legacy RLM/RLF procedures, a list of reference signals for detecting cell level radio link failure (RLF) is configured via RadioLinkMonitoringConfig. A UE is required to perform RLM on PCell and PSCell when SCG is configured as specified in TS 38.213. According to objective description of multi-path support, it is not expected to have RAN1 involvement, which means we’d better to follow existing RAN1 specification and try to reuse what we have in current specifications. This should be ok for the following case A, but we needs more discussion on case B.
· Case A: the UE accesses the network via Uu path. Following legacy procedure, the UE will consider the Uu cell as PCell, and perform RLM on the configured RLM resources as legacy. After relay path is added later, irrespective whether the relay UE’s PCell is the same or not, at least the RLM monitoring on PCell is not affected.  Upon RLF of Uu PCell, the UE can trigger RRC reestablishment as legacy. Enhanced RLF recovery via indirect path (very similar like MCG failure recovery via SCG) can be discussed further.
· Case B: the UE accesses the network via a L2 U2N Relay UE. Following Rel-17 L2 CP procedures, the Remote UE will consider the Relay UE’s PCell as its own PCell, but will not perform Uu RLM. As agreed in last meeting as configuration case B, the multi-path can be configured by adding the Uu path on top of the relay path. There are several possible handing methods on the Uu Cell(s).
· Option1: Assuming one of the Uu Cell is PCell. This means the PCell change is mandated during multi-path configuration case B and multi-path de-configuration for configuration case D. 
· Option2: Assuming one of the Uu Cell is SCell. Currently no RLM is performed on SCell, thus this will have impact on some specifications. 
· Option3: Assuming one of the Uu Cell is PSCell. This implies the relay path is MCG, and the Uu path is SCG, so that we can reuse the definition of PSCell. However, it is very strange to call relay path as MCG, as literally there is no cell in sidelink which means relay path cannot fit in the concept of Cell Group.
· Option4: Assuming one of the Uu Cell is special Cell, i.e. SpCell. This can be considered as a variety of option 3, which means we do not call relay path as MCG, but to define a new type of the special cell on Uu path similar like PSCell. 
Among the above options, we observe:
· For option1, the existing RLM procedure is sufficient, and Uu RLF handling is the same as case A, thus no extra RAN1/RAN2 specification modification specific to RLM is required. And if companies worry about the data interruption happening during PCell change like in Uu mobility procedures, RAN2 can further discuss if remote UE can maintain the data transmission on relay path during the PCell change for multi-path configuration. As this can be achieved in Rel-17 I2D path switch, it should be feasible and easy for Rel-18 multi-path.
· For option2, RAN2 and RAN1 specifications need to be updated to allow RLM on SCell, which also means existing per-Cell Group RLF handling based on PCell cannot cover this case, and specifications are to be modified.
· For option 3 and option 4, the main specification work is in RAN2. Option3 is to modify the existing MCG definition to accommodate sidelink/relay path, while option4 tends to introduce an independent terminology for relay path, but keep the nature of the path similar as MCG. The Uu RLF will not trigger RRC reestablishment, and UE can suspend the transmission of the Uu cell(s) and report failure information via direct link to the network, in the similar way as SCG failure information reporting.
Based on above discussion, our preferences are option1 (with minimum specification impact) and option4 (with less PCell restriction and acceptable specification impact).
Proposal 3: For configuration case B, i.e. direct path is added on top of indirect path, RAN2 discusses PCell location among the following options:
· Option1: One of the Uu Cell is PCell 
· Option2: One of the Uu Cell is SCell 
· Option3: One of the Uu Cell is PSCell 
· Option4: One of the Uu Cell is specially Cell (not PCell or PSCell) 
2.1.4 RLM on non-3GPP connection
In last meeting, it was agreed that whether/how to have failure detection on the non-3GPP UE-UE connection is out of 3GPP scope. But companies had different views on whether there is a benefit to support indirect link failure handling specified for scenario 2. Our view is that although the transmission mechanism of the direct link is not specified in 3GPP, but the status of the link is related to the whole multi-path operation and should be monitored by network. For instance, if there is the connection is not available (how to determine it is available or not is left to UE implementation), the remote UE should be able to report the situation via Uu signalling to the network, so that the network can de-configure the indirect path, otherwise the data configured to indirect path will be stuck. 
Proposal 4: In scenario 2, the remote UE detects RLF over UE-to-UE interface by UE implementation and the failure information can be reported via Uu signalling for network decision on multi-path release.
