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1. Introduction
In RAN2#120 meeting, RAN2 agreed that;
	Support PCell on the direct path only when the UE is in multi-path operation, for both scenario 1 and scenario 2.

RAN2 confirms the following WA for Scenario 2.

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 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.

In principle, Mode 1 RA can be supported for the remote UE configured with multi-path in Scenario 1.

R2 confirms that split SRB can be configured with or without duplication as a baseline, for both scenarios (assuming it is supported in scenario 2 as proposed elsewhere). Further restrictions can be discussed in normative phase.

For scenario 2, non-split SRB1/2 is allowed to be configured on direct path.

Whether SRB1/2 can be configured in different path for Scenario 1 can be discussed in normative phase.

Whether non-split SRB1/2 is allowed to be configured on indirect path for scenario 2 and whether split SRB1/2 is supported for scenario 2 can be discussed in normative work.

Remote UE storing indirect path configuration (e.g., SRAP and PC5-RLC channel configurations) and resuming directly into multi-path configuration is not supported for scenario 1.

Remote UE storing indirect path configuration or not and use it to resume to MP configuration in scenario 2 is not supported.

If CSS for SI is configured within the active BWP on PCell, the remote UE can perform direct system information acquisition on PCell as currently specified in 38.331; besides, dedicated signaling can be used to deliver SIB via SRB1 configured on direct and/or indirect path as currently specified in 38.331.

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.

PDCP Control PDU is not duplicated.

RAN2 do not define a control plane primary path concept in the study phase; FFS if something needs to be defined in normative work, but it should be driven by functionality and technical benefits.

case B and case D are not supported for Scenario 2. 

For Scenario 2, Case E is not supported. 

For Scenario 2, whether to support Case G is discussed in normative phase, but RAN2 will not do additional work to enable it for Scenario 2 over Scenario 1.

RAN2 will downselect the solution for triggering IDLE/INACTIVE relay UE to enter CONNECTED state from:

Option 1 (SL-RLC or UP-based approach (excluding SL-RLC1)), 

Option 3 (PC5-RRC approach) 

Option 4( RRCReconfigurationComplete-based approach), 

Discovery/PC5-S-based solution can be further discussed if initiated from SA2.

Multi-path relay study phase is complete and can proceed to normative work from RAN2 perspective, for both scenarios 1 and 2.




In this paper, we discuss on this relating issue.
2. Discussion
2.1 RLM/RLF for multi-path
RAN2 agreed that MP remote UE performs RLM for Uu interface, for scenario 1 and 2. And MP remote UE for scenario 1 performs sidelink RLF detection for PC5 interface, and MP remote UE for scenario 2 may detect link failure for UE-UE link but it’s up to UE implementation. However, based on TS38.300-v17.2.0, we think R17 U2N Remote UE connecting to gNB via U2N Relay UE suspends Uu RLM while in RRC_CONNECTED. So RAN2 should modify (i.e. adding “only”) following sentence for performing Uu RLM and sidelink RLF detection simultaneously.
16.12.5.2 Radio Link Failure
The U2N Remote UE in RRC_CONNECTED suspends Uu RLM (as described in clause 9.2.7) when U2N Remote UE is connected to gNB via only U2N Relay UE.
Observation 1. According to the current specification (TS38.300), U2N Remote UE connecting to NW via U2N Relay UE suspends Uu RLM while in RRC_CONNECTED.

Proposal 1. For performing Uu RLM and SL RLF detection simultaneously in multi-path operation, U2N Remote UE connecting to gNB via “only” U2N Relay UE suspends Uu RLM.

Then, RAN2 agreed that;

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.

We think that the procedure based on this agreement and Actions related to transmission of MCGFailureInformation message as following;
	When MP Remote UE detects Uu RLF:

1>
if SRB1 is configured as split SRB:

2>
if the SRB1 is not configured with pdcp-duplication and if the primaryPath for the PDCP entity of SRB1 refers to the Uu path:

3>
set the primaryPath to refer to the PC5 path;

1> if SRB1 is only configured on Uu path:

2>
(this behaviour is not discussed)
1>
else: (i.e. SRB1 is configured as split bearer or configured on PC5 path)
2>
submit the failure Information to lower layer for transmission via SRB1.
When MP Remote UE detects PC5 RLF:

1>
if SRB1 is configured as split SRB:

2>
if the SRB1 is not configured with pdcp-duplication and if the primaryPath for the PDCP entity of SRB1 refers to the PC5 path:

3>
set the primaryPath to refer to the Uu path;

1> if SRB1 is only configured on PC5 path:

2>
(this behaviour is not discussed)
1>
else: (i.e. SRB1 is configured as split bearer or configured on Uu path)
2>
submit the failure Information to lower layer for transmission via SRB1.


