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1	Introduction
The following are some of the agreements from the last meeting on the multipath relay objective: 
Agreements:
Proposal 1-1A (modified): The following cases are to be supported for Scenario 1.
A. The remote UE operating only on the direct path adds the indirect path under the same gNB; 
B. The remote UE operating only on the indirect path adds the direct path under the same gNB; 
C. The remote UE operating in multi-path releases the indirect path;
D. The remote UE operating in multi-path releases the direct path;
[bookmark: _Hlk117842810]G. The remote UE operating in multi-path changes to a new relay UE for the indirect path while keeping the direct path under the same gNB.  FFS if this case would be supported via separate release-and-add (A+C in separate reconfigurations) or a single switch procedure (e.g. similar to i2i service continuity).
The following case can be supported via separate release-and-add for scenario 1 (B+D in separate reconfigurations):
[bookmark: _Hlk117842836]E. The remote UE operating in multi-path changes the direct path to a different cell of the same gNB while using the serving relay UE for the indirect path under the same gNB. FFS if a single procedure for this case would be supported.
Proposal 1-2C: Whether to support the following case can be further discussed 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;
[bookmark: _Hlk117842885]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.
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.
Proposal 12	[21/21] (modified) When UE operating in multi-path Relay, it performs RLM for Uu interface, for Scenario-1 and Scenario-2. For PC5 interface in Scenario-1, it performs sidelink RLF detection based on Rel-16 V2X specification [20/21]. For UE-UE link in Scenario-2, whether/how to have failure detection is out of 3GPP scope. FFS whether there is impact to layers under our control from a failure of the UE-UE link in scenario 2.
Working assumption: Proposal 11	[20/21] For multi-path Relay 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. R2 further discuss the solution for Scenario-1.
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.
We discuss the FFSes in the agreements above and provide our views on the same. 
[bookmark: _Ref178064866]2	Discussion
2.1 Supported Cases, Scenario-1, Scenario-2
Proposal 1-1A (modified): The following cases are to be supported for Scenario 1.
A. The remote UE operating only on the direct path adds the indirect path under the same gNB; 
B. The remote UE operating only on the indirect path adds the direct path under the same gNB; 
C. The remote UE operating in multi-path releases the indirect path;
D. The remote UE operating in multi-path releases the direct path;
G. The remote UE operating in multi-path changes to a new relay UE for the indirect path while keeping the direct path under the same gNB.  FFS if this case would be supported via separate release-and-add (A+C in separate reconfigurations) or a single switch procedure (e.g. similar to i2i service continuity).
The following case can be supported via separate release-and-add for scenario 1 (B+D in separate reconfigurations):
E. The remote UE operating in multi-path changes the direct path to a different cell of the same gNB while using the serving relay UE for the indirect path under the same gNB. FFS if a single procedure for this case would be supported.
[bookmark: _Toc118409104]For case G, the change to a new relay UE for the indirect path under the coverage of the same gNB is likely due to the U2N relay UE’s mobility and is straightforward to reuse the Rel-18 intra-gNB i2i path switch procedure current being specified.  
Proposal 1 In Scenario-1, for Case G, for the same gNB, support the replacement of the indirect path while keeping the direct path using the Rel-18 intra-gNB i2i path switch procedure. Further details can be discussed in the WI phase. 
[bookmark: _Toc118409105]On the other hand, for case E, the change of the direct path to a different cell can be attributed to its own mobility and in most cases if not all, the remote UE will not be able to keep the indirect path via the same relay UE making this a corner case. 
Observation 1 For case E, it is a corner case that the remote UE will be able to keep the indirect path when the direct path changes due to the remote UE’s mobility.  
[bookmark: _Toc118409106]Given that this is a corner case, RAN2 should not spend their efforts in optimizing procedures for this scenario as there is limited technical advantage. In addition, network behaviour should be consistent when the direct path changes to a different cell of the same/different gNB. 
Proposal 2 In Scenario-1, RAN2 to agree to the following:
a. In case E, when the direct path changes to a different cell, release the indirect path.
b. If the direct path changes to a different cell of a different gNB, release the indirect path 
Proposal 1-2C: Whether to support the following case can be further discussed 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;
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.
Scenario-2 primarily targets a remote UE with a direct (Uu) link to the network and may need to boost the UL throughput using relay UEs over the indirect path. In this case, it is assumed that the remote UE will always have with a direct (Uu) link to the network hence, cases B and D are not applicable. For case E, we should specify basic operations in this release and in the interest of simplification, not pursue E. 
Proposal 3 For Scenario-2, RAN2 to not pursue cases B, D, E.
For case G, though the link between the remote and relay UE is assumed to be ideal and hence infallible i.e., this link does not go through constant changes in link quality. It is possible that the Uu-link of the relay UE experiences RLF and reselection to a new relay UE can be triggered.   
