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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.
Initial architecture and scenario discussions took place in RAN2#119e.  In this contribution, we make additional proposals on architecture and assumptions for multipath.

2 Discussion
2.1 RRC States of the Relay and Remote UE
In Rel17 SL relay study, one of the first discussions that defined the architecture work was the allowable states and state combinations for the relay and remote UE.   For multipath, due to the presence of an additional path, this discussion should be revisited.

For a remote UE in RRC_IDLE, there is no concept of multi-path.  Specifically, a UE in RRC_IDLE can initiate an RRC connection using legacy mechanisms (either directly via Uu or via a SL relay).  Once in RRC_CONNECTED, the network can configure the other link based on the reception of RRM measurements.

Proposal 1:
No considerations/implications related to multipath are needed for a remote UE in RRC_IDLE. 

Proposal 2:
Existing RRM measurements (cell and relay measurements) are re-used to allow the network to configure multipath when a UE is in RRC_CONNECTED    

When a remote UE that connects via the direct path has a relayed path added, the network can choose a relay which is in any RRC state.  This is consistent with the service continuity decisions made in Rel17.  When data is to be routed via the relay UE, the relay UE should be moved to RRC connected.   However, the remote UE may be configured with one or more split DRBs having a primary path via the direct link and may transmit all its data at a given time via that direct link.  Having to release/setup the multipath configuration at each remote UE whenever the network chooses to move the relay UE between RRC_IDLE/RRC_INACTIVE and RRC_CONNECTED would result in unnecessary overhead compared to simply routing the remote UE data via the direct path when the relay UE is in RRC_IDLE/RRC_INACTIVE.  Instead, the remote UE can maintain the PC5-RRC connection to the relay UE, and the multipath configuration, and route data only via the direct path while the relay is in RRC_IDLE/RRC_INACTIVE.  

Proposal 3:
As in Rel17 service continuity, the network may select a relay UE in any RRC state when adding an indirect path for a remote UE to be placed in multipath. 

Proposal 4:
When the remote UE is configured with multipath, the relay UE can move between any RRC state when the remote UE in RRC_CONNECTED.  

When data is to be transmitted via the relayed path, the relay should be in RRC_CONNECTED.  If the relay UE is in RRC_IDLE/RRC_INACTIVE, the network can page the relay UE in the case of DL data.  For UL, connection establishment should be triggered at the relay when the remote UE has data to be sent (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 5:
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.  

For the relay UE in RRC_IDLE/RRC_INACTIVE, we can re-use as much as possible existing procedures available for UE to NW relays in Release 17 when triggering RRC connection at the relay UE.  These procedures were used to handle initiation of an RRC connection at a remote UE, or HO of a remote UE to a relay in RRC_IDLE/RRC_INACTIVE, but they can easily be extended to triggering an RRC connection at the relay when the remote UE multipath has data to route via the relay UE.  Specifically, a new SL RLC channel was introduced in Rel17 to detect transmission of a Uu SRB0 message to transparently initiate an RRC connection at the relay (i.e. without an explicit PC5 RRC message from the remote UE).  Similar mechanism should be used for the case of multipath, again to avoid the introduction of an explicit RRC message which would introduce unnecessary delay and create more specification effort.

Proposal 6:
Initiation of an RRC connection at a relay UE when a remote UE in multipath has data to be routed to the relay UE re-uses mechanisms in Rel17 as much as possible   

A remote UE with multipath configured can be moved from RRC_CONNECTED to INACTIVE.  Whether we need to consider multi-path for a remote UE in RRC_INACTIVE depends on whether we decide to maintain the multi-path bearer configuration at the remote UE in RRC_INACTIVE.  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, or limit the resume to only a single path.  This may depend on whether the paths are served by the same cell or different cells. 

Proposal 7:
A remote UE can maintain its multi-path configuration and PC5 connection in RRC_INACTIVE.   