Firstly, the agreement indicate that MP remote UE can transmit failure information via split SRB1. We think it means that the primaryPath of SRB1 should refer to not failed path before transmitting the failure information If SRB1 is configured as split SRB and pdcp-duplication is not configured. 
Proposal 2. The primaryPath of SRB1 should refer to not failed path before transmitting the failure information If SRB1 is configured as split SRB and pdcp-duplication is not configured.

And then, we think there are some options to specify the behaviour in case that Uu RLF is declared and SRB1 is only on direct path. First option is RRC re-establishment (option 1-1). In Rel-17, UE detecting RLF on PCell initiates RRC re-establishment when SCG is not configured. So this option is simple way. But MP remote UE connects with relay UE and MP remote UE can use the indirect path. In this case, the problem is that MP remote UE cannot use SRB1. So MP remote UE should transmit RRCSetupRequest via indirect path (option 1-2). This behaviour is similar to RRC connection establishment procedure of L2 U2N remote UE. So gNB can configure MP remote UE with SRB1 by using RRCSetup when gNB receives the request. This option can be combined with option 1-1. For example, upon MP remote UE detects Uu RLF, the UE initiates RRC re-establishment procedure. And if T301 expires, the UE transmits RRCSetupRequest to gNB via indirect path. However, if RAN2 choices this option, RAN2 should revert back the following agreement; 

Agreement

Multi-path Relay is NOT applicable to RRC Setup procedure, for scenario-1 and scenario-2. 
Third option is that the UE transmit failure information to relay UE via SL-SRB3 and relay UE transfer the information to gNB. It seems similar to option 1-2. However, gNB can receives failure information in this option. However, gNB cannot reconfigure MP remote UE because relay UE cannot transfer RRCReconfiguration message without SRB1 between gNB and remote UE. If RAN2 choices this option, to transfer the reconfiguration, UuInforamtionTransfer should be extended or new message should be introduce.
Secondary, we also think there are some options to specify the behaviour in case that PC5 RLF is declared and SRB1 is only on indirect path. In Rel-17, L2 U2N remote UE detecting PC5-RLF initiates relay reselection and/or cell selection. Therefore, relay reselection and cell selection are options for PC5-RLF case. And we think MP remote UE can perform these options simultaneously, same as Rel-17. And we think options for PC5 RLF can be applicable to the case that MP remote UE receives Uu-RLF indication from relay UE. Incidentally, this behaviour is included in RRC connection re-establishment procedure. 
So we think RRC connection re-establishment procedure should be performed if MP remote UE cannot transmit the failure information.
Observation 2. There are some options to specify MP remote UE behaviour in a case that the UE detects 3GPP defined RLF and there is no alternative path for indicating the failure information.
In case of Uu RLF when SRB1 is only set to the direct path; 
(1-1): MP remote UE initiates RRC connection re-establishment via Uu.

(1-2): MP remote UE initiates RRC setup via indirect path.
(1-3): MP remote UE transmits failure information via SL-SRB3.

In case of PC5 RLF when SRB1 is only set to the indirect path; 
(2-1): MP remote UE initiates relay reselection.

(2-2): MP remote UE initiates cell selection.

Observation 3. The options for PC5 RLF can be applicable to the case that MP remote UE receives Uu-RLF indication from relay UE.
Proposal 3. MP remote UE performs RRC connection re-establishment procedure if MP remote UE cannot transmit the failure information.

