



[bookmark: _GoBack]3GPP TSG RAN WG2 #122    											R2-2305586
Incheon, Korea, May 22-26, 2023

[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Agenda Item:	7.9.4
Source: 	NEC
Title:	Discussion on Multi-path Relaying
Document for:	Discussion
1. Introduction
This contribution provides our considerations on multi-path relaying and give our preference.
2. Discussion
2.1 Considerations on Scenario 1
[bookmark: _Toc72163958][bookmark: _Toc72164083][bookmark: _Toc72164151][bookmark: _Toc72164281][bookmark: _Toc72166021][bookmark: _Toc72166096][bookmark: _Toc72166120][bookmark: _Toc72166132][bookmark: _Toc72166144][bookmark: _Toc72166215][bookmark: _Toc72166223][bookmark: _Toc72764097][bookmark: _Toc72764105][bookmark: _Toc72764113][bookmark: _Toc72764121]As per the Scenario 1 of the multi-path relaying, Remote UE is connected to the same gNB via one direct path and one indirect path with Layer-2 UE-to-Network relay. It is possible that:
· Scenario 1.1: Remote UE and Relay UE of the indirect path are served by different cells of the same gNB.
· Scenario 1.2: Remote UE and Relay UE of the indirect path are served by the same cell, and
2.1.1 RRC model
For Scenario 1.1, different cell group can be configured based on different cells. When going to the detailed model for RRC, the legacy DC design can be applied to Scenario 1.1, in which there are one RRC module at MN and the other RRC module at SN, even though there is a single/combined RRC state maintained by the UE for DC operation. 
[bookmark: _Toc118387578][bookmark: _Toc118387814][bookmark: _Toc127174699][bookmark: _Toc134197651][bookmark: _Toc134197712][bookmark: _Toc134437929][bookmark: _Toc134438475][bookmark: _Toc134439920]Two cell groups based Multipath Relay is allowed for the scenario that Remote UE and Relay UE served by different cells.
For Scenario 1.2, in case of single cell based Multipath Relay or single cell group based Multipath Relay (i.e., different DUs sharing the same CU), there can be one RRC module at the network. From UE perspective, there can be one-to-one mapping between UE RRC and network RRC.
[bookmark: _Toc118387579][bookmark: _Toc118387815][bookmark: _Toc127174700][bookmark: _Toc134197652][bookmark: _Toc134197713][bookmark: _Toc134437930][bookmark: _Toc134438476][bookmark: _Toc134439921]Only a single cell group based Multipath Relay is allowed for the scenario that Remote UE and Relay UE served by the same cell.
2.1.2 MAC model
When going to the detailed model for MAC,
· The PC5 connection is established between Remote UE and Relay UE over the indirect path no matter whether they are served by different cells (i.e. Scenario 1.1). or by the same cell (i.e. Scenario 1.2). Thus, the PC5 MAC function is needed for the indirect path.
· In the meantime, the Uu MAC function is needed for the direct path, 
Thus, legacy combined Uu/PC5 operation for sidelink can be adopted for the multipath relaying, and a single MAC entity model for Uu and SL. Moreover, the sidelink can be treated as a separate BWP for NR, even though the sidelink functions are independent from the Uu functions.
[bookmark: _Toc118387580][bookmark: _Toc118387816][bookmark: _Toc127174701][bookmark: _Toc134197653][bookmark: _Toc134197714][bookmark: _Toc134437931][bookmark: _Toc134438477][bookmark: _Toc134439922]Only one MAC entity is assumed for to support Multipath Relay for the UE in case of intra-gNB operation.

2.1.3 Non-split SRBs
In 121bis-e, it was agreed that
Agreements:
The bearer type configuration is provided per SRB.  It is up to network implementation whether to configure SRB1 and SRB2 with same or different bearer types (within the bearer types that are supported).
FFS if there are cases where the configuration of non-split SRBs over indirect path is useful.
[bookmark: _Toc134197654]The following cases can be considered to configure non-split SRB1 over indirect path:
· [bookmark: _Toc134197655]Remote UE may first connect to the network via indirect path, thus the non-split SRB1 over indirect path is required to enable this operation.
