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[bookmark: _Ref488331639][bookmark: _Ref178064866]Introduction
This paper will discuss on the following bullet in WID, i.e., multi-path relay. 
3.	Study the benefit and potential solutions for multi-path support to enhance reliability and throughput (e.g., by switching among or utilizing the multiple paths simultaneously) in the following scenarios [RAN2, RAN3]:
A.	A UE is connected to the same gNB using one direct path and one indirect path via 1) Layer-2 UE-to-Network relay, or 2) via another UE (where the UE-UE inter-connection is assumed to be ideal), where the solutions for 1) are to be reused for 2) without precluding the possibility of excluding a part of the solutions which is unnecessary for the operation for 2).
Note 3A: Study on the benefit and potential solutions are to be completed in RAN#98 which will decide whether/how to start the normative work.
Note 3B: UE-to-Network relay in scenario 1 reuses the Rel-17 solution as the baseline. 
Note 3C: Support of Layer-3 UE-to-Network relay in multi-path scenario is assumed to have no RAN impact and the work and solutions are subject to SA2 to progress.

Discussion
Scenario-1
Firstly, Scenario-1 is as follows.
A UE is connected to the same gNB using one direct path and one indirect path via 1) Layer-2 UE-to-Network relay
Scope
[image: ]
Figure 1 Description of Scenario-1
To define Scenario-1, one can differentiate between the frequency (set) of
· Frequency (Set) 1: for Uu interface between remote UE and gNB
· Frequency (Set) 2: for Uu interface between relay UE and gNB
· Frequency 3: for PC5 interface between remote UE and relay UE
It can be seen that
· Frequency (Set) 1 and (Set) 2: can be the same or different, i.e., the two sets can be partially overlapping or non-overlapping)
· Frequency (Set) 1 and 3: can be the same or different, i.e., the SL frequency (frequency 3) can be an intra-frequency or an inter-frequency of frequency (set) 1
· Frequency (Set) 2 and 3: similar to the case for 1 and 3 above
[bookmark: _Toc111038559]For Scenario-1 of multi-path relay, allow the deployment scenario where the frequency used for PC5 between remote and relay UE, for Uu between remote UE and gNB, and for Uu between relay UE and gNB, are the same or different.
Besides the dimension of frequency/spectrum deployment, another dimension is what stage the multi-path relay is to be applied.
Generally, the whole lifetime of SL relay includes SIB delivery, paging delivery, RRC setup / resume and re-establishment, and then UP data delivery, which is to be finally ended by RRC releasing.
· For SIB delivery, R17 already allows the remote UE to acquire SIB either directly or indirectly.
· For Paging delivery, R17 spec tends to rely on relay UE (i.e., indirectly) to forward the paging message to remote UE.
· For RRC setup / resume / re-establishment procedure, R17 spec allows remote UE to do it either via direct path or via the indirect path, yet not both.
For these procedures, R17 already provides a single-path based solution, the possible gain / benefit from implementing the procedures via multi-path based solution seems not justified by the complexity it caused.
[bookmark: _Toc111038560]For scenario-1 of multi-path relay, R2 does not pursue applying multi-path relay to the procedures of SIB delivery, paging delivery, RRC setup / resume and re-establishment.
In other words, the application of MP relay is only needed after RRC setup / resume / re-establishment procedure.
[bookmark: _Toc111038561]For scenario-1 of multi-path Relay, R2 focus on the application of multi-path relay to RRC_CONNCTED UEs only, i.e., after RRC setup / resume / re-establishment procedure.
UP related
UP-wise, there are in general two levels of the question – firstly, at which layer to do the multi-path aggregation. For this issue, one straightforward solution is to rely on PDCP layer, to leverage the design of multi-connectivity, in both CA and DC scenarios. Furthermore, due to the different stacks at PC5 (w/ SRAP) and Uu (w/o SRAP), there seems no other good alternative.
[bookmark: _Toc111038562]For Scenario-1 of multi-path relay, R2 studies the solution relying on PDCP layer to aggregate the two paths.
Secondly, in what granularity the usage of multi-path is configured, e.g., per-UE or per-bearer. It seems fairly straightforward to select the latter one (per-bearer) due to the flexibility.
[bookmark: _Toc111038563]For scenario-1 of multi-path relay, R2 studies the solution where the usage of single-path (via direct or via indirect path) and multi-path (via both direct and indirect) is configured in a per-bearer manner. 
CP related
Before looking into the detailed aspect of CP procedure/solution, the first step is to clarify the scope of CP procedure, i.e., which procedures to be supported.
As shown in the following figure, R18 would lead to 3 categories of new CP procedure
Cat-1: SP-to-SP (single path to single path) switching, i.e., the inter-gNB switching and/or indirect-to-indirect switching;
Cat-2: SP-from/to-MP (single path from/to multi-path) switching, it can be further divided into sub-cases considering whether there is change on the remaining leg;
Cat-3: MP-to-MP switching, it can be further divided into sub-cases considering whether there is change on the direct and/or indirect leg;
Table 1 CP procedure for Scenario-1
	From row to column
	SP, direct
	SP, indirect
	MP