2.1.5 Left issues of configuration case A 
We understand the left issues for cases A (i.e. the remote UE operating only on the direct path adds the indirect path under the same gNB) are:
· In scenario 2, how to configure relay UE considering discovery procedure and measurement reporting are not applicable;
· In scenario 1 and scenario 2, when the relay UE is in idle/inactive state, how/when to trigger the relay UE entering connected state; 
Figure 2 give an example of the multi-path establishment procedure for case A in scenario 1, assuming the relay UE is in connected state.
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Figure 2. Multi-path establishment by adding indirect path on top of direct path 
Steps 1 and 2: remote UE performs relay discovery procedure and triggers measurement report based on gNB’s measurement configuration. Similar to R17 L2 U2N relay, the measurement results can include the candidate relay UE’s source L2 ID, serving cell ID, and SD-RSRP. The reporting can be configured as periodical or event-triggered. For event trigger scenario, the legacy Event Y2 can be used (candidate relay UE’s SD-RSRP becomes higher than a threshold).
Step 3: gNB decides to configure multi-path for remote UE. The relay UE selection for indirect path is left to gNB implementation.
Step 4: gNB sends the RRC Reconfiguration message to relay UE in indirect path, which contains remote UE’s local ID and L2 ID, the bearer mapping from E2E RB(s) to PC5 Relay RLC channel(s) and to Uu Relay RLC channel(s), as well as the Uu and PC5 Relay RLC channel configurations for relaying, similar as in Rel-17. 
Step 5: gNB sends the RRC Reconfiguration message to remote UE, which indicates the relay UE in indirect path, remote UE’s local ID, the association between E2E PDCP and Uu RLC bearer/PC5 Relay RLC channel/both, and data duplication/split related configuration. 
Step 6: remote UE establishes PC5 RRC connection with the selected relay UE.
Step 7: remote UE sends the RRC Reconfiguration Complete message to the gNB. 
Most steps of the above procedure are applicable to scenario 2. Some differences exist because the UE-UE connection for UE aggregation is non-standardized. For example, the discovery procedure and the legacy message exchange between the remote UE and the relay UE in multi-path via relay scenario cannot be reused, then one issue is how to find and select suitable/candidate relay UE at the remote UE side, instead of following the discovery procedure for multi-path via relay. Based on the agreements, gNB can get the relay UE information based on the pre-configured or static relation between relay UE and remote UE which can be included in authorization information. As mentioned by companies in last meeting, it seems to be a possible that remote UE has authorized relation with more than one candidate relay, but due to the restriction in WID, only one relay can be configured in indirect path in Rel-18. Then a straightforward procedure would be the Remote UE reports one or more candidate relay to the network, network decides whether multi-path can be configured to the remote UE taking into account of the Uu link of the candidate relays as well as the remote UE’s authorization info.
Proposal 5. For scenario 2, the remote UE reports one or more candidate relay to gNB, and gNB decides whether to configure multi-path for the remote UE based on the paired relation in the remote UE’s authorization info.
Regarding the issue how to trigger idle/inactive relay UE going into connected in case A, basically majority agree to reuse Rel-17 method, but there may be some new issues to overcome. In Rel-17 path switch, a L2 U2N relay UE in RRC_IDLE/INACITVE can be configured as the target relay UE, and be triggered to initiate RRC connection setup/resume procedure by remote UE’s first UL RRC message. For Rel-18 case 1, assuming the similar method is to be reused, the generic procedure is shown in Figure 3. We can see the only difference from Rel-17 path switch procedure is whether the remote UE will transmit the UL RRC message to relay UE and trigger IDLE/INACTIVE relay UE to enter CONNECTED state after receiving the multi-path configuration. If SRB1 is configured with data duplication, then the remote UE will send RRCReconfiguraitonComplete message via both of direct path and the indirect path which can trigger relay UE entering connected state as the same as in Rel-17. But if assuming SRB1 is only configured on the direct path, i.e., remote UE sends the RRCReconfiguraitonComplete message via the direct path, then there should be a new way that the remote UE can inform relay UE to trigger it into RRC_CONNECTED state. The alternatives regarding this points are listed in figure 3 as well.
· Option 1: CP solutions, e.g. the relay UE can be triggered into RRC_CONNECTED state if it receives the DCR (Direct Communication Request) message for multi-path relaying purpose, or the remote UE configures the relay UE to establish some PC5 Relay RLC channels for multi-path via sidelink RRC reconfiguration message, or an explicit indication can be send via a new PC5-S/sidelink RRC message.
