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[bookmark: OLE_LINK71][bookmark: OLE_LINK72]In last RAN2#119bis e-meeting, we have an extensively discussion on the control plane issues for the two scenarios and RAN2 achieved some progress as following, and there are still some open issues for further study:
	Proposal 1-1A (modified): The following cases are to be supported for Scenario 1.
A.	The remote UE operating only on the direct path adds the indirect path under the same gNB; 
B.	The remote UE operating only on the indirect path adds the direct path under the same gNB; 
C.	The remote UE operating in multi-path releases the indirect path;
D.	The remote UE operating in multi-path releases the direct path;
G.	The remote UE operating in multi-path changes to a new relay UE for the indirect path while keeping the direct path under the same gNB.  FFS if this case would be supported via separate release-and-add (A+C in separate reconfigurations) or a single switch procedure (e.g. similar to i2i service continuity).
Proposal 1-1B (modified): The following case is to be not supported for Scenario 1 as a group mobility scenario.
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;
The following case can be supported via separate release-and-add for scenario 1 (B+D in separate reconfigurations):
E.	The remote UE operating in multi-path changes the direct path to a different cell of the same gNB while using the serving relay UE for the indirect path under the same gNB.
FFS if a single procedure for this case would be supported.
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.
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.


In this contribution, we will share our understanding for those open issues and further discuss the control plane procedure.  
Discussion
Direct/indirect path adding procedure
In last meeting some cases about direct and indirect path add/ release are agreed to supported in RAN2. 
As in Fig.1, remote UE with direct path adds the indirect path for multi-path for scenario 1, 
Step 1: remote UE performs measurement report based on gNB’s measurement configuration. Similar to R17 L2 U2N relay, the measurement results can include the candidate relay UE’s source L2 ID, serving cell ID, and SD-RSRP.
Step 2: gNB decides to add indirect path for the remote UE.
Step 3: gNB sends the RRC Reconfiguration message to remote UE, which indicates the relay UE for indirect path, remote UE’s local ID, the association between E2E PDCP and PC5 Relay RLC channel, data duplication or split related configuration. 
Step 4: gNB sends the RRC Reconfiguration message to relay UE, which contains remote UE’s local ID and L2 ID, the bearer mapping from E2E RB(s) to PC5 Relay RLC channel(s) and to Uu Relay RLC channel(s), as well as the Uu and PC5 Relay RLC channel configurations for relaying, similar as in Rel-17. 
Step 5: Remote UE/relay UE establish PC5 link.
Step 6/7: remote UE/relay UE sends the RRC Reconfiguration complete message to gNB.


Fig.1 Remote UE adds indirect path for multi-path establishment
Proposal 1：It is proposed to agree the flowchart in Fig.1 as baseline for remote UE adds indirect path for multi-path establishment for scenario 1.
As in Fig.2, remote UE with indirect path adds the direct path for multi-path for scenario 1, 
Step 1: remote UE performs measurement report based on gNB’s measurement configuration.
Step 2: gNB decides to add direct path to the remote UE.
Step 3: gNB sends the RRC Reconfiguration message to the remote UE to configure multi-path operation by adding Uu link. The RRC configuration message contains the configuration of Uu RLC channel, the association between E2E PDCP and Uu RLC channel.
Step 4: remote UE performs Random Access to the gNB.
Step 5: remote UE sends the RRC Reconfiguration Complete message to the gNB. 


