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1 Introduction
During RAN2#119e meeting, the benefit of supporting multipath has been justified. Then, the following-up post e-mail discussion addressed several critical issues w.r.t. multipath. Thus, in this contribution, we will share our views on some issues except the primary path. 
2 Discussion
2.1. Supported use cases 
During post-email discussion, the support of some use cases need further discussion. The following table shows our views towards those use cases. 

	
	Use cases 
	Comments 

	Scenario 1
	Use case 1: The remote UE configured with multi-path changes the serving cell of the remote UE for the direct path while keeping the serving relay UE for the indirect path under the same gNB;
	After the baseline cases (path addition/release) are supported, this case will not bring large additional specification impact since this can be considered as the combined procedure of old direct path release and new direct path addition. 
It is fine to take this use case as secondary priority. 

	Scenario 2
	Use case 2: The remote UE configured only on the indirect path adds the direct path under the same gNB; 
	In scenario 1, those two cases are supported. For scenario 2, we didn’t see difference. Thus, these two cases can be supported in scenario 2 as well. 



	
	Use case 3: The remote UE configured with multi-path releases the direct path;
	

	
	Use case 4: The remote UE configured with multi-path changes the serving cell of the remote UE for the direct path while keeping the serving relay UE for the indirect path under the same gNB;
	Similar to scenario 1, use case 4 can be considered as secondary priority. 

	
	Use case 5: The remote UE configured with multi-path changes to a new relay UE for the indirect path while keeping the direct path under the same gNB.
	This case is not needed since we assume the connection relationship between remote UE and relay UE in scenario 2 is pre-configured or static. 


Proposal 1: the use cases can be discussed with the following consideration:

· For scenario 2, the following two use cases can be supported:

· The remote UE configured only on the indirect path adds the direct path under the same gNB;
· The remote UE configured with multi-path releases the direct path;
· For both scenarios, the following use case can be discussed as secondary priority:
· The remote UE configured with multi-path changes the serving cell of the remote UE for the direct path while keeping the serving relay UE for the indirect path under the same gNB;
· For scenario 2, the following use case is not supported:
· The remote UE configured with multi-path changes to a new relay UE for the indirect path while keeping the direct path under the same gNB.
During the discussion, the listed use cases are mainly focused on adding the path one-by-one. Another potential use case is to configured two paths during the remote UE mobility. RAN2 may need discuss the support of this case as well. 
Proposal 2: RAN2 is kindly asked to discuss the support of configuring two paths at the same time (e.g., during mobility) for scenario 1&2. 

2.2. Unified design of scenario 1 and scenario 2
As indicated by WID, (a subset of) solutions for scenario 1 are reused by scenario 2. To save the discussion time, the solutions for scenario 2 can be chosen from those in scenario 1 with few impact. 
Proposal 3: RAN2 is kindly asked to agree to use the (a subset of) solutions for scenario 1 to support scenario 2.  

2.3. Configurations of multi-path

The basic procedure for multipath contains path addition and path release. In Rel-17, during the path switch procedure, the UE can be configured with an indirect path via the PathSwitchConfig IE. However, when receiving such IE, the UE has to release the existing path (e.g., direct path). Thus, the existing PathSwitchConfig IE cannot be directly used for multi-path configuration. To realize the configuration, the UE can be indicated with the new path information. Specifically, for direct path addition, if the direct path is served by the Cell different from the indirect path, the UE can be indicated with SpCell ID of direct path, while if the serving cell of direct path is same as indirect path, a single-bit indication can be sent to the UE. For indirect path addition, similarly, if the serving cell of relay UE is different from direct path, the UE can be indicated with SpCell ID + Relay UE ID, while if it is the same cell, the UE can be indicated with relay UE ID only.  

