
3GPP TSG-RAN WG2 Meeting #120	R2-2211678
Toulouse, France, 14th – 18th Nov. 2022

Agenda Item:	8.9.4
Source: 	vivo
Title:         	Supporting Cases and Detailed Procedures for Multi-path Scenario-1 and Scenario-2
Document for: 	Discussion and Decision 
1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction:
[bookmark: _Hlk53665621]At RAN2#119bis-e meeting, RAN2 has discussed and made lots of agreements on multi-path. In this contribution, we will further discuss supporting cases and detailed procedures for multi-path Scenario-1 and Scenario-2.
2. Discussion
2.1. Supporting cases
2.1.1. Scenario-1 
RAN2 had agreed that basic addition and release case A-D are to be supported for Scenario-1. And for the following case G, there is still an FFS issue:  
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)
In our understanding, it is surely feasible that the remote UE operation in multi-path firstly releases its old indirect path (i.e. case C) and then adds a new indirect path under the same gNB (i.e. case A) via two separate reconfiguration procedures. However, compared to a single switch procedure, two separate reconfigurations will need more signaling latency & overheads and have worse user experience. From the perspective of service continuity, these two methods will have similar performance since all of RLC buffers are flushed, state of RLC entity is (re)set to the initial values and PDCP data recovery may be triggered upon switch or release message.  Furthermore, i2i handover procedure is been discussed in parallel. We can wait for that progress and reuse it as much as possible. 
Hence, we propose:
Proposal 1 [bookmark: OLE_LINK4]For Scenario-1, Case G is supported via separate release-and-add (A+C in separate reconfigurations) as baseline in Rel-18. Whether/how to support via a single switch procedure (e.g. similar to i2i service continuity) is left to the WI phase.
For the following case E, there is also a similar FFS issue:
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.
Based on similar reason as the above, two separate reconfiguration procedures will also need more signaling latency & overheads and have worse user experience. However, when the single path or primary path of SRB1 is configured in indirect path, it is feasible that the remote UE operating in multi-path directly changes its direct path to a different cell of the same gNB while keeping the serving relay UE for indirect path under the same gNB. We can also wait for primary path modeling progress and conclusion.
Proposal 2 For Scenario-1, Case E is supported via separate release-and-add (B+D in separate reconfigurations) as baseline in Rel-18. Whether/how to support Case E via a single switch procedure is left to the WI phase.
2.1.2. Scenario-2 
In the last RAN2#119bis e meeting, RAN2 had agreed that basic addition and release case A&C, i.e. direct path as the basic, are to be supported for Scenario-2. Case F are not supported, which is same as in Scenario-1, due to the group mobility scenario. The rest cases are left to FFS for Scenario-2 as followings:
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.
In our understanding, whether to support case B & D is decided by the link quality difference between the remote UE’s Uu link and the relay UE’s Uu link when the inter-UE backhaul is ideal. If an ideal backhaul can deduce that the distance between these two UEs is very close, which means that it is a very low probability that the remote UE is OOC or with poor Uu link and meanwhile the relay UE has a good enough link quality to act as a relay role, case B&D are not urgently supported in this release. However, from the perspective of commonality between Scenario-1 & 2, case B&D can be supported with low specification efforts.
For case E, this is a very important scenario for the remote UE mobility. If case E is not supported, the remote UE mobility is equivalent to not being supported at all in release 18, which will limit the usage of Scenario-2. Considering the detailed solutions, a single procedure is more preferable, which is similar as a PCell change procedure since the PCell of remote UE will always locate in the direct path.
For case G, it may be a very low probability that a remote UE can maintain semi-static ideal backhaul with multiple relay UEs. Hence, case G can be considered with a very low priority in release 18. Furthermore, if the scenario of multiple relay UEs with ideal backhaul can gradually mature, not only switching case between different relay UEs but also multiple indirect paths can be considered in release 19 or later.
Proposal 3 For Scenario-2, whether/how to support Case B & D can be left to WI phase.
Proposal 4 For Scenario-2, Case E needs to be supported and a single procedure like legacy PCell change is more preferable.
Proposal 5 For Scenario-2, Case G does not need to be supported in Release 18.
2.2. [bookmark: _GoBack]Path addition and release procedure
The corresponding signalling procedure for each of the following cases will be discussed in this section.
· Case A: The remote UE configured only on the direct path adds the indirect path under the same gNB; 
· Case B: The remote UE configured only on the indirect path adds the direct path under the same gNB; 
· Case C: The remote UE configured with multi-path releases the indirect path;
· Case D: The remote UE configured with multi-path releases the direct path;
2.2.1. Procedure of Case A for Scenario-1
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[bookmark: _Ref110415184]Figure 1: Procedure of Case A in Scenario-1
Figure 1 shows an example procedure of Case A for Scenario-1. The related procedure is similar to the intra-gNB D2I path switch but without releasing the direct path after D2I path switch. The gNB, upon reception of the secondary path request and/or the measurement results, can determine to add indirect path for and send the related RRC reconfigurations to the remote UE. If the target relay UE is in RRC_IDLE/INACTIVE state, certain notification can be sent from the remote UE to the target the relay UE so that the target relay UE can initiate the RRC setup/resume procedure with the gNB. After the relay UE enters RRC_CONNECTED state, the gNB can provide related configuration to the relay UE in order to support indirect path for the remote UE. 
Proposal 6 For indirect path addition after direct path setup (i.e. Case A) in Scenario-1, the existing intra-gNB D2I switch procedure can be reused but skipping the step to release the direct path after indirect path addition.
2.2.2. [bookmark: _Hlk115075727]Procedure of Case B for Scenario-1
Figure 2 shows the example procedure of Case B. The related procedure is similar to the intra-gNB I2D path switch without releasing the indirect path after the direct path addition. Once the potential candidate cells for direct path has been identified and measured by the remote UE, the remote UE can initiate the secondary path addition request with measurement results included or simply report the measurement results to the gNB. Upon reception of the secondary path addition request or the measurement results, the gNB can determine to add the direct path for the remote UE and sends the RRCReconfiguration comprising direct path addition configuration to the remote UE. Upon reception of the RRCReconfiguration, the remote UE executes the configuration and setups radio link with the gNB using RACH procedure. After radio link setup with the gNB, the remote UE sends the RRCReconfigurationComplete message to the gNB to confirm the direct path setup success. 
[image: ]
Figure 2: Procedure of Case B in Scenario-1