	SP, direct
	Legacy HO
	R17 (intra-gNB)
	R18 
Case-1a, direct path is kept, indirect path is added
Case-1b, direct path is changed, indirect path is added

	
	
	R18 (inter-gNB)
	

	SP, indirect
	R17 (intra-gNB)
	R18
	R18 
Case-2a, indirect path is kept, direct path is added
Case-2b, indirect path is changed, direct path is added

	
	R18 (inter-gNB)
	
	

	MP
	R18 
Case-3a, direct path is kept, indirect path is released
Case-3b, direct path is changed, indirect path is released
	R18 
Case-4a, indirect path is kept, direct path is released
Case-4b, indirect path is changed, direct path is released
	R18 (w/o direct change, w/ indirect change,
?? w/ direct change, w/o indirect change
?? w/ both direct change and indirect change)


Comparing the different Cat:s above, it is found that the Cat-3 would lead to the highest complexity, and especially it contains some sub-cases where the scenario is out of the scope, e.g., MP-to-MP change without indirect path change, but with direct path change, that is basically the group-HO, which would lead to more sophisticated work. So it is proposed to de-prioritize the MP-to-MP change in R18.
[bookmark: _Toc111038564]For Scenario-1 of multi-path relay, R2 de-prioritizes the multi-path-to-multi-path change.
Then for Cat-2 procedures, the cases of 1b/2b/3b/4b are more complicated than 1a/2a/3a/4a in terms that there is a change on the remaining leg, e.g., case-1b provides a tool if the UE moves from direct path of gNB1 to direct + indirect path of gNB2. Considering it essentially further complicates the service-continuity procedure, it is questionable whether both intra- and inter-gNB scenarios should be considered for case 1b/2b/3b/4b.
[bookmark: _Toc111038565]For Scenario-1 of multi-path Relay, R2 discusses whether to cover cases of 1b (direct path is changed, indirect path is added), 2b (indirect path is changed, direct path is added), 3b (direct path is changed, indirect path is released) and 4b (indirect path is changed, direct path is released).
Then the scenario of 1a/2a/3a/4b are surely needed.
Firstly, for scenario-1a and 3a, it is more about the addition and release of indirect path. In R17, we make use of sl-PathSwitchConfig-r17 flag to trigger direct/indirect switching. Obviously, here for case-1a/3a which is for a different scenario, a different tool (instead of sl-PathSwitchConfig-r17) should be used. Essentially, there is a need for the tool to add / modify / release the indirect path without releasing the direct path. 
[bookmark: _Toc111038566]For Scenario-1 of multi-path Relay, for case-1a (direct path is kept, indirect path is added) and 3a (direct path is kept, indirect path is released), support indirect path addition / release (i.e., establish/release PC5 SRAP/RLC/MAC/PHY) without releasing direct path.
Secondly, for scenario-2a and 4a, similarly, we need to differentiate from legacy indirect-to-direct switching via ReconfigurationWithSync. Essentially, there is a need for the tool to add / modify / release the direct path without releasing the indirect path.
[bookmark: _Toc111038567]For Scenario-1 of multi-path Relay, for case-2a (indirect path is kept, direct path is added) and 4a (indirect path is kept, direct path is released), support direct path addition / release (i.e., establish/release Uu RLC/MAC/PHY) without releasing indirect path.
And during the addition / release procedure, there is a need to let UE know which path to be used as the PCell, since that is to be used in the possible re-establishment procedure as short MAC-I input. Therefore, there could be two alternatives
Alt-1: in case of MP scenario, always put the PCell on the direct path, 
Alt-2: in case of MP scenario, it can be either direct or indirect path to act as PCell,
In the former case, it seems more compatible with the current framework, since otherwise, in Alt-2, the direct path can be in a “SCell-only” scenario, i.e., unclear how to rely on indirect PCell to handle the RACH, RLM, PUCCH reporting related L1 procedure as in legacy. 
Yet in both case, there is a need for supporting PCell during the SP-from/to-MP change, e.g., in Alt-1, it is needed for case-2a and case-4a as above. In legacy system, it is implemented via Reconfiguration-with-Sync, so it seems straightforward to reuse; and in Alt-2, all cases of 1a/2a/3a/4a would need to support the procedure with and without PCell change.
	Conditional Presence
	Explanation