Fig.2 Remote UE adds direct path for multi-path establishment
Proposal 2：It is proposed to agree the flowchart in Fig.2 as baseline for remote UE adds direct path for multi-path establishment for scenario 1.
For scenario 2, the link between UE to UE are non-standard interface, the link establishment procedure is out of 3GPP scope. In addition, the multi-path establishment trigger event may be different from scenario 1, which is based on measurement report. In our understanding, for scenario 2, the multi-path establishment can be triggered by UE assistant information report or by gNB implementation, such as, measurement report similar as SL relay, UE buffer size status report for UE triggered multi-path establishment, and service/traffic type or some other pre-configuration for gNB implementation triggered multi-path establishment. Here, we suggest RAN2 to have further discussion on that.
Proposal 3: Ask RAN2 to discuss the trigger event for multi-path establishment in scenario 2.  
As in Fig.3, remote UE with direct path adds the indirect path for multi-path for scenario 2,
Step 1: remote UE reports trigger event relative information to gNB (FFS), or gNB triggered indirect path adding with gNB implementation. (FFS)
Step 2: gNB decides to add indirect path for the remote UE.
Step 3: gNB sends the RRC Reconfiguration message to remote UE, which indicates the relay UE for indirect path, the association between E2E PDCP and uu Relay RLC channel, data duplication or split related configuration. 
Step 4: gNB sends the RRC Reconfiguration message to relay UE, which contains the bearer mapping from E2E RB to uu Relay RLC channel.
[bookmark: OLE_LINK3]Step 5: Remote UE/relay UE establish non-standard link. (without 3GPP impact)
Step 6/7: remote UE/relay UE sends the RRC Reconfiguration complete message to gNB.


Fig.3 Remote UE adds indirect path for multi-path establishment for scenario 2
Proposal 4: It is proposed to agree the flowchart in Fig.3 as baseline for remote UE adds indirect path for multi-path establishment for scenario 2.
Direct/indirect path release procedure
Remote UE configured multi-path can release direct and indirect path for scenario 1, and can release indirect path for scenario 2, as agreed in RAN2#119bis meeting. For scenario 2, the remote UE establishes RRC connection with gNB and adds indirect path, where the control plane is allocated at direct path. gNB can reconfigure the remote UE to release the indirect path without considering the reconfigure the direct from control plane perspective. For scenario 1, the remote UE may establish RRC connection with gNB via direct or indirect path, correspondingly, the the control plane is configured on direct path or indirect path. When gNB performs path release for multi-path UE, control plane may be reconfigured to the left path, if it was configured on the path to be released. 
Although, it was agreed that, SRB1 and SRB2 can be configured on either the direct or the indirect path, or on both at least with duplication for scenario 1. It still not clear SRB1 and SRB2, or their split bearer can be reconfigure the path that added as second path during multi-path establishment, and when to perform the SRB1 and SRB2 reconfiguration is not conclude either. This issue may be influenced by the discussion on primary path/secondary path configuration. 
With current conclusion, we can have the following flowcharts for path release procedure as baseline, the details can be added when we have progress on the primary/secondary oath configuration. 
As in Fig.4, remote UE configured multi-path release the indirect path for multi-path for scenario 1,
Step 0: gNB reconfigure the remote UE, configure SRB on direct path, if not exist. (FFS)
Step 1: gNB decides to release the indirect path. 
Step 2: gNB reconfigure the remote UE, configure SRB on direct path, if not exist. (FFS)
Step 3: gNB sends the RRC Reconfigure message to remote UE to release the indirect path, which can include the PC5 configuration release and bearer reconfiguration.
Setp 4: gNB sends the RRC Reconfigure message to relay UE to release the remote UE related configuration.
Step 5: remote UE or relay UE release PC5 connection.


Fig.4 Remote UE release indirect path for scenario 1
Proposal 5: It is proposed to agree the flowchart in Fig.4 as baseline for multi-path remote UE release indirect path for scenario 1.
As in Fig.5, remote UE configured multi-path release the direct path for multi-path for scenario 1,
Step 0: gNB reconfigure the remote UE, configure SRB on indirect path, if not exist. (FFS)
Step 1: gNB decides to release the direct path. 
Step 2: gNB reconfigure the remote UE, configure SRB on indirect path, if not exist. (FFS)
Step 3: gNB sends the RRC Reconfigure message to remote UE to release the direct path, which can include bearer reconfiguration.
Setp 4: gNB sends the RRC Reconfigure message to relay UE, which can include bearer reconfiguration.


