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1 Introduction
Discussion on multipath for SL relaying was first discussed in RAN2#119e [1].  Based on initial discussions, the basic architecture of multipath should follow the architecture of dual connectivity in NR.  The following agreements were made specific to bearers supported:

Agreements:

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.

In this contribution we discuss further the definition of primary path that was initially discussed in an email discussion [2] triggered after RAN2#119e, and how it pertains to both SRB and DRB.
2 Discussion
2.1 Primary Path Definition

An email discussion triggered after RAN2#119e discussed a number of aspects related to bearer configuration [2].  One controversial aspect was the definition of a primary path for a multipath UE, and its significance.  In addition, the term primary path was used in this email for both SRBs and DRBs, with potentially different meanings and implications for the UE.

In our view, and based on initial agreements from RAN2#119, multipath should re-use as much of the concepts from dual connectivity as possible, even though there are some significant differences which need to be considered.  In dual connectivity, the UE is configured with an MCG  and SCG.  Although SRB3 can be configured for the SCG, the control plane anchor for the connection is the MCG.  This is because the MCG is typically used for coverage due to the more reliable nature of the connection while the SCG is used for throughput enhancement.  As a result, SRB1 and SRB2 are always anchored at the MCG.  The PCell is also associated with the MCG.
In multipath, it is expected that one of the paths will be more reliable than the other.  This could be either the direct path (e.g., for a UE in good coverage), or the indirect path (e.g., for a UE near the cell edge).  As a result, the primary path for the UE (which is equivalent to the MCG in DC) should correspond to the path associated with the control plane anchor.  However, for multipath, this could be configured as either direct path or indirect path at any given time.   

Proposal 1:
The primary path for a remote UE in multipath is defined by which path is the configured path or the primary path for SRB1/SRB2.
Furthermore, both single cell and multicell scenario need to be supported for multipath (e.g., the SL relay is served by a cell different from the cell that is serving the direct link).  For the multicell scenario, the same assumption of the PCell can be made as in DC.  Specifically, the cell associated with the primary path is considered to be the PCell, and the UE obtains its configuration and system information from this cell.
Proposal 2:
In the multicell scenario, the cell associated with the primary path is considered the PCell

2.2 SRB Configuration and Routing
Dual connectivity supports both split and non-split bearer for SRB1 and SRB2.  Split bearer offers the network the ability to use either MCG or SCG to send RRC messages.  In addition, a split SRB can be configured with duplication to increase the reliability of RRC messages, both in UL and DL.

For multipath, it would make sense to support the same level of flexibility as DC for SRB1 and SRB2.  Since the relayed or direct path may be the most reliable path at a given time, the non-split SRB can be configured over either direct or indirect path and may be changed by the network via RRC signalling.  Similarly, the split SRB’s primary path can be configured as either direct or indirect path at a given time.  Finally, duplication of RRC messages over both direct and indirect paths can be possible by configuring SRB1/SRB2 as a duplication.
Proposal 3:
Non-split SRB1/SRB2 for multipath can be configured by the network over either direct path or relayed path

Proposal 4:
Split SRB1/SRB2 for multipath can be configured with a primary path which is either the direct path or the indirect path

Proposal 5:
Duplication can be configured for a split SRB1/SRB2 for multipath
In DC, when duplication is configured for a split SRB, the RRC message is sent on both paths simultaneously for both UL and DL.  When duplication is not configured, the gNB selects the path for DL.  For example, the network can selectively send RRC messages via either the more reliable MCG or the lower-latency SCG.  For UL, however, the RRC message is always transmitted on the primary path. 
For multipath, whether this restriction of sending UL only via the primary path can be revisited, especially since it is possible that the two paths are served by the same cell.  Even for the multicell case, there should be effectively no latency associated with the message within the network.  There may therefore be no need to have this restriction in multipath if the quality of both paths is acceptable for sending RRC messages.
Proposal 6:
DL transmission on split SRB1/SRB2 without duplication can be performed on either the primary or non-primary path
Proposal 7:
UL transmission on split SRB1/SRB2 without duplication can be performed on the primary path.  FFS if it can be performed on the non-primary path and the associated conditions for sending UL data on the non-primary path.
2.3 DRB Configuration and Routing

