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1	Introduction
The following are some of the agreements from the last meeting on the multipath relay objective: 
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).
For a MP split bearer in scenario 1, one PDCP entity at the remote UE is configured with one direct Uu RLC channel and one indirect PC5 RLC channel.
· For upstream, a PDCP entity delivers to a Uu RLC entity and a PC5 RLC entity with SRAP entity in the remote UE side.
· For downstream, a PDCP entity receives from a Uu RLC entity and a PC5 RLC entity with SRAP entity in the remote UE side.
FFS if we need to take decisions on the mapping of protocol entities in scenario 2.
It is proposed to agree confirm the remote UE in Scenario 1 and the remote UE in Scenario 2 as follows:
· Scenario 1: the remote UE is connected to the same gNB using one direct path and one indirect path via 1) Layer-2 UE-to-Network relay, 
· Scenario 2: the remote UE is connected to the same gNB using one direct path and one indirect path via 2) via another UE (where the UE-UE inter-connection is assumed to be ideal).

We discuss this study objective and express our views in this contribution.
[bookmark: _Ref178064866]2	Discussion
In the last meeting, the post email discussion [408, 1] was assigned to discuss issues of path management in multipath relaying and in addition, RAN3 also had a parallel discussion with some common issues being discussed. We believe a lot of the details in the [408, 1] for the issue on primary path for the control plane are being prematurely discussed without an anchor on a good set of design principles. We believe that such design principles first need to be agreed before discussing such details.
In this contribution, we would like to first setup a baseline for the design principles on top of which the finer details can be discussed. 
2.1 Design Principles, Scenario-1, Scenario-2
[image: ]     [image: ] 
Figure 1: Control Plane (CP) and User Plane (UP) Protocol Stack for Scenario 1
Based on the agreements made in the last meeting, Figure 1 illustrates the CP and UP protocol stack for Scenario-1 where the remote UE has a direct (Uu) and indirect (PC5 + Uu) path to the network. From the figure, it is evident the protocol stack resembles MR-DC. In addition, in terms of the scenarios supported for MR-DC, from TS 37.340, we have the following for NR-NR DC:
“NG-RAN supports NR-NR Dual Connectivity (NR-DC), in which a UE is connected to one gNB that acts as a MN and another gNB that acts as a SN. In addition, NR-DC can also be used when a UE is connected to a single gNB, acting both as a MN and as a SN, and configuring both MCG and SCG.”
As a result, there is already sufficient motivation, similarity in scenarios, and well-defined handling of two paths in MR-DC, it would make a whole lot of sense to re-use some of the aspects as a baseline for the multipath (MP) relays scenario. If not, a lot of aspects (and more) would need to be individually discussed and defined which, given the limited time of the study, this is not feasible. 
If some of the aspects in the existing MR-DC framework are not re-used, a lot of aspects (and more) would need to be discussed individually which, given the limited time of the study, this is not feasible. 
In addition to MR-DC, due to the possibility of having a common MAC-entity to support mode-1 scheduling from the network, some aspects of the carrier aggregation (CA) framework can also be borrowed in the design of the MP relays. 
[bookmark: _Toc115360548]For Scenario-1 and Scenario-2, RAN2 to consider using some aspects of the existing MR-DC framework as the baseline. These aspects include:
a. [bookmark: _Toc115360549]Definition of primary/secondary path
b. [bookmark: _Toc115360550]Handling of CP functions/signalling 
c. [bookmark: _Toc115360551]Handling of UP functions 
Having said that, it is not necessary to copy or mimic all the features of MR-DC as some of these aspects are not relevant in a MP scenario. Therefore, enhancements can be studied having agreed on a baseline. But given the limited time in the study, these enhancements can likely be pursued in the WI phase.  
[bookmark: _Toc115300328][bookmark: _Toc115300605][bookmark: _Toc115300703][bookmark: _Toc115356680][bookmark: _Toc115360552]In the following, we present our views on some of the issues which were discussed in the post meeting email discussion [408].
2.1.1 CP Signalling in a MP scenario
[bookmark: _Toc115300331][bookmark: _Toc115300608][bookmark: _Toc115300706][bookmark: _Toc115356681][bookmark: _Toc115360553]Our concern is related to which path is used for CP signalling. As mentioned above, we believe in re-using the MR-DC framework as much as possible. In MR-DC, the CP signalling is performed on the most robust system among the two links i.e., over the MN link. Similarly, for the MP scenario, we believe that the CP transmission should be performed on the most robust path among the two i.e., direct, and indirect. In general, we think that the direct path to the network is the most robust and stable. As opposed to the indirect link which is less reliable due to the mobility of the U2N relay UEs and the dependency on two paths. Using only the indirect path for CP signalling can lead to unnecessary failures. 