And RAN2 should discuss what information should be included in the failure information. We think MCGFailureInformation message or new failure information message can be (re)used 
Proposal 4. RAN2 to discuss what information message is used for the failure information.
When MP remote UE detects indirect path failure based on sidelink RLF detection, receiving Uu RLF indication from relay UE or UE-UE link failure indication which is non-3GPP indication, MP remote UE should transmit indirect path failure information to gNB via direct path. For the indirect path indication, relay UE connecting with MP remote UE should indicate Uu RLF to MP remote UE when relay UE detects Uu RLF. Relay UE for scenario 1 can indicate Uu RLF to MP remote UE using PC5-RRC message. However, relay UE of scenario 2 may not be able to send PC5-RRC message. So it should be relay UE’s implementation how to indicate Uu RLF to the MP remote UE while in scenario 2.
Proposal 5. In both scenarios, relay UE connecting with MP remote UE should indicate Uu RLF to MP remote UE when relay UE detects Uu RLF.

Proposal 6. It is relay UE’s implementation how to indicate Uu RLF to the MP remote UE while in scenario 2.
2.2 trigger of IDLE/INACTIVE relay UE to enter CONNECTED state
RAN2 agreed that;
Agreement:

RAN2 will downselect the solution for triggering IDLE/INACTIVE relay UE to enter CONNECTED state from:

-Option 1 (SL-RLC or UP-based approach (excluding SL-RLC1)), 

-Option 3 (PC5-RRC approach) 

-Option 4( RRCReconfigurationComplete-based approach), 

Discovery/PC5-S-based solution can be further discussed if initiated from SA2.

In this section, we provide a discussion of the agreement. Firstly, we should start from d2i path switching procedure of legacy relay UE (L2 U2N relay UE). According to TS 38.300 and TS38.331, if legacy UE is IDLE/CONNECTED state when L2 U2N remote UE establishes PC5-RRC connection and L2 U2N relay UE receives RRCReconfigurationComplete from L2 U2N remote UE, the UE starts establishment procedure to enter CONNECTED state (i.e. transmitting RRCSetupRequest to gNB).

For option 1, in our understanding, it means that IDLE/INACTIVE relay UE performs to enter to CONNECTED state upon receiving DCR message or message for PC5 security establishment from MP remote UE. Firstly, relay UE cannot recognize whether the message is sent from MP remote UE or L2 U2N remote UE. Secondary, it may be too early to determine whether the relay UE should enter to CONNECTED state. For example, in a case that the message is for PC5 security establishment, UE receiving the message may reject the request. 
For option 3, in our understanding, it means that IDLE/INACTIVE relay UE performs to enter to CONNECTED state upon receiving RRCReconfigurationSidelink (or RRCReconfigurationSidelinkComplete) message from MP remote UE. Relay UE can receives the message via PC5-RRC connection between relay UE and MP remote UE. If fragment to recognize that it is for MP is included, relay UE can recognize it. 
For option 4, in our understanding, it means that IDLE/INACTIVE relay UE performs to enter to CONNECTED state upon receiving RRCReconfigurationComplete message from MP remote UE. It seems to be same with legacy d2i path switching procedure. However, MP remote UE may transmit the message to gNB via SRB1 and SRB1 may be configured on direct path. So relay UE may not receive the message from MP remote UE. For transmitting the message via indirect path, gNB should configure the relay UE to set SRB1 to indirect path. In addition, even if the message is sent via indirect path, relay UE cannot eavesdrop the message (relay UE may determine that it is RRCReconfigurationComplete message if receives a message via SRB1 relaying PC5 RLC channel). 
So we think option 3 is simple solution. And all options may include UE-dependent solution in scenario 2.
Proposal 7. For triggering IDLE/INACTIVE relay UE to enter CONNECTED state, PC5-RRC based solution should be supported.
Proposal 8. For triggering IDLE/INACTIVE relay UE to enter CONNECTED state in scenario2, MP remote UE may transmit non-3GPP indication via non-3GPP link.

2.3 SRB for multi-path
In RAN2#119bis-e, RAN2 agreed that;
Agreement:

For scenario 1, SRB1 and SRB2 can be configured on either the direct or the indirect path, or on both at least with duplication.  FFS if they can be configured on different paths from one another.

For scenario 2, SRB1 and SRB2 can be configured at least on the direct path. FFS if there are restrictions on the configuration and if they can be configured on both paths.

and in RAN2#120;
Agreement

R2 confirms that split SRB can be configured with or without duplication as a baseline, for both scenarios (assuming it is supported in scenario 2 as proposed elsewhere). Further restrictions can be discussed in normative phase.
For scenario 2, non-split SRB1/2 is allowed to be configured on direct path.