Proposal 7 For direct path addition after indirect path setup (i.e. Case B) in Scenario-1, the existing intra-gNB I2D switch procedure can be reused but skipping the step to release the indirect path after direct path addition.
During this procedure, the gNB may reconfigure the serving cell of the newly added direct path as the PCell of the remote UE and move SRB1/2 from the indirect path to the direct path.
Proposal 8 For direct path addition after indirect path setup (i.e. Case B) in Scenario-1, RAN2 consider to support:
a) one of the serving cells of the added direct path can be reconfigured as PCell for the remote UE;
b) the added direct path can be reconfigured as the primary path at least for SRB1.

2.2.3. Procedure of Case C for Scenario-1
Figure 3 shows the example to release the indirect path for a remote UE with multipath. Based on measurement report from the remote UE or the traffic status with respect to the remote UE, the gNB can determine to release the indirect path. The gNB sends to the remote UE the RRCReconfiguration message, which may comprise indirect path release configurations, PCell reconfiguration is PCell is one of the serving cells of the indirect path, and possible configurations to reallocate the RBs (SRB and DRB) from the indirect path to the direct path. The remote UE then performs the related configurations accordingly. In the meanwhile, the gNB can send RRCReconfiguration to the relay UE to release the related configuration for the indirect path with respect to the remote UE. 
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Figure 3: Procedure of Case C of Scenario-1 (release indirect path)
Proposal 9 If the PCell is one serving cell of the indirect path to be released for the remote UE with multipath (i.e. Case C) in Scenario-1, one of the serving cells of the direct path should be reconfigured as the PCell for the remote UE during the procedure.
Proposal 10 If SRB1/SRB2 are only on the indirect path to be released for the remote UE with multipath (i.e. Case C) in Scenario-1, SRB1/SRB2 should be reconfigured to the direct path during the procedure.
2.2.4. Procedure of Case D for Scenario-1
The example procedure to release the direct path for a remote UE with multi-path is illustrated in Figure 4. According the measurement report from the remote UE and/or the traffic status of the remote UE, the gNB can determine to release the direct path while keep the indirect path. The gNB sends to the remote UE the RRCReconfiguration messages comprising direct path release signalling, possible signalling for RB reallocation from the direct path to the indirect path and possible signalling for the PCell change (if the PCell is the serving cell of the direct link). The remote UE executes the configurations to release the direct path accordingly upon reception of the signalling. In the meanwhile, the gNB may send to the relay UE the associated reconfiguration signalling for reallocating the RB from the direct path to the indirect path.
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Figure 4: Procedure of Case D of Scenario-1 (release direct path)
Proposal 11 If the PCell is one of the serving cells of the direct path to be released (i.e. Case D) in Scenario-1, one of the serving cells of the indirect path should be reconfigured as PCell for the remote UE during the procedure.
Proposal 12 If SRB1/SRB2 are only on the direct path to be released (i.e. Case D) in Scenario-1, SRB1/SRB2 should be reconfigured to the indirect path during the procedure.
As one of the motivations to introduce multi-path is to support high reliability service data transmission, it is natural that the data transmission reliability during the direct/indirect path release procedure should be ensured. To avoid data loss due to the indirect/indirect path release, we propose:
Proposal 13 For path release cases (i.e. Case C & D) of Scenario-1, PDCP data recovery can be configured for the remote UE’s AM DRBs.