As compared to the direct path, the indirect path is less reliable and robust. 
[bookmark: _Toc115300332][bookmark: _Toc115300609][bookmark: _Toc115300707][bookmark: _Toc115356682][bookmark: _Toc115360554]On the other hand, we understand there are situations where the indirect path is the better option for e.g., in the case when the remote UE is at the cell-edge and is power limited. In such scenarios, as the MP split bearer was agreed in the last meeting, the remote UE can perform PDCP duplication to improve the reliability of the CP signalling. 
The remote UE can perform a PDCP duplication for when the remote UE is at the cell-edge/power-limited. 
[bookmark: _Toc115300333][bookmark: _Toc115300610][bookmark: _Toc115300708][bookmark: _Toc115356683][bookmark: _Toc115360555]Therefore, we believe that the CP signalling should always be performed over the direct path.
[bookmark: _Toc115360556]For Scenario-1 and Scenario-2, the remote UE performs the CP signalling only over the direct path if SRB duplication and SRB split are not applied.
2.1.2 PCell Definition
[bookmark: _Toc115300335][bookmark: _Toc115300612][bookmark: _Toc115300710][bookmark: _Toc115356685][bookmark: _Toc115360557]In CA, the RLM procedure is only performed over the PCell and not over the SCell. In a MP scenario, the remote UE can be configured to perform RLM procedures on the direct (Uu) path. However, on the indirect link, on the first hop, there is no procedure for RLM in SL i.e., there is no continuous monitoring of the PC5-link based on periodic reference signals and an RLF can only be declared when there is active data communication. Over the second hop, the U2N relay UE can perform its own RLM procedure but periodic reporting of the Uu channel conditions remote UE is unnecessary and leads to a high signalling overhead. Essentially, the MP remote UE cannot perform RLM on the indirect path.  
The remote UE cannot perform an RLM procedure over the indirect path.     
[bookmark: _Toc115300336][bookmark: _Toc115300613][bookmark: _Toc115300711][bookmark: _Toc115356686][bookmark: _Toc115360558]As a result, PCell should be the one where an RLM procedure can be configured and performed, so that the network can continuously monitor the link and in this case, it should be one of the cells associated with the direct path.
[bookmark: _Toc115360559]One of the cells associated with the direct path of the MP remote UE should be defined as the PCell. 
2.1.3 System Information (SI) Handling 
For SI handling, it is obvious that the MR-DC framework cannot be re-used, and a new behaviour would need to be defined. 
[bookmark: _Toc115300338][bookmark: _Toc115300615][bookmark: _Toc115300713][bookmark: _Toc115356688][bookmark: _Toc115360560]The SI acquisition would depend on whether the direct and indirect path of the MP remote UE are connected to the same cell or different cells. If connected to different cells, the MP remote UE can acquire the corresponding SI on each of the respective links independently. For the direct (Uu) link, based on legacy Uu procedures and for the indirect link, based on Rel-17 U2N relaying.  
[bookmark: _Toc115300339][bookmark: _Toc115300616][bookmark: _Toc115300714][bookmark: _Toc115356689][bookmark: _Toc115360561]However, if connected to the same cell, for the remote UE, we made the following agreement in Rel-17:
As a baseline, in-coverage Remote UE is allowed to acquire some necessary SIB over Uu irrespective of its PC5 connection to Relay UE. 
[bookmark: _Toc115300340][bookmark: _Toc115300617][bookmark: _Toc115300715][bookmark: _Toc115356690][bookmark: _Toc115360562]Though the above agreement was made in Rel-17, the definition of ‘some necessary SIB’ is vague and it can be left up to UE implementation for which SIB is received on which path. 
[bookmark: _Toc115360563]RAN2 to agree that if the remote and U2N relay UE are connected to two different cells, the remote UE can acquire the corresponding SIBs over the respective links i.e., over direct path for the first cell and over the indirect path for the second cell.
[bookmark: _Toc115360564]RAN2 to agree that if the remote UE and U2N relay UE are connected to the same cell, the remote UE can request and acquire the relay SIBs over the indirect path and the other necessary SIBs over the direct path.
2.3 Scenario-2 (Ideal link) 
For proposals 9A and 9B in [408, 2], on the first hop between the remote and relay UE, since the link between the two UEs in Scenario-2 is ideal, we do not see the need to study an adaptation layer on this link. This is up to UE implementation and the related details need not be discussed in RAN2. This does not exclude the possibility to implement a SRAP like layer in the first hop to support determination of UE ID field and BEARER ID field for ingress data packets if deemed necessary. In addition, the first hop is assumed to be ideal and can be in any physical form including Ethernet, cable, fiber, wireless connection including Wifi etc). It is not necessary for RAN2 to design an adaption layer for this interface fitting to many different forms of transmission medium, which would incur large design efforts and therefore should be avoided.
