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1. Introduction
In RAN2#119bis-e, the following agreements were made [1].
	Alternative proposal 7-1  (modified): FFS CPDU submission; if legacy CPDU submission behaviour is supported, the primary RLC entity of the MP split bearer for DRB can be configured on any of the paths for Scenario 1.
Proposal 8-1 (modified): PDCP DRB duplication is supported for the MP split bearer in Scenario 1 based on the existing framework.
Proposal 8-2 (modified): PDCP DRB duplication is supported for the MP split bearer in Scenario 2 based on the existing framework.
Proposal 3A: RAN2 assumes that in Scenario 2, without the adaptation layer over non-3GPP link, a PDCP PDU can be delivered to an intended PDCP entity or RLC entity for support of more than one RB over UE-to-UE link based on UE implementation.
Proposal 4A (modified): RAN2 does not impose a requirement for interoperability between two UEs from different vendors for scenario 2 in this release.
Proposal 1B: RAN2 understand that UE identification in L2 PDU over non-3GPP link is not in 3GPP scope in Scenario 2.
Proposal 9A (modified): Do not specify adaptation layer over UE-to-UE link for scenario 2 in RAN2.
Proposal 1C (modified): UE identification is not needed over Uu link in Scenario 2, if relay UE serve s only one remote UE (as in Proposal 1A) and different Uu RLC channels can be assumed for the remote UE and the relay UE (as in Proposal 5A).
Working assumptions:
Proposal 3A: Bearer identification except LCID is not needed in L2 PDU over Uu link in Scenario 2. Only 1:1 bearer mapping is supported over Uu link for the indirect path.  FFS how t o configure the mapping.
Proposal 3B: Without the adaptation layer over Uu link in scenario 2, a PDCP PDU can be delivered to an intended PDCP entity or RLC entity for support of more than one RB over Uu link e.g. by configuring 1:1 bearer mapping and different Uu RLC channels for relay UE local traffic and relay traffic for PDU delivery.
Proposal 9B: Do not specify adaptation layer over Uu link for scenario 2 in RAN2.
Proposal 12	[21/21] (modified) When UE  operating in multi-path Relay, it performs RLM for Uu interface, for Scenario-1 and Scenario-2. For PC5 interface in Scenario-1, it performs sidelink RLF detection based on Rel-16 V2X specification [20/21]. For UE-UE link in Scenario-2, whether/how to have failure detection is out of 3GPP scope.
FFS whether there is impact to layers under our control from a failure of the UE-UE link in scenario 2.


In RAN2#120, the following agreements were made [2].
RAN2 confirms the following WA for Scenario 2.
· Bearer identification except LCID is not needed i n L2 PDU over Uu link in Scenario 2. Only 1:1 bearer mapping is supported over Uu link for the indirect path. FFS how to configure the mapping.
· Without the adaptation layer over Uu link in scenario 2, a PDCP PDU can be delivered to an intended PDCP entity or RLC entity for support of more than one RB over Uu link e.g. by configuring 1:1 bearer mapping and different Uu RLC channels for relay UE local traffic and relay traffic for PDU delivery.
· Do not specify adaptation layer over Uu link for scenario 2 in RAN2.
How to configure 1:1 bearer mapping and potential spec impact can be discussed in normative phase.
Upon detection of 3GPP-defined RLF failure in one path, remote UE (configured with MP) can report path failure via the alternative available path if SRB1 is configured on the alternative path or split SRB1 is configured.
This contribution provides our further considerations on multi-path relaying.
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: _Toc131156169][bookmark: _Toc131707949]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: _Toc131156170][bookmark: _Toc131707950]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: _Toc131156171][bookmark: _Toc131707951]Only one MAC entity is assumed for to support Multipath Relay for the UE in case of intra-gNB operation.
