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1 Introduction
The Rel-18 WID on NR sidelink relay enhancements has, as one of its objectives, the study of multipath support, described as follows [1]:

3. Study the benefit and potential solutions for multi-path support to enhance reliability and throughput (e.g., by switching among or utilizing the multiple paths simultaneously) in the following scenarios [RAN2, RAN3]:
a. A UE is connected to the same gNB using one direct path and one indirect path via 1) Layer-2 UE-to-Network relay, or 2) via another UE (where the UE-UE inter-connection is assumed to be ideal), where the solutions for 1) are to be reused for 2) without precluding the possibility of excluding a part of the solutions which is unnecessary for the operation for 2).

Note 3A: Study on the benefit and potential solutions are to be completed in RAN#98 which will decide whether/how to start the normative work.
Note 3B: UE-to-Network relay in scenario 1 reuses the Rel-17 solution as the baseline. 
Note 3C: Support of Layer-3 UE-to-Network relay in multi-path scenario is assumed to have no RAN impact and the work and solutions are subject to SA2 to progress.
In this contribution, we discuss design areas for multipath that need to be considered in Scenario 1.  As per our companion contribution [2], RAN2 can focus on scenario 1 and re-use the Rel17 solution as a baseline.   
2 Discussion
2.1 Bearer Configuration

As discussed in our companion contribution [2], an architecture similar to dual connectivity should be the starting point for the design of multi-path.

In dual connectivity, data associated with a specific bearer can be transmitted over a single path (MCG or SCG) or both paths (both MCG and SCG) by using MCG bearers, SCG bearers, or split bearers.  A cell group (MCG or SCG) in Uu dual connectivity can have different characteristics such as latency, bandwidth, reliability, etc.  The network can then ensure the QoS associated with a bearer by configuring the bearer to the cell group(s) having the appropriate characteristics.

In multi-path, the direct path and the indirect path may also be associated with different characteristics.  For instance, the direct path has shorter latency than the indirect path.  However, depending on the location of the UE (e.g., cell edge versus cell centre) transmissions via the relayed path may or may not be more reliable than transmissions via the direct path.  Furthermore, UL transmissions via the relayed path may have a significant power consumption advantage for the UE compared to direct Uu transmissions.  The network should therefore configure a bearer to use the appropriate path(s) to achieve QoS given the UE’s location, the SL conditions (e.g. CBR), and power savings preference/capability while maintaining efficient Uu and SL resource usage. 

Proposal 1:
Multi-path supports the concept of a “non-split” bearer (a bearer configured to go over only the direct path or relayed path) and a “split” bearer (a bearer configured to go over both direct path and relayed path), both for DRB and SRB.

For increased reliability, PDCP duplication is supported in dual connectivity.  The network can configure a PDCP entity to send PDUs to both RLC entities to achieve additional reliability.  In the Rel18 WID, it is explicitly stated that reliability can be achieved by switching between the paths or using both paths simultaneously.  In cases where neither the direct nor indirect path achieve the required reliability, PDCP PDUs can be sent via both direct and relayed paths.  

Proposal 2:
Multi-path supports PDCP-based duplication for “split” bearer, both for DRB and SRB.

In dual connectivity, the MCG is the primary path which serves as the anchor of the RRC connection.   Network planning ensures that the MCG provides the reliability for the UE’s RRC connection, while the SCG can be used to increase the bandwidth.  For multi-path, only a single network node schedules the UE and either path could represent the anchor.  Furthermore, due to mobility of both the remote UE and the relay UE, there is no guarantee that the Uu path should serve as the anchor at any given time.  To maintain a similar modelling as bearers in dual connectivity, the concept of a primary path can be re-used but either path can serve as the primary path at any given time.

Proposal 3:
The concept of a primary path, which can be either the direct or relayed path, is supported in multi-path, both for SRB and DRB

In dual connectivity, data routing in the downlink is performed by the gNB.  For UL data, the UE performs routing decision for UL split bearers based on a network configured split bearer threshold.  The exact amount of data to route to each path is left to UE implementation since the network schedulers (MN and SN) may not be tightly coordinated.  In the case of a single scheduler, the network scheduler should more closely control the amount of data routed by the UE to each path, rather than relying on UE implementation.

Proposal 4:
The network controls the amount of data routed by the UE to each of the primary and secondary paths, for each split bearer

2.2 Connection Establishment Procedures

As with dual connectivity in Uu, multi-path for a remote UE should be configured by the network once the UE establishes a Uu connection with the network.  As a result, the UE may perform cell or relay selection, followed by connection establishment via direct or indirect (UE to NW relay) as in legacy.
Observation 1:
Cell selection and connection establishment for a UE in RRC_IDLE prior to setting up multi-path can follow legacy procedures (via a relay or directly via Uu)
Following connection establishment, the network may configure the second path of the mutli-path.  This can be performed by an RRC reconfiguration that adds either a Uu direct path (if the UE initially connected via a relay) or a relayed path (if the UE initially connected via the Uu path).  
Proposal 5:
A UE in RRC_CONNECTED in single path via Uu or via a UE-to-NW relay can be configured with a second path to initiate multi-path operation.  

A UE in multi-path can perform network-controlled mobility as it would in single path.  It can also be moved to IDLE/INACTIVE by the network.  In Uu dual connectivity, the SCG configuration is maintained when the UE is released to RRC_INACTIVE.  We expect this should be the same for multi-path.  However, unlike dual connectivity where the resume is performed to the MCG, the UE could resume a connection via either path.  Alternatively, we could limit the resume to only a single path.  As part of the specification phase, RAN2 can discuss which path is used to resume a connection for a UE in multi-path, and how mobility in RRC_INACTIVE may affect the configuration.   
Proposal 6:
A UE can maintain its multi-path configuration in RRC_INACTIVE.   