· Option 2: UP solutions, e.g. the remote UE can send the RRCReconfiguraitonComplete message via SL-RLC1 to relay UE to trigger it into RRC_CONNECTED state even though duplication is not configured, or UL data is received by relay UE via a PC5 Relay RLC channel.
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Figure 3. Multi-path establishment when relay UE is IDLE/INACTIVE
We understand both directions are feasible and will not have much spec impact, so the down-selection can be performed in normative work.
Proposal 6. In scenario 1, when an idle/inactive relay UE is added in case A, the remote UE can use the following solutions to trigger relay UE going into connected state, and further down-selection can be left to normative work.
· Option 1: CP solutions, e.g. the relay UE can be triggered into RRC_CONNECTED state if it receives the DCR (Direct Communication Request) message for multi-path relaying purpose, or the remote UE configures the relay UE to establish some PC5 Relay RLC channels for multi-path via sidelink RRC reconfiguration message, or an explicit indication can be send via a new PC5-S/sidelink RRC message.
· Option 2: UP solutions, e.g. the remote UE can send the RRCReconfiguraitonComplete message via SL-RLC1 to relay UE to trigger it into RRC_CONNECTED state even though duplication is not configured, or UL data is received by relay UE via a PC5 Relay RLC channel.
For scenario 2, the scenario is totally different as the connection between remote UE and relay UE is non-3GPP defined. It was agreed that it is left to UE implementation to trigger the RRC_IDLE/RRC_INACTIVE target relay UE to initiate RRC connection establishment procedure. However, the detailed solution should be further discussed, for example, when the remote UE should trigger relay UE into RRC_CONNECTED state. Since the relation between remote UE and relay UE in scenario 2 is pre-configured or static, the remote UE can trigger the RRC_IDLE/RRC_INACTIVE relay UE into RRC_CONNECTED state while reporting the relay UE information. In this method, the gNB is able to configure the relay UE earlier, thus accelerate the multi-path establishment procedure. 
Proposal 7. In scenario 2, the remote UE can trigger the RRC_IDLE/RRC_INACTIVE relay UE into RRC_CONNECTED state before reporting the relay UE information to the network, which can accelerate the multi-path establishment procedure.
2.1.6 Multi-path configuration handling in inactive state
After multi-path establishment in case A or case B, upon released to inactive state, how the UE to handle the context and how to resume have been touched a little bit in last meeting. But in fact there was no question related to this issue in the offline #426, and the related proposal was added only based on one company’s comment. Therefore, we feel more solid discussion is needed.
	Proposal 2	[20/21] (modified) Multi-path Relay is NOT applicable to RRC_INACTIVE remote-UE, for scenario-1 and scenario-2. Support storing direct path configuration for potential resume as legacy operation (to single-path configuration), FFS if the UE can also store indirect path configuration and resume directly into multi-path.



The intention of the above agreement is to confirm that the UE configured with multi-path operation does not maintain the two path after released to inactive state, which is very straightforward and agreed by all companies. But the last sentence about resume is not crystal clear to us, because it is kind of created based on online comments and there is no differentiation about whether case A or case B is configured, and whether the UE is resuming towards a relay or Uu cell.
In Rel-17, upon a L2 U2N Remote UE is released to inactive state, it will release SRAP configuration and dedicated PC5 configuration including PC5 Relay RLC channel (following the same principle specified in Rel-16 for V2X). And when it initiates RRC resume to a L2 U2N Relay UE or Uu cell, the network will provide the dedicated configuration required for operating in sidelink link or Uu link in RRC Resume message. It seems some companies want to allow the remote UE to store PC5 dedicated configuration for multi-path, however we do not see the benefit but observe this will lead to full configuration if the UE resumes towards a relay or Uu cell in the network not supporting Rel-18 multi-path. For instance,
· Case A: the UE is configured with relay path on top of Uu path. It is not sure if the resumed is via relay or Uu cell, and the network can support multi-path or not, thus it seems not to be useful to store the relay path configuration as well as the Uu configuration.
· Case B: the UE is configured with Uu path on top of relay path. It is not sure whether the relay path can be always taken as PCell (related to the discussion of PCell location). So the benefit of storing lower layer configurations for either path is even vaguer. 
Observation 1: In Rel-17 L2 U2N relay, the Remote UE release SRAP and PC5 Relay RLC configuration and UP entities upon released to inactive state.