· [bookmark: _Toc134197656]Similarly, Remote UE may select a Relay UE to perform RRC re-establishment procedure, where the non-split SRB1 over indirect path is needed.
For non-split SRB2, we don’t see any technical issues to configure it over indirect path. So we propose:
[bookmark: _Toc134197657][bookmark: _Toc134197715][bookmark: _Toc134437932][bookmark: _Toc134438478][bookmark: _Toc134439923]For Scenario 1, RAN2 to support the configuration of non-split SRBs over indirect path.
2.1.4 RLF
In 121bis-e, it was agreed that
Agreements:
A remote UE in RRC_CONNECTED, upon reception of Uu RLF indication from the relay UE, suspends transmissions on the indirect path and informs the network if SRB1 is available on the direct path and not suspended, otherwise triggers re-establishment.  FFS whether to apply the same behaviour 1) when the relay UE informs the remote UE of HO; 2) When the relay UE moves to IDLE following expiry of dataInactivityTimer, if the timer is supported for the relay UE.  This agreement does not imply any conclusion on non-split SRB1 on indirect path.
Upon receiving the notification of HO from Relay UE, if Remote UE determines it is configured with intra-gNB MP, it will not inform the network with the HO of Relay UE, since gNB is aware of the HO of Rely UE for intra-gNB MP case. So we propose:
[bookmark: _Toc134437933][bookmark: _Toc134438479][bookmark: _Toc134439924]Remote UE will not inform the network with the HO of Relay UE if it determines that it is configured with intra-gNB MP, even if it has received the notification of HO from Relay UE.
For dataInactivityTimer of Relay UE, it is proper that gNB does not configure this timer for Relay UE. However, if this timer is configured, Relay UE should ignore it and do not start it once Relay UE is performed as relay. So we propose:
[bookmark: _Toc134437934][bookmark: _Toc134438480][bookmark: _Toc134439925]If configured with dataInactivityTimer, Relay UE should ignore this configuration and do not start this timer.
After receiving the notification of Uu RLF of Relay UE, it may be unnecessary to release the configuration of indirect path, since Relay UE may successfully finish the RRC re-establishment procedure. Then Relay UE may indicate Remote UE whether or not the RRC re-establishment procedure was successful:
· If the re-establishment procedure is unsuccessful, Remote UE will release the configuration of indirect path.
· If the re-establishment procedure is successful, Remote UE will resume the configuration of indirect path.
[bookmark: _Toc72767449][bookmark: _Toc72767569][bookmark: _Toc72767705][bookmark: _Toc72767721][bookmark: _Toc72767729][bookmark: _Toc72768054][bookmark: _Toc72768062][bookmark: _Toc73092065][bookmark: _Toc73094084][bookmark: _Toc92721745][bookmark: _Toc92721753][bookmark: _Toc92721808][bookmark: _Toc92721816][bookmark: _Toc92721857][bookmark: _Toc134438481][bookmark: _Toc134439926]If the configuration of indirect path for Remote UE is maintained, Remote UE may handle this configuration according to a further indication from Relay UE:
[bookmark: _Toc134438482][bookmark: _Toc134439927][bookmark: _Toc72163959][bookmark: _Toc72164084][bookmark: _Toc72164152][bookmark: _Toc72164282][bookmark: _Toc72166022][bookmark: _Toc72166097][bookmark: _Toc72166121][bookmark: _Toc72166133][bookmark: _Toc72166145][bookmark: _Toc72166216][bookmark: _Toc72166224][bookmark: _Toc72764098][bookmark: _Toc72764106][bookmark: _Toc72764114][bookmark: _Toc72764122][bookmark: _Toc72766769][bookmark: _Toc72766954][bookmark: _Toc72767063][bookmark: _Toc72767332][bookmark: _Toc72767348][bookmark: _Toc72767364]If the re-establishment procedure is unsuccessful, Remote UE will release the configuration of indirect path.
[bookmark: _Toc134438483][bookmark: _Toc134439928] If the re-establishment procedure is successful, Remote UE will resume the configuration of indirect path.
