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1	Introduction
In the WID [1], one of the study objectives is to specify mechanisms to introduce a support for multi-path using relay 
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.
We discuss this study objective and express our views in this contribution.
[bookmark: _Ref178064866]2	Discussion
The above objective was decided at the RAN plenary with the intention to study the aspect of multipath with relays where, a UE viz., multipath UE is connected via two paths, one being a direct path to the gNB and the other an indirect path via a UE-to-Network (U2N) relay UE to the same gNB. In addition, there are two scenarios within the objective:
Scenario-1: a UE connects to the same gNB with one direct (Uu) path and one indirect path established via a U2N relay UE where, the communication between the UE and U2N relay UE is over the sidelink PC5 interface.
Scenario-2: a UE connects to the same gNB with one direct (Uu) path and one indirect path established via a U2N relay UE where, there exists an ideal connection between the UE and the U2N relay UE.
RAN2 should focus only on Layer-2 (L2) U2N relay UEs in the study as it is expected there is no RAN2 impact foreseen in the case of Layer-3 (L3) U2N relay UE for multipath with relays. 
2.1 General design rules
For Scenario-1, it would be straightforward to reuse some aspects of the existing MR-DC framework for the UE to support a multipath UE connection to the same gNB.
Observation 1 [bookmark: _Toc110953202]Reuse some of the aspects in the existing DC framework for a UE to connect to the same gNB using one direct path and one indirect path established via a U2N relay UE.
For MR-DC, MCG and SCG contains different serving cells. Similarly, for a UE connecting to the same gNB via one direct path and one indirect path, both paths may belong to different serving cells. In addition, according to what has been designed for U2N relay in R17, there is no restriction on whether the selected relay UE should be served in the same or different cell as the UE during the procedure of relay selection and reselection, therefore, both paths may also belong to the same cell.
[bookmark: _Toc110953203]The direct and indirect path of a multipath UE belong to the same or different serving cells of the same gNB.
In MR-DC, a master RAN node is responsible for providing the control plane (CP) connection to the UE. Meanwhile, the other node is defined as the secondary RAN node to boost data rate for the UE. Following a similar principle, it is reasonable to introduce similar responsibilities for the two paths. In other words, the path which is responsible for the control plane connection can be defined as the primary path, meanwhile, the other path can be defined as the secondary path.
[bookmark: _Toc110953204]Introduce the terms ‘Primary path’ and ‘Secondary path’ for the multi-path scenario. 
From a technical feasibility perspective, the primary path can be either the direct path or the indirect path. However, supporting both cases would result in an inevitably complex design for RAN. As a result, we suggest RAN2 to prioritize the case when the primary path is the direct path, and the secondary path is the indirect path. The other case where the primary path is the indirect path and the secondary path is the direct path is down-prioritized in Rel-18.
When the primary path is the direct path, we can achieve the following benefits:
· Increased reliability for the CP connection since the indirect path is more prone to delays and radio link failure, i.e., either hop of the indirect path may trigger radio link failure.
· Both the paths can be efficiently and directly controlled by the gNB.
· gNB can provide control signaling to the UE via the direct path with lower latency and this reduces the control plane signaling overhead, i.e., otherwise the CP signaling needs to be transmitted on both hops. 
· Simplifies the design efforts for RAN.
[bookmark: _Toc110953205]Only support that the direct path is configured as the primary path and the indirect path is configured as the secondary path and the other case where the primary path is the indirect path, and the secondary path is the direct path is down-prioritized in Rel-18.
[bookmark: _Toc110430199]In terms of the multipath connection establishment procedure, the following are the plausible cases:
[bookmark: _Toc110430200]Case 1: Direct path establishment followed by the addition of an indirect path
[bookmark: _Toc110430201]In this case, the UE first establishes a direct (Uu) path to the gNB and later adds an indirect path based on data rate/reliability requirements of the UE and if the direct (Uu) path doesn’t satisfy these requirements. 
[bookmark: _Toc110430203]Case 2: Indirect path establishment followed by the addition of a direct path
[bookmark: _Toc110430204]In this case, the UE is initially out of coverage and subsequently moves back into the coverage, we believe such cases occur less often. 
[bookmark: _Toc110430205]We think Case 1 should be prioritized for the study. According to the WID, the addition of the indirect path is mainly motivated for increased throughput or transmission reliability, rather than increasing coverage. Case 1 is more aligned with the study objective, while for Case 2, the UE can perform an indirect-to-direct path switch procedure to establish a direct (Uu) connection with the gNB. The UE can add an indirect path later in addition to the direct connection when it is needed. Moreover, it is beneficial to simplify design efforts for RAN2 if we focus on Case 1 in Rel-18.