Whether SRB1/2 can be configured in different path for Scenario 1 can be discussed in normative phase.

Whether non-split SRB1/2 is allowed to be configured on indirect path for scenario 2 and whether split SRB1/2 is supported for scenario 2 can be discussed in normative work.
Firstly, we think the difference between SRB1 and SRB2 is priority, so NW does not need to configure SRB1 and SRB2 on different paths. However, path configuration is leave for NW determination. 
Observation 5. NW does not need to configure SRB1 and SRB2 on different paths. But NW can configure SRB1 and SRB2 on any path.

Proposal 10. For scenario1, SRB1 and SRB2 can be configured on different paths from one another.
And RAN2 agreed SRB1 and SRB2 can be configured on both path as split SRB at least with duplication.  According to the agreement, NW should reconfigure SRB to direct–SRB or indirect-SRB from split SRB or Remote UE continues to duplicate the PDU even if duplication is not needed for reliability. Therefore, no duplication split bearer should be supported for flexibility. In this aspects, for scenario 2, split SRB without duplication can be configured. 
Observation 6. According to the agreement, MP remote UE of scenario 2 configured with split SRB continues to duplicate the PDU even if duplication is not needed for reliability.

Proposal 11. For scenario 2, split SRB1/2 without duplication can be configured on indirect path.
In scenario 2, direct path add/release/change is not supported. Therefore, we think that non-split SRBs need not to be configured on indirect path for scenario 2.
Proposal 12. For scenario 2, non-split SRBs need not to be configured on indirect path.
For scenario 2, if non-split SRB cannot be configured on indirect path, primarypath of split SRBs without duplication should be configured on direct path. But we think that change of the primarypath is useful for the direct path failure recovery. So primarypath of split SRB1 can be set to indirect path when the UE performs direct path failure recovery.
Observation 7. If RAN2 does not agree that non-split SRB can be configured on indirect path for scenario 2, primarypath of split bearer is set to direct path basically.
Observation 8. Change of primarypath of split SRB1 is useful for failure recovery as legacy DC/CA.
Proposal 13. For scenario 2, primarypath of split SRB1 is set to indirect path when the UE performs direct path failure recovery.
2.4 MAC entity aspects
RAN2 agreed that 

Proposal 3
[Easy] In principle, Mode 1 RA can be supported for the remote UE configured with multi-path in Scenario 1.

For receiving sidelink grant from gNB, UE can transmit PUCCH and monitor/receive PDCCH via direct path. And gNB can provide sidelink grant for transmission of MP remote UE.
Observation 9. For scenario 1, NW can provide sidelink grant for Remote UE via direct path. 

Observation 10. For scenario 1, MP Remote UE can transmit PUCCH and monitor/receive PDCCH via direct path.
For scenario 2, Remote UE and Relay UE may not use PC5 interface and not transmit sidelink data between Remote UE and Relay UE. In current spec, NW can configure Relay UE to perform resource allocation mode 1. In case of MP scenario 2 operation, this configuration is waste of resources and signalling. So, NW does not need to configure sidelink grant for Relay UE in scenario 2.

Observation 11. For scenario 2, NW does not need to configure sidelink grant for Relay UE.
Similarly, if Remote UE can perform resource allocation mode 1 while MP is configured, NW does not needed to configure sidelink grant for Remote UE in scenario 2. 
Observation 12. For scenario 2, NW does not need to configure sidelink grant for Remote UE.
Proposal 14. For scenario 2, NW does not need to configure sidelink grant for Relay UE and Remote UE.
And RAN2 agreed that 

Agreement:

Support PCell on the direct path only when the UE is in multi-path operation, for both scenario 1 and scenario 2.

And then, we think whether the cell group which MP remote UE connects via indirect path is same with direct path. In other words, RAN2 should discuss whether the UE has one MAC entity or two MAC entities. Firstly, if the UE has PSCell on indirect path, the UE has two special cell on same gNB. And the remote UE may use sidelink frequency associated with PCell. Therefore, RAN2 does not need to define a new cell on indirect path to configure L2 U2N sidelink relay. The concept of radio bearer is sufficient.