2.1.5 PDCP duplication
PDCP DRB duplication is agreed to be supported for the MP split bearer based on the existing framework in both Scenario 1 and Scenario 2. The duplicated PDCP PDU discarding is one of the basic functions of the split bearer in NR-DC, and it can be supported by the MP split bearer. 
· For Scenario 1, we apply the adaptation layer over both the Uu link and the PC5 link of the indirect path. Thus, when we discard the duplicated PDCP Data PDU, the influence of SRAP layer over PC5 link should be considered. For example, if an acknowledgement of one PDCP PDU is received from the AM RLC entity of the direct path, whether the PDCP entity should indicate both the SRAP entity and the AM RLC entity of the indirect path in order to delete the acknowledged PDCP PDU? As another example, if one PDCP Data PDU is confirmed at the AM RLC entity of the indirect path, whether to notify the PDCP entity directly by the AM RLC entity or indirectly via the SRAP layer also needs to be discussed and decided.
[bookmark: _Toc118105525][bookmark: _Toc118105559][bookmark: _Toc118107185][bookmark: _Toc118359862][bookmark: _Toc118387584][bookmark: _Toc118387820][bookmark: _Toc127174706][bookmark: _Toc134197659][bookmark: _Toc134197717][bookmark: _Toc134437936][bookmark: _Toc134438484][bookmark: _Toc134439929]For Scenario 1, to enable the duplicated PDCP PDU discarding, the influence of SRAP layer should be considered.
2.2 Considerations on Scenario 2
2.1.1 Control Plane Procedure
In 121bis-e, it was agreed that
If both remote and relay UE are in RRC_CONNECTED, the remote UE reports relay UE’s ID to gNB for indirect path addition.  Need for reporting in the idle/inactive case can be further discussed.  FFS what ID is used.
If RAN2 only allowed to report Relay UE in RRC_CONNECTED state, Remote UE should be aware of the state of Relay UE. Then, to select Relay UE in RRC_CONNECTED state, the following can be considered:
· Option1: Relay UE notifies its RRC state to Remote UE. Optionally, Relay UE always enters RRC_CONNECTED state when it is powered on.
· Option2: Remote UE triggers Relay UE to enter RRC_CONNECTED state. And how to trigger the transition of state is up to UE implementation.
[bookmark: _Toc134197660][bookmark: _Toc134197718][bookmark: _Toc134437937][bookmark: _Toc134438485][bookmark: _Toc134439930]For Scenario 2, RAN2 to consider the above mentioned methods to select Relay UE in RRC_CONNECTED state.
2.1.2 Bearer Mapping 
In Rel-17, the configuration of SRAP provides the bearer mapping information to Relay UE and Remote UE for sidelink relay, which links RB of Remote UE to Uu relay RLC channel or PC5 (relay) RLC channel. This configuration can be reused to enable the bearer mapping for the indirect path of Scenario 1. 
However, it agrees that we do not adopt adaptation layer (i.e. SRAP) over both UE-to-UE link/hop and Uu link/hop of the indirect path for Scenario 2 of multi-path relaying. So we need to specify how to provide the bearer mapping information to both Relay UE and Remote UE. The following solutions can be considered:
· Solution 1: introduce a new IE to indicate Remote UE with one RB is linked to the indirect path and indicate Relay UE with one RB of the Remote UE is linked to a Uu RLC channel. 
· Solution 2: For Remote UE, when adding a new RB, we can indicate in the configuration of the RB that it is linked to the indirect path; for Relay UE, we can indicate in the configuration of the Uu relay RLC channel that it is linked to one RB of Remote UE.
The first solution will introduce less specification impact. So we propose:
[bookmark: _Toc115109060][bookmark: _Toc115109486][bookmark: _Toc115424823][bookmark: _Toc118105527][bookmark: _Toc118105561][bookmark: _Toc118107187][bookmark: _Toc118359864][bookmark: _Toc118387586][bookmark: _Toc118387822][bookmark: _Toc127174707][bookmark: _Toc134197661][bookmark: _Toc134197719][bookmark: _Toc134437938][bookmark: _Toc134438486][bookmark: _Toc134439931]RAN2 to introduce a new IE to indicate Remote UE that one RB is linked to the indirect path and indicate Relay UE that one RB of the Remote UE is linked to a Uu relay RLC channel.
