3GPP RAN WG2 Meeting #123bis
R2-2310170
Xiamen, China, October 9-13, 2023 

Agenda Item:
7.9.4 
Source:
InterDigital Inc. 
Title:
         
Remaining Control Plane Aspects for Multipath
Document for:
Discussion, Decision 
1 Introduction
Several control plane aspects for multipath are currently being discussed or open, both from RAN2#123, from the email discussion on path addition/change, and the open issue list.  In this contribution, we discuss some of these aspects.  We also discuss a new issue related to legacy discovery and multipath. 
2 Discussion
2.1 Open Issues related to Path Addition/Modification/Release 
Issue 1: Handling Path Addition signalling for an IDLE/INACTIVE Relay UE
In Rel17, a remote UE can trigger a relay UE to move to RRC_CONNECTED during a path switch or connection establishment by transmitting a Uu RRC message via the relay UE.  For Rel18 indirect path addition, it was agreed to re-use this mechanism if the remote UE is configured to transmit an RRC message via the indirect path.  This occurs when split SRB1 with duplication is configured.  

Observation 1:
Sending the complete message can be used to initiate RRC connection at the relay UE, if needed. 

The other cases (i.e., non-split SRB1 on the direct path, split SRB1 without duplication) do not result in the remote UE transmitting the complete message to the relay UE.  For these cases, RAN2 decided to introduce a PC5-RRC message to trigger the relay UE into RRC_CONNECTED.

Observation 2:
The PC5-RRC message was introduced to handle the cases where the network configures the UE to transmit the Uu RRC message on the direct path. 

Clearly, when the Uu RRC message is transmitted via the indirect path, the remote UE does not transmit the PC5-RRC message.
Proposal 1:
When configured with split SRB1 with duplication, the remote UE does not transmit the PC5-RRC message.
Furthermore, the PC5-RRC message is needed only when the relay UE is in RRC_IDLE/RRC_INACTIVE.  Although the remote UE may transmit it when the relay UE is in RRC_CONNECTED also, this may result in unnecessary overhead on SL.  For example, if a remote UE is frequently transitioned between IDLE/INACTIVE and CONNECTED and is configured with multipath in RRC_CONNECTED, each transition would add an additional unnecessary PC5-RRC exchange.  We prefer to send the PC5-RRC message only when needed for this reason.  

Furthermore, having the indication of the RRC state come from the relay UE rather than the network is preferrable as this makes the mechanism forward compatible to the inter-gNB case.  This information can be included in the discovery message.  Alternatively, the relay UE could send it in the notification message or the Uu information transfer message once the unicast link is set up.
Proposal 2:
When not configured with split SRB1 with duplication, the remote UE transmits the PC5-RRC message only when the relay UE indicates it is in IDLE/INACTIVE.  FFS whether to use discovery message or PC5-RRC message for the relay UE to indicate its state.
For the PC5-RRC message transmitted by the remote UE, we think RemoteUEInformationSidelink can be used to trigger the relay UE to move to RRC_CONNECTED.  This message can be transmitted by the remote UE if needed following determination of the RRC state of the remote UE.

Proposal 3:
RemoteUEInformationSidelink is used as the PC5-RRC message transmitted by the remote UE when the relay UE is in RRC_IDLE/RRC_INACTIVE.