[bookmark: _Toc110953206]For a multipath UE, RAN2 only studies the scenario where the UE first establishes a direct path and later adds an indirect path as the second path and the scenario where the UE first establishes an indirect path and later adds a direct path is down-prioritized in Rel-18. 
Based on the MR-DC principles and assumptions above, a multipath UE can perform the addition, removal, and replacement for the indirect path under the control of the gNB. To assist in the gNB’s decision, the UE can report measurement results of the serving links, serving U2N relay UE, neighbour cells and/or neighbour relay UE candidates to the gNB. 
[bookmark: _Toc110953207]Like in DC, the UE performs addition, removal, and replacement of the indirect path under the control of the gNB.
To increase throughput, it is beneficial to support split radio bearer (RB) for a DRB or an SRB and to increase transmission reliability, it is beneficial to support PDCP duplication for a DRB or an SRB.
[bookmark: _Toc110953208]Support split RB and PDCP duplication in case of multi-path.
For a multipath UE, both paths connect to the same gNB. In addition to controlling CP functions, the gNB should also control UP functions (e.g., scheduling, resource allocation etc) for both paths via the direct path. In more details, the gNB controls the UP functions for the direct path via the ordinary functions in the Uu interface. While for the indirect path, the gNB can control the PC5 hop of the indirect path via Mode 1 resource allocation via the direct path. Moreover, the gNB can directly control the Uu hop of the indirect path. Such methods would be similar as for CA where the gNB can perform cross-carrier scheduling, i.e., schedule carrier 2 via carrier 1.
[bookmark: _Toc110953209]For a multipath UE, the gNB directly controls the PC5 hop of the indirect path via the direct path (e.g., support Mode 1 resource allocation for the PC5 hop of the indirect path via the direct path)
For MR-DC, the UE maintains two different MAC entities for different cell groups. However, when a multipath UE connects to the same gNB, similar as for CA, it is more reasonable to let the UE to maintain the same MAC entity for the two paths. A legacy sidelink UE shares the same MAC entity in non-SL relay case where the UE may have both the Uu connection and SL connections towards one or multiple neighbor UEs. Within the same MAC entity, the UE handles both MAC procedures for the Uu connection and the SL connections. In this way, the UE and the gNB distinguish control channels between the Uu connection and the SL connections via different RNTIs. The UE doesn’t need to maintain or introduce signaling between the MAC entities. It is natural to reuse this rule for multi-path scenarios where the UE connects to the same gNB. This is true especially when the indirect path contains an SL connection.
[bookmark: _Toc110953210]The multipath UE maintains the same MAC entity for both the direct and indirect paths in R18.
For Scenario-2, with an ideal connection, it is straightforward to reuse solutions of Scenario-1. In this way, RAN2 has no need redesign solutions for Scenario-2. 
[bookmark: _Toc110953211]Reuse solutions of Scenario-1 for Scenario-2.
In our view, an ideal inter-UE connection can be assumed to be a (dedicated) point-to-point connection with very high throughput and very low latency (e.g., the latency is no higher than a given threshold). Therefore, RAN2 should fully leave this link up to UE implementation and shall not spend any efforts to study this link. 
[bookmark: _Toc110953212]RAN2 to agree that the ideal link in Scenario-2 is fully up to UE implementation and therefore, shall not spend any efforts to study this link. 
2.2 Mobility Aspects
The following are the mobility scenarios for a multipath UE connected via a direct (Uu) and indirect (PC5 + Uu) path to the same gNB: 
· Direct path change 
· Indirect path change 

In both intra-gNB and inter-gNB scenarios, group mobility where a handover/path switch procedure of one of the paths of a multipath UE results in a path switch/handover procedure of the other path to the same cell is not supported. In our view, such procedures can be classified as enhanced mobility procedures and RAN2 shall strive to complete design for the basic mobility procedures given limited time in Rel-18. 
[bookmark: _Toc110953213]RAN2 should focus on basic mobility scenarios and down-prioritize the group mobility scenario (i.e., change the direct path and the indirect path in the same procedure) in Rel-18.
In a direct path change, we consider the following:


Figure 1: Scenario-1 (a) Intra-gNB, (b) Inter-gNB direct path change
· The direct path change can be achieved through legacy intra/inter-gNB handover mechanisms. 