Proposal 8: Upon a UE (configured with multi-path earlier) is released to inactive state, it does not store SRAP and PC5 Relay RLC channel configuration of indirect path (same as Rel-17). 
2.1.7 Data split and data duplication
In RAN2 #119 meeting, it was confirmed that multi-path can improve throughput and reliability by data split and data duplication, thus it should be the RAN2 common understanding that data split and data duplication are supported in multi-path cases. But it is not crystal clear whether it applies to both DRB and SRB.
In RAN2 #119 and RAN2 #119bis meeting, we have reached the following agreements for the split bearer design.
	Agreement in R2-119：
Support direct bearer (bearer mapped to direct path on Uu), indirect bearer (bearer mapped to indirect path via relay UE), and MP split bearer (bearer mapped to both paths, based on the existing split bearer framework).
For a MP split bearer in scenario 1, one PDCP entity at the remote UE is configured with one direct Uu RLC channel and one indirect PC5 RLC channel.
-	For upstream, a PDCP entity delivers to a Uu RLC entity and a PC5 RLC entity with SRAP entity in the remote UE side.
-	For downstream, a PDCP entity receives from a Uu RLC entity and a PC5 RLC entity with SRAP entity in the remote UE side.
FFS if we need to take decisions on the mapping of protocol entities in scenario 2.
Agreements in R2-119bis:
For scenario 1, SRB1 and SRB2 can be configured on either the direct or the indirect path, or on both at least with duplication.  FFS if they can be configured on different paths from one another.
For scenario 2, SRB1 and SRB2 can be configured at least on the direct path.  FFS if there are restrictions on the configuration and if they can be configured on both paths.
Alternative proposal 7-1 (modified): FFS CPDU submission; if legacy CPDU submission behaviour is supported, the primary RLC entity of the MP split bearer for DRB can be configured on any of the paths for Scenario 1.
Proposal 8-1 (modified): PDCP DRB duplication is supported for the MP split bearer in Scenario 1 based on the existing framework.
Proposal 8-2 (modified): PDCP DRB duplication is supported for the MP split bearer in Scenario 2 based on the existing framework.



Based on above agreements, DRB duplication is supported, and data split is also supported. For the FFS part on CPDU submission, the legacy CPDU submission mechanism can also be reused that CPDU is submitted to the primary RLC entity when PDCP duplication is activated. The primary RLC entity can be configured on either the direct path or the indirect path via gNB configuration. The above discussions can be applied to both scenario 1 and scenario 2, and no problem is foreseen. 
Observation 2: Data duplication and data split are supported for DRB in multi-path.
Proposal 9. In both scenario 1 and scenario 2, legacy Control PDU submission mechanism in DC can be reused for PDCP duplication and PDCP split for DRB. 
For SRB, PDCP split seems not mandatory as the throughput would not be the bottleneck for signalling. Technically, for scenario 1, SRB1 and SRB2 can be configured on the direct path or the indirect path or both, and they can be configured on different paths from one another. For scenario 2, it is agreed that SRB can be configured at least on the direct path. On this premise, the PDCP duplication can be supported to improve the reliability. SRB3 and SRB4 are not supported for multi-path in this version.
Proposal 10. For scenario 1, SRB1 and SRB2 can be configured on different paths.
Proposal 11. For scenario 2, PDCP duplication can be supported for SRB1 and SRB2
Based on Proposal 1, the split bearer for scenario 2 can be implemented as in proposal 7.
Proposal 12. In scenario 2, without adaptation layer in indirect link, split bearer (with 1:1 bearer mapping) can be supported as below:
· For UL:
· remote UE’s PDCP entity delivers a packet to Uu RLC entity or to non-3GPP connection based on network configuration;  
· relay UE passes a packet received from the non-3GPP connection to corresponding Uu RLC channel based on the configured mapping between E2E bearer and Uu RLC channel for the remote UE. 
· For DL:
· relay UE passes a packet received from a Uu RLC entity to the non-3GPP connection based on the configured mapping between E2E bearer and Uu RLC channel for the remote UE;  
· remote UE delivers the packet received on the non-3GPP connection to the PDCP associated with the E2E bearer. 
· How to indicate E2E bearer ID in the non-3GPP connection is left to UE implementation.
· The mapping configuration for remote UE and relay UE is stage-3 issues, which is left to normative work.
2.1.8 Supported configuration cases
In RAN2 #119bis, it was agreed to support following cases for Scenario 1.