2.2.5. Procedure of Case A for Scenario-2
The procedure of Case A for Scenario-2 can be derived by excluding PC5 related steps (e.g. relay measurement, relay measurement results report and PC5 link setup procedure) from the Case A procedure for Scenario-1.  As the inter-UE link in Scenario-2 is regarded as ideal link and there is no measurement for candidate relay UE, the gNB cannot rely on the measurement results of the relay UE to determine whether to add the indirect path. The gNB can rely on the inter-UE association report or secondary path request to determine whether to add indirect path for the remote UE. The example flow chart is illustrated in Figure 5.  
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Figure 5: Procedure of Case A of Scenario-2 (add indirect path)
Proposal 14 For adding indirect path after direct path setup (i.e. Case A) in Scenario-2, the remote UE should send the inter-UE association information or indirect path request to the gNB.
Proposal 15 The inter-UE association information or indirect path request can comprise of the C-RNTI of the relay UE and the serving Cell ID of relay UE.
2.2.6. Procedure of Case C for Scenario-2
Similar to Case C in Scenario-1, it is important to ensure the lossless data transmission during the indirect path releasing procedure.
Proposal 16 For indirect path release case (i.e. Case C) of Scenario-2, PDCP data recovery can be configured for the remote UE’s AM DRBs.

3. Conclusion
In this paper, we further discuss supporting cases and detailed procedures for Multi-path scenario-1 and scenario-2 and the following proposals are given:
Proposal 1 For Scenario-1, Case G is supported via separate release-and-add (A+C in separate reconfigurations) as baseline in Rel-18. Whether/how to support via a single switch procedure (e.g. similar to i2i service continuity) is left to the WI phase.
Proposal 2 For Scenario-1, Case E is supported via separate release-and-add (B+D in separate reconfigurations) as baseline in Rel-18. Whether/how to support Case E via a single switch procedure is left to the WI phase.
Proposal 3 For Scenario-2, whether/how to support Case B & D can be left to WI phase.
Proposal 4 For Scenario-2, Case E needs to be supported and a single procedure like legacy PCell change is more preferable.
Proposal 5 For Scenario-2, Case G does not need to be supported in Release 18.
Proposal 6 For indirect path addition after direct path setup (i.e. Case A) in Scenario-1, the existing intra-gNB D2I switch procedure can be reused but skipping the step to release the direct path after indirect path addition.
Proposal 7 For direct path addition after indirect path setup (i.e. Case B) in Scenario-1, the existing intra-gNB I2D switch procedure can be reused but skipping the step to release the indirect path after direct path addition.
Proposal 8 For direct path addition after indirect path setup (i.e. Case B) in Scenario-1, RAN2 consider to support:
a) one of the serving cells of the added direct path can be reconfigured as PCell for the remote UE;
b) the added direct path can be reconfigured as the primary path at least for SRB1.
Proposal 9 If the PCell is one serving cell of the indirect path to be released for the remote UE with multipath (i.e. Case C) in Scenario-1, one of the serving cells of the direct path should be reconfigured as the PCell for the remote UE during the procedure.
Proposal 10 If SRB1/SRB2 are only on the indirect path to be released for the remote UE with multipath (i.e. Case C) in Scenario-1, SRB1/SRB2 should be reconfigured to the direct path during the procedure.
Proposal 11 If the PCell is one of the serving cells of the direct path to be released (i.e. Case D) in Scenario-1, one of the serving cells of the indirect path should be reconfigured as PCell for the remote UE during the procedure.
Proposal 12 If SRB1/SRB2 are only on the direct path to be released (i.e. Case D) in Scenario-1, SRB1/SRB2 should be reconfigured to the indirect path during the procedure.
Proposal 13 For path release cases (i.e. Case C & D) of Scenario-1, PDCP data recovery can be configured for the remote UE’s AM DRBs.
Proposal 14 
For adding indirect path after direct path setup (i.e. Case A) in Scenario-2, the remote UE should send the inter-UE association information or indirect path request to the gNB.
Proposal 15 The inter-UE association information or indirect path request can comprise of the C-RNTI of the relay UE and the serving Cell ID of relay UE.
Proposal 16 For indirect path release case (i.e. Case C) of Scenario-2, PDCP data recovery can be configured for the remote UE’s AM DRBs.
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