Proposal 4: For new path addition, the UE can be indicated the new path information for different cases:

· SpCell ID: add direct path with serving cell different from indirect path

· Add new path indication: add direct path with the same serving cell as indirect path

· SpCell ID + Relay UE ID: add indirect path with serving cell different from direct path

· Relay UE ID: add indirect path with same serving cell as direct path

After configuring multiple paths, the gNB may release one of them. Thus, gNB should indicate the released path to the UE. To achieve this purpose, two options can be considered:

· Opt 1: explicit indication, i.e., release of direct path, release of indirect path

· Opt 2: indication of SpCell ID or Relay UE ID

This option uses the ID of the released Spcell to indicate the release of direct path, while uses relay UE ID + SpCell ID to indicate the release of indirect path.
Obviously, Opt 1 introduces the smallest signaling overhead, so we prefer to option 1
Proposal 5: For path release, the UE can be configured with an explicit indication on releasing direct or indirect path. 
2.4. DRB transmission

In last RAN2 meeting, the following agreement was reached:
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).
Thus, each DRB can be configured as direct bearer, indirect bearer and split bearer. In case of split bearer, the UL data transmission over which path is determined by UE. However, the UE has no idea on the load of each path so that it may choose a heavy-loaded path for transmission. To balance the load between two paths, the UE can be configured with primary RLC entity, and the secondary RLC entity is used only when certain condition, e.g., data volume is large than a threshold, is satisfied.

Proposal 6: For split DRB, the UE can be configured with the primary RLC entity, and the secondary RLC entity is only used when certain condition, e.g., the data volume is larger than a threshold, is satisfied. 
2.5. PDCP duplication support
PDCP duplication aims at enhancing the reliability. After introducing multi-path, such functionality should be supported as well since multi-path is also intending to enhance the reliability. To utilize the diversity gain achieved by multiple paths, the duplicated packets should be transmitted via different paths. So, two copies can be delivered by direct path and indirect path, respectively. 
Proposal 7: PDCP duplication is supported in case that multiple paths are configured. 
In Rel-15, the PDCP duplication scheme introduces the concept of primary path, which is used when the PDCP duplication is deactivated, i.e., when deactivating PDCP duplication, the primary path is used for data transmission by default. Similar scheme can be applied so that the UE should be indicated the primary path between direct path and indirect path. 
Proposal 8: RAN2 is kindly asked to discuss the primary path configuration for PDCP duplication. 
In addition, during post-email discussion, “the concept of primary path for CP” is discussed. At this moment, such concept seems to be different from “the primary path for PDCP duplication”. However, if “the concept of primary path for CP” is clear and agreed, we may need discuss the difference between such two concepts. 

Proposal 9: if “the concept of primary path for CP” is agreed, RAN2 is kindly asked to discuss the difference from “the primary path for PDCP duplication”. 
2.6. SRAP support for scenario 2
In scenario, the connection between remote UE and relay UE is out of scope. Thus, the realization of such connection can be left to UE implementation. However, the connection between relay UE and gNB(gNB-DU) is Uu interface. The main issue is whether the SRAP is used for the Uu interface or not. In Rel-17, the SRAP is used by the gNB(gNB-DU) to differentiate traffic from different remote UEs, which are transmitted via the Uu RLC channels configured at the same relay UE, and differentiate traffic from relay UE itself, which are transmitted via DRB. If the SRAP is not used at Uu for scenario 2, it means that the gNB should be able to differentiate traffic from remote UE and relay UE without SRAP. Thus, we need seek such possibility first. 
We can start from a simple case, where the relay UE is only connected with one remote UE in scenario 2. In this case, if the logical channel of the Uu RLC channel used by the remote UE’s traffic is different from the one used by relay UE’s DRB, the gNB can differentiate the traffic from remote UE and relay UE via different logical channel ID. However, in our understanding, the concept of Uu RLC channel is proposed when SRAP is defined. Thus, following Rel-17 SL relay, when the gNB(gNB-DU) receives packets from the logical channel of Uu RLC channel, the gNB(gNB-DU) should decode the SRAP header. Thus, to not change the behavior of gNB(gNB-DU), without SRAP in scenario 2, the relay UE cannot use the Uu RLC channel for the traffic of remote UE. In other words, the relay UE should share the logical channel space of its DRB with remote UE’s DRB since the maximum logical channel is 32. Specifically, if both relay UE and remote UE has 32 DRBs, the remote UE DRB has to use the same logical channel as the relay UE DRB. At the gNB-DU side, when the gNB-DU receives the packets from the same logical channel, it has to distribute those packets to different F1-U tunnels configured to remote UE/relay UE. However, without SRAP, the gNB-DU cannot differentiate the packets from remote UE and relay UE. Thus, the scenario 2 cannot support relaying without SRAP. 
On the other hand, to save discussion time, the scenario 1 and scenario 2 can use the same design. Thus, we propose to support SRAP in Uu of scenario 2. 

