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1 Introduction
The Rel-18 WID on NR sidelink relay enhancements has, as one of its objectives, the study of multipath support, described as follows [1]:

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, we make proposals for prioritization of work between scenarios 1) and 2), and discuss the possible use cases and protocol architecture for multipath for scenario 1). 
2 Discussion
2.1 Scenarios in the WID
In multi-path, a UE can be connected to the same gNB using a direct Uu path and an indirect path via a second UE.  The nature of the indirect path depends on the scenario considered in the WID.  In scenario 1), the indirect path is via a UE to NW relay connected by PC5.  In scenario 2), the indirect path is again via another UE, but the UE-UE interconnection is assumed to be ideal.  In both scenarios, multi-path can be used to achieve increased reliability/robustness as well as throughput by flexibly using either/both path(s) for the remote UE’s traffic.  The main difference in the scenarios is therefore the interface between the two UEs that make up the indirect path. 
Observation 1:
Scenario 1 and scenario 2 differ only in the interface between the UEs that make up the indirect path
In the WID, it is indicated that “the solutions for 1) are reused for 2) without precluding the possibility of excluding a part of the solutions which is unnecessary for the operation of 2).”  In our understanding, there is no need to explicitly study solutions for 2), as they should come for free following specification of 1).  This is also preferrable considering the limited time for the WI.  Therefore, studying scenario 1) should be the priority for RAN2 work.  Once complete, the PC5-RRC connection to the relay (and corresponding SL procedures) can be replaced with a non-specified UE to UE connection to achieve scenario 2) with little or no changes to the multi-path procedures. 
Proposal 1:
RAN2 focuses the study/work for multi-path on scenario 1) of the WID (i.e., the indirect path is via a UE to NW relay connected via PC5) with the understanding that scenario 2) can then be achieved with little/no additional specification effort
2.2 Use cases

Multiple use cases are possible to achieve the goal in the WID of increased reliability and throughput.  Each of these use cases has distinct benefits.

Use Case 1 – Path Switching for Reliability
In one use case, the remote UE in multipath can switch the path (indirect to direct or vice versa) based on the quality/issues on each link caused by changes in the coverage provided by the relay and gNB at the location of the remote UE.  In such case, the UE can use either the relay path or the direct Uu path to always maintain a reliable connection to the network.
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Use Case 2 – Path redundancy for Reliability
In another use case, both relayed and direct paths individually may be insufficient to achieve the UE’s reliability requirements.  In this case, redundancy via both paths (e.g., using PDU duplication) can be achieved by using both paths simultaneously.
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Use Case 3 – Path Aggregation for Throughput
In another use case, both direct and relayed paths can be used to extend the throughput of the UE (for example, by using different Uu carriers for the relay’s Uu traffic and the remote UE’s Uu traffic).  This can, also benefit remote UE’s with limited carrier support by providing them with additional Uu resources via a SL relay.  Furthermore, different traffic with different QoS requirements can be routed via the path that can best meet their respective QoS.
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Use Case 4 – UL/DL Path Selection for Throughput and Power Savings
In another use case, both direct and relayed paths can be used by the UE in different directions to make use of different UL/DL resource capacities and handle UEs with limited power.  For example, a UE may perform UL transmissions via the relayed path to save power and reduce the effects of power limitations, while receiving DL transmissions more efficiently on Uu. 
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Given the advantages of each use case, and the fact that they all address the WID requirements, we think they should all be supported by multi-path work in this release.

Proposal 2:
RAN2 assumes that multi-path supports the following use cases: a) Path Switching for Reliability; b) Path Redundancy for Reliability; c) Path Aggregation for Throughput; and d) UL/DL Path Selection for Throughput and Power Savings
However, given the limited time for the work item in release 18, it would be imperative that RAN2 works on an architecture and corresponding procedures that are generic enough to achieve all of these use cases, without specifically focusing on or omitting any specific use case.
Proposal 3:
RAN2 strives for a single architecture and set of procedures that can achieve all use cases

2.3 Assumptions and Requirements

As was the case in Rel17 study of UE to NW relays, some assumptions and requirements should be agreed on before proceeding to specification details.

Firstly, the WID states that the UE is under control of the same gNB via the direct and indirect path.  As a result, the assumption from RAN2 perspective should be that the remote UE and the relay UE are controlled by the same scheduling entity at the network.
Proposal 4:
As per WID, multi-path assumes the relay UE and the remote UE are under the control of the same NW scheduling entity
One important difference for the remote UE compared to release 17 is that the remote UE can be assumed to monitor PDCCH on Uu while it transmits/receives data via the relay.  For this reason, both mode 1 and mode 2 scheduling for SL are possible for the remote UE, as well as the relay UE.  

