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1 Introduction
In Rel-18, the new WI on “NR sidelink relay enhancements” was approved, which contains 1) layer-2/3 U2U relay, 2) service continuity, 3) multipath, and 4) sidelink DRX.  For multipath case, the following objective is given: 
	3. Study the benefit and potential solutions for multi-path support to enhance reliability and throughput (e.g., by switching among or utilizing the multiple paths simultaneously) in the following 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: Study on the benefit and potential solutions are to be completed in RAN#98 which will decide whether/how to start the normative work.
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 contribution, our initial view on multi-path support will be addressed. 
2 Discussion
2.1. Benefit of multi-path support
As indicated by “Note 3A” in the WID, the benefit of multi-path support should be identified first. In Rel-17, the sidelink relay is introduced to address the in/out-coverage case for a remote UE. The intention is to enhance the UE throughput via the PC5 link when the UE’s Uu link towards the gNB is either unavailable or in the worse quality. In the real case, both PC5 link and Uu link may be available to the UE; however, the quality of each link may not be good enough to satisfy the service requirement of the UE. Thus, configuring both direct path and indirect path would be one way to resolve the problem. Moreover, considering the diversity gain provided by multiple paths, the reliability can be improved. 

Proposal 1-1: the multi-path should be supported in Rel-18 considering the benefit on the enhancement of reliability and throughput. 

2.2. Use cases
With functionality of Rel-17 sidelink relay, the UE can be configured with either a direct path or an indirect path. Based on this, in Rel-18, the multi-path can be additionally configured in the following use cases:
· Use case 1: Add direct path on top of the indirect path

· Use case 2: Add indirect path on top of the direct path

Besides, during the handover procedure, the target cell may not be able to provide the same performance (e.g., reliability and throughput) as the source side. Thus, the following use case should be also addressed in Rel-18:

· Use case 3: configure multiple paths (direct + indirect) during handover
Proposal 2-1: in Rel-18, the multi-path support should consider the following three cases:

· Use case 1: Add direct path on top of the indirect path

· Use case 2: Add indirect path on top of the direct path

· Use case 3: configure multiple paths during handover

Except the above cases, there are some other cases which are not explicitly indicated by WID: 

· Use case 4: configure two indirect paths

The WID clearly mentions “a UE is connected to the same gNB using one direct path and one indirect path via … ”. So, the support of use case 4 in Rel-18 is unclear. Technically, Use case 4 cannot cause more additional standardization work. However, at the first meeting, some clarifications are deserved on the support of Use case 4. 

· Use case 5: more than two paths

Based on WID, multi-path support intends to configure two paths. However, the wording “multiple paths” give the impression that more than two paths are also in the scope of Rel-18. Different from Use case 4, this case may bring more additional standardization work. Thus, the supporting this case should be discussed. 

· Use case 6: inter-gNB multi-path support

The WID indicates that the multi-path is configured to the UE is connected to the single gNB. However, the inter-gNB case, i.e., two different paths are served by two different gNBs, is unclear. Thus, some clarifications are needed as well.  

· Use case 7: multi-path configuration during RRC Setup/Reestablishment/Resume procedure

When triggering the corresponding RRC procedure, the UE can only select either direct path or indirect path. After completing the RRC procedure, the UE can start the data communication. If the network figures out the UE performance cannot be guaranteed, it can further add additional path. Therefore, in our understanding, the support of use case 7 may not be well motivated. However, we are open for further discussion if obvious benefit is identified. 
RAN2 may need discuss whether to study the above Use cases 4~7 in Rel-18.
Proposal 2-2: RAN2 is kindly asked to discuss whether supporting the following use cases:

· Use case 4: Configure two indirect paths

· Use case 5: More than two paths
· Use case 6: Inter-gNB multi-path support
· Use case 7: Multi-path configuration during RRC Setup/Reestablishment/Resume procedure
2.3. Potential impacts
To support the multi-path, the following fundamental questions should be answered:

1. How to configure the multiple paths?

2. How to transmit data over multiple paths?

3. How to select the configured path after configuring multiple paths?

4. How to deal with path failure?

The above four questions intend to define the baseline procedures of multi-path. In addition, before multi-path functionality, NR already defines some features related to the reliability and throughput enhancement. Thus, in our opinion, it is necessary to analyze if the multiple path scheme can well support the existing functionality. So, another question is 

5. How to support the legacy scheme for reliability and throughput enhancement on top of multi-path?
According to the above 5 questions, the following 5 aspects deserve some discussions in Rel-18:
· Configurations of multi-path

· Data transmission over two paths 

· Dynamic path activation/deactivation 
· Handling of path failure
· PDCP duplication support
Proposal 3-1: RAN2 is kindly asked to address the following 5 aspects in Rel-18 sidelink relay enhancement:

· Configurations of multi-path

· Data transmission over two paths 

· Dynamic path activation/deactivation 
· Handling of path failure
· PDCP duplication support
· Aspect 1: Configurations of multi-path

