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1 Introduction
In RAN2#121 [1], specification work for multipath was started.  Several areas still require more detailed discussion, such as SRB/DRB routing and configuration, error handling/recovery, and IDLE/INACTIVE state for the remote/relay UE.  In this contribution, we handle each of these areas in more detail.
2 Discussion
2.1 SRB Configuration and Routing

Both split and non-split SRB1 and SRB2 are supported for scenario 1 and scenario 2 of multipath.  While the routing possibilities for SRB1/SRB2 for scenario 1 are finalized, whether the indirect path is supported for SRB1/2 is still under discussion.
The main issue related to the use of the indirect path in scenario 2 for SRB1/2 is reliability.  In some use cases for scenario 2 (e.g., Bluetooth, Wifi), the reliability of the indirect link may not be sufficient to support SRB.  However, there may be other cases (e.g., ideal link within the same physical UE) where reliability of the indirect link allows SRB1/2 to be configured.  In effect, the network can decide the proper configuration of SRB based on the use case.  This allows a unified design for scenario 1 and scenario 2, which is generally the aim of multipath as per the WID. 
Proposal 1:
Split SRB1/2 is supported for scenario 2 (up to network choice whether to configure it).

Proposal 2:
Non-split SRB1/2 is allowed to be configured on the indirect path for scenario 2 (up to network choice whether to configure it).

Regarding the relative paths of SRB1 and SRB2, since the location of the primary RLC entity of any bearer (including SRB) is decided by the network, there should be no restriction to force the two SRBs on the same path.  This applies for both scenario 1 and scenario 2.  
Proposal 3:
SRB1/SRB2 can be configured in different paths for both scenario 1 and scenario 2.

In DC, when duplication is configured for a split SRB, the RRC message is sent on both paths.  When duplication is not configured for the split SRB, the gNB can select the path for DL on a per RRC message basis.  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, the restriction of sending UL only via the one of the paths (e.g., the path of the primary RLC entity) seems unnecessary, especially since it is possible that the two paths are served by the same cell.  Even for the different cell case under the same gNB, there should be effectively no latency associated with the message within the network.  Furthermore, it is not clear that one of the two paths (e.g., the direct path) is always the most reliable.
Proposal 4:
DL transmission on split SRB1/SRB2 without duplication can be performed on either direct or indirect path (as decided by the network).
Proposal 5:
UL transmission on split SRB1/SRB2 without duplication can be performed on either direct or indirect path.  FFS on the associated conditions at the UE.
2.2 DRB Routing for Split DRB
As with SRB, DRB supports both non-split bearer and split bearer.  To support at least the different cell case, a similar approach to DC can be used to design the split bearer.  Specifically, the split DRB in multipath can be configured with a primary RLC entity via one path and a secondary RLC entity via the other path.  In DC, the UE performs routing decision for UL split bearers based on a network configured split bearer threshold.  When the split bearer threshold is not exceeded, the UE sends data via the primary path and when the split bearer threshold is exceeded, the UE can send the data via either path.

Given that one motivation of multipath is to increase data rate, the concept of split bearer threshold can be reused so that the second path is used for a DRB only when needed.  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 legacy DC-based split bearer threshold mechanism on its own may be insufficient to take these factors into account.

Proposal 6:
Split bearer threshold-like mechanism is supported for a split DRB without duplication in multipath for determining when a UE can transmit data to either path.  FFS on the differences with legacy DC split bearer threshold.  

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) may not be tightly coordinated.  In the case of multipath, scheduling decisions may be performed by a single entity/gNB. Thus, it is desirable for the network to closely control the amount of data routed by the UE to each path, rather than relying on UE implementation.  

Proposal 7:
For a split bearer without duplication, the network controls the amount of data routed by the UE to each of the paths when the split bearer threshold is exceeded. 

One significant difference between multipath and DC is the possibility to have the two paths controlled by the same cell, or same scheduler controlling different cells.  Under this assumption, the UE could benefit from an approach for split bearers that is closer to carrier aggregation.  Specifically, grants could be scheduled to either path (especially in the case of mode 1 remote UE), and the UE could send data to the path where the grant is available.  This approach could reduce the latency compared to the split-bearer threshold-based mechanism when a single scheduler is controlling both paths.  The main disadvantage, however, would be the need to support multiple models (e.g., dual RLC and single RLC) for a split bearer.  Although the network could configure this functionality per bearer, RAN2 may need to work on procedures specific to both approaches.  
Proposal 8:
Discuss whether to support a CA-like approach where a split bearer can be configured with a single RLC entity common to both paths.  