· Maintaining the two paths during the intra/inter-gNB handover procedure leads to increased power consumption at the UE side. 
· In both inter/intra-gNB handover procedures, though it is feasible for the UE to maintain the multipath configuration, there will be additional specification effort involved and signaling over the Xn/F1 interface. Given the high work load in this release, RAN2 shall focus on specifying the fundamentals of a multipath connection and therefore we prefer to down-prioritize this scenario. 
· With the limitation that the multipath UE can only be connected to the same gNB, at least for the inter-gNB case, this would anyway result in one of the paths being suspended/removed before the initiating the handover procedure.     
· As a result, the multipath configuration should not be maintained during a intra/inter-gNB handover and the indirect path should be removed upon receiving the handover command as shown in Figure 1. The indirect path can be added back upon successful completion of the handover procedure.
[bookmark: _Toc110953214]The direct path change of a multipath UE should be based on a two-step procedure:
a. [bookmark: _Toc110280175][bookmark: _Toc110953215]Step 1: removal of indirect path i.e., removing the multipath configuration before initiating the handover procedure.  
b. [bookmark: _Toc110953216]Step 2: Re-use legacy intra/inter-gNB Uu-handover procedures for the change of the direct path.
In an indirect path change, we consider the following:


Figure 2: Scenario-1 (a) Intra-gNB, (b) Inter-gNB indirect path change
· An indirect path change can be achieved using an intra-gNB indirect-to-indirect path switch procedure keeping the direct path unchanged as shown in Figure 3(a).  
· As shown in Figure 2(b), an inter-gNB indirect-to-indirect path switch procedure is not supported (i.e., invalid) as the multipath UE can only be connected to the same gNB in this release. 
[bookmark: _Toc110953217]RAN2 to agree on the following for the multipath UE’s indirect path change:
a. [bookmark: _Toc110953218]Only the intra-gNB indirect-to-indirect path switch procedure is used whilst keeping the direct path unchanged. 
b. [bookmark: _Toc110953219]The inter-gNB indirect-to-indirect path switch procedure is down-prioritized in Rel-18. 
[bookmark: _Toc70424553][bookmark: _Ref189046994]3 Conclusion
Based on the discussion in the previous sections we propose the following:
Observation 1	Reuse some of the aspects in the existing DC framework for a UE to connect to the same gNB using one direct path and one indirect path established via a U2N relay UE.
Proposal 1	The direct and indirect path of a multipath UE belong to the same or different serving cells of the same gNB.
Proposal 2	Introduce the terms ‘Primary path’ and ‘Secondary path’ for the multi-path scenario.
Proposal 3	Only support that the direct path is configured as the primary path and the indirect path is configured as the secondary path and the other case where the primary path is the indirect path and the secondary path is the direct path is down-prioritized in Rel-18.
Proposal 4	For a multipath UE, RAN2 only studies the scenario where the UE first establishes a direct path and later adds an indirect path as the second path and the scenario where the UE first establishes an indirect path and later adds a direct path is down-prioritized in Rel-18.
Proposal 5	Like in DC, the UE performs addition, removal, and replacement of the indirect path under the control of the gNB.
Proposal 6	Support split RB and PDCP duplication in case of multi-path.
Proposal 7	For a multipath UE, the gNB directly controls the PC5 hop of the indirect path via the direct path (e.g., support Mode 1 resource allocation for the PC5 hop of the indirect path via the direct path)
Proposal 8	The multipath UE maintains the same MAC entity for both the direct and indirect paths in R18.
Proposal 9	Reuse solutions of Scenario-1 for Scenario-2.
Proposal 10	RAN2 to agree that the ideal link in Scenario-2 is fully up to UE implementation and therefore, shall not spend any efforts to study this link.
Proposal 11	RAN2 should focus on basic mobility scenarios and down-prioritize the group mobility scenario (i.e., change the direct path and the indirect path in the same procedure) in Rel-18.
Proposal 12	The direct path change of a multipath UE should be based on a two-step procedure:
c. Step 1: removal of indirect path i.e., removing the multipath configuration before initiating the handover procedure.
d. Step 2: Re-use legacy intra/inter-gNB Uu-handover procedures for the change of the direct path.
Proposal 13	RAN2 to agree on the following for the multipath UE’s indirect path change:
a. 	Only the intra-gNB indirect-to-indirect path switch procedure is used whilst keeping the direct path unchanged.
b. The inter-gNB indirect-to-indirect path switch procedure is down-prioritized in Rel-18.
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