One final question is how to handle the case of a Rel17 relay UE operating in multipath.  Specifically, such a relay UE may not understand the PC5-RRC trigger that is developed in Rel18.  We think this is mostly a corner case that may not need to be supported in practice.  
Proposal 4:
RAN2 does not specify additional behaviour for supporting transition to RRC_CONNECTED for a Rel17 relay UE in multipath.
Issue 2: Handling Uu RRC Connection by the Relay UE to a different gNB
A follow-up issue to issue 1 is how to handle the case where the relay UE initiates an RRC connection with a gNB that is different than the gNB to which the remote UE is connected on the direct Uu link.  In the email discussion on path addition and change [3], the possibility to avoid or handle this situation was brought up.  
In our view, it is difficult to avoid this situation.  Specifically, the remote UE may provide the cell ID to which the relay UE is camped to the network in order for the network to decide whether the relay can be used in path addition or not.  However, even in this case, the relay UE may trigger cell reselection just before the network decides to add the path.  For this reason, it seems more feasible to handle the situation.
In Rel17 service continuity, change in the cell by the relay UE during a path switch results in a path switch failure and re-establishment at the UE.   For multipath, indirect path addition should also fail.  However, in this case, rather than re-establishment, the remote UE can report the failure to the network.  Since the remote UE is not aware whether the cell change occurs to the same or different gNB, it can suspend the indirect path and wait for reconfiguration by the network (for the same gNB case) or release of multipath (for different gNB case).  
Proposal 5:
The remote UE, upon reception of a notification of cell change from the relay during indirect path addition, suspends the indirect path, and transmits a failure message to the network via the direct path.
Issue 3: Handling Mobility by the relay UE
One facet of handling mobility by the relay UE is the case where the remote UE is in multipath and handover occurs at the relay UE.  Two potential outcomes were identified for this scenario in the open issues list [2]: 

Option 1: NW ensures that before relay UE’s HO, the indirect path is released at remote UE.

Option 2: relay UE indicates Uu HO in notification message to remote UE in Rel-17 way, and remote UE can suspend indirect path and wait for NW reconfiguration. 
Of these two options, option 2 is preferred as it avoids frequent release and re-add of multipath by the network when the relay UE changes cell within the same gNB.  For different gNB case, the network can always release the indirect path first.  However, to avoid unnecessary signalling for the intra-gNB relay HO, option 2 should be supported in the specifications.  Furthermore, option 2 is also consistent with how we handled Issue 3 above.
Proposal 6:
The remote UE in multipath, upon reception of a notification of handover from the relay UE, suspends the indirect path, and transmits a failure message to the network via the direct path.
2.2 Discovery for Multipath Relays

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 (i.e., Rel17), this does not apply to relay UEs used for multipath.

Observation 3:
If Rel17 conditions for operating as a relay (provided in SIB) 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 7:
A relay UE that serves as a multipath relay can be configured with different conditions (compared to Rel17) for when to transmit discovery message.  Details, including how to handle relay UEs that serve as both legacy relays and multipath relays, are FFS.  

3 Conclusion
In this contribution, the following observations were made on the CP design of multi-path:

Observation 1:
Sending the complete message can be used to initiate RRC connection at the relay UE, if needed. 

Observation 2:
The PC5-RRC message was introduced to handle the cases where the network configures the UE to transmit the Uu RRC message on the direct path. 

Observation 3:
If Rel17 conditions for operating as a relay (provided in SIB) 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:
When configured with split SRB1 with duplication, the remote UE does not transmit the PC5-RRC message.

Proposal 2:
When not configured with split SRB1 with duplication, the remote UE transmits the PC5-RRC message only when the relay UE indicates it is in IDLE/INACTIVE.  FFS whether to use discovery message or PC5-RRC message for the relay UE to indicate its state.

Proposal 3:
RemoteUEInformationSidelink is used as the PC5-RRC message transmitted by the remote UE when the relay UE is in RRC_IDLE/RRC_INACTIVE.

Proposal 4:
RAN2 does not specify additional behaviour for supporting transition to RRC_CONNECTED for a Rel17 relay UE in multipath.

Proposal 5:
The remote UE, upon reception of a notification of cell change from the relay during indirect path addition, suspends the indirect path, and transmits a failure message to the network via the direct path.

Proposal 6:
The remote UE in multipath, upon reception of a notification of handover from the relay UE, suspends the indirect path, and transmits a failure message to the network via the direct path.

Proposal 7:
A relay UE that serves as a multipath relay can be configured with different conditions (compared to Rel17) for when to transmit discovery message.  Details, including how to handle relay UEs that serve as both legacy relays and multipath relays, are FFS.  
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