2.3 Error Handling and Recovery

In RAN2#121, some initial agreements were made on error handling and recovery (below), but some addition details are yet to be resolved.

Agreement:

In case of Uu-RLF, at least for split SRB1, if SRB1 is available on indirect path not suspended, trigger report to network via indirect path to report the failure via a RRC message. Otherwise, RRC Re-establishment is initiated. RAN2 is requested to discuss whether the RRC message is the existing message e.g. MCGFailureInformation or a new message.

Agreement:

In case of PC5-RLF, if SRB1 is available on direct path not suspended, trigger report to network via direct path to report the failure via a RRC message.  FFS if an alternative case exists and what would be done in that case.  FFS which message is used.

Firstly, the case of non-split SRB1 configured on the indirect path while Uu-RLF is triggered was explicitly left out of the agreements due to doubts concerning the support of non-split SRB1 on the indirect path.  Here, we think the confusion is that we did not agree to support non-split SRB1 on indirect path on scenario 2, but for scenario 1, we have clear agreements in RAN2#119bis on this, and so the UE behaviour for this case should be considered [2]:

Agreement:

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.

Observation 1:
Non-split SRB1 on the indirect link for scenario 1 is already agreed, and error handling for this case should be discussed. 

For this case, we think the error handling should follow the behaviour or SRB1 on the direct link. 

Proposal 9:
In case of Uu-RLF, when non-split SRB1 is available on the indirect path and not suspended, the UE triggers report to network via the indirect path to report the failure, otherwise, RRC Re-establishment is initiated.  

In DC, the failure messages used to report MCG failure and SCG failure are MCGFailureInformation and SCGFailureInformation respectively.  These messages contain, among other information, measurement results and failure types which are specific to each of MCG failure and SCG failure.  For multipath, the failure types will also be different compared to DC.  For example, the remote UE will need to distinguish between SL-RLF, relay UE informing the remote UE of Uu RLF, relay UE mobility, etc, and it should be possible to indicate each of these failure types.  It would be best to use new RRC messages to reflect each of these cases.

Proposal 10:
New RRC messages are defined for 1) direct path failure (which the UE reports on the indirect path) and 2) indirect path failure (which the UE reports on the direct path).  The messages contain at least a path-dependant failure type and measurement results.  

In terms of failure types, although only Uu RLF and SL RLF have been discussed, it should be clear that failures that trigger MCGFailure procedure in DC would also apply to multipath.  In addition, in multipath, the remote UE can be notified of a failure from the relay UE (e.g., Uu RLF).  A failure message to the direct path should be generated at least for Uu RLF.  For the other cases of the notification message, a relay UE HO may be known by the network any may not necessitate transmission of a failure message by the remote UE.  On the other hand, reselection and RRC failure indicated by the relay may be useful, as these may occur upon addition of the indirect link when the relay UE is in RRC_IDLE/RRC_INACTIVE.    
Proposal 11:
In addition to Uu-RLF and PC5-RLF, failure report is triggered by the remote UE in multipath and explicitly indicated to the network (with a failure type) for at least the following causes: 1) random access problems on direct path, 2) max number of RLC retransmissions on direct and indirect paths, 3) T312 expiry on the direct path, 4) LBT failure on the direct path, 5) BFR failure on the direct path, 6) BH RLF on the direct path, 7) reception of Uu RLF notification from relay UE on the indirect path, 8) reception of relay UE RRC failure on the indirect path, and 9) reception of relay UE cell reselection on the indirect path.  FFS on the need to consider reception of relay UE HO on the indirect path as a separate cause.   

In DC, MCGFailure procedure is used when the RLF occurs in the MCG, and SCGFailure procedure is used when the failure occurs in the SCG.  The main difference between the procedures is whether the UE, following transmission of the failure message, initiates T316.  Timer T316 was introduced in DC to ensure that the UE does not wait indefinitely for a response from the network (e.g., in case of a failure of Xn).  For multipath, the RRC anchor can be via either path, and a T316-like timer should be initiated when the failure occurs in the primary path configured for SRB1.  In addition, when the two paths are connected to the same cell, initiating T316 for an error in the primary path may not be necessary since there is no possibility of a failure in Xn.  For example, the UE could be configured to start the T316-like timer when the cells associated with the direct and indirect path are different. 
Proposal 12:
The UE starts a T316-like timer when the failure occurs in the primary path configured for SRB1 and the UE is configured to start T316-like timer.  
Re-establishment has been agreed to be triggered when both paths are problematic, as in DC.  However, if the UE is configured with multipath and the non-failed path is not configured with SRB1, the need for a full re-establishment is questionable since it may be possible to recover the RRC connection and possibly continue reliable data transmission via the other path, particularly since the two paths are served by the same gNB (and possibly also the same cell).
Proposal 13:
Upon detection of RLF on the path on which non-split SRB is configured, the remote UE can perform a re-establishment-like procedure via the other path.  FFS on details.  