[bookmark: OLE_LINK4]Fig.5 Remote UE release direct path for scenario 1
Proposal 6: It is proposed to agree the flowchart in Fig.5 as baseline for multi-path remote UE release direct path for scenario 1.
As in Fig.6, remote UE configured multi-path release the indirect path for multi-path for scenario 2,
Step 1: gNB decides to release the indirect path. 
Step 2: gNB sends the RRC Reconfigure message to remote UE to release the indirect path, which can include bearer reconfiguration.
Setp 4: gNB sends the RRC Reconfigure message to relay UE to release the remote UE related configuration.
Step 5: remote UE or relay UE release non-standard link.(without 3GPP impact)


Fig.6 Remote UE release indirect path for scenario 2
Proposal 7: It is proposed to agree the flowchart in Fig.6 as baseline for multi-path remote UE release indirect path for scenario 2.
Other cases for path add/release/change 
During the discussion in last meeting, some path changes cases are supported with FFS. 
For scenario 1, case G, that the remote UE operating in multi-path changes to a new relay UE for the indirect path while keeping the direct path under the same gNB, it can be supported via separate release-and-add (A+C in separate reconfigurations), without considering single procedure. for case E, that the remote UE operating in multi-path changes the direct path to a different cell of the same gNB while using the serving relay UE for the indirect path under the same gNB, it can be supported via separate release-and-add for scenario 1 (B+D in separate reconfigurations), without considering single procedure.
Proposal 8: For scenario 1, only separate release and add procedure is considered for case G and E.
For scenario 2, the direct path is always available. Case B and D can be excluded. For cases E,F,G can be left to further enhancement in future release. 
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.
[bookmark: OLE_LINK5]Proposal 9: Case B and D can be excluded, for scenario 2.
Proposal 10: Case E, G can be supported for this release, for scenario 2. 
[bookmark: _Hlk59519022]Primary/secondary path for Control plane
Although lots of companies commented that primary path and secondary path concept is beneficial to be introduced into multi path. However, no progress have been reached until last meeting.
In our understanding, the primary path and secondary path concept make sense only when the second path is added. That is to say, when the UE initially establishes RRC connection via a relay UE, the configuration of primary path is not necessary. The primary path and secondary path can be configured by gNB during or after the second path adding procedure. 
As we agreed, both case that Remote UE adds indirect path or direct path as second path are supported. For the case that remote UE establishes RRC connection in uu and add an relay UE as second path, the primary path can be on the direct path. It seem acceptable for all companies. However, for the case that remote UE establishes RRC connection via relay UE and add uu link as second path, options are divided. Even though, remote UE has established RRC connection (SRB1, SRB2)in indirect path, we also identify some benefit to configure the primary path on direct path. 
[bookmark: OLE_LINK1]Firstly, from control plane reliability perspective, indirect path is consist of PC5 link between relay UE and remote UE and uu link between relay UE and gNB, which may increase possibility of RLF with the mobility of relay UE and the payload of relay UE. Comparing with the direct path, the reliability of indirect path is always relay on the condition of relay UE. Secondly, from latency perspective, signaling may be transmitted via two hop which bring large delay than direct path. Considering that the multi hop SL relay in future release, the latency issue can not be neglected. Thirdly, the complexity to establish SRB1 and SRB2 in direct path is not intolerable.
Hence, we suggest only the direct path can be configured as the primary path and the indirect path can be configured as the secondary path, regardless indirect path or direct path is added as second path. For scenario 2, we think the indirect path is always added to remote UE that has established RRC connection with gNB via direct path, so the primary path configuration issue is apparent.
Proposal 11: Only the direct path can be configured as the primary path and the indirect path can be configured as the secondary path for scenario 1 and 2, regardless indirect path or direct path is added as second path.
Here, we draft the basic procedure for the two cases as illustrated in Fig.7 and Fig.8. Fig.7 is for the case that indirect path is added to remote UE that has direct path, and Fig.8 shows the case that direct path is added to remote UE with direct path. 
After the second path is added, gNB will reconfigure the direct path as the primary path, and reconfigure the indirect path as secondary path. For the reconfiguration of primary path and secondary, SRB configuration should be included. As agreed in last meeting, for scenario 1, SRB1 and SRB2 can be configured on either the direct or the indirect path, or on both at least with duplication. For scenario 2, SRB1 and SRB2 can be configured at least on the direct path. The SRB reconfiguration can be split SRB, for which we will discuss later.


