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1. Introduction
According to the WID of Further NR mobility enhancements [1], objective 2 is shown below:
	1. 2. To specify mechanism and procedures of NR-DC with selective activation of the cell groups (at least for SCG) via L3 enhancements:
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]To allow subsequent cell group change after changing CG without reconfiguration and re-initiation of CPC/CPA [RAN2, RAN3, RAN4]
Note 4: A harmonized RRC modelling approach for objectives 1 and 2 could be considered to minimize the workload in RAN2.



In this contribution, we will discuss the scenarios and basic principles to support this subsequent cell group change and give our suggestions on that.
2. Discussion
2.1 Scenarios
According to the WID, the supported scenarios for subsequent CPA/CPC are not fully clear and thus we would like to first clarify the scenarios.
In current specification[2], CPA configuration is released in several cases:
	[bookmark: _Toc109124618]10.2.3	Conditional PSCell Addition
The following principles apply to CPA:
-	The CPA configuration contains the configuration of CPA candidate PSCell(s), execution condition(s) and may contain the MCG configuration, to be applied when CPA execution is triggered.
-	An execution condition may consist of one or two trigger condition(s) (CondEvents, as defined in TS 38.331 [4] or TS 36.331 [10]). Only a single RS type and at most two different trigger quantities (e.g. RSRP and RSRQ, RSRP and SINR, etc.) can be used for the evaluation of CPA execution condition of a single candidate PSCell.
-	Before any CPA execution condition is satisfied, upon reception of PSCell addition command or PCell change command, the UE executes the PSCell addition procedure as described in clause 10.2.1 or 10.2.2, or the PCell change procedure as described in clause 9.2.3.2 in TS 38.300[3] or clause 10.1.2.1 in TS 36.300 [2], regardless of any previously received CPA configuration. Upon the successful completion of PSCell addition procedure or PCell change procedure, the UE releases the stored CPA configuration.
-	While executing CPA, the UE is not required to continue evaluating the execution condition of other candidate PSCell(s).
-	Once the CPA procedure is executed successfully, the UE releases all stored conditional reconfigurations (i.e. for CPA and for CHO, as specified in TS 38.300[3] or TS 36.300 [2]).


[bookmark: _Ref110863882]Observation 1: In Rel-17, CPA configuration is released: 
· Upon the successful completion of PSCell addition procedure
· Upon the successful completion of PCell change procedure
· Once the CPA procedure is executed successfully.
Similarly, the CPC configuration is released in several cases[2]:
	[bookmark: _Toc109124628][bookmark: _Toc52568348][bookmark: _Toc46492822][bookmark: _Toc37200956][bookmark: _Toc29248369]10.6	PSCell change
The following principles apply to CPC:
-	The CPC configuration contains the configuration of CPC candidate PSCell(s) and execution condition(s) and may contain the MCG configuration for inter-SN CPC, to be applied when CPC execution is triggered.
-	An execution condition may consist of one or two trigger condition(s) (CondEvents, as defined in TS 38.331 [4] or TS 36.331 [10]). Only single RS type and at most two different trigger quantities (e.g. RSRP and RSRQ, RSRP and SINR, etc.) can be used for the evaluation of CPC execution condition of a single candidate PSCell.
-	Before any CPC execution condition is satisfied, upon reception of PSCell change command or PCell change command, the UE executes the PSCell change procedure as described in clause 10.3 and 10.5 or the PCell change procedure as described in clause 9.2.3.2 in TS 38.300[3] or clause 10.1.2.1 in TS 36.300 [2], regardless of any previously received CPC configuration. Upon the successful completion of PSCell change procedure or PCell change procedure, the UE releases all stored CPC configurations.
-	While executing CPC, the UE is not required to continue evaluating the execution condition of other candidate PSCell(s).
-	Once the CPC procedure is executed successfully, the UE releases all stored conditional reconfigurations (i.e. for CPC and for CHO, as specified in TS 38.300[3] or TS 36.300 [2]).
-	Upon the release of SCG, the UE releases the stored CPC configurations.


