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1 Introduction
In last RAN plenary, the WI of sidelink relay enhancement was agreed.  One of objective is about the multi-path support as following:

	1. Specify mechanisms to support the following multi-path 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: The mechanisms to support scenario 1 and scenario 2 are specified based on the assumptions and restrictions agreed in study phase.

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.


In this paper, we will share our view on multi-path based on conclusions in SI stage. 
2 Discussion

2.1. Case support

During SI stage, the support of case G (i.e., indirect path change) for scenario 2 is not decided yet. Since the indirect path addition and release are separately supported. Case G for scenario 2 can be naturally supported. 

Proposal 1-1: The case G (indirect path change) can be supported for scenario 2. 

Among all supported cases, the indirect path addition/release are supported for both scenarios. To achieve this, the setup/release of the indirect path can be indicated to the UE, which is similar to DC case, i.e., the SCG addition/release is realized by “SetupRelease”. For indirect path configuration, the content can be referred to the one used when configuring indirect path in Rel-17, which contains the target relay UE ID, and radio bearer configuration, etc. 

Proposal 1-2: for indirect path addition/release, the “SetupRelease” can be used to indicate the setup/release of indirect path configuration, which contains the target relay UE ID, radio bearer configuration, etc. 

For direct path addition/release, it is only supported in scenario 1. During SI stage, it was agreed that the PCell is only located at the direct path when multi-path is configured. Thus, both cases will result in the PCell change. In legacy case, the PCell change is realized by the handover procedure. For SL relay, both cases result in the PCell is changed to the one serving the relay UE. Whether the handover procedure is used or not needs further discussion. Moreover, if the serving cell of relay UE is different from the one serving the direct path, the security key update also needs further discussion. 
Proposal 1-3: RAN2 is kindly asked to discuss the PCell change during direct path addition/release procedure, e.g., which procedure is used for PCell change, whether the security key needs update in case of PCell change.  

For direct/indirect path change, it can be supported by implementing two procedures, i.e, direct/indirect path release and addition, separately. However, if one procedure is used to realize the release and addition, the path change procedure can be speed up. 
Proposal 1-4: for direct/indirect path change, one procedure can be defined to implement direct/indirect path release/addition. 

2.2. Bearer configuration
According to discussion during SI stage, the followings have been agreed:

· For both scenarios, direct/indirect/MP split bearer and PDCP duplication is supported for DRB

· For both scenarios, PDCP duplication is supported for SRB 

· For scenario 1, both SRB1 and SRB2 can be configured to either direct or indirect path 

· For scenario 2, both SRB1 and SRB2 can be configured to direct path. 

While the following issues are not decided yet:

· Issue 1: SRB1/2 in different paths for scenario 1/2

In general, SRB2 is less important than SRB1.  Since two paths may have different performance, it is beneficial to allow configuring SRB1 and SRB2 in different paths. 
· Issue 2: SRB1/2 on indirect path for scenario 2
Similar to scenario 1, if indirect path has good performance, both SRB1/2 can be configured on indirect path. 
· Issue 3: Split SRB1/2 for scenario 2

Split SRB1/2 can be used to balance the load between direct path and indirect path. Thus, it is beneficial to support split SRB1/2 for scenario 2 as well. 

Proposal 2-1: RAN2 is kindly asked to agree the followings:

· SRB1/2 can be configured in different paths for scenario 1/2

· SRB1/2 can be configured to indirect path for scenario 2

· Split SRB1/2 can be supported for scenario 2

The PDCP duplication is used to improve the reliability of the data transmission. It has been supported for DRB. Since SRB is more important than DRB, it is beneficial to support duplication as well. 
Proposal 2-2: the PDCP duplication is supported for SRB for both scenarios.

For SRB/DRB, the primary RLC entity is defined for PDCP duplication. Such concept can be applied for multi-path case so that the primary RLC entity can be used when the PDCP duplication is deactivated. 
Proposal 2-3: the primary RLC entity is appliable for the PDCP duplication support of SRB/DRB in both scenarios.
For PDCP duplication, the legacy operation is to use MAC CE to dynamically activate/deactivate PDCP duplication. This operation can be applied for multi-path case as well, and such MAC CE can be sent via the direct path. 

Proposal 2-4: the MAC CE of the direct path can be used to dynamically activate/deactivate PDCP duplication. 
For split DRB, the legacy scheme allows to define a data volume threshold to activate the use of another path. This operation can balance the load between two paths. For multi-path case, the similar concept can be introduced, i.e., when data volume is small, one path is used, while the data volume is large, another path can be used. 