Proposal 5:
The PC5 of the indirect path can be scheduled either in mode 1 or mode 2, for each of the relay UE (i.e., downlink traffic) and the remote UE (i.e., uplink traffic)
In Rel17, the allowable RRC state combinations of the relay and remote UE were discussed as part of the relay SI.  One important restriction is that the relay UE should be in RRC_CONNECTED whenever the remote UE is in RRC_CONNECTED because the remote UE’s only path to the network is via the relay.  In the case of multipath, this assumption can be relaxed as the remote UE can have an active path via the direct path while the relay UE is in RRC_IDLE/RRC_INACTIVE.  Having to release/setup the multipath configuration at each remote UE whenever the network chooses to move the relay UE between RRC_IDLE/RRC_INACTIVE and RRC_CONNECTED would result in unnecessary overhead compared to simply routing the remote UE data via the direct path when the relay UE is in RRC_IDLE/RRC_INACTIVE.  

Proposal 6:
When the remote UE is configured with multipath, all RRC states of the relay UE are possible for a remote UE in RRC_CONNECTED.  
In RRC_IDLE, there should be no concept of multi-path at the remote UE.  However, whether we need to consider multi-path for a remote UE in RRC_INACTIVE depends on whether we decide to maintain the multi-path bearer configuration at the remote UE in RRC_INACTIVE.  This can be discussed further in the specification stage. 

2.4 Architecture

Multi-path enables the network to schedule the UE on a different set of physical resources/channels to achieve reliability and/or bandwidth extension.  The architecture for multipath can therefore be modelled similar to either Uu carrier aggregation or Uu dual connectivity, both of which also achieve reliability and bandwidth extension in a similar way.
Uu carrier aggregation uses a single scheduler to control the resources on different Uu carriers.  From this perspective, it is similar to multi-path, which also assumes a single scheduler.  However, in Uu carrier aggregation, the UE has a single MAC entity associated to the two different carriers.  In multi-path, the SL and Uu paths would need to be associated to two different MAC entities at the remote UE (the Uu MAC entity and the SL MAC entity) since these MAC entities are inherently different for PC5 and Uu.  
For this reason, a modelling based on dual connectivity, where a single PDCP entity is associated with two different RLC entities would seem more appropriate.  The RLC entities in this case correspond to each of the Uu RLC entity and SL RLC entity.  Furthermore, the relay path maintains the same protocol architecture for the remote UE as in Rel17 (Uu PDCP on top of SL RLC), which is a requirement for Rel18.  Unlike dual connectivity however, a single gNB can control MAC layer scheduling at the UE in both paths.  For this reason, it may be possible that certain procedures (e.g., SR/BSR) can be different compared to legacy Uu dual connectivity.  Some dual connectivity procedures may also be unnecessary while new mechanisms, for example, for path selection, path configuration, and error handling may need to be developed.  
The figure below illustrates the high-level architecture for multi-path based on dual connectivity concepts.
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Proposal 7:
Multi-path architecture is based on dual connectivity-like protocol architecture: single PDCP entity associated to both a Uu RLC entity (via the direct path) and a SL RLC entity (via the SL UE to NW relay).  RAN2 studies the relevant procedures under the assumption of a single scheduler controlling the remote UE and the relay UE. 
3 Conclusion
In this contribution, the following observations were made on scenarios and protocol architecture for multipath:
Observation 1:
Scenario 1 and scenario 2 differ only in the interface between the UEs that make up the indirect path

Based on this, the following conclusions are made.

Proposal 1:
RAN2 focuses the study/work for multi-path on scenario 1) of the WID (i.e., the indirect path is via a UE to NW relay connected via PC5) with the understanding that scenario 2) can then be achieved with little/no additional specification effort

Proposal 2:
RAN2 assumes that multi-path supports the following use cases: a) Path Switching for Reliability; b) Path Redundancy for Reliability; c) Path Aggregation for Throughput; and d) UL/DL Path Selection for Throughput and Power Savings

Proposal 3:
RAN2 strives for a single architecture and set of procedures that can achieve all use cases

Proposal 4:
As per WID, multi-path assumes the relay UE and the remote UE are under the control of the same NW scheduling entity

Proposal 5:
The PC5 of the indirect path can be scheduled either in mode 1 or mode 2, for each of the relay UE (i.e., downlink traffic) and the remote UE (i.e., uplink traffic)

Proposal 6:
When the remote UE is configured with multipath, all RRC states of the relay UE are possible for a remote UE in RRC_CONNECTED.  

Proposal 7:
Multi-path architecture is based on dual connectivity-like protocol architecture: single PDCP entity associated to both a Uu RLC entity (via the direct path) and a SL RLC entity (via the SL UE to NW relay).  RAN2 studies the relevant procedures under the assumption of a single scheduler controlling the remote UE and the relay UE. 
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