2.1.3 Basic Management Procedures for Remote UE and Relay UE served by different cells
For NR-DC, MN and SN can be served by the same gNB [3]. For Scenario 1.2, since Remote UE and Relay UE are served by different cells of the same gNB, it is possible to model these two cells as in MN/MCG and in SN/SCG separately. Therefore, procedures for NR-DC management can be adopted for the management of multi-path of sidelink relay, and some modifications are needed, such as introducing procedures for the relay bearer configuration. 
[bookmark: _Toc110242630][bookmark: _Toc115108074][bookmark: _Toc115109055][bookmark: _Toc115109481][bookmark: _Toc115424818][bookmark: _Toc118105522][bookmark: _Toc118105556][bookmark: _Toc118107182][bookmark: _Toc118359859][bookmark: _Toc118387581][bookmark: _Toc118387817][bookmark: _Toc127174702][bookmark: _Toc131156172][bookmark: _Toc131707952]RAN2 to consider procedures for NR-DC management as the baseline to manage intra-gNB multi-path relaying, especially for intra-gNB multi-path relaying with Remote UE and Relay UE served by different cells of the same gNB. 
Assuming that the intra-gNB multi-path relaying is modeled as NR-DC, Relay UE can be served by either MN or SN, so that the indirect path can be managed by either MN or SN. And there is no need to restrict that the relay UE or indirect path is always managed by the MN. Therefore, if the first path is the direct path and the second path to be added is the indirect path controlled by SN, the SN addition procedure can be used to add the second path. Additionally, the configuration of relay channel is executed during this procedure. On the other hand, if the first path is the indirect path controlled by the MN, the legacy SN addition procedure can be used to add the direct path as the second path.
[bookmark: _Toc110242632][bookmark: _Toc115108076][bookmark: _Toc115109057][bookmark: _Toc115109483][bookmark: _Toc115424820][bookmark: _Toc118105524][bookmark: _Toc118105558][bookmark: _Toc118107184][bookmark: _Toc118359860][bookmark: _Toc118387582][bookmark: _Toc118387818][bookmark: _Toc127174703][bookmark: _Toc131156173][bookmark: _Toc131707953]RAN2 to use the SN addition procedure to configure the SN together with the relay channel if the indirect path is added as the second path.
2.1.4 Basic Management Procedures for Remote UE and Relay UE served by the same cell
For Scenario 1.2, whether these procedures for NR-DC management can be applied to it needs further study since both Relay UE and Remote UE can be served by the same cell rather than different cells of different cell groups as in Scenario 1.1. For example, if only one cell group is configured to Remote UE, another PC5 RLC channel, rather than another Uu RLC channel, can be added in the same cell group for the indirect path to enable multipath relaying. Thus, how to distinguish the Uu RLC channel and the PC5 RLC channel of the same cell group should be considered.
[bookmark: _Toc110242631][bookmark: _Toc115108075][bookmark: _Toc115109056][bookmark: _Toc115109482][bookmark: _Toc115424819][bookmark: _Toc118105523][bookmark: _Toc118105557][bookmark: _Toc118107183][bookmark: _Toc118387583][bookmark: _Toc118387819][bookmark: _Toc127174704][bookmark: _Toc131156174][bookmark: _Toc131707954]For intra-gNB multi-path relaying with Remote UE and Relay UE served by the same cell, RAN2 to further study on reusing NR-DC procedures or define new procedures.
2.1.5 To add indirect path with an RRC_IDLE/RRC_INACTIVE Relay UE
In the last meeting [4], both Option 3 (i.e. the legacy Rel-17 behaviour, such as send RRCConfigurationComplete message via the indirect path) and Option 4 (i.e. a PC5-RRC trigger) are adopted for triggering RRC_IDLE/RRC_INACTIVE Relay UE to enter RRC_CONNECTED. 
For bringing the idle/inactive relay UE to RRC_CONNECTED, the legacy Rel-17 behaviour (Alt 1 in the proposal) is not disabled for indirect path addition when split SRB1 is configured.  A PC5-RRC trigger is specified at least for other cases.