2.4 Relay UE in RRC_IDLE/RRC_INACTIVE 
In RAN2#121 [1], the solution for how to bring the IDLE/INACTIVE remote UE to CONNECTED during a multipath addition was selected.  Specifically, Rel17 solution involving the transmission of the complete message was maintained for the case the remote UE is configured with split SRB1, and in the case the UE is not configured with split SRB1, a PC5-RRC message is used instead. 

Agreements:

For bringing the idle/inactive relay UE to RRC_CONNECTED, the legacy Rel-17 behaviour (Alt 1 in the proposal) is not disabled for indirect path addition when split SRB1 is configured.  A PC5-RRC trigger is specified at least for other cases.

FFS if a Rel-17 relay UE is supported for use with multi-path and how the above agreement is reflected in such a case.

In our view, this agreement further imposes a specific path for transmitting the complete message when addition of the indirect path for a remote UE is performed. 
Proposal 14:
When the indirect path is added and split SRB1 is configured, the remote UE transmits the RRCReconfigurationComplete message on the indirect path.  Otherwise (SRB1 configured on direct path only), the remote UE always transmits a PC5-RRC message.  FFS whether to define a new PC5-RRC message. 

Regarding the FFS on compatibility with Rel-17, if a Rel-17 relay UE was supported for use in multi-path, the network would need to always configure SRB1 as split, since the relay UE would not recognize the PC5-RRC message used to trigger for IDLE/INACTIVE to CONNECTED transition.  Since the case of a Rel18 remote UE operating with a Rel17 relay UE may itself be a scenario which is not common in the first place, we do not see a significant disadvantage of having the network configure SRB1 as split in this case.

Proposal 15:
RAN2 assumes a Rel17 relay UE can be configured by the network for multipath operation by configuring split SRB1 for this case. 

For a multipath remote UE, when data is to be routed via the relay UE, the relay UE should be in 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.  Instead, the remote UE can maintain the PC5-RRC connection to the relay UE, and route data only via the direct path while the relay is in RRC_IDLE/RRC_INACTIVE.  

Proposal 16:
Multipath at the remote UE can be maintained when the relay UE is moved to IDLE/INACTIVE.

In this case, as was indicated by the agreement above, the relay UE can be moved to RRC_CONNECTED using a PC5-RRC message transmitted prior to data transmission.

Proposal 17:
A remote UE transmits a PC5-RRC message prior to initiating uplink transmission on a split bearer when the relay UE is in RRC_IDLE/RRC_INACTIVE.

One new issue that may arise when a relay UE in IDLE/INACTIVE is considered for multipath is related to the conditions for transmission of discovery message.  Specifically, in Rel17, the network may configure two Uu thresholds in SIB for relay discovery transmission.  The larger Uu threshold is used to avoid configuring relay UEs that are close to cell centre as potential relay UEs.  While this is applicable for relay UEs being used for coverage extension, this should not apply to relay UEs used for multipath.
Observation 2:
If Rel17 conditions for operating as a relay are used by multipath relays in Rel18, relays which are close to cell centre may be excluded for use by remote UEs.  

To allow the network to flexibly configure conditions in SIB that apply to both single path and multipath relays, a Rel18 relay UE that wants to serve only as a multipath relay would need to use different conditions for transmitting discovery.  For example, a multipath relay UE could ignore the condition associated with the larger RSRP threshold, even when that threshold is configured by the network.  The subsequent step would be to discuss how to handle a relay that can serve both for coverage extension and for multipath.  
Proposal 18:
A Rel18 relay UE that serves as a multipath relay can be configured with different conditions for when to transmit discovery message.  Details, including how to handle relay UEs that serve as both legacy relays and multipath relays, are FFS.  