	ReconfWithSync
	The field is mandatory present in the RRCReconfiguration message:
-	in each configured CellGroupConfig for which the SpCell changes,
-	in the masterCellGroup:
-	at change of AS security key derived from KgNB,
-	in an RRCReconfiguration message contained in a DLInformationTransferMRDC message,
-	path switch of L2 U2N remote UE to the target PCell,
-	path switch of L2 U2N remote UE to the target L2 U2N Relay UE,
-	in the secondaryCellGroup at:
-	PSCell addition,
-	SCG resume with NR-DC or (NG)EN-DC,
-	update of required SI for PSCell,
-	change of AS security key derived from S-KgNB in NR-DC while the UE is configured with at least one radio bearer with keyToUse set to secondary and that is not released by this RRCReconfiguration message,
-	MN handover in (NG)EN-DC.
Otherwise, it is optionally present, need M. The field is absent in the masterCellGroup in RRCResume and RRCSetup messages and is absent in the masterCellGroup in RRCReconfiguration messages if source configuration is not released during DAPS handover.


[bookmark: _Toc111038568]For Scenario-1 of multi-path Relay, RAN2 discusses to support the SP-from/to-MP change without and with PCell change by reusing ReconfigurationWithSync signaling. 
Furthermore, we observed attempt to introduce concept of primary / secondary path from Day-1, yet the motivation / definition is not fully clarified. Some proposals talked about primary / secondary differentiation based on CP anchor (as in DC), yet the difference here is that there might be SRB carried in either / both paths, which share the same PDCP / RRC entity in an end-to-end manner. Other proposals talked about primary / secondary differentiation based on UP path, yet it is not clear what is the additional part given the existing primary / secondary term in the current PDCP spec. In other words, it is not clear what the consequence of we do not introduce such primary / secondary path is. 
[bookmark: _Toc111038569]For Scenario-1 of multi-path Relay, RAN2 not purse the concept of primary / secondary path / bearer before the motivation / definition is clarified.
Scenario-2
Secondly, scenario-2 is as follows
A.	A UE is connected to the same gNB using one direct path and one indirect path via …, or 2) via another UE (where the UE-UE inter-connection is assumed to be ideal), where the solutions for 1) are to be reused for 2) without precluding the possibility of excluding a part of the solutions which is unnecessary for the operation for 2).
Scope
Similar restrictions for scenario-1 should be applied to scenario-2.
[bookmark: _Toc111038570]For Scenario-2 of multi-path relay, allow the deployment scenario where the frequency used for Uu between remote UE and gNB, and for Uu between relay UE and gNB, are same or different.
[bookmark: _Toc111038571]For scenario-2 of multi-path relay, R2 does not pursue applying multi-path relay to the procedures of SIB delivery, paging delivery, RRC setup / resume and re-establishment.
[bookmark: _Toc111038572]For scenario-2 of multi-path Relay, R2 focus on the application of multi-path relay to RRC_CONNCTED UEs only, i.e., after RRC setup / resume / re-establishment procedure.

