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1 Introduction
In last RAN2 meeting, RAN2 has completed Rel-18 relay work item from RAN2 point of view, leaving only a few open issues to be addressed in maintenance phase.
In this contribution, we would like to share our opinions on the following RRC open issues on multi-path relay.
	1. MP scenario 1

	Issue 1.1: Editor’s Note: FFS whether there is other condition to include the new indication, e.g. explicit NW indication, or RRC state of the L2 U2N Relay UE.
	This issue has been discussed for several times, there are several solutions to be down selected by RAN2.

	Issue 1.2: Editor’s Note: FFS the stop condition for other cases, i.e. PC5-RRC trigger, CONNECTED relay UE
	For T421, the stop condition only covers the case that idle/inactive relay UE is triggered to connected based on remote UE’s duplicated SRB1, but may not cover the cases of connected relay UE or PC5-RRC trigger. 
This issue has been discussed, and there are several solutions to be down selected by RAN2.


2 Discussion
PC5-RRC message to bring idle/inactive relay UE to connected
In previous RAN2 meeting, the issue on how to trigger idle/inactive relay UE into connected in indirect path addition or change case in scenario 1 has been discussed and the following agreements were reached.
Agreements:
For bringing the idle/inactive relay UE to RRC_CONNECTED, the legacy Rel-17 behaviour (Alt 1 in the proposal) is not disabled for indirect path addition when split SRB1 is configured.  A PC5-RRC trigger is specified at least for other cases.
Based on the above agreements, the legacy Rel-17 behaviour of sending the RRCReconfigurationComplete message on the indirect path or a new PC5-RRC trigger could be used. Besides, in RAN2#123bis, RAN2 has made the working assumption that Rel-17 relay UEs can be considered as candidate target UEs for MP procedures. 
[bookmark: _GoBack]In the current RRC spec, when the remote UE is configured with sl-IndirectPathAddChange set to setup, and not configured with split SRB1 with duplication, the PC5-RRC trigger will be used. It seems that the use of PC5-RRC trigger is kind of depending on the remote UE’s capability. If the remote UE doesn’t support split SRB1 with duplication, the PC5-RRC message will be sent to the relay UE, no matter the relay UE is in which state or of which release. When it comes to R17 relay UE, it may cause error since the PC5-RRC trigger method is not supported by the R17 relay UE. This issue has been discussed in last few RAN2 meetings, but no consensus is reached. 
In Table.1, we try to list all the potential cases of indirect path addition/change for MP in scenario 1 based on the current mechanism, that is if the remote UE is not configured with split SRB1 with duplication, the PC5-RRC trigger method will be used. To make it simpler, we assume that the NW will always support to configure split SRB1 with duplication to the remote UE who supports that capability.
Table.1 Potential cases of indirect path addition/change for MP in scenario 1
	Index
	Relay UE’s state and Release
	Whether the NW know relay UE’s state or release?
	Remote UE’s
capability on
split SRB1
with
duplication
	SRB1 configuration
	Remote UE’s behaviour
(whether to send PC5-RRC message)
	Whether error will
happen?

	Case 1-1
	R17 Relay UE in RRC_IDLE
	No
	Yes
	Split SRB1 with duplication
	No
	No

	Case 1-2
	R17 Relay UE in RRC_IDLE
	No
	No
	SRB1 only on direct path or Split SRB1 without duplication
	Yes
	Yes

	Case 2-1
	R17 Relay UE in RRC_INACTIVE
	Maybe
	Yes
	Split SRB1 with duplication
	No
	No

	Case 2-2
	R17 Relay UE in RRC_INACTIVE
	Maybe
	No
	SRB1 only on direct path or Split SRB1 without duplication
	Yes
	Yes

	Case 3-1
	R17 Relay UE in RRC_CONNECTED
	Yes
	Yes
	Split SRB1 with duplication
	No
	No

	Case 3-2
	R17 Relay UE in RRC_CONNECTED
	Yes
	No
	SRB1 only on direct path or Split SRB1 without duplication
	Yes
	Yes

	Case 4-1
	R18 Relay UE in
RRC_IDLE
	No
	Yes
	Split SRB1 with duplication
	No
	No

	Case 4-2
	R18 Relay UE in
RRC_IDLE
	No
	No
	SRB1 only on direct path or Split SRB1 without duplication
	Yes
	No

	Case 5-1
	R18 Relay UE in RRC_INACTIVE
	Maybe
	Yes
	Split SRB1 with duplication
	No
	No