· Case A (direct path-> multi-path),
· Case B (indirect path-> multi-path), 
· Case C (multi-path –> direct path), 
· Case D (multi-path –> indirect path), 
· Case G (relay UE change), and 
· Case E (direct path change) 
For case E and G, it is FFS if this case would be supported via separate release-and-add (B+D/A+C in separate reconfigurations for case E/G) or a single switch procedure (e.g. similar to i2i/D2D service continuity for case E/G). We think RAN2 can focus on the basic procedures, i.e., cases A to D, and support cases E and G via separate release-and-add procedure in this stage. We can further check whether separate reconfigurations A+C and B+D can be achieved by a single message in stage-3. 
Proposal 13. Support cases E and G via separate release-and-add for scenario 1, and further check whether a single procedure for these cases would be supported in stage 3.
For scenario 2, it was agreed to support:
· Case A (direct path-> multi-path) and 
· Case C (multi-path –> indirect path).
Cases B (indirect path-> multi-path), D (multi-path –> indirect path), G (relay UE change), and E (direct path change) are FFS. 
Whether to support cases B/D/E/G or not depends on the assumption of the use case for scenario 2. Since the relay UE in scenario 2 is mainly for uplink throughput enhancement, and it was agreed that the SRB is configured least on the direct path. It means the SRB is not always configured on the indirect path, thus cases C and E are not always supported. For case B, the current specification does not support the remote UE to connect to the network via a relay UE with non-3GPP UE-to-UE connection. For case G, if more than one relay UE is pre-configured for the remote UE, then relay UE change procedure should be supported. 
Proposal 14. The following cases are not supported for Scenario 2:
· B.	The remote UE configured only on the indirect path adds the direct path under the same gNB; 
· D.	The remote UE configured with multi-path releases the direct path;
· E.	The remote UE configured with multi-path changes the serving cell of the remote UE for the direct path while keeping the serving relay UE for the indirect path under the same gNB;
Proposal 15. The following case is supported for Scenario 2 if more than one candidate relay UEs have the paired relation with the remote UE, i.e. relay change is possible:
· G.	The remote UE configured with multi-path changes to a new relay UE for the indirect path while keeping the direct path under the same gNB.
2.2 Summary of study phase
In RAN2 #119 meeting, we have confirmed the benefits of multi-path on the throughput and reliability enhancement for a remote UE in both scenarios 1 and 2. In the meetings for SI phase (e.g., from the discussions above), the overall solutions of multi-path for scenario 1 and scenario are studied and considered complete and feasible. We can discuss the left issues in stage-3, and determine the detailed design.
Observation 3: For scenario 1 and scenario 2, benefits and scenarios have been confirmed for multi-path support in Rel-18.
Observation 4: The overall solutions for multi-path in scenario 1 and scenario 2 are studied and considered as complete and feasible. The remaining issues are more stage-3 issues, which can be further addressed in normative work.
Proposal 16: RAN2 confirm the multi-path support in scenario 1 and scenario 2 is beneficial and feasible, and can proceed into normative work in Rel-18.
1. Conclusion
Based on above discussion, we have the following proposals and observations. 
Left issues 
Protocol stack in scenario 2 
Proposal 1. Confirm the following working assumptions from last meeting:
· Bearer identification except LCID is not needed in L2 PDU over Uu link in Scenario 2. Only 1:1 bearer mapping is supported over Uu link for the indirect path. 
· Without the adaptation layer over Uu link in scenario 2, a PDCP PDU can be delivered to an intended PDCP entity or RLC entity for support of more than one RB over Uu link e.g. by configuring 1:1 bearer mapping and different Uu RLC channels for relay UE local traffic and relay traffic for PDU delivery.
· Do not specify adaptation layer over Uu link for scenario 2 in RAN2.
Concept of primary path
Proposal 2. RAN2 focus on the basic control plane and user plane procedures, and use the terms of first path/second path if needed. Whether to introduce the concept of “primary path” can be decided in normative work in case the requirement can be justified. 
Uu RLM and PCell location
Proposal 3: For configuration case B, i.e. direct path is added on top of indirect path, RAN2 discusses PCell location among the following options:
· Option1: One of the Uu Cell is PCell
· Option2: One of the Uu Cell is SCell 
· Option3: One of the Uu Cell is PSCell
· Option4: One of the Uu Cell is specially Cell (not PCell or PSCell) 
RLM on non-3GPP connection 
Proposal 4: In scenario 2, the remote UE detects RLF over UE-to-UE interface by UE implementation and the failure information can be reported via Uu signalling for network decision on multi-path release.