UP related 
Firstly, stack-wise, it is preferred to use similar stack as for scenario-1, i.e., end-to-end PDCP on top of adaptation layer based per-hop L1/2.
[bookmark: _Toc111038573]For scenario-2 of multi-path Relay, reuse the same stack as for scenario-1, i.e., SRAP on top of inter-UE connection to carry data from PDCP and above layers.
Similar restrictions for scenario-1 should be applied to scenario-2.
[bookmark: _Toc111038574]For Scenario-2 of multi-path relay, R2 studies the solution relying on PDCP layer to aggregate the two paths.
[bookmark: _Toc111038575]For scenario-2 of multi-path relay, R2 studies the solution where the usage of single-path (via direct or via indirect path) and multi-path (via both direct and indirect) is configured in a per-bearer manner. 
CP related
Table 1 CP procedure for Scenario-2
	From row to column
	SP, direct
	SP, indirect
	MP

	SP, direct
	Legacy HO
	
	R18 
Case-1a, direct path is kept, indirect path is added
Case-1b, direct path is changed, indirect path is added

	SP, indirect
	
	
	

	MP
	R18 
Case-3a, direct path is kept, indirect path is released
Case-3b, direct path is changed, indirect path is released
	
	R18 (w/o direct change, w/ indirect change,
?? w/ direct change, w/o indirect change
?? w/ both direct change and indirect change)


Firstly, the MP-to-MP switching should be de-prioritized as for scenario-1.
[bookmark: _Toc111038576]For Scenario-2 of multi-path relay, R2 de-prioritizes the multi-path-to-multi-path change.
Secondly, the Case-1b/3b may be worth further checking as for scenario-1.
[bookmark: _Toc111038577]For Scenario-2 of multi-path Relay, R2 discusses whether to cover cases of 1b (direct path is changed, indirect path is added), and 3b (direct path is changed, indirect path is released).
Besides, it is not preferred to support standalone non-3GPP indirect path, i.e., it is not necessary / reliable to rely on the SP indirect path for the SIB/Paging delivery and RRC setup / resume / re-establishment procedure.
[bookmark: _Toc111038578]For Scenario-2 of multi-path relay, R2 does not pursue the case of single path via indirect connection, i.e., the single-path, if used, has to be on direct connection.
Then similar to Scenario-1, the procedure of indirect addition / release is needed, with the delta part that the configuration for 3GPP lower layer-2 (PC5 RLC/MAC/PHY) is not needed, since the lower layer is out of 3GPP scope, and can only be left to UE implementation. 
[bookmark: _Toc111038579]For Scenario-2 of multi-path Relay, to support the case-1a (direct path is kept, indirect path is added) and 3a (direct path is kept, indirect path is released), support indirect path addition / release (i.e., establish/release PC5 SRAP) without releasing direct path. The configuration of non-3GPP lower layer is left to UE implementation.
Different from Scenario-1, it seems not reasonable to put PCell on the indirect path, considering it is proposed to always have the direct path regardless of whether the indirect path exists.
[bookmark: _Toc111038580]For Scenario-2 of multi-path Relay, only support the SP-from/to-MP change without PCell change.  
[bookmark: _Toc111038581]For Scenario-2 of multi-path Relay, RAN2 not purse the concept of primary / secondary path / bearer before the motivation / definition is clarified.