According to the agreement, Option 4 can be adopted if split SRB1 is configured with duplication. But if non-split SRB1 is configured on direct path, it is still uncertain whether to use Option 3, since the same configuration can also be used for adding indirect path with RRC_CONNECTED Relay UE.
Obeservation 1:	Remote UE cannot determine to adopt the legacy Rel-17 behaviour based on the configuration of SRB1 alone.
One method to solve this problem is that gNB indicate the adoption of Option 3 to Remote UE. 
However, Option 3 has some specification impact on Remote UE and Relay UE for sending and receiving a special PC5-RRC message. As a result, in order to use Option 3, it requires that both Remote UE and Relay UE support such option. For example, Relay UE may indicate Remote UE that it supports such option, for example, by sending such capability information via the discovery message. Furthermore, the Remote UE may report to gNB which Relay UE supports such feature, especially for the Relay UE in RRC_IDLE state, for decision making, since there is no UE context at gNB and gNB cannot determine whether the Relay UE supporting Option3.
[bookmark: _Toc131707955]Relay UE indicates Remote UE with its capability of supporting the legacy Rel-17 behaviour.
[bookmark: _Toc131156175][bookmark: _Toc131156176][bookmark: _Toc131707956]Remote UE reports which Relay UE supporting the legacy Rel-17 behaviour, for the decision making of gNB.
[bookmark: _Toc131707957]gNB indicates the adoption of the legacy Rel-17 behaviour explicitly, if it wants Remote UE to use this option.
2.1.6 Failure of adding 
At the last meeting, the following issues about RLF was agreed. 
In case of Uu-RLF, at least for split SRB1, if SRB1 is available on indirect path not suspended, trigger report to network via indirect path to report the failure via a RRC message. Otherwise, RRC Re-establishment is initiated. RAN2 is requested to discuss whether the RRC message is the existing message e.g. MCGFailureInformation or a new message.
In case of PC5-RLF, if SRB1 is configured on direct path not suspended, trigger report to network via direct path to report the failure via a RRC message. Otherwise, RRC Re-establishment is initiated. RAN2 is requested to discuss whether the RRC message is the existing SidelinkUEInformationNR message or a new message.
The existing PC5-RRC Notification Message procedure is reused for the relay UE to inform the remote UE about Uu failure of the relay UE as currently specified in 38.331.
These failures usually happen after the establishment of indirect path. However, Remote UE may fail to establish the PC5 connection with Relay UE of the indirect path. Additionally, RRC_IDLE/RRC_INACTIVE Relay UE may fail to enter RRC_CONNECTED state for adding the indirect path. To solve these failure cases, one simple method is that Remote UE reports these failure cases to gNB. Then, gNB may reconfigure another indirect path for Remote UE. And for the case of failing to enter RRC_CONNECTED state, Relay UE may notify Remote UE with this case of failure. For example, the existing PC5-RRC Notification Message procedure may be reused to indicate Remote UE about the failure.
[bookmark: _Toc131707958]Relay UE informs Remote UE about the failure of entering RRC_CONNECTED state.
[bookmark: _Toc131707959]Remote UE reports the failure of establishing the PC5 connection with Relay UE of the indirect path and the failure of enter RRC_CONNECTED state for adding the indirect path to gNB.
2.1.7 MP split bearer
Data split is an essential function of split bearer to enhance robustness. To enable data split, for both Scenario 1.1 and Scenario 1.2, legacy definition of primary RLC channel in NR can be reused since two RLC channels are configured and we can indicate both the cell group ID and the RLC channel ID for the primary path.
[bookmark: _Toc127174705][bookmark: _Toc131156177][bookmark: _Toc131707960]For Scenario 1, to enable the data split function, the definition of primary RLC channel in NR can be reused.
At RAN2#119bis-e meeting [1], 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: _Toc131156178][bookmark: _Toc131707961]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 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, at RAN2#120 meeting [2], 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. And at the last meeting [4], it was agreed that gNB provides bearer mapping information to relay UE through dedicated signalling 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: _Toc131156179][bookmark: _Toc131707962]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.