As indicated by the above Use case 1~3, the multi-path may be realized by either configuring an additional path or configuring two paths at the same time. 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 the new path information, e.g., for Use case 1, the UE can be indicated with SpCell ID of direct path; for Use case 2, the UE can be indicated with SpCell ID + Relay UE ID; for User case 3, the UE can be indicated the information of both direct path (e.g., target cell) and indirect path (e.g., target cell + relay UE ID). If the above Use case 5 is supported in Rel-18, it is better to use a path ID to identify each path. 
Proposal 4-1: RAN2 is kindly asked to discuss how to configure the multiple paths to the UE, including new path addition, and multi-path configuration
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

This option may not be applicable for the case if the UE is configured with two indirect paths (Use case 4) or multiple paths (Use case 5)

· 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 the IDs of relay UE+SpCell ID to indicate the release of indirect path. This option is applicable for Use case 4&5

· Opt3: indication of path ID of the released path

This option requires to use a new path ID to identify different paths. So, when releasing one path, the Path ID can be used to identify the released path. 
Proposal 4-2: RAN2 is kindly asked to discuss how to release one of the configured paths at the UE. 
· Aspect 2: Data transmission over two paths
After configuring multiple paths, the user data can be transmitted via multiple paths. Over Uu, the transmitted data is delivered at the granularity of radio bearer. So, the question is whether the data of each RB can be transmitted via multiple paths. To utilize the diversity gain brought by the multiple paths, one RB over those paths are beneficial for reliability and throughput. Thus, the data of one RB can be transmitted via all configured paths
Proposal 5-1: Over Uu, the data of one RB (DRB or SRB) can be configured to be transmitted via either one configured path or multiple configured paths.
Since the user data can be transmitted via multiple paths, the load distribution should be balanced among the paths, especially the indirect path. In DL, gNB is responsible for the data distribution among paths. Thus, the path load can be well controlled by gNB. However, in UL, it is UE’s responsibility to distribute the load among paths. Since the UE has no idea on the load of each path, how to avoid unbalanced load distribution among paths deserved some discussions. The potential solution can configure some thresholds for the UL data split at UE side.  
Proposal 5-2: To achieve the load balance among paths, RAN2 is kindly asked to discuss the UL data split at the UE side among the configured paths. 
· Aspect 3: 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 6-1: RAN2 is kindly asked to discuss the dynamic path activation/deactivation among multiple configured paths. 
· Aspect 4: 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. 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 SL RRC, 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 7-1: in case of the failure at one configured path, RAN2 is kindly asked to discuss how to report the failure information of one configured path. 
· Aspect 5: PDCP duplication support

In previous releases, the PDCP duplication is supported to enhance 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 8-1: PDCP duplication should be supported in case that multiple paths are configured, and two copies of a packet can be delivered by direct path and indirect path, respectively. 
In Rel-15, the PDCP duplication scheme introduces the concept of primary path, which is used when the PDCP duplication is deactivated. Similar scheme can be applied so that the UE should be indicated the primary path between direct path and indirect path. 
Proposal 8-2: RAN2 is kindly asked to discuss the primary path configuration for PDCP duplication. 
In IIOT, 3GPP defines that one packet can be copied into four to increase the reliability. However, whether multi-path scheme should support such case or not depends on how many paths can be configured to the UE, i.e., decision on the above Use case 5. 
Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposal:
Proposal 1-1: the multi-path should be supported in Rel-18 considering the benefit on the enhancement of reliability and throughput. 
Use case related:
Proposal 2-1: in Rel-18, the multi-path support should consider the following three cases:

· Use case 1: Add direct path on top of the indirect path

· Use case 2: Add indirect path on top of the direct path

· Use case 3: configure multiple paths during handover

Proposal 2-2: RAN2 is kindly asked to discuss whether supporting the following use cases:

· Use case 4: Configure two indirect paths

· Use case 5: More than two paths

· Use case 6: Inter-gNB multi-path support
· Use case 7: Multi-path configuration during RRC Setup/Reestablishment/Resume procedure
Potential impact related:
Proposal 3-1: RAN2 is kindly asked to address the following 5 aspects in Rel-18 sidelink relay enhancement:

· Configurations of multi-path

· Data transmission over two paths 

· Dynamic path activation/deactivation 
· Handling of path failure
· PDCP duplication support
Configurations of multi-path:
Proposal 4-1: RAN2 is kindly asked to discuss how to configure the multiple paths to the UE, including new path addition, and multi-path configuration
Proposal 4-2: RAN2 is kindly asked to discuss how to release one of the configured paths at the UE. 

Data transmission over two paths
Proposal 5-1: Over Uu, the data of one RB (DRB or SRB) can be configured to be transmitted via either one configured path or multiple configured paths.
Proposal 5-2: To achieve the load balance among paths, RAN2 is kindly asked to discuss the UL data split at the UE side among the configured paths. 
Dynamic path activation/deactivation
Proposal 6-1: RAN2 is kindly asked to discuss the dynamic path activation/deactivation among multiple configured paths. 
Handling of path failure
Proposal 7-1: in case of the failure at one configured path, RAN2 is kindly asked to discuss how to report the failure information of one configured path. 

PDCP duplication support
Proposal 8-1: PDCP duplication should be supported in case that multiple paths are configured, and two copies of a packet can be delivered by direct path and indirect path, respectively. 
Proposal 8-2: RAN2 is kindly asked to discuss the primary path configuration for PDCP duplication. 
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