Conclusion

We have the following proposals:
Proposal 1	For Scenario-1 of multi-path relay, allow the deployment scenario where the frequency used for PC5 between remote and relay UE, for Uu between remote UE and gNB, and for Uu between relay UE and gNB, are the same or different.
Proposal 2	For scenario-1 of multi-path relay, R2 does not pursue applying multi-path relay to the procedures of SIB delivery, paging delivery, RRC setup / resume and re-establishment.
Proposal 3	For scenario-1 of multi-path Relay, R2 focus on the application of multi-path relay to RRC_CONNCTED UEs only, i.e., after RRC setup / resume / re-establishment procedure.
Proposal 4	For Scenario-1 of multi-path relay, R2 studies the solution relying on PDCP layer to aggregate the two paths.
Proposal 5	For scenario-1 of multi-path relay, R2 studies the solution where the usage of single-path (via direct or via indirect path) and multi-path (via both direct and indirect) is configured in a per-bearer manner.
Proposal 6	For Scenario-1 of multi-path relay, R2 de-prioritizes the multi-path-to-multi-path change.
Proposal 7	For Scenario-1 of multi-path Relay, R2 discusses whether to cover cases of 1b (direct path is changed, indirect path is added), 2b (indirect path is changed, direct path is added), 3b (direct path is changed, indirect path is released) and 4b (indirect path is changed, direct path is released).
Proposal 8	For Scenario-1 of multi-path Relay, for case-1a (direct path is kept, indirect path is added) and 3a (direct path is kept, indirect path is released), support indirect path addition / release (i.e., establish/release PC5 SRAP/RLC/MAC/PHY) without releasing direct path.
Proposal 9	For Scenario-1 of multi-path Relay, for case-2a (indirect path is kept, direct path is added) and 4a (indirect path is kept, direct path is released), support direct path addition / release (i.e., establish/release Uu RLC/MAC/PHY) without releasing indirect path.
Proposal 10	For Scenario-1 of multi-path Relay, RAN2 discusses to support the SP-from/to-MP change without and with PCell change by reusing ReconfigurationWithSync signaling.
Proposal 11	For Scenario-1 of multi-path Relay, RAN2 not purse the concept of primary / secondary path / bearer before the motivation / definition is clarified.
Proposal 12	For Scenario-2 of multi-path relay, allow the deployment scenario where the frequency used for Uu between remote UE and gNB, and for Uu between relay UE and gNB, are same or different.
Proposal 13	For scenario-2 of multi-path relay, R2 does not pursue applying multi-path relay to the procedures of SIB delivery, paging delivery, RRC setup / resume and re-establishment.
Proposal 14	For scenario-2 of multi-path Relay, R2 focus on the application of multi-path relay to RRC_CONNCTED UEs only, i.e., after RRC setup / resume / re-establishment procedure.
Proposal 15	For scenario-2 of multi-path Relay, reuse the same stack as for scenario-1, i.e., SRAP on top of inter-UE connection to carry data from PDCP and above layers.
Proposal 16	For Scenario-2 of multi-path relay, R2 studies the solution relying on PDCP layer to aggregate the two paths.
Proposal 17	For scenario-2 of multi-path relay, R2 studies the solution where the usage of single-path (via direct or via indirect path) and multi-path (via both direct and indirect) is configured in a per-bearer manner.
Proposal 18	For Scenario-2 of multi-path relay, R2 de-prioritizes the multi-path-to-multi-path change.
Proposal 19	For Scenario-2 of multi-path Relay, R2 discusses whether to cover cases of 1b (direct path is changed, indirect path is added), and 3b (direct path is changed, indirect path is released).
Proposal 20	For Scenario-2 of multi-path relay, R2 does not pursue the case of single path via indirect connection, i.e., the single-path, if used, has to be on direct connection.
Proposal 21	For Scenario-2 of multi-path Relay, to support the case-1a (direct path is kept, indirect path is added) and 3a (direct path is kept, indirect path is released), support indirect path addition / release (i.e., establish/release PC5 SRAP) without releasing direct path. The configuration of non-3GPP lower layer is left to UE implementation.
Proposal 22	For Scenario-2 of multi-path Relay, only support the SP-from/to-MP change without PCell change.
Proposal 23	For Scenario-2 of multi-path Relay, RAN2 not purse the concept of primary / secondary path / bearer before the motivation / definition is clarified.
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