Furthermore, legacy sidelink UE has one MAC entity if UE connects with gNB and peer UE simultaneously. By one MAC entity, the UE can perform sidelink resource selection based on consideration of UL and SL (i.e. minimum time gap, SL-BSR, SL-CSI reporting, HARQ operation with mode 1 RA, etc…). So if RAN2 decide to use two MAC in MP operation, the decision may have a lot of MAC spec impact. And we understand that UE can be configured with split bearer on one cell group (intra-MCG split bearer is feasible in Rel-17). 

Proposal H. The UE performing multi-path operation has one MAC entity for multi-path operation.
3. Conclusion

In this contribution, we made the following proposals:
For RLM and RLF;
Observation 1. According to the current specification (TS38.300), U2N Remote UE connecting to NW via U2N Relay UE suspends Uu RLM while in RRC_CONNECTED.

Proposal 1. For performing Uu RLM and SL RLF detection simultaneously in multi-path operation, U2N Remote UE connecting to gNB via “only” U2N Relay UE suspends Uu RLM.

Proposal 2. The primaryPath of SRB1 should refer to not failed path before transmitting the failure information If SRB1 is configured as split SRB and pdcp-duplication is not configured.

Observation 2. There are some options to specify MP remote UE behaviour in a case that the UE detects 3GPP defined RLF and there is no alternative path for indicating the failure information.
In case of Uu RLF when SRB1 is only set to the direct path; 
(1-1): MP remote UE initiates RRC connection re-establishment via Uu.

(1-2): MP remote UE initiates RRC setup via indirect path.
(1-3): MP remote UE transmits failure information via SL-SRB3.

In case of PC5 RLF when SRB1 is only set to the indirect path; 
(2-1): MP remote UE initiates relay reselection.

(2-2): MP remote UE initiates cell selection.

Observation 3. The options for PC5 RLF can be applicable to the case that MP remote UE receives Uu-RLF indication from relay UE.
Proposal 3. MP remote UE performs RRC connection re-establishment procedure if MP remote UE cannot transmit the failure information.

Proposal 4. RAN2 to discuss what information message is used for the failure information.
Proposal 5. In both scenarios, relay UE connecting with MP remote UE should indicate Uu RLF to MP remote UE when relay UE detects Uu RLF.

Proposal 6. It is relay UE’s implementation how to indicate Uu RLF to the MP remote UE while in scenario 2.
For entering CONNECTED state;
Proposal 7. For triggering IDLE/INACTIVE relay UE to enter CONNECTED state, PC5-RRC based solution should be supported.

Proposal 8. For triggering IDLE/INACTIVE relay UE to enter CONNECTED state in scenario2, MP remote UE may transmit non-3GPP indication via non-3GPP link.

For SRB1/2;
Observation 5. NW does not need to configure SRB1 and SRB2 on different paths. But NW can configure SRB1 and SRB2 on any path.

Proposal 10. For scenario1, SRB1 and SRB2 can be configured on different paths from one another.
Observation 6. According to the agreement, MP remote UE of scenario 2 configured with split SRB continues to duplicate the PDU even if duplication is not needed for reliability.

Proposal 11. For scenario 2, split SRB1/2 without duplication can be configured on indirect path.
Proposal 12. For scenario 2, non-split SRBs need not to be configured on indirect path.
Observation 7. If RAN2 does not agree that non-split SRB can be configured on indirect path for scenario 2, primarypath of split bearer is set to direct path basically.

Observation 8. Change of primarypath of split SRB1 is useful for failure recovery as legacy DC/CA.
Proposal 13. For scenario 2, primarypath of split SRB1 is set to indirect path when the UE performs direct path failure recovery.
For MAC entity aspects;

Observation 9. For scenario 1, NW can provide sidelink grant for Remote UE via direct path. 

Observation 10. For scenario 1, MP Remote UE can transmit PUCCH and monitor/receive PDCCH via direct path.

Observation 11. For scenario 2, NW does not need to configure sidelink grant for Relay UE.
Observation 12. For scenario 2, NW does not need to configure sidelink grant for Remote UE.
Proposal 14. For scenario 2, NW does not need to configure sidelink grant for Relay UE and Remote UE.
Proposal 15. The UE performing multi-path operation has one MAC entity for multi-path operation.
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