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Introduction
[bookmark: OLE_LINK641][bookmark: OLE_LINK642][bookmark: OLE_LINK643]In RAN2#121 meeting, there are following agreements on Multi-path relaying [1]. 
Agreements:
As a baseline, direct path addition for multi-path is a path switch procedure in which the target configuration contains both paths.
Upon direct path addition for multi-path, one of the serving cells of the added direct path is configured as PCell for the remote UE.

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 RAN2#121bis-e meeting, there are following agreements [2]: 
RAN2#121b-e agreement
Agreements:
When split SRB1 with duplication is configured, the remote UE sends the RRCReconfigurationComplete message to gNB via both paths for Scenario 1.
When one of the following conditions is met, the remote UE sends the RRCReconfigurationComplete message to gNB via the direct path for Scenario 1. FFS on need for additional condition.
-	when primary RLC entity of split SRB1 is on direct path 
-	when non-split SRB1 is configured on direct path
When split SRB1 with duplication is configured, the remote UE sends the RRCReconfigurationComplete message to gNB via both paths for Scenario 2.
When one of the following conditions is met, the remote UE sends the RRCReconfigurationComplete message to gNB via the direct path for Scenario 2.
-	when primary RLC entity of split SRB1 is on direct path 
-	when non-split SRB1 is configured on direct path
In this contribution, we would like to discuss some further issues in multi-path relaying.  
[bookmark: OLE_LINK626][bookmark: OLE_LINK627][bookmark: OLE_LINK301][bookmark: OLE_LINK302]Discussion 
 Indirect path addition
In the RAN2#121 meeting, for indirect path addition or change in scenario 1, it is agreed that a PC5-RRC trigger is specified to bring the idle/inactive relay UE to RRC_CONNECTED at least for the cases where SRB1/split SRB1 is in the indirect path. 
An issue to be considered is the condition that the remote UE send the PC5-RRC trigger to the relay UE. We assume that there could be the following options: 
· Option 1: If the relay UE is in RRC_Idle/ RRC_Inactive state, the remote UE sends a PC5-RRC trigger to make relay UE enter RRC_Connected state. 
In this option, the relay UE may need to inform the remote UE of the relay UE’s RRC state, i.e., whether the relay UE is in RRC_Idle/ RRC_Inactive state. 
· Option 2: If the remote UE receives an indication from network, the remote UE sends a PC5-RRC trigger to make relay UE enter RRC_Connected state. 
In this option, in the indirect path addition message, an indication can be included to make the remote UE send the PC5-RRC trigger. 
· Option 3: The remote UE always sends a PC5-RRC trigger to make relay UE enter RRC_Connected state regardless of relay UE’s RRC state.  
In this option, on receiving the PC5-RRC trigger from the remote UE, if the relay UE is in RRC_Connected state, the relay UE can ignore the PC5-RRC trigger. 
In these three options, Option 1 needs new indication of the relay UE’s RRC state in PC5 and Option 2 needs new indication in Uu RRC messages for indirect path addition/change. Option 3 does not introduce new signalling, however it could have very high signalling overhead, since the PC5-RRC trigger is always sent. Besides, Option3 requires new behavior for the relay UE. 
We assume that Option 2 is simple and has relatively small impact on the standard. So we prefer Option 2. 
Proposal 1: For bringing the idle/inactive relay UE to RRC_CONNECTED, if the remote UE receives an indication from network, the remote UE sends a PC5-RRC trigger to make relay UE enter RRC_Connected state. 

The following Figure 1 shows an example of indirect path addition. 