Proposal 2-5: for split DRB, an UL data volume threshold can be introduced to determine when to use both paths 
2.3. Path management
After configuring two paths to the UE, both paths are unnecessarily used all the time. For example, if the traffic load is small, the UE can use one path only. This operation can save the UE energy. To adapt to the traffic load variation, the MAC CE can be used to activate/deactivate the path. Since the PCell is only located at the direct path, the MAC CE over the direct path can be used to dynamically activate/deactivate indirect path. 

Proposal 3-1: the MAC CE of direct path can be used to dynamically activate/deactivate indirect path.
When initially configuring the two paths, the gNB can indicate the initial status to the UE. 

Proposal 3-2: when initially configuring the two paths, the gNB can configure the initial activation/deactivation status to the UE
2.4. Scenario 2 specific handling
· Awareness of the type of UE-UE link
The different realizations of UE-UE link in scenario 1&2 result in different configurations or behaviors at the gNB side:

· UE-UE link configuration: in scenario 1, the PC5 RLC channels to the remote UE should be configured in order to convey the DRB/SRB traffic, while this is not needed for scenario 2.  

· Mapping configuration at Uu link: the Uu RLC channel is used to convey the relaying traffic in both cases. In scenario 2, DRB/SRBs of remote UE should be 1:1 mapped to Uu RLC channel (such 1:1 mapping results in the feasibility of the absence of SRAP), which is not applicable for scenario 1.  

· gNB behavior on SRAP header processing: in legacy, the relaying traffic is conveyed via Uu RLC channel so that gNB needs add/remove SRAP header for the traffic over each Uu RLC channel. For scenario 2, the presence of SRAP is not allowed. Thus, gNB (or gNB-DU in case of CU-DU split) has different operation towards the packets over Uu RLC channel for two scenarios, i.e., the gNB (or gNB-DU) needn’t add/remove SRAP header for the packets over Uu RLC channel. 

        It can be observed that UE-UE link configuration differentiation requires the awareness of UE-UE link type at the gNB side. 

Proposal 4-1: the gNB should be aware of the UE-UE link type (3GPP, i.e., PC5, vs. non-3GPP).

· Measurement results over UE-UE link

In legacy, the gNB configures the indirect path based on the measurement results reported by the remote UE, which contains the signal strength and the relay UE ID. In scenario 2, generally speaking, the gNB should rely on remote/relay UE report to determine the association between remote UE and relay UE. However, considering the UE-UE link is as an implementation-based link, the following issues need to be resolved:

· Issue 1: connection relationship between relay UE and remote UE

In practice, one possible case is that the relay UE and remote UE has the fixed connection. Thus, the selection of relay UE/remote UE over an UE-UE link is unnecessary. However, we are wondering if this is the only case. In some cases, the remote/relay UE may have multiple candidates for connection (similar to scenario 1) since the technology of UE-UE link (e.g., WIFI) may be used by multiple UEs. 

Proposal 4-2: In scenario 2, the connection relationship between relay UE and remote UE can be changed, i.e., the remote/relay UE may have multiple relay/remote UE candidates for connection. 

· Issue 2: identification of the relay/remote UE

In legacy, the sidelink L2 ID is used to identify the relay/remote UE. However, the technology of UE-UE link in scenario 2 is unknown, so that which ID can be used to identify is unclear. Thus, a new ID is needed, which can be allocated either by gNB or by UE-UE link (implementation). However, no matter which allocation method, the uniqueness should be ensured. 

Proposal 4-3: RAN2 is kindly asked to discuss the ID used to identify relay/remote UE (including ID allocation). 
· Issue 3: indication of the measurement result
When determining the indirect path setup, the link quality of UE-UE link is important for the gNB. However, in scenario 2, the metric for the measurement result is unknown to the gNB depending on the UE-UE link technology. One possible way is that the priority can be used as the measurement result, then, how to derive such priority becomes an implementation issue.  

Proposal 4-4: in scenario 2, the relay/remote UE can report the priority of the remote/relay UE to gNB instead of concrete measurement results.

· Issue 4: avoidance of measurement result referring to a relay UE with connected UE

In scenario 2, each relay UE is allowed to connect with one remote UE only. However, whether there is an UE connected to relay UE is unknown to the remote UE. Thus, if the indirect path setup relies on the report of remote UE, it is possible that a relay UE with connected UE is reported; however, if the indirect path setup is based on the report from the relay UE, it can ensure that only the relay UE without connected UE will report the result. 

Proposal 4-5: RAN2 is kindly asked to discuss which node (remote UE vs. relay UE) reports the measurement results of UE-UE link considering the restriction that one relay UE can be connected to one remote UE only. 