2.1.2 MP split bearer
To enable data split, the main difference compared to Scenario 1 is the use of the non-3GPP lower layer in the indirect link. Thus, if we reused the definition of the primary RLC channel, we may consider the following enhancements
· If the indirect path is set as the primary path, we may only indicate the indirect path for the primary path instead of the cell group ID and RLC channel ID, and 
· when we collect the total amount of data volume, the data volume of the non-3GPP lower layer will not be considered in order to simplify the specification effort.
[bookmark: _Toc127174708][bookmark: _Toc131156180][bookmark: _Toc131707963]For Scenario 2, to enable the data split function, the influence of the non-3GPP lower layer should be considered.
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 as agreed at the last meeting. 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: _Toc131156181][bookmark: _Toc131707964]For Scenario 2, whether and how to enable the duplicated PDCP PDU discarding can be left to the UE implementation.
2.1.2 RLF over UE-to-UE link
[bookmark: _Toc118105529]At RAN2#119bis-e meeting, for UE-to-UE link in Scenario-2, it was agreed that whether/how to have the failure detection is out of 3GPP scope. However, the 3GPP upper layer should be aware of the failure of the UE-to-UE link. Then, the 3GPP upper layer can stop the data transmission over the indirect path and trigger the reselection of Relay UE or waiting for the recovery of the UE-to-UE link.
[bookmark: _Toc118105530][bookmark: _Toc118105563][bookmark: _Toc118107189][bookmark: _Toc118359866][bookmark: _Toc118387588][bookmark: _Toc118387824][bookmark: _Toc127174710][bookmark: _Toc131156182][bookmark: _Toc131707965]For Scenario 2, the 3GPP upper layer should be aware of the failure of the UE-to-UE link. And how to notify the 3GPP upper layer can be left to 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:
Obeservation 1:	Remote UE cannot determine to adopt option 3 based on the configuration of SRB1 alone.

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:	RAN2 to consider procedures for NR-DC management as the baseline to manage intra-gNB multi-path relaying, especially for intra-gNB multi-path relaying with Remote UE and Relay UE served by different cells of the same gNB.
Proposal 5:	RAN2 to use the SN addition procedure to configure the SN together with the relay channel if the indirect path is added as the second path.
Proposal 6:	For intra-gNB multi-path relaying with Remote UE and Relay UE served by the same cell, RAN2 to further study on reusing NR-DC procedures or define new procedures.
Proposal 7:	Relay UE indicates Remote UE with its capability of supporting the legacy Rel-17 behaviour.
Proposal 8:	Remote UE reports which Relay UE supporting the legacy Rel-17 behaviour, for the decision making of gNB.
Proposal 9:	gNB indicates the adoption of the legacy Rel-17 behaviour explicitly, if it wants Remote UE to use this option.
Proposal 10:	Relay UE informs Remote UE about the failure of entering RRC_CONNECTED state.
Proposal 11:	Remote UE reports the failure of establishing the PC5 connection with Relay UE of the indirect path and the failure of enter RRC_CONNECTED state for adding the indirect path to gNB.
Proposal 12:	For Scenario 1, to enable the data split function, the definition of primary RLC channel in NR can be reused.
Proposal 13:	For Scenario 1, to enable the duplicated PDCP PDU discarding, the influence of SRAP layer should be considered.
Proposal 14:	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 15:	For Scenario 2, to enable the data split function, the influence of the non-3GPP lower layer should be considered.
Proposal 16:	For Scenario 2, whether and how to enable the duplicated PDCP PDU discarding can be left to the UE implementation.
Proposal 17:	For Scenario 2, the 3GPP upper layer should be aware of the failure of the UE-to-UE link. And how to notify the 3GPP upper layer can be left to UE implementation.
4. References
[bookmark: _GoBack][1] Chairman’s Notes, RAN2#119bis-e. 
[2] Chairman’s Notes, RAN2#120. 
[3] TS 37.340 V17.4.0
[4] Chairman’s Notes, RAN2#121. 




8