Figure 1 Example of indirect path addition
As agreed in the RAN2#121bis-e meeting, the remote UE sends the RRC reconfiguration complete message to gNB via the direct path for Scenario 1 if one of the conditions is met: split SRB1 with duplication is configured, when primary RLC entity of split SRB1 is on direct path, or when non-split SRB1 is configured on direct path. 
An issue to be considered is when the RRC reconfiguration complete message should be transmitted by the remote UE. In our opinion, the RRC reconfiguration complete message can be transmitted once the remote UE performs the configurations in the RRC reconfiguration to add the indirect path in step 3 in the figure above. This is simple and similar to SCG addition in NR-DC. 
Proposal 2: RRC reconfiguration complete message is transmitted on the direct path once the remote UE performs addition of the indirect path when split SRB1 with duplication is configured or when primary RLC entity of split SRB1 is on direct path or when non-split SRB1 is configured on direct path. 
Another issue to be discussed is the remote UE behavior if the indirect path addition fails in this case. For example, the idle/inactive relay UE may fail to enter RRC_CONNECTED or the relay UE may change its serving gNB during path addition, or the remote UE may fail to establish PC5 connection with the relay UE. In Release 17 direct-to-indirect path switch, the remote UE would initiate RRC re-establishment in these cases. However, in indirect path addition, RRC re-establishment might not be needed since the direct path can still work. So, it is proposed that the remote UE can send a failure indication to the gNB via the direct path to indicate the relay UE’s RRC connection failure or serving gNB change instead of initiating RRC re-establishment, to reduce the service interruption. This failure indication can be an RRC message, such as SCG failure information. 
Proposal 3: The remote UE sends a failure indication to the gNB via the direct path if the idle/inactive relay UE fails to enter RRC_CONNECTED or changes its serving gNB. 
For sending the failure indication, the remote UE can fall back to the original single path configuration. 
Proposal 4: The remote UE falls back to the original single path configuration if indirect path addition fails.
 Direct path addition
In RAN2#121 meeting, RAN2 agrees that direct path addition for multi-path is a path switch procedure in which the target configuration contains both paths as a baseline. The following Figure 2 shows an example of direct path addition for the case where SRB1/split SRB1 is still configured in the indirect path. In this case, the RRC reconfiguration complete message from the remote UE would be transmitted via the indirect path. Since direct path addition for multi-path is a path switch procedure, we assume that T304-like timer can be introduced in direct path addition. 


Figure 2 Example of direct path addition
An issue to be discussed is the remote UE behavior when a T304-like timer expires (i.e., direct path addition failure). In Release 17 indirect-to-direct path switch procedure, the remote UE will initiate RRC re-establishment when T304 expires. For direct path addition in multi-path, similar to Proposal 3 in section 2.1, the remote UE can also send a failure indication to the network, instead of initiating RRC re-establishment. This failure indication can be an RRC message, such as MCG failure information.
Proposal 5: The remote UE sends a failure indication to the gNB via the indirect path when the T304-like timer expires. 
Similarly, the remote UE can fall back to the original single path configuration, i.e., indirect path configuration when the T304-like timer expires. 
Proposal 6: The remote UE falls back to the original single path configuration when the T304-like timer expires. 
 Direct path release
The remote UE’s direct path and indirect path may be in the same cell or in different cells under the same gNB. In Multi-path relaying, RAN2 has agreed that Pcell is on the direct path of the remote UE. Currently, it is not clear whether the Pcell of the remote UE should be changed after the direct path release. We assume there could be the following alternatives: 
· Alt 1: the PCell of the remote UE is kept unchanged, i.e., the PCell of the remote UE is still the PCell before the direct path release. 
· Alt 2: the PCell of the remote UE is changed to the PCell of the relay UE, since the remote UE is controlled by the relay UE’s serving cell in single indirect path, as in Release 17 SL relay. 
We slightly prefer Alt 2, since in Release 17 the remote UE consider the relay UE’s PCell to be the PCell during RRC connection establishment procedure. Thus, direct path release procedure may also be a path switch procedure with only indirect path configuration. 
Proposal 7: The PCell of the remote UE is changed to the PCell of the relay UE after direct path release. 
RAN2 has agreed that Mode 1 resource allocation can be supported for the remote UE configured with multi-path in Scenario 1 in principle. In addition, in Release 17 SL relay, only Mode 2 resource allocation can be used by the remote UE which has been connected to network via a relay UE. If the remote UE is configured with Mode 1 resource allocation in multi-path, it can be discussed how the remote UE works with Mode 2 resource allocation after direct path release. We think that the Mode 2 configuration should be included in the direct path release message in this case. 
Proposal 8: Mode 2 configuration should be included in the direct path release message if the remote UE is configured with Mode 1 in multi-path. 