As discussed in our companion contribution [2], a remote UE may be configured in multipath while the relay UE is in RRC_IDLE/RRC_INACTIVE.  In this case, connection establishment should be triggered at the relay when the remote UE has data to be sent/received (e.g., if there are problems with the Uu link, or the amount of DL/UL data exceeds the capacity allocated by the network for the direct link).
Proposal 7:
Connection establishment at a relay UE in RRC_IDLE/RRC_INACTIVE can be initiated when the remote UE in multi-path has data which should be sent/received via the relayed path.  

2.3 Link Monitoring and Recovery

Multi-path can be used for maintaining reliability by switching path when one path is problematic.  It can also be used for ensuring reliability using both paths (e.g., via duplication).  Depending on the scenario, the network should be able to configure the UE to perform link monitoring on either or both paths.  Such a flexible approach can be achieved by re-using the existing link monitoring procedures on both paths, namely, RLM/RLF on the Uu/direct path, and HARQ-based RLF combined with relay UE notification of Uu RLF on the SL path.  To achieve a common solution for all use cases discussed in [2] , RAN2 can discuss when link monitoring on each link should be performed.  Furthermore, since reliable link monitoring using HARQ-based RLF on SL depends on the transmission of data over that link, routing rules for UL data at the UE may have to be considered on conjunction with RLF.
Proposal 8:
The UE in multi-path can monitor the radio link using existing RLM/RLF procedures performed on either/both paths.    

When RLF is detected in either link, recovery procedures should be in place that allow the network to react to a failure on one link and potentially re-establish the multi-path through a different relay UE/direct link.  Recovery can re-use the concepts of MCGFailure/SCGFailure in dual connectivity to inform the network via the other path when the failed path triggers RLF.  However, the exact procedure details, and whether this depends on the specific path, needs further discussion in the specification stage.
Proposal 9:
Recovery procedure(s) (e.g., similar to MCGFailure/SCGFailure) should be specified to allow a UE to maintain the NW connection upon failure of one of the two paths in multi-path.  

2.4 Paging

A remote UE configured in multi-path may maintain its PC5-RRC connection to the relay UE, as well as its multi-path configuration, when it moves to RRC_INACTIVE.  In this case, whether the remote UE receives paging via the relay or directly via Uu should be discussed.  It is possible that while in RRC_INACTIVE, the quality of either of the links is deteriorated.  As a result, the remote UE should be able to receive paging from either of the links.
Proposal 10:
Paging reception by a remote UE via either Uu and/or relayed paths is supported for multi-path 

If both the relay and the remote UE monitor paging for the remote UE, the paging reception may be most reliable, but power may be consumed unnecessarily by either the remote UE or the relay UE.  As a result, a mechanism should be defined to determine which of the relay and/or remote UE should monitor paging for the remote UE to fairly assign/distribute the burden of monitoring paging.
Proposal 11:
Paging procedures are revisited for multi-path to avoid that both relay and remote UE are required to both always monitor paging for the remote UE 

2.5 System Information

As with paging, system information request and acquisition should be possible via either direct or relayed path to account for possible issues in each path, as well as to address each of the use cases mentioned in [2].  Ideally, it would be unnecessary to acquire SI from both paths simultaneously as long as one path has acceptable quality.  
Proposal 12:
SI Request and/or Acquisition via either direct or relayed path should be supported for a remote UE configured with multi-path  

3 Conclusion
In this contribution, the following observations were made on design aspects for multi-path:
Observation 1:
Cell selection and connection establishment for a UE in RRC_IDLE prior to setting up multi-path can follow legacy procedures (via a relay or directly via Uu)
Based on this, the following conclusions are made.

Proposal 1:
Multi-path supports the concept of a “non-split” bearer (a bearer configured to go over only the direct path or relayed path) and a “split” bearer (a bearer configured to go over both direct path and relayed path), both for DRB and SRB.

Proposal 2:
Multi-path supports PDCP-based duplication for split bearer, both for DRB and SRB.

Proposal 3:
The concept of a primary path, which can be either the direct or relayed path, is supported in multi-path, both for SRB and DRB

Proposal 4:
The network controls the amount of data routed by the UE to each of the primary and secondary paths, for each split bearer

Proposal 5:
A UE in RRC_CONNECTED in single path via Uu or via a UE-to-NW relay can be configured with a second path to initiate multi-path operation.  

Proposal 6:
A UE can maintain its multi-path configuration in RRC_INACTIVE.  

Proposal 7:
Connection establishment at a relay UE in RRC_IDLE/RRC_INACTIVE can be initiated when the remote UE in multi-path has data which should be sent/received via the relayed path.  

Proposal 8:
The UE in multi-path can monitor the radio link using existing RLM/RLF procedures performed on either/both paths.  

Proposal 9:
Recovery procedure(s) (e.g., similar to MCGFailure/SCGFailure) should be specified to allow a UE to maintain the NW connection upon failure of one of the two paths in multi-path.  

Proposal 10:
Paging reception by a remote UE via either Uu and/or relayed paths is supported for multi-path 

Proposal 11:
Paging procedures are revisited for multi-path to avoid that both relay and remote UE are required to both always monitor paging for the remote UE 

Proposal 12:
SI Request and/or Acquisition via either direct or relayed path should be supported for a remote UE configured with multi-path  
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