The first hop is non-3GPP link and can be in any transmission medium. 
Standardization on the first hop would increase large design efforts for RAN2.
For the first hop, we therefore propose
[bookmark: _Toc115360565]An adaptation layer is not supported on the link between remote UE and relay UE for scenario 2, i.e., leave for UE implementation to handle the link with the possibility to implement a SRAP like layer on the link. 
On the second hop between the relay UE and gNB, the SRAP-layer as specified in Rel-17 can be reused with minimal if not no changes. 
[bookmark: _Toc115360566]An adaptation layer is supported on the link between relay UE and gNB for scenario 2 by reusing the Rel-17 SRAP layer with minimum changes. 
2.4 Mobility Aspects, Scenario-1, Scenario-2
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 a direct path change, we consider the following:
[image: ]
Figure 1: Scenario-1, 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: _Toc115360567][bookmark: _Hlk115085976]For inter-gNB handover of the remote UE’s direct path in a MP scenario, handover should be based on a two-step procedure:
[bookmark: _Toc115360568][bookmark: _Toc110280175]Step 1: removal of indirect path viz., removing the multipath configuration before initiating the handover procedure.  
[bookmark: _Toc115360569]Step 2: Re-use legacy inter-gNB Uu-handover procedures for the change of the direct path.
In an indirect path change, we consider the following:
· An indirect path change can be achieved using the Rel-18 intra-gNB indirect-to-indirect path switch procedure keeping the direct path unchanged.  
· As shown in Figure 2(b), an inter-gNB indirect-to-indirect path switch procedure is not supported as the multipath UE can only be connected to the same gNB in this release. 
[bookmark: _Toc115360570]The following should be supported for the change of the remote UE’s indirect path in a MP scenario:  
a. [bookmark: _Toc115360571]Rel-18 intra-gNB indirect-to-indirect path switch procedure is used whilst keeping the direct path unchanged. 
b. [bookmark: _Toc115360572]The inter-gNB indirect-to-indirect path switch procedure is not in scope for Rel-18
[bookmark: _Toc70424553][bookmark: _Ref189046994]3 Conclusion
Based on the discussion in the previous sections, we have the following observations:
1. If some of the aspects in the existing MR-DC framework are not re-used, a lot of aspects (and more) would need to be discussed individually which, given the limited time of the study, this is not feasible. 
As compared to the direct path, the indirect path is less reliable and robust. 
The remote UE can perform a PDCP duplication for when the remote UE is at the cell-edge/power-limited.
The remote UE cannot perform an RLM procedure over the indirect path.
 The first hop is non-3GPP link and can be in any transmission medium. 
Standardization on the first hop would increase large design efforts for RAN2.
Based on the discussion in the previous sections we propose the following:
Proposal 1	For Scenario-1 and Scenario-2, RAN2 to consider using some aspects of the existing MR-DC framework as the baseline. These aspects include:
a.Definition of primary/secondary path
b.Handling of CP signalling
c.Handling of UP functions
Proposal 2	For Scenario-1 and Scenario-2, the remote UE performs the CP signalling only over the direct path if SRB duplication and SRB split are not applied.
Proposal 3	One of the cells associated with the direct path of the MP remote UE should be defined as the PCell.
Proposal 4	RAN2 to agree that if the remote and U2N relay UE are connected to two different cells, the remote UE can acquire the corresponding SIBs over the respective links i.e., over direct path for the first cell and over the indirect path for the second cell.
Proposal 5	RAN2 to agree that if the remote UE and U2N relay UE are connected to the same cell, the remote UE can request and acquire the relay SIBs over the indirect path and the other necessary SIBs over the direct path.
Proposal 6	An adaptation layer is not supported on the link between remote UE and relay UE for scenario 2, i.e., leave for UE implementation to handle the link with the possibility to implement a SRAP like layer on the link.
Proposal 7	An adaptation layer is supported on the link between relay UE and gNB for scenario 2 by reusing the Rel-17 SRAP layer with minimum changes.
Proposal 8	For inter-gNB handover of the remote UE’s direct path in a MP scenario, handover should be based on a two-step procedure:
Step 1: removal of indirect path viz., removing the multipath configuration before initiating the handover procedure.
Step 2: Re-use legacy inter-gNB Uu-handover procedures for the change of the direct path.
Proposal 9	The following should be supported for the change of the remote UE’s indirect path in a MP scenario:
a.	Rel-18 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 not in scope for Rel-18
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