 Path activation/deactivation
The operations of path addition, path release or path change are typically performed via RRC procedures. If the remote UE and/or the relay UE are moving fast, these operations may be performed frequently, which would be relatively slow and may cause higher signalling overhead. Therefore, it is proposed to use MAC CE to activate/deactivate the path more efficiently, which is similar to SCell activation/deactivation or duplication activation/deactivation. 
Proposal 9: Path activation/deactivation is supported in multi-path. 
Since the MAC entity in the indirect path is hop-by-hop, the MAC CE can be transmitted via the direct path and used for path activation/deactivation of the indirect path. 
Proposal 10: MAC CE via the direct path is used for path activation/deactivation of the indirect path. 
Traffic offloading
When the direct path is in congestion, the gNB can offload the traffic of the remote UE to the indirect path via the relay UE e.g. at a different cell not in congestion.
If the remote UE is in mode-2, the remote UE would select the sidelink resources in the indirect path autonomously. When the direct path is in congestion, the remote UE might not know this situation and might not select much more SL resources in the indirect path. Therefore, an issue to be considered is how to make the remote UE in mode-2 offload its traffic to the indirect path. 
In addition, for a split RB or a RB configured with duplication, when the direct path is in congestion, if the PDCP layer in the remote UE still selects the direct path for data transmission, e.g., the PDCP entity of the RB still transmits the PDCP PDUs to the corresponding Uu RLC entity, then the congestion in the direct path would not be relieved. 
Therefore, we think that the gNB could send an indication to the remote UE for offloading the traffic to the indirect path. On receiving this indication, the remote UE in mode-2 can select more SL resources in the indirect path during resource (re)selection. Besides, the PDCP entity of a split RB or a RB configured with duplication in the remote UE can transmit the following PDCP PDUs via the indirect path. Thus, traffic offloading could be performed. 
Proposal 11: The gNB sends an indication to the remote UE for offloading traffic to the indirect path.
Conclusion
[bookmark: OLE_LINK3]In this contribution, we have discussed some multi-path related issues. We have the following and proposals: 
Proposal 1: For bringing the idle/inactive relay UE to RRC_CONNECTED, if the remote UE receives an indication from network, the remote UE sends a PC5-RRC trigger to make relay UE enter RRC_Connected state. 
Proposal 2: RRC reconfiguration complete message is transmitted on the direct path once the remote UE performs addition of the indirect path when split SRB1 with duplication is configured or when primary RLC entity of split SRB1 is on direct path or when non-split SRB1 is configured on direct path.  
Proposal 3: The remote UE sends an failure indication to the gNB via the direct path if the idle/inactive relay UE fails to enter RRC_CONNECTED or changes its serving gNB. 
Proposal 4: The remote UE falls back to the original single path configuration if indirect path addition fails. 
Proposal 5: The remote UE sends a failure indication to the gNB via the indirect path when the T304-like timer expires.  
Proposal 6: The remote UE falls back to the original single path configuration when the T304-like timer expires. 
Proposal 7: The PCell of the remote UE is changed to the PCell of the relay UE after direct path release. 
Proposal 8: Mode 2 configuration should be included in the direct path release message if the remote UE is configured with Mode 1 in multi-path. 
Proposal 9: Path activation/deactivation is supported in multi-path. 
Proposal 10: MAC CE via the direct path is used for path activation/deactivation of the indirect path. 
Proposal 11: The gNB sends an indication to the remote UE for offloading traffic to the indirect path.
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