2.1.3 Data Split
Data split is a basic function of a split bearer and it is subject to the data volume of the primary path. For Scenario 2, if the indirect path is set as the primary path, it may be difficult for remote UE to collect the total amount of data volume since there is a non-3GPP lower layer. The following solutions can be considered:
· Solution1: Always set the direct path as the primary path.
· Solution2: When the indirect path is set as the primary path, how to perform the date split is up to UE implementation. That is to say, Remote UE should ignore the configured threshold of data split in Scenario 2.
Considering that the UE to UE link is an idea link, we prefer Solution2 and propose:
[bookmark: _Toc134197662][bookmark: _Toc134197720][bookmark: _Toc134437939][bookmark: _Toc134438487][bookmark: _Toc134439932]For Scenario 2, if the indirect path is set as the primary path, how to perform the date split is up to UE implementation and Remote UE should ignore the configured threshold of data split.
2.1.4 PDCP duplication
To enable the duplicated PDCP PDU discarding: 
· For Scenario 2, the adaptation layer is not specified over the UE-to-UE link of the indirect path. Therefore, the solution for Scenario 1 is not suitable for Scenario 2. Moreover, the lower layers of UE-to-UE link are not in 3GPP scope, and whether and how to enable the duplicated PDU discarding can be left to the UE implementation to ease the specification effort.
[bookmark: _Toc118105526][bookmark: _Toc118105560][bookmark: _Toc118107186][bookmark: _Toc118359863][bookmark: _Toc118387585][bookmark: _Toc118387821][bookmark: _Toc127174709][bookmark: _Toc134197663][bookmark: _Toc134197721][bookmark: _Toc134437940][bookmark: _Toc134438488][bookmark: _Toc134439933]For Scenario 2, whether and how to enable the duplicated PDCP PDU discarding can be left to the UE implementation.
3. [bookmark: _Toc77689036][bookmark: _Toc77689047][bookmark: _Toc77689058][bookmark: _Toc77689069][bookmark: _Toc77689080][bookmark: _Toc77689091][bookmark: _Toc77689102][bookmark: _Toc77689113][bookmark: _Toc77689124]Conclusion
We have the following proposals:
Proposal 1:	Two cell groups based Multipath Relay is allowed for the scenario that Remote UE and Relay UE served by different cells.
Proposal 2:	Only a single cell group based Multipath Relay is allowed for the scenario that Remote UE and Relay UE served by the same cell.
Proposal 3:	Only one MAC entity is assumed for to support Multipath Relay for the UE in case of intra-gNB operation.
Proposal 4:	For Scenario 1, RAN2 to support the configuration of non-split SRBs over indirect path.
Proposal 5:	Remote UE will not inform the network with the HO of Relay UE if it determines that it is configured with intra-gNB MP, even if it has received the notification of HO from Relay UE.
Proposal 6:	If configured with dataInactivityTimer, Relay UE should ignore this configuration and do not start this timer.
Proposal 7:	If the configuration of indirect path for Remote UE is maintained, Remote UE may handle this configuration according to a further indication from Relay UE:
−	If the re-establishment procedure is unsuccessful, Remote UE will release the configuration of indirect path.
−	If the re-establishment procedure is successful, Remote UE will resume the configuration of indirect path.
Proposal 8:	For Scenario 1, to enable the duplicated PDCP PDU discarding, the influence of SRAP layer should be considered.
Proposal 9:	For Scenario 2, RAN2 to consider the above mentioned methods to select Relay UE in RRC_CONNECTED state.
Proposal 10:	RAN2 to introduce a new IE to indicate Remote UE that one RB is linked to the indirect path and indicate Relay UE that one RB of the Remote UE is linked to a Uu relay RLC channel.
Proposal 11:	For Scenario 2, if the indirect path is set as the primary path, how to perform the date split is up to UE implementation and Remote UE should ignore the configured threshold of data split.
Proposal 12:	For Scenario 2, whether and how to enable the duplicated PDCP PDU discarding can be left to the UE implementation.
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