Proposal 4 For Scenario-2, RAN2 to consider supporting case G.
2.2 Store Direct/Indirect path Configuration, Scenario-1, Scenario-2
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.
For the FFS relating to storing the indirect path configuration in addition to the direct path configuration, we foresee benefits with the remote UE resuming directly into a multipath configuration especially for Scenario-2. For Scenario-1, in some cases, the mobility of the relay UEs could render the indirect path configuration unusable. But in Scenario-2, with lesser mobility and high data rate requirements, storing both direct and indirect configurations and resuming directly into a multipath helps to reduce latency in the multipath establishment. However, it should be noted that the direct and indirect path cannot be established at the same time, only the supported cases should be considered. Further details about the indirect path configurations can be discussed in the WI phase.
Proposal 5 For Scenario-1 and Scenario-2, the remote UE can store both the direct path configuration and indirect path configuration to perform a multipath resumption by first establishing a direct/indirect path. Details of the indirect path configuration can be left to the WI phase. 
2.3 System Information (SI) Handling
[bookmark: _Toc115300338][bookmark: _Toc115300615][bookmark: _Toc115300713][bookmark: _Toc115356688][bookmark: _Toc115360560]In Scenario-1, the SI acquisition from the direct/indirect path of the remote UE could depend on if the two links are connected to the same cell or different cells. If connected to different cells, the remote UE can acquire the corresponding SI on each of the respective links independently i.e., for the direct (Uu) link, based on legacy Uu procedures and for the indirect link, based on Rel-17 U2N relaying. If connected to the same cell, the remote UE can acquire the corresponding SI over the direct (Uu) link.   
In Scenario-2, as the link between the two UEs is ideal and none of the PC5 configurations are required to operate this link. It should be sufficient that the remote UE and relay UE acquires its own SIBs over the Uu-interface based on legacy procedures. 
Proposal 6 [bookmark: _Toc115360563]For Scenario-1 and Scenario-2, no enhancements are needed to perform SI acquisition over the direct and indirect path. Reuse legacy and Rel-17 procedures, no spec impact is foreseen. 
2.4 Scenario-2 (Ideal link)
2.4.1 Adaptation-Layer over the Uu-link
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.
In the previous meeting, it was agreed that in Scenario-2 the relay UE is restricted to support only one remote UE. Therefore, the SRAP functionalities of bearer mapping and UE-identification are not applicable anymore. Over the first hop, as the details of the ideal link are outside the scope of 3GPP, it was agreed that an adaptation layer is not specified over the ideal link. In addition, for the second hop, it was also agreed that the 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. This would also mean there is no requirement for the SRAP-layer over the Uu link but due to opposition, the working assumption above was made. 
From our understanding, there can be two issues if an SRAP-layer is not specified over the Uu-link in Scenario-2. First, in a one-to-one mapping, the remote UE’s data is mapped to one set of relay UE’s Uu logical channels and relay UE’s data is mapped to another set, which may result in the relay UE running out of Uu-LCID space.  
maxLC-ID                                INTEGER ::= 32      -- Maximum value of Logical Channel ID
However, we see above that the maximum number of Uu-LCIDs that can be configured is 32 and most likely in general, UEs support at most 4 types (audio, video, app specific and background) of traffic and this number is much more than sufficient.
Observation 2 The relay UEs will not run out of Uu-LCID spaces as the maximum number of LCIDs that can be configured is 32.  
The second issue is that without an SRAP-layer, an N-to-1 mapping cannot be supported. But as there is no limitation with the number of LCIDs as mentioned above, there is no specific requirement to perform an N-to-1 mapping of the data on the second hop. In addition, such a (N-to-1) mapping would result in a loss of QoS differentiation as both low/high priority data can be carried over the same LCH. 
Observation 3 An N-to-1 mapping will result in a loss of QoS differentiation i.e., low/high priority data can be carried over the same LCH. 
As a result, we believe that the WA should be confirmed.
Proposal 7 Confirm the working assumptions for not specifying an adaptation layer over the Uu-link for Scenario-2. 
[bookmark: _Toc70424553][bookmark: _Ref189046994]2.4.2 Trigger the Target relay UE in RRC_IDLE/INACTIVE
Working assumption: Proposal 11	[20/21] For multi-path Relay 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. R2 further discuss the solution for Scenario-1.
There was also a discussion in the offline-426 about the solution to trigger the target relay UE into the RRC_CONNECTED state with the following options:
Option-1: Upon the message received from a Remote UE via SL-RLC, not limited to SL-RLC1
Option-2: Other (please clarify the solution if this is selected)
Option-3: Upon the indication/configuration received from a remote UE, e.g. indication/configuration in RRCReconfigurationSidelink message
Option-4: gNB configures RRCReconfigurationComplete message deliverd via indirect path, e.g. configure duplication of SRB1 or change the primary RLC entity of SRB1 to indirect RLC entity.