· Limitation of number of RLC channels over Uu 

As agreed in SI stage, different DRB/SRBs of the remote UE cannot be mapped to the same Uu RLC channel. Moreover, remote UE and relay UE should use separate Uu RLC channels. Since the logical channel space at the Uu link of relay UE is 32, this indicates that the total number of bearers in remote UE and relay UE should be limited to 32 bearers. Thus, RAN2 may need discuss the scheme to ensure the total number of bearers at relay/remote UE will not exceed the limitation of RLC channel. 

Proposal 4-6: RAN2 is kindly asked to discuss the scheme of ensuring the total number of bearers at relay/remote UE will not exceed the limitation of RLC channel.
· Capability of relay UE/remote UE/gNB
The above discussions indicate that the scenario 2 can cause some different design compared to scenario 1. Thus, the resultant issue is whether gNB/relay UE/remote UE has a capability limitation on the supported scenario. If this is possible, the knowledge on the capability information of gNB/relay UE/remote UE would be important when starting the indirect path setup. 

Proposal 4-7: RAN2 is kindly asked to discuss the knowledge on the capability of gNB/relay UE/remote UE (e.g., support 3GPP UE-UE link only, support non-3GPP UE-UE link only, or both).  
· Failure handling on indirect path
In last RAN2 meeting, the following agreement were reached for failure handling
Proposal 17
[Easy] Upon detection of 3GPP-defined RLF failure in one path, remote UE (configured with MP) can report path failure via the alternative available path if SRB1 is configured on the alternative path or split SRB1 is configured..

The above agreement covers the 3GPP-defined failure only. For scenario 2, the failure detection at the UE-UE link is out of scope of 3GPP. However, the failure still exists over UE-UE link so that the remote UE should report such failure to the gNB via direct path. 
Proposal 4-8: the remote UE should be able to report the UE-UE link failure via the direct path for scenario 2. 
Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposal:

· Case support
Proposal 1-1: The case G (indirect path change) can be supported for scenario 2. 

Proposal 1-2: for indirect path addition/release, the “SetupRelease” can be used to indicate the setup/release of indirect path configuration, which contains the target relay UE ID, radio bearer configuration, etc.
Proposal 1-3: RAN2 is kindly asked to discuss the PCell change during direct path addition/release procedure, e.g., which procedure is used for PCell change, whether the security key needs update in case of PCell change.
Proposal 1-4: for direct/indirect path change, one procedure can be defined to implement direct/indirect path release/addition. 
· Bearer configuration 
Proposal 2-1: RAN2 is kindly asked to agree the followings:

· SRB1/2 can be configured in different paths for scenario 1/2

· SRB1/2 can be configured to indirect path for scenario 2

· Split SRB1/2 can be supported for scenario 2

Proposal 2-2: the PDCP duplication is supported for SRB for both scenarios.

Proposal 2-3: the primary RLC entity is appliable for the PDCP duplication support of SRB/DRB in both scenarios.
Proposal 2-4: the MAC CE of the direct path can be used to dynamically activate/deactivate PDCP duplication. 
Proposal 2-5: for split DRB, an UL data volume threshold can be introduced to determine when to use both paths 
· Path management

Proposal 3-1: the MAC CE of direct path can be used to dynamically activate/deactivate indirect path.
Proposal 3-2: when initially configuring the two paths, the gNB can configure the initial activation/deactivation status to the UE
· Scenario 2 specific handling
Proposal 4-1: the gNB should be aware of the UE-UE link type (3GPP, i.e., PC5, vs. non-3GPP).

Proposal 4-2: In scenario 2, the connection relationship between relay UE and remote UE can be changed, i.e., the remote/relay UE may have multiple relay/remote UE candidates for connection. 

Proposal 4-3: RAN2 is kindly asked to discuss the ID used to identify relay/remote UE (including ID allocation). 
Proposal 4-4: in scenario 2, the relay/remote UE can report the priority of the remote/relay UE to gNB instead of concrete measurement results.

Proposal 4-5: RAN2 is kindly asked to discuss which node (remote UE vs. relay UE) reports the measurement results of UE-UE link considering the restriction that one relay UE can be connected to one remote UE only. 

Proposal 4-6: RAN2 is kindly asked to discuss the scheme of ensuring the total number of bearers at relay/remote UE will not exceed the limitation of RLC channel.
Proposal 4-7: RAN2 is kindly asked to discuss the knowledge on the capability of gNB/relay UE/remote UE (e.g., support 3GPP UE-UE link only, support non-3GPP UE-UE link only, or both).
Proposal 4-8: the remote UE should be able to report the UE-UE link failure via the direct path for scenario 2. 