2.5 Remote UE in RRC_IDLE/RRC_INACTIVE
RAN2 agreed during the SI phase that the multipath configuration is not maintained by the remote UE when moving into RRC_IDLE/RRC_INACTIVE.  In general, once the remote UE is moved into RRC_IDLE/RRC_INACTIVE, it can behave as a legacy UE (either an in-coverage UE, or a Rel17 remote UE served by a relay) and legacy procedures can be re-used.  For multipath, it may be useful for the network to control which of these two behaviours (e.g., behave as an in-coverage UE, or as a remote UE) the UE should take rather than determine this based on the suitable cell criteria only.  For example, if the relay is RRC_CONNECTED, the network does not have to broadcast paging messages for the remote UE and can send it in dedicated RRC signalling to the relay UE.  A number of options are possible for allowing the network to control how the remote UE behaves at release, such as explicit indication (e.g. in the release message), or network controlled rules associated with the quality of each path.    
Proposal 19:
A remote UE in multipath that is released to RRC_IDLE/RRC_INACTIVE can be configured to maintain either the direct path or relayed path.  
3 Conclusion
In this contribution, the following observations were made on the design of multi-path:

Observation 1:
Non-split SRB1 on the indirect link for scenario 1 is already agreed, and error handling for this case should be discussed. 

Observation 2:
If Rel17 conditions for operating as a relay are used by multipath relays in Rel18, relays which are close to cell centre may be excluded for use by remote UEs.  

Based on these observations, the following conclusions were made:
Proposal 1:
Split SRB1/2 is supported for scenario 2 (up to network choice whether to configure it).

Proposal 2:
Non-split SRB1/2 is allowed to be configured on the indirect path for scenario 2 (up to network choice whether to configure it).

Proposal 3:
SRB1/SRB2 can be configured in different paths for both scenario 1 and scenario 2.

Proposal 4:
DL transmission on split SRB1/SRB2 without duplication can be performed on either direct or indirect path (as decided by the network).

Proposal 5:
UL transmission on split SRB1/SRB2 without duplication can be performed on either direct or indirect path.  FFS on the associated conditions at the UE.

Proposal 6:
Split bearer threshold-like mechanism is supported for a split DRB without duplication in multipath for determining when a UE can transmit data to either path.  FFS on the differences with legacy DC split bearer threshold.  

Proposal 7:
For a split bearer without duplication, the network controls the amount of data routed by the UE to each of the paths when the split bearer threshold is exceeded. 

Proposal 8:
Discuss whether to support a CA-like approach where a split bearer can be configured with a single RLC entity common to both paths.  

Proposal 9:
In case of Uu-RLF, when non-split SRB1 is available on the indirect path and not suspended, the UE triggers report to network via the indirect path to report the failure, otherwise, RRC Re-establishment is initiated.  

Proposal 10:
New RRC messages are defined for 1) direct path failure (which the UE reports on the indirect path) and 2) indirect path failure (which the UE reports on the direct path).  The messages contain at least a path-dependant failure type and measurement results.  

Proposal 11:
In addition to Uu-RLF and PC5-RLF, failure report is triggered by the remote UE in multipath and explicitly indicated to the network (with a failure type) for at least the following causes: 1) random access problems on direct path, 2) max number of RLC retransmissions on direct and indirect paths, 3) T312 expiry on the direct path, 4) LBT failure on the direct path, 5) BFR failure on the direct path, 6) BH RLF on the direct path, 7) reception of Uu RLF notification from relay UE on the indirect path, 8) reception of relay UE RRC failure on the indirect path, and 9) reception of relay UE cell reselection on the indirect path.  FFS on the need to consider reception of relay UE HO on the indirect path as a separate cause.   

Proposal 12:
The UE starts a T316-like timer when the failure occurs in the primary path configured for SRB1 and the UE is configured to start T316-like timer.  

Proposal 13:
Upon detection of RLF on the path on which non-split SRB is configured, the remote UE can perform a re-establishment-like procedure via the other path.  FFS on details.  

Proposal 14:
When the indirect path is added and split SRB1 is configured, the remote UE transmits the RRCReconfigurationComplete message on the indirect path.  Otherwise (SRB1 configured on direct path only), the remote UE always transmits a PC5-RRC message.  FFS whether to define a new PC5-RRC message. 

Proposal 15:
RAN2 assumes a Rel17 relay UE can be configured by the network for multipath operation by configuring split SRB1 for this case. 

Proposal 16:
Multipath at the remote UE can be maintained when the relay UE is moved to IDLE/INACTIVE.

Proposal 17:
A remote UE transmits a PC5-RRC message prior to initiating uplink transmission on a split bearer when the relay UE is in RRC_IDLE/RRC_INACTIVE.

Proposal 18:
A Rel18 relay UE that serves as a multipath relay can be configured with different conditions for when to transmit discovery message.  Details, including how to handle relay UEs that serve as both legacy relays and multipath relays, are FFS.  

Proposal 19:
A remote UE in multipath that is released to RRC_IDLE/RRC_INACTIVE can be configured to maintain either the direct path or relayed path.  
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