Option-5: During discovery/PC5 unicast establishment for multi-path
The addition of the indirect path in a multipath scenario is different from the path switch scenarios for service continuity. In the path switch scenarios, as the remote UE switches from either the direct or indirect path to a new path, there is a requirement to send the RRCReconfigurationComplete message over the new path to confirm the successful establishment. However, in a multipath scenario, as the remote UE keeps the direct (Uu) path to the network, the same procedure from the path switch scenarios need not be applied. As a result, we need not consider Option-1 and Option-4.
Observation 4 The multipath scenario is different from the path switch scenarios, as the remote UE keeps the direct (Uu) path to the network during the addition of the indirect path. Hence, there is no requirement to send the RRCReconfigurationComplete message over the indirect path. 


Figure-1: Trigger the RRC_IDLE/INACTIVE Relay UE to the CONN state
When the remote UE receives the RRCReconfiguration message to add the indirect path, the remote UE can respond to the gNB with the RRCReconfigurationComplete message over the direct path itself as shown in Figure-1. The remote UE can then use either Option-3 or Option-5 to trigger the RRC_IDLE/INACTIVE to the RRC_CONNECTED state. The timing of the RRCReconfigurationComplete message over the direct link can be further discussed.     
Proposal 8 For Scenario-1, RAN2 to down-select between the following options to trigger the relay UE in RRC_IDLE/INACTIVE state to the RRC_CONNECTED state.
a. Option-3: Upon indication/configuration received from a remote UE e.g., indication/configuration in RRCReconfigurationSidelink message
b. Option-5: During discovery/PC5 unicast establishment for multi-path
Both Option-3 and Option-5 are UE-based triggering solutions, however, network-based solutions can also be used to trigger the relay UE into the RRC_CONNECTED state. The potential advantage of the network-based solutions (for e.g., paging) being the delay reduction in adding the indirect path because the target relay UE can already be triggered to get into the RRC_CONNECTED state before the remote UE receives the RRCReconfiguration message with the command to add the indirect path. For example, this can be like the paging-based solution discussed in the service continuity item where, the relay UE can be paged and transitioned to the RRC_CONNECTED state. 
Proposal 9 RAN2 to consider network-based solutions in addition to UE-based solutions to trigger the relay UE in RRC_IDLE/INACTIVE state to the RRC_CONNECTED state. 
3 Conclusion
Based on the discussion in the previous sections, we have the following observations:
1. For case E, it is a corner case that the remote UE will be able to keep the indirect path when the direct path changes due to the remote UE’s mobility. 
The relay UEs will not run out of Uu-LCID spaces as the maximum number of LCIDs that can be configured is 32. 
An N-to-1 mapping will result in a loss of QoS differentiation i.e., low/high priority data can be carried over the same LCH.
The multipath scenario is different from the path switch scenarios, as the remote UE keeps the direct (Uu) path to the network during the addition of the indirect path. Hence, there is no requirement to send the RRCReconfigurationComplete message over the indirect path.

Based on the discussion in the previous sections we propose the following:
Proposal 1 In Scenario-1, for Case G, for the same gNB, support the replacement of the indirect path while keeping the direct path using the Rel-18 intra-gNB i2i path switch procedure. Further details can be discussed in the WI phase.
Proposal 2 In Scenario-1, RAN2 to agree to the following:
a. In case E, when the direct path changes to a different cell, release the indirect path.
b. If the direct path changes to a different cell of a different gNB, release the indirect path 
Proposal 3 For Scenario-2, RAN2 to not pursue cases B, D, E.
Proposal 4 For Scenario-2, RAN2 to consider supporting case G.
Proposal 5 For Scenario-1 and Scenario-2, the remote UE can store both the direct path configuration and indirect path configuration to perform a multipath resumption by first establishing a direct/indirect path. Details of the indirect path configuration can be left to the WI phase. 
Proposal 6 For Scenario-1 and Scenario-2, no enhancements are needed to perform SI acquisition over the direct and indirect path. Reuse legacy and Rel-17 procedures, no spec impact is foreseen. 
Proposal 7 Confirm the working assumptions for not specifying an adaptation layer over the Uu-link for Scenario-2. 
Proposal 8 For Scenario-1, RAN2 to down-select between the following options to trigger the relay UE in RRC_IDLE/INACTIVE state to the RRC_CONNECTED state.
a. Option-3: Upon indication/configuration received from a remote UE e.g., indication/configuration in RRCReconfigurationSidelink message
b. Option-5: During discovery/PC5 unicast establishment for multi-path
Proposal 9 RAN2 to consider network-based solutions in addition to UE-based solutions to trigger the relay UE in RRC_IDLE/INACTIVE state to the RRC_CONNECTED state. 
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