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Discussion
Case G for multi-path scenario 2
In the study phase, the following cases were discussed for multi-path scenario 2:
· A. The remote UE configured only on the direct path adds the indirect path under the same gNB; 
· B. The remote UE configured only on the indirect path adds the direct path under the same gNB; 
· C. The remote UE configured with multi-path releases the indirect path;
· D. The remote UE configured with multi-path releases the direct path;
· E. The remote UE configured with multi-path changes the serving cell of the remote UE for the direct path while keeping the serving relay UE for the indirect path under the same gNB;
· F. The remote UE configured with multi-path keeps the serving relay UE for the indirect path and the serving cell of the remote UE for the direct path while the serving relay UE changes the serving cell of the relay UE under the same gNB;
· G. The remote UE configured with multi-path changes to a new relay UE for the indirect path while keeping the direct path under the same gNB.
During the last RAN2 meetings, it has been agreed that Case A/C are supported, and Case B/D/E/F are not supported. The only remaining issue is whether Case G can be supported. In the RAN2#120 meeting, the following agreement was reached for Case G:
	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.


For Case G, in our understanding, considering the interface is ideal between remote UE and relay UE, hence, the relay UE and remote UE may be co-located or optical fiber connected. From the perspective of real deployment, it is nearly impossible to deploy one remote UE with more than one relay UE. In addition, considering the distance between remote UE and relay UE will be near, it is rare case that the direct path is kept while the indirect path should be changed. Hence, it is unnecessary to support Case G.
[bookmark: _Ref127436513][bookmark: _Ref114842916]Proposal 1: For scenario 2, Case G (The remote UE configured with multi-path changes to a new relay UE for the indirect path while keeping the direct path under the same gNB) is not supported.
Protocol stack of scenario 2
For scenario 2, the following agreement and working assumption were reached in the RAN2#119bis-e meeting:
	Proposal 9A (modified): Do not specify adaptation layer over UE-to-UE link for scenario 2 in RAN2.
Proposal 9B: Do not specify adaptation layer over Uu link for scenario 2 in RAN2.


Based on the above, the following protocol stack can be used for scenario 2.

                        Figure-1 User plane protocol stack of multi-path (scenario 2)

                      Figure-2 Control plane protocol stack of multi-path (scenario 2)
[bookmark: _Ref115254543][bookmark: _Ref127436517]Proposal 2: For scenario 2, take Figure-1 and Figure-2 as the baseline UP/CP protocol stack and capture them in TS38.300.
Relay connection setup procedure
In the RAN2#119-e meeting, it was agreed that the relation between remote UE and relay UE in scenario 2 is preconfigured or static and how the relation is pre-configured or static is out of the 3GPP scope. Hence, relay discovery procedure is not needed for scenario 2. Correspondingly, the relay selection/reselection is unnecessary for scenario 2.
[bookmark: _Ref118374782]Proposal 3: Relay discovery/selection/reselection procedure is not needed for scenario 2.
The relation between remote UE and relay UE in scenario 2 is preconfigured or static, but gNB does not know this relation. Hence, in order to establish the relay connection, how does the gNB aware this relation should be discussed. In RAN2#121 meeting, the following agreement was reached:
	As agreed before, RAN2 deprioritizes association mechanism between remote UE and relay UE from CN to RAN.


Based on the above agreement, it is obvious that gNB get this relation from CN is excluded, hence, the only possible solution is that either the remote UE or relay UE report the relation to gNB. During the summary [1], the following solutions were summarized:
1. Remote UE oriented solution, i.e., remote UE autonomously reports the inter-UE relationship with the relay UE after it triggers the relay UE successfully entering RRC_CONNECTED. 
1. NW controlled solution, i.e., remote UE only reports the inter-UE relationship with the relay UE after the gNB indication/reconfiguration. 
1. Remote UE obtains relay UE’s C-RNTI and include it in indirect-path-request RRC message.
1. Remote UE sends the indirect-path-request RRC message via indirect path, including its own C-RNTI in plain text.
1. The relay UE in RRC_CONNECTED informs the gNB about C-RNTI of the remote UE (after entering RRC_CONNECTED, if not in RRC_CONNECTED). How the remote UE informs the relay UE about C-RNTI of the remote UE over non-3GPP UE-to-UE link is left to UE implementation. How the relay UE not in RRC_CONNECTED initiates RRC connection establishment procedure is left to UE implementation.
1. The remote UE in RRC_CONNECTED informs the gNB about C-RNTI of the relay UE. How the relay UE initiate RRC connection establishment procedure, if not in RRC_CONNECTED, and inform the relay UE about C-RNTI of the remote UE over non-3GPP UE-to-UE link is left to UE implementation.
Based on the above solutions, two main issues should be further discussed:
· Issue 1: Which UE is responsible for reporting the association?
· Issue 2: What UE identification can be used in the reporting procedure?
For Issue 1, considering the relay connection is mainly establishment based on remote UE’s request, hence it had better let the remote UE to report the relationship. 
For Issue 2, considering the interface between relay and remote UE is ideal, there is no PC5 L2 ID. Hence, it had better use the legacy UE identification, e.g., C-RNTI. 
[bookmark: _Ref118374785]Proposal 4: For scenario 2, remote UE should report the association between remote UE and relay UE to gNB, and the relay UE’s C-RNTI can be used as relay UE’s identification.
After the gNB has awared the association between relay and remote UE, it can further configure the bearer mapping. In RAN2#121 meeting, it was agreed that:
	gNB provides bearer mapping information to relay UE through dedicated signalling.


But the detailed configuration procedure is still unclear. In our understanding, the most direct way is that gNB can configure the 1:1 mapping between Uu RLC channel and the end to end bearer based on the association between relay UE and remote UE. The whole signaling flow is shown in the following Figure-3.



Figure-3 Relay connection setup procedure

The description of main step in Figure-3 is as below:
· Step 1: The remote UE reports the relay and remote UE association to gNB. 
· Step 2/4: Once gNB is aware of the association, gNB should perform RRC reconfiguration to remote UE and relay UE.
· For relay UE
· In the UL, gNB configures the 1:1 mapping between the E2E bearer and the Uu RLC channel to relay UE by RRC reconfiguration procedure to help the relay UE to perform UL data forwarding. Since the interface between relay UE and remote UE is ideal, when relay UE receives UL data, how it acquires which E2E bearer the data belongs to can be left to implementation.
· In the DL, since the interface between relay UE and remote UE is ideal, configuration from gNB is unnecessary.
· For remote UE
· In the UL, gNB configures the 1:1 mapping between E2E bearer and Uu RLC channel of relay UE by RRC reconfiguration procedure.
· In the DL, configuration from gNB is unnecessary.
[bookmark: _Ref114842931]Proposal 5: Only for the UL, gNB needs to configure the 1:1 mapping between E2E bearer and the Uu RLC channel to remote UE and relay UE separately by RRC reconfiguration procedure.
SRB1/2 configuration
In RAN2#120 meeting, it was agreed that:
	Proposal 13.	[Easy]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.


For non-split SRB1/2 in scenario 2, it already agreed that non-split SRB1/2 is allowed to be configured on direct path, but it is still unclear whether non-split SRB1/2 can be configured on indirect path. Considering the interface between relay and remote UE is ideal, hence, it means relay and remote UE may be co-located or very near. In this case, there is no strong motivation to configure the non-split SRB1/2 on indirect path.
In MR-DC, split SRB1/2 is supported. Hence, for multi-path scenario 2, it had better also support split SRB1/2.
[bookmark: _Ref127436530]Proposal 6: For scenario 2, non-split SRB1/2 is only allowed to be configured on direct path.
[bookmark: _Ref127436534]Proposal 7: For scenario 2, split SRB1/2 is supported.
PDCP duplication
Regarding to PDCP duplication, the following agreements have been reached in the past RAN2 meetings:
	Agreements in RAN2#119-e:
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.
Agreements in RAN2#120:
Proposal 21 (modified)	[Easy] PDCP Control PDU is not duplicated.
Proposal 7 (modified)	[Easy] 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.
Proposal 13.	[Easy]For scenario 2, non-split SRB1/2 is allowed to be configured on direct path.


Based on the above agreements, it is obvious that PDCP duplication is supported for scenario 2 and both SRB and DRB supports PDCP duplication. Hence, the following issues should be further discussed:
· Issue 1: How many duplication legs can be supported?
· Issue 2: Whether PDCP duplication can be activated or deactivated? And how to implement the activation/deactivation?
· Issue 3: How to transmit the PDCP Control PDU?
For issue 1, according to the current TS38.331, at most 4 legs can be supported for CA+DC duplication. For the multi-path scenario 2, there is no problem to support CA in direct path. But for the indirect, considering SL CA is still postponed in Rel-18 SL evolution WID. Hence, at most 3 legs can be supported for PDCP duplication in multi-path.
[bookmark: _Ref127436537]Proposal 8: For PDCP duplication in multi-path scenario, at most three legs can be supported.
For issue 2, it is obvious that PDCP duplication should be supported and MAC CE can be used for PDCP duplication activation/deactivation control. In Uu, there are two kinds of MAC CE: Duplication Activation/Deactivation MAC CE and Duplication RLC Activation/Deactivation MAC CE. The Duplication Activation/Deactivation MAC CE is used to indicate whether PDCP duplication is activated or deactivated for each DRB. The Duplication RLC Activation/Deactivation MAC CE is used to indicate which whether each seondary RLC entities of one DRB is activated or deactivated. The MAC CE formats are as below:



Figure-4 Duplication Activation/Deactivation MAC CE


 Figure-5 Duplication RLC Activation/Deactivation MAC CE
The same MAC CEs format can be applied for multi-path. But considering MAC is hop by hop, hence, it had better restrict the MAC CEs can only be transmitted in direct path.
[bookmark: _Ref127436541]Proposal 9: The current Duplication Activation/Deactivation MAC CE and Duplication RLC Activation/Deactivation MAC CE can be reused in multi-path.
[bookmark: _Ref127436544]Proposal 10: The current Duplication Activation/Deactivation MAC CE and Duplication RLC Activation/Deactivation MAC CE can only be transmitted on the direct path.
For issue 3, the following agreements were reached in RAN2#120 meeting:
	Agreements:
Proposal 21 (modified)	[Easy] 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.


In legacy Uu, PDCP control PDU is transmitted only on primary RLC entity. Although RAN2 has agreed not define a control plane primary path concept, but for PDCP Control PDU, it had better still use the primary RLC entity in order to reduce the specification effort. Considering the indirect path include two links, the ideal link between relay and remote UE and the Uu link. Considering the ideal link is not in 3GPP scope, hence, it had restrict that the primary RLC entity can only be configured on direct path.
[bookmark: _Ref127436548]Proposal 11: Primary RLC entity should be introduced, which is only configured on direct path.
[bookmark: _Ref127436551]Proposal 12: PDCP Control PDU should be transmitted on the primary RLC entity.
UE-UE link failure
In the RAN2#119bis-e meeting, the UE-UE link failure handling was discussed and reached the following agreement:
	Agreements:
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.


Based on the above agreement, it is still FFS whether the UE-UE link failure has impact on 3GPP layers. In our understanding, the interface between remote UE and relay UE is ideal, RLF is rare case. If it happens, how to detect the UE-UE link failure can be based on UE implementation. In addition, Considering there is always direct link, remote UE or relay UE can indicate the UE-UE RLF to gNB to help the gNB making decision on whether to release the indirect path.
[bookmark: _Ref118374798]Proposal 13:  For scenario 2, the UE-UE link failure detection is based on UE implementation. 
Proposal 14: For scenario 2, if the UE-UE link failure, the relay UE or the remote UE can indicate the failure to gNB through direct link.
Resource allocation between relay and remote UE
In scenario 1, for remote UE, in the PC5 hop of UL direction, both mode 1 and mode 2 can be used in PC5 in case of multi-path is configured since there is direct path.
In scenario 2, different from scenario 1, the interface between remote UE and relay UE is ideal. Hence, how to perform the UL/DL transmission should be considered:
· For UL, the straight forward method is that for the direct link, the UL data is scheduled by gNB, and for the indirect link, the UL resource of Uu link of relay UE is scheduled by gNB, once get the UL grant, relay UE can transmit the data already stored in it if any or relay UE can get data from remote UE. 
· For DL, similarly, relay UE can receive data from network and how to send the data to remote UE depends on relay UE implementation.
[bookmark: _Ref114842945][bookmark: _Ref118374817]Proposal 15: For scenario 2, UL/DL transmission of relay UE in Uu link are both scheduled by network and how to perform the data transmission between relay UE and remote UE depends on relay/remote UE implementation.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: For scenario 2, Case G (The remote UE configured with multi-path changes to a new relay UE for the indirect path while keeping the direct path under the same gNB) is not supported.
Proposal 2: For scenario 2, take Figure-1 and Figure-2 as the baseline UP/CP protocol stack and capture them in TS38.300.
Proposal 3: Relay discovery/selection/reselection procedure is not needed for scenario 2.
Proposal 4: For scenario 2, remote UE should report the association between remote UE and relay UE to gNB, and the relay UE’s C-RNTI can be used as relay UE’s identification.
Proposal 5: Only for the UL, gNB needs to configure the 1:1 mapping between E2E bearer and the Uu RLC channel to remote UE and relay UE separately by RRC reconfiguration procedure.
Proposal 6: For scenario 2, non-split SRB1/2 is only allowed to be configured on direct path.
Proposal 7: For scenario 2, split SRB1/2 is supported.
Proposal 8: For PDCP duplication in multi-path scenario, at most three legs can be supported.
Proposal 9: The current Duplication Activation/Deactivation MAC CE and Duplication RLC Activation/Deactivation MAC CE can be reused in multi-path.
Proposal 10: The current Duplication Activation/Deactivation MAC CE and Duplication RLC Activation/Deactivation MAC CE can only be transmitted on the direct path.
Proposal 11: Primary RLC entity should be introduced, which is only configured on direct path.
Proposal 12: PDCP Control PDU should be transmitted on the primary RLC entity.
Proposal 13:  For scenario 2, the UE-UE link failure detection is based on UE implementation. 
Proposal 14: For scenario 2, if the UE-UE link failure, the relay UE or the remote UE can indicate the failure to gNB through direct link.
Proposal 15: For scenario 2, UL/DL transmission of relay UE in Uu link are both scheduled by network and how to perform the data transmission between relay UE and remote UE depends on relay/remote UE implementation.
[bookmark: _Ref69910645]Reference
[1]. [bookmark: _Ref129769412][bookmark: _Ref117770127]R2-2301925 [Pre121][407] Summary of AI 8.9.4 MP
[2]. TS38.331  NR; Radio Resource Control (RRC) protocol specification (Release 17)
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