Fig.7 primary path configuration for case 1


Fig.8 primary path configuration for case 2
Proposal 12: SRB (re)configuration should be considered with the configuration of primary path and secondary path. 
RLF recovery
For multi path, direct path and indirect path are configured simultaneously. At least, RLC entity or PC5 RLC entity is configured in the second path for the multi-path DRB. The direct path and indirect path are separated transmission, hence, the RLF and RLF recovery in each path should be separately declared. In additional, how to perform fast link recovery should be considered in RAN2. 
[bookmark: OLE_LINK6]Proposal 13: RAN2 is suggested to discuss fast link recovery for MP.
With the progress of post email discussion on primary path, we think the primary path concept can be take as work assumption at least. Therefore, here, we will discuss the RLF recovery issue on top of primary path and secondary path concept.
If the RLF is detected for secondary path, the remote UE can report the RLF in secondary path on primary path and perform radio link recovery on the secondary path under network control. However, if the RLF is detected for primary path, the secondary can not report the RLF of primary path for lack of SRB. Refer to the solution in MR-DC, split SRB can be introduced to multi-path for fast link recovery. Split SRB is supported for both SRB1 and SRB2, and the split SRB can be configured with secondary path Addition and/or Modification procedure.

[bookmark: _GoBack]
Fig.9 fast link recovery with split SRB
[bookmark: OLE_LINK2]Proposal 14: Split SRB can be supported for both SRB1 and SRB2 on the secondary path in multi path.
Proposal 15: Split SRB can be configured with secondary path Addition and/or Modification procedure.
Proposal 16: Split SRB solutions can be applied for both scenario 1 and scenario 2. 
Conclusions
According the above discussion we have following observations and proposals: 
Proposal 1：It is proposed to agree the flowchart in Fig.1 as baseline for remote UE adds indirect path for multi-path establishment for scenario 1.
Proposal 2：It is proposed to agree the flowchart in Fig.2 as baseline for remote UE adds direct path for multi-path establishment for scenario 1.
Proposal 3: Ask RAN2 to discuss the trigger event for multi-path establishment in scenario 2.  
Proposal 4: It is proposed to agree the flowchart in Fig.3 as baseline for remote UE adds indirect path for multi-path establishment for scenario 2.
Proposal 5: It is proposed to agree the flowchart in Fig.4 as baseline for multi-path remote UE release indirect path for scenario 1.
Proposal 6: It is proposed to agree the flowchart in Fig.5 as baseline for multi-path remote UE release direct path for scenario 1.
Proposal 7: It is proposed to agree the flowchart in Fig.6 as baseline for multi-path remote UE release indirect path for scenario 2.
Proposal 8: For scenario 1, only separate release and add procedure is considered for case G and E.
Proposal 9: Case B and D can be excluded, for scenario 2.
Proposal 10: Case E, G can be supported for this release, for scenario 2. 
Proposal 11: Only the direct path can be configured as the primary path and the indirect path can be configured as the secondary path for scenario 1 and 2, regardless indirect path or direct path is added as second path.
Proposal 12: SRB (re)configuration should be considered with the configuration of primary path and secondary path. 
Proposal 13: RAN2 is suggested to discuss fast link recovery for MP.
Proposal 14: Split SRB can be supported for both SRB1 and SRB2 on the secondary path in multi path.
Proposal 15: Split SRB can be configured with secondary path Addition and/or Modification procedure.
Proposal 16: Split SRB solutions can be applied for both scenario 1 and scenario 2. 
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