Left issues of configuration case A
Proposal 5. For scenario 2, the remote UE reports one or more candidate relay(s) to gNB, and gNB decides whether to configure multi-path for the remote UE based on the paired relation in the remote UE’s authorization info.
Proposal 6. In scenario 1, when an idle/inactive relay UE is added in case A, the remote UE can use the following solutions to trigger relay UE going into connected state, and further down-selection can be left to normative work.
· Option 1: CP solutions, e.g. the relay UE can be triggered into RRC_CONNECTED state if it receives the DCR (Direct Communication Request) message for multi-path relaying purpose, or the remote UE configures the relay UE to establish some PC5 Relay RLC channels for multi-path via sidelink RRC reconfiguration message, or an explicit indication can be send via a new PC5-S/sidelink RRC message.
· Option 2: UP solutions, e.g. the remote UE can send the RRCReconfiguraitonComplete message via SL-RLC1 to relay UE to trigger it into RRC_CONNECTED state even though duplication is not configured, or UL data is received by relay UE via a PC5 Relay RLC channel.
Proposal 7. In scenario 2, the remote UE can trigger the RRC_IDLE/RRC_INACTIVE relay UE into RRC_CONNECTED state before reporting the relay UE information to the network, which can accelerate the multi-path establishment procedure.
Multi-path configuration handling in inactive state 
Observation 1: In Rel-17 L2 U2N relay, the Remote UE release SRAP and PC5 Relay RLC configuration and UP entities upon released to inactive state.
Proposal 8: Upon a UE (configured with multi-path earlier) is released to inactive state, it does not store SRAP and PC5 Relay RLC channel configuration of indirect path (same as Rel-17). 
Data split and data duplication 
Observation 2: Data duplication and data split are supported for DRB in multi-path.
Proposal 9. In both scenario 1 and scenario 2, legacy Control PDU submission mechanism in DC can be reused for PDCP duplication and PDCP split for DRB. 
Proposal 10. For scenario 1, SRB1 and SRB2 can be configured on different paths.
Proposal 11. For scenario 2, PDCP duplication can be supported for SRB1 and SRB2.
Proposal 12. In scenario 2, without adaptation layer in indirect link, split bearer (with 1:1 bearer mapping) can be supported as below:
· For UL:
· remote UE’s PDCP entity delivers a packet to Uu RLC entity or to non-3GPP connection based on network configuration;  
· relay UE passes a packet received from the non-3GPP connection to corresponding Uu RLC channel based on the configured mapping between E2E bearer and Uu RLC channel for the remote UE. 
· For DL:
· relay UE passes a packet received from a Uu RLC entity to the non-3GPP connection based on the configured mapping between E2E bearer and Uu RLC channel for the remote UE;  
· remote UE delivers the packet received on the non-3GPP connection to the PDCP associated with the E2E bearer. 
· How to indicate E2E bearer ID in the non-3GPP connection is left to UE implementation.
· The mapping configuration for remote UE and relay UE is stage-3 issues, which is left to normative work.
Supported configuration cases
Proposal 13. Support cases E and G via separate release-and-add for scenario 1, and further check whether a single procedure for these cases would be supported in stage 3.
Proposal 14. The following cases are not supported for Scenario 2:
· B.	The remote UE configured only on the indirect path adds the direct path under the same gNB; 
· D.	The remote UE configured with multi-path releases the direct path;
· E.	The remote UE configured with multi-path changes the serving cell of the remote UE for the direct path while keeping the serving relay UE for the indirect path under the same gNB;
Proposal 15. The following case is supported for Scenario 2 if more than one candidate relay UEs have the paired relation with the remote UE, i.e. relay change is possible:
· G.	The remote UE configured with multi-path changes to a new relay UE for the indirect path while keeping the direct path under the same gNB.
Summary of study phase
Observation 3: For scenario 1 and scenario 2, benefits and scenarios have been confirmed for multi-path support in Rel-18.
Observation 4: The overall solutions for multi-path in scenario 1 and scenario 2 are studied and considered as complete and feasible. The remaining issues are more stage-3 issues, which can be further addressed in normative work.
[bookmark: _GoBack]Proposal 16: RAN2 confirm the multi-path support in scenario 1 and scenario 2 is beneficial and feasible, and can proceed into normative work in Rel-18.
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