As with SRBs, DRBs should support both non-split bearer and split bearer.  To maintain similarities with DC routing procedures, the split DRB can be configured with a primary path.  This primary path should be configured independently of the SRB primary path, as is the case with SCG terminated or MCG terminated bearers in DC.  Duplication can also be supported.  
Proposal 8:
Non-split DRB can be configured by the network over either direct path or relayed path

Proposal 9:
A split DRB can be configured with a primary path which can be either the direct path or the indirect path and is independent of the primary path configured for SRBs
Proposal 10:
Duplication can be configured for split DRBs
In DC, the primary path defines the default path for transmission when the data rate is low, and the second cell group is not needed.  Specifically, for DL, data routing in the downlink is performed by the gNB while for UL data, the UE performs routing decision for UL split bearers based on a network configured split bearer buffer threshold.  When the buffer level of the split bearer is below the configured threshold, the UE sends UL data on the primary path and when the split bearer threshold is exceeded, the UE can send the data to either path.

Given that one motivation of multipath is to increase data rate, the mechanism of split bearer threshold can be reused as much as possible.  However, some other mechanisms may be useful given the specific nature of multipath being operated over a SL relay.  Specifically, congestion at the relay, or congestion of the SL resources can impact the routing decision at the UE and the DC-based split bearer threshold mechanism may be insufficient to take these factors into account.
Proposal 11:
For determining the path for UL data transmission of split bearers without duplication, the legacy split bearer buffer threshold based approach is taken as a baseline for multipath.  RAN2 can further study other mechanism to address the differences of the multipath scenario from DC.  

Furthermore, in DC, the exact amount of data to route to each path when the split bearer threshold is exceeded is left to UE implementation since the network schedulers (MN and SN) are not tightly coordinated.  In the case of a single gNB or single cell, especially for the case of mode1 SL scheduling where the SL grants are received directly from the gNB, a single scheduler may be used for both the direct link and the SL paths or the schedulers may be tightly coupled.  For that reason, it should be possible for the network to control more closely the amount of data routed by the UE to each path, rather than relying on UE implementation.  
Proposal 12:
For a split bearer without duplication configured with split bearer threshold, the network controls the amount of data routed by the UE to each of the primary and secondary paths when the split bearer threshold is exceeded. 

2.4 Error Handling and Recovery

Multipath 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 radio link monitoring on either or both paths.  Such a flexible approach can be achieved by re-using the existing radio 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 13:
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 where the RLF was detected, needs further discussion.

Proposal 14:
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.  

3 Conclusion
In this contribution, the following conclusions were made were made on DRB and SRB configuration for multipath:
Proposal 1:
The primary path for a remote UE in multipath based is defined by which path is the configured path or the primary path for SRB1/SRB2.

Proposal 2:
In the multicell scenario, the cell associated with the primary path is considered the PCell

Proposal 3:
Non-split SRB1/SRB2 for multipath can be configured by the network over either direct path or relayed path

Proposal 4:
Split SRB1/SRB2 for multipath can be configured with a primary path which is either the direct path or the indirect path

Proposal 5:
Split SRB1/SRB2 for multipath can be configured as duplicated or non-duplicated

Proposal 6:
DL transmission on split SRB1/SRB2 without duplication can be performed on either primary or non-primary paths

Proposal 7:
UL transmission on split SRB1/SRB2 without duplication can be performed on the primary path.  FFS if it can be performed on the non-primary path and the associated conditions

Proposal 8:
Non-split DRB can be configured by the network over either direct path or relayed path

Proposal 9:
A split DRB can be configured with a primary path which can be either the direct path or the indirect path and is independent of the primary path configured for SRB

Proposal 10:
Split SRB1/SRB2 for multipath can be configured as duplicated or non-duplicated

Proposal 11:
At least the split bearer threshold mechanism is supported for a split DRB without duplication in multipath for determining when a UE can transmit data to the non-primary path.  RAN2 can further study other mechanism.  

Proposal 12:
For a split bearer without duplication configured with split bearer threshold, the network controls the amount of data routed by the UE to each of the primary and secondary paths when the split bearer threshold is exceeded. 

Proposal 13:
The UE in multi-path can monitor the radio link using existing RLM/RLF procedures performed on either/both paths.    

Proposal 14:
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.  
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