2.2 Scheduling Assumptions

In release 17, the remote UE the design of UE to NW relaying uses the assumption that the remote UE is out of coverage.  In multipath, the assumption is instead that the remote UE in in coverage.  As a result, the remote UE can monitor PDCCH on Uu while it transmits/receives data via the relay.  For this reason, both mode 1 and mode 2 scheduling for SL are possible for the remote UE, as well as the relay UE.  

Proposal 8:
The PC5 of the indirect path can be scheduled either in mode 1 or mode 2, for each of the relay UE (i.e., downlink traffic) and the remote UE (i.e., uplink traffic)

Modeling of multipath is based on on dual connectivity, where a single PDCP entity is associated with two different RLC entities has been assumed for multipath.  The RLC entities in this case correspond to each of the Uu RLC entity and SL RLC entity.  Furthermore, the relay path maintains the same protocol architecture for the remote UE as in Rel17 (Uu PDCP on top of SL RLC), which is a requirement for Rel18.  Unlike dual connectivity however, a single cell can control MAC layer scheduling at the UE in both paths.  For this reason, it may be possible that certain procedures (e.g., SR/BSR) can be different compared to legacy Uu dual connectivity.    
Proposal 9:
RAN2 studies the relevant data routing/scheduling procedures under the assumption that a single scheduler may control the remote UE and the relay UE. 

2.3 System Information

System information was discussed in an initial email discussion without sufficient conclusions.  A remote UE in RRC_CONNECTED may request/receive SI based on its SRB1 configuration (whether split, duplicated, etc).  As mentioned in our companion contribution, a split/duplicated SRB1 configuration should be possible in multipath, as therefore, a remote UE in RRC_CONNECTED should be able to request/receive SI via either direct or relayed path.
If RRC_INACTIVE with multipath is to be considered for the remote UE, there may be some limitations associated with which path the UE uses to acquire the SI.  When the cell associated with the direct and indirect path are the same, there may be an advantage of allowing the UE to select the path for SI acquisition and acquisition via either direct or relayed path should be allowed to account for possible degradation in one of the paths at a given time.  However, when the cells are different, the UE should only acquire the SI on the path associated with the primary path.  This is aligned with dual connectivity where SI is obtained only via the PCell and not the PSCell.
Proposal 10:
SI Request and/or Acquisition via either direct or relayed path is supported for a remote UE configured with multi-path  

Proposal 11:
A remote UE in RRC_INACTIVE with multipath configured via two different cells should request and/or acquire SI only via the primary 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 12:
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 13:
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 

3 Conclusion
In this contribution, the following conclusions were made on architecture assumptions for multi-path:
Proposal 1:
No considerations/implications related to multipath are needed for a remote UE in RRC_IDLE. 

Proposal 2:
Existing RRM measurements (cell and relay measurements) are re-used to allow the network to configure multipath when a UE is in RRC_CONNECTED    

Proposal 3:
As in Rel17 service continuity, the network may select a relay UE in any RRC state when adding an indirect path for a remote UE to be placed in multipath. 

Proposal 4:
When the remote UE is configured with multipath, the relay UE can move between any RRC state when the remote UE in RRC_CONNECTED.  

Proposal 5:
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 6:
Initiation of an RRC connection at a relay UE when a remote UE in multipath has data to be routed to the relay UE re-uses mechanisms in Rel17 as much as possible   

Proposal 7:
A remote UE can maintain its multi-path configuration and PC5 connection in RRC_INACTIVE.   

Proposal 8:
The PC5 of the indirect path can be scheduled either in mode 1 or mode 2, for each of the relay UE (i.e., downlink traffic) and the remote UE (i.e., uplink traffic)

Proposal 9:
RAN2 studies the relevant data routing/scheduling procedures under the assumption that a single scheduler may control the remote UE and the relay UE. 

Proposal 10:
SI Request and/or Acquisition via either direct or relayed path is supported for a remote UE configured with multi-path  

Proposal 11:
A remote UE in RRC_INACTIVE with multipath configured via two different cells should request and/or acquire SI only via the primary path 

Proposal 12:
Paging reception by a remote UE via either Uu and/or relayed paths is supported for multi-path 

Proposal 13:
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 
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