[bookmark: _Ref110863883]Observation 2: In Rel-17, CPC configuration is released:
· Upon the successful completion of PSCell change procedure
· Upon the successful completion of PCell change procedure
· Once the CPC procedure is executed successfully
· Upon the release of SCG
When it comes to subsequent CPA/CPC procedure, at least the above scenarios should be discussed whether subsequent cell group change is allowed (i.e. CPAC configuration is kept for further evaluation/execution) therein. In our understanding, the scenarios can be classified into 4 categories, which are:
A. MCG has changed (legacy PCell change or CHO)
B. SCG has changed from zero to one (legacy PSCell addition or CPA)
C. SCG has changed from one to another (legacy PSCell change or CPC)
D. SCG has changed from one to zero (release of SCG)
Scenario A: MCG has changed (legacy PCell change or CHO)
For scenario A, when the legacy handover procedure is performed and the MCG has changed, it seems sort of difficult for the UE to keep the CPAC configuration received previously from source MN for further evaluation/execution in new serving MN, as the initiation of the CPAC procedure was based on the coordination between source MN and candidate SN(s), e.g. in SN Addition procedure, the information was exchanged such as the request to the candidate SN(s) to allocate resources, recommended candidate cells, data forwarding addresses, etc. The new MN may not even have Xn interfaces with candidate SN and even it does, for SN terminated bearers using MCG resources, the corresponding resources need to be updated. Also, as the PCell changes, the key should be refreshed and the previous CPAC configuration may need to be anyway updated.
Therefore, it is better for UE to release CPAC configuration after successful legacy PCell change procedure.
[bookmark: _Ref110863885]Proposal 1: In Rel-18, after successful PCell change (ReconfigurationWithSync), CPAC configuration is released by UE and is not used for subsequent CPA or CPC evaluation/execution.
For the CHO case in scenario A, it is related to CHO/CPAC co-existence discussion during the Rel-17. The following question is raised in RAN2 #116e meeting[3] as a result of summary discussion[4]:
•	What happens to CHO configurations when CPAC is complete, and vice versa?
And later in RAN2 #117e and #118e meeting[5][6], the following WA is concluded (in #117) and confirmed (in #118):
	RAN2 #118e agreements
Confirm the working assumption and agree the following: when one conditional reconfiguration is executed, the other conditional reconfigurations are released.  


The agreed WA is targeting a general principle that when one conditional reconfiguration is executed, the others should be released. But as we aim at subsequent CPAC procedure, this kind of principle may not actually be applicable according to our new objectives, e.g. CPC configuration could be kept after a successful CPC execution. So, it is better to clarify that whether CPAC configuration can be kept after CHO execution for which the PCell changes, and it could follow the same principle for legacy PCell change case. Please be noted that here the discussion is for independent CHO and CPAC configuration. For CPAC associated with CHO, it is the work for objective-4 in the WID (as follows) which is discussed in another contribution[7].
4. To specify CHO including target MCG and candidate SCGs for CPC/CPA in NR-DC [RAN3, RAN2]
· CHO including target MCG and target SCG is used as the baseline
[bookmark: _Ref110863886]Due to the same reason as in Proposal 1, we also prefer to release CPAC configuration which is not used for subsequent CPA or CPC evaluation/execution.
Proposal 2: In Rel-18, after successful CHO execution, CPAC configuration is released by UE and is not used for subsequent CPA or CPC evaluation/execution.

Scenario B: SCG has changed from zero to one (legacy PSCell addition or CPA)
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Secondly, for scenario B, our understanding is that after legacy or conditional PSCell addition, it is straightforward to support it for UE to keep CPAC configuration for further CPC evaluation/execution, at least for those with A4 execution condition(s) which does not rely on serving PSCell. According to previous RAN2 agreements, the existing NR signalling in ReportConfigNR is to be modified to support A4 events for CPA and MN initiated CPC in NR-DC.
[bookmark: _Ref110850938][bookmark: _Ref110863887]Proposal 3: After successful PSCell addition procedure (ReconfigurationWithSync or conditional), CPAC configuration is kept by UE for subsequent CPC evaluation/execution.

Scenario C: SCG has changed from one to another (legacy PSCell change or CPC)
For scenario C, there is no doubt that it is the easiest one to support to complete objective-2. 
However, for the conditional PSCell change, now both MN-initiated and SN-initiated CPC are supported.  
For MN-initiated conditional CPC procedure, as the MN is aware of the CPAC configuration and no change of MN, there seems no difficulty to support this scenario for subsequent CPAC procedure.
For SN-initiated conditional CPC procedure (with MN involvement or without MN involvement), it is doubtful whether CPAC configuration received previously by UE can be valid after the PSCell changes. Similarly, as we discussed for Proposal 1, the coordination between source PSCell, target PSCell, and candidate PSCells may be needed. However, we think it is beneficial to support SN-initiated conditional CPC procedure. In RAN2 #116e meeting, the following agreