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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the RAN2#119bis meeting, many agreements were reached regarding to multi-path scenario 2. In this contribution, we will further discuss the leftover issues in detail.
Discussion
Supported cases for multi-path scenario 2
In the last RAN2 meeting, regarding to the cases for multi-path scenario 2, the following agreements was reached:
Agreements:

Proposal 1-2A: The following cases are proposed to be supported for Scenario 2.
A.	The remote UE configured only on the direct path adds the indirect path under the same gNB; 
C.	The remote UE configured with multi-path releases the indirect path;

Proposal 1-2B: The following case is proposed to be not supported for Scenario 2.
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;

Proposal 1-2C: Whether to support the following case can be further discussed for Scenario 2.
B.	The remote UE configured only on the indirect path adds the direct path under the same gNB; 
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;
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.
Based on the above agreements, it is obvious that whether case B, D, E and G should be supported in scenario 2 are still FFS.
For case B, in our understanding, during the RAN discussion, UE aggregation was merged to multi-path bullet of Rel-18 sidelink relay. The main motivation of introducing UE aggregation is to improve the data rate of one UE by aggregating a relay UE. From this perspective, the direct path should always exist. Hence, from the perspective of requirement, there is no need to support this case.
For case D, based on the same reason stated in the analysis of case B, it does not need to be supported from the perspective of requirement. 
For case E and G, considering the interface is ideal between remote UE and relay UE, hence, the relay UE and remote UE may be co-located. It is nearly impossible to change the relay UE or change only the direct path to another serving cell. Hence, these two cases do not need to be supported.
[bookmark: _Ref114842916]Proposal 1: The following cases are proposed to be not supported for Scenario 2:
· B. The remote UE configured only on the indirect path adds the direct path under the same gNB; 
· 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;
· 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.
Protocol stack of Scenario 2
For Scenario 2, the following agreement and working assumption were reached in the last RAN2 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]Proposal 2: For Scenario 2, take Figure-1 and Figure-2 as the baseline UP/CP protocol stack.
Relay connection setup procedure
In the RAN2#119 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, either the remote UE or relay UE should report the relationship between remote UE and relay UE to gNB. Considering the relay connection is mainly establishment based on remote UE’s requirement, hence it had better let the remote UE to report the relationship.
[bookmark: _Ref118374785]Proposal 4: For scenario 2, remote UE should report the association between remote UE and relay UE to gNB (e.g., report the relay UE identifier to gNB).
In the last RAN2 meeting, the following working assumption was reached:
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 to configure the mapping.
Considering relay UE can support only one remote UE, hence the above assumption can be confirmed. Assuming this working assumption is confirmed, we can further discuss how gNB configures the mapping for indirect path. The most direct way is that gNB configures the 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 each step in Figure-3 is as below:
· Step 1: The remote UE report 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 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 mapping between E2E bearer and Uu RLC channel of relay UE by RRC reconfiguration procedure.
In the DL, configuration from gNB is unnecessary.
[bookmark: _Ref118374788]Proposal 5: Confirm the following working assumptions as agreements:
· 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.  
· 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.
[bookmark: _Ref114842931]Proposal 6: For the UL, gNB configures the mapping between E2E bearer and the Uu RLC channel to remote UE and relay UE separately by RRC reconfiguration procedure.
Path configuration for SRB
In the last RAN2 meeting, it was agreed that:
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.
For the duplication case, it is certainly that SRB1 and SRB2 can be configured on both direct path and indirect path.
For the non-duplication case, considering the main motivation of introducing scenario 2 is to improve the throughput, and the data amount of SRB1 and SRB2 is limited, there is no strong motivation to perform SRB split in scenario 2. Hence, for the non-duplication case, SRB1/2 had better configured on direct path only.
[bookmark: _Ref118374795]Proposal 7: For scenario 2, SRB1 and SRB2 can only be configured on the direct path for the non-duplication case.
Impact of UE-UE link failure
In the last RAN2 meeting, the UE-UE link failure handling was discussed and reached the following agreement:
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.
[bookmark: _GoBack]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, 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 8: 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.
RRC resumption procedure
In the last RAN2 meeting, regarding to the RRC resumption, the following agreements were reached:
Agreements:
Proposal 2	[20/21] (modified) Multi-path Relay is NOT applicable to RRC_INACTIVE remote-UE, for scenario-1 and scenario-2. Support storing direct path configuration for potential resume as legacy operation (to single-path configuration), FFS if the UE can also store indirect path configuration and resume directly into multi-path.
Proposal 7	[20/21] (modified) Multi-path Relay is NOT applicable to RRC Resume procedure, for scenario-1 and scenario-2. R2 further study how for UE operating in multi-path Relay operate for RRC Re-establishment procedure [5/21].
Based on the above agreements, it is still FFS whether UE can also store the indirect path configuration and resume directly into multi-path. 
According to [1], in Uu interface, if UE configured with CA/DC, once UE receives the RRC release with suspendConfig, it will not release the SCell or SCG configuration. Only when it initiates the resumption procedure, the corresponding SCG/SCell configuration can be released if UE does support maintaining SCG configuration or support maintaining the MCG SCell configuration. 
	5.3.13	RRC connection resume
5.3.13.2	Initiation
 ……
1>	if the UE is in NE-DC or NR-DC:
2>	if the UE does not support maintaining SCG configuration upon connection resumption:
3>	release the MR-DC related configurations (i.e., as specified in 5.3.5.10) from the UE Inactive AS context, if stored;
1>	if the UE does not support maintaining the MCG SCell configurations upon connection resumption:
2>	release the MCG SCell(s) from the UE Inactive AS context, if stored;


Hence, for multi-path, it had better reuse the same principle, that is UE can store the indirect path configuration if it enters RRC_INACTIVE. Whether it can directly resume into multi-path depends on its UE capability, e.g., if it does not support resume into multi-path, upon receiving RRC connection resume message, it can release the indirect path configuration.
[bookmark: _Ref118374801]Proposal 9: For scenario 2, when the remote UE enters RRC_INACTIVE, it can store the indirect path configuration.
[bookmark: _Ref118374814]Proposal 10: For scenario 2, upon receiving the RRCResume message, if UE does not support maintaining the multi-path configurations upon connection resumption, it can release the indirect path configurations from the UE Inactive AS context if stored.
Resource allocation 
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 11: For Scenario 2, UL/DL transmission of relay UE is scheduled by network, how to perform the data transmission between relay UE and remote UE depends on implementation.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: The following cases are proposed to be not supported for Scenario 2:
· B. The remote UE configured only on the indirect path adds the direct path under the same gNB; 
· 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;
· 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.
Proposal 2: For Scenario 2, take Figure-1 and Figure-2 as the baseline UP/CP protocol stack.
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 (e.g., report the relay UE identifier to gNB).
Proposal 5: Confirm the following working assumptions as agreements:
· 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.  
· 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.
Proposal 6: For the UL, gNB configures the mapping between E2E bearer and the Uu RLC channel to remote UE and relay UE separately by RRC reconfiguration procedure.
Proposal 7: For scenario 2, SRB1 and SRB2 can only be configured on the direct path for the non-duplication case.
Proposal 8: 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 9: For scenario 2, when the remote UE enters RRC_INACTIVE, it can store the indirect path configuration.
Proposal 10: For scenario 2, upon receiving the RRCResume message, if UE does not support maintaining the multi-path configurations upon connection resumption, it can release the indirect path configurations from the UE Inactive AS context if stored.
Proposal 11: For Scenario 2, UL/DL transmission of relay UE is scheduled by network, how to perform the data transmission between relay UE and remote UE depends on implementation.
[bookmark: _Ref69910645]Reference
[1]. [bookmark: _Ref117770127]TS38.331 NR; Radio Resource Control (RRC) protocol specification (Release 17)
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