	Case 5-2
	R18 Relay UE in RRC_INACTIVE
	Maybe
	No
	SRB1 only on direct path or Split SRB1 without duplication
	Yes
	No

	Case 6-1
	R18 Relay UE in RRC_CONNECTED
	Yes
	Yes
	Split SRB1 with duplication
	No
	No

	Case 6-2
	R18 Relay UE in RRC_CONNECTED
	Yes
	No
	SRB1 only on direct path or Split SRB1 without duplication
	Yes
	No


After going through all the potential cases, we can see that Case 1-2, Case 2-2 and Case 3-2 will cause error, since R17 relay UE doesn’t support the R18 feature of PC5-RRC trigger method. For Case 1-2 and Case 2-2(may be partially), the gNB are not aware of the selected relay UE’s RRC state or release information. There are several potential optimization methods raised by companies in previous RAN2 meeting, which may be hard to converge due to strong concern from other companies about security issue. 
However, unlike Case 1-2 and Case 2-2, for Case 3-3, the gNB is well aware of the selected relay UE’s RRC state and release information. If the gNB can give an explicit indication to the remote UE not to send the PC5-RRC message in this case, the error will be avoided. Besides, as listed above, for the relay UE in RRC connected mode case, if the gNB only configures SRB1 on the direct path or split SRB1 without duplication to the remote UE, the remote UE will send the PC5-RRC message to the relay UE even if it is actually not needed, which also brings unnecessary signalling overhead and sidelink resource waste. Otherwise, the gNB shall always configure split SRB1 with duplication to the remote UE (if supported) even when the relay UE is in RRC_CONNECTED mode, which also restricts the gNB implementation. 
To somehow solve this issue, we can introduce additional indication for PC5-RRC trigger in RRCReconfiguration message, which can explicitly indicate whether the remote UE shall send the PC5-RRC message to the relay UE for bringing it to connected mode. Considering to directly indicate the relay UE’s RRC state or release information need further enhancement, we suggest the gNB only indicate the remote UE whether to send PC5-RRC message and when to add the explicit indication is up to gNB implementation. With the explicit NW indication, the potential error cases are only Case 1-2 and maybe partially Case 2-2, which can be treated as a corner case, and indirect path addition/change failure may happen in that case. No further enhancement is needed.
Proposal 1: For indirect path addition/change in MP Scenario 1, introduce an explicit indication in RRCReconfiguration message to indicate whether the remote UE shall send the PC5-RRC message to the relay UE for bringing it to RRC_CONNECTED.
Proposal 2: Remove “Editor’s Note: FFS whether there is other condition to include the new indication, e.g. explicit NW indication, or RRC state of the L2 U2N Relay UE.” in clause 5.8.9.8.2, TS 38.331.
Based on Proposal 1-2, we provide the following draft TP to TS 38.331 in Table.2.
Proposal 3: Adopt the draft TP to TS 38.331 listed in Table.2.
Table.2 Draft TP to TS 38.331
	[bookmark: _Toc156129759]5.3.5.17.2.2	SL indirect path specific configuration
The L2 U2N Remote UE shall:
1>	if sl-IndirectPathAddChange is set to setup:
2>	consider the UE indicated by the sl-IndirectPathRelayUE-Identity to be the (target) L2 U2N Relay UE and indicate to upper layer to trigger the PC5 unicast link establishment with the L2 U2N Relay UE;
3>	if the UE is configured with pc5-RRCtrigger set to true, perform the actions specified in 5.8.9.8.2;
2>	start timer T421 for the corresponding L2 U2N Relay UE with the timer value set to T421;
2>	indicate to upper layer (to trigger the PC5 unicast link release) with the source L2 U2N Relay UE in case of SL indirect path change (i.e. a new L2 U2N Relay UE is indicated via sl-IndirectPathRelayUE-Identity);
1>	else if sl-IndirectPathAddChange is set to release:
2>	consider the SL indirect path is released and release the corresponding configurations;
2>	indicate to upper layer (to trigger the PC5 unicast link release) with the L2 U2N Relay UE.
< unchanged text omitted>
[bookmark: _Toc156130092]5.8.9.8	Remote UE information
< unchanged text omitted>
[bookmark: _Toc156130094]5.8.9.8.2	Actions related to transmission of RemoteUEInformationSidelink message
< unchanged text omitted>
The L2 U2N Remote UE in RRC_CONNECTED shall:
1>	if the UE is configured with sl-IndirectPathAddChange set to setup, configured with pc5-RRCtrigger set to true and not configured with split SRB1 with duplication:
2>	include connectionForMP;
Editor's Note: FFS whether there is other condition to include the new indication, e.g. explicit NW indication, or RRC state of the L2 U2N Relay UE.
< unchanged text omitted>