Proposal 10: In scenario 2, the SRAP is supported over Uu interface. 
2.7. Dynamic path activation/deactivation

The multiple path configuration can enhance the reliability and throughput. On the other hand, it increases the burden at the remote UE and relay UE. Thus, multiple paths are not always necessary. In order to reduce the unnecessary processing burden, the path release can somewhat avoid the unnecessary configuration on multiple paths. However, path release method may result in additional signaling burden and latency when multiple paths are required again. In other words, an efficient method is to indicate the available path quickly to adapt to the path status change. Specifically, similar to cell activation/deactivation, the configured paths can be dynamically activated/deactivated, and such scheme can be realized via MAC CE or DCI or SRAP. 
Proposal 11: RAN2 is kindly asked to discuss the dynamic path activation/deactivation among multiple configured paths. 
2.8. Handling of path failure

After configuring multiple paths, the UE may encounter different types of failures, as shown in Fig. 1:

· Type 1: failure at direct path

· Type 2: failure at PC5 link of indirect path

· Type 3: failure at Uu link of indirect path
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Fig. 1 Failure cases with multi-path support

In case the UE only has one path, the link failure results in the reestablishment procedure. However, with multiple configured paths, the failure of one path can be reported to gNB via another path if another path is allowed to report. Specifically, the type 1 failure can be reported via indirect path by using e.g., RRC message, SRAP field, etc., the type 2 failure can be reported via direct path. For Type-3, Rel-17 already defines that relay UE can inform remote UE the failure via SRAP, so that the remote UE can use direct path to report such type. 
On the other hand, if failures happen to all the configured the paths, the UE has to perform the reestablishment procedure as the legacy. 

Proposal 12: RAN2 is kindly asked to discuss the following three failure types:

·  Type 1: failure at direct path

· Type 2: failure at PC5 link of indirect path

· Type 3: failure at Uu link of indirect path

Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposal:
Proposal 1: the use cases can be discussed with the following consideration:

· For scenario 2, the following two use cases can be supported:

· The remote UE configured only on the indirect path adds the direct path under the same gNB;
· The remote UE configured with multi-path releases the direct path;
· For both scenarios, the following use case can be discussed as secondary priority:
· The remote UE configured with multi-path changes the serving cell of the remote UE for the direct path while keeping the serving relay UE for the indirect path under the same gNB;
· For scenario 2, the following use case is not supported:

· The remote UE configured with multi-path changes to a new relay UE for the indirect path while keeping the direct path under the same gNB.
Proposal 2: RAN2 is kindly asked to discuss the support of configuring two paths at the same time (e.g., during mobility) for scenario 1&2. 

Proposal 3: RAN2 is kindly asked to agree to use the (a subset of) solutions for scenario 1 to support scenario 2.  

Proposal 4: For new path addition, the UE can be indicated the new path information for different cases:

· SpCell ID: add direct path with serving cell different from indirect path

· Add new path indication: add direct path with the same serving cell as indirect path

· SpCell ID + Relay UE ID: add indirect path with serving cell different from direct path

· Relay UE ID: add indirect path with same serving cell as direct path

Proposal 5: For path release, the UE can be configured with an explicit indication on releasing direct or indirect path. 
Proposal 6: For split DRB, the UE can be configured with the primary RLC entity, and the secondary RLC entity is only used when certain condition, e.g., the data volume is larger than a threshold, is satisfied. 
Proposal 7: PDCP duplication is supported in case that multiple paths are configured. 
Proposal 8: RAN2 is kindly asked to discuss the primary path configuration for PDCP duplication. 
Proposal 9: if “the concept of primary path for CP” is agreed, RAN2 is kindly asked to discuss the difference from “the primary path for PDCP duplication”. 
Proposal 10: In scenario 2, the SRAP is supported over Uu interface. 
Proposal 11: RAN2 is kindly asked to discuss the dynamic path activation/deactivation among multiple configured paths. 
Proposal 12: RAN2 is kindly asked to discuss the following three failure types:

· Type 1: failure at direct path

· Type 2: failure at PC5 link of indirect path

· Type 3: failure at Uu link of indirect path
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