	[bookmark: _Toc60777521][bookmark: _Toc156130771][bookmark: _Toc156130794]6.3.5	Sidelink information elements
< unchanged text omitted>
–	SL-IndirectPathAddChange
The IE SL-IndirectPathAddChange specifies the configuration information of SL indirect path for SL indirect path addition/change in MP.
SL-IndirectPathAddChange information element
-- ASN1START
-- TAG-SL-INDIRECTPATHADDCHANGE-START

SL-IndirectPathAddChange-r18 ::=          SEQUENCE {
    sl-IndirectPathRelayUE-Identity-r18       SL-SourceIdentity-r17,
[bookmark: _Hlk148536394]    sl-IndirectPathCellIdentity-r18           CellIdentity,
    t421-r18                                  ENUMERATED {ms50, ms100, ms150, ms200, ms500, ms1000, ms2000, ms10000},
    ...
[[
pc5-RRCtrigger-r18                      ENUMERATED {true}                OPTIONAL,  -- Need R
]]
}

-- TAG-SL-INDIRECTPATHADDCHANGE-STOP
-- ASN1STOP

	SL-IndirectPathAddChange field descriptions

	pc5-RRCtrigger
Indicates L2 U2N Remote UE to send RemoteUEInformationSidelink message including connectionForMP to the L2 U2N Relay UE for bringing it into RRC_CONNECTED.

	sl-IndirectPathRelayUEIdentity
Indicates the L2 source ID of the L2 U2N Relay UE of SL indirect path.

	sl-IndirectPathCellIdentity
Identifies the serving cell of the indicated L2 U2N Relay UE.

	t421
Indicates the timer value of T421 to be used during indirect path addition or change.






Stop condition for T421
Regarding the stop condition for T421, the following agreement was reached in RAN2#123bis meeting.
Agreements:
If RRCReconfigurationComplete is transmitted in indirect path, reuse R17 Legacy T420 stop condition (i.e., PC5 RLC ACK of RRCReconfigurationComplete in indirect path) for new T420-like timer. Else, down-select next meeting from the following options for the stop condition:
Option 1: PC5 connection is established (i.e., PC5-S unicast link establishment procedure is complete).
Option 2: upon reception of RRCReconfigurationCompleteSidelink
Based on the above agreement, the current RRC spec only covers the stop condition of T421 for the case that split SRB1 with duplication is configured to the remote UE. For the case that SRB1 is configured only in the direct path or split SRB1 without duplication is configured to the remote UE, we need to down-select from the two options on the table.
Comparing the two options, the only difference is whether to involve the time of sidelink RRC reconfiguration procedure between the remote UE and the relay UE. For the sidelink RRC reconfiguration procedure, T400 is used, which is stopped upon reception of RRCReconfigurationFailureSidelink or RRCReconfigurationCompleteSidelink. The potential sidelink radio link failure between the remote UE and the relay UE during the indirect path addition or change can be identified by the expiry of T400. There seems no need to have the same stop condition for two different timers. Thus, we prefer to go for option 1.
Proposal 4: For the case that SRB1 is configured only in the direct path or split SRB1 without duplication is configured to the remote UE, the T421 is stopped upon PC5-S unicast link establishment procedure is complete between the remote UE and the relay UE.
3 Conclusion
In this contribution, we discuss several RRC remaining issues on multi-path relaying based on the agreements reached in previous RAN2 meetings. We kindly ask RAN2 to consider the corresponding proposals listed as below.
Proposal 1: For indirect path addition/change in MP Scenario 1, introduce an explicit indication in RRCReconfiguration message to indicate whether the remote UE shall send the PC5-RRC message to the relay UE for bringing it to RRC_CONNECTED.
Proposal 2: Remove “Editor’s Note: FFS whether there is other condition to include the new indication, e.g. explicit NW indication, or RRC state of the L2 U2N Relay UE.” in clause 5.8.9.8.2, TS 38.331.
Proposal 3: Adopt the draft TP to TS 38.331 listed in Table.2.
Proposal 4: For the case that SRB1 is configured only in the direct path or split SRB1 without duplication is configured to the remote UE, the T421 is stopped upon PC5-S unicast link establishment procedure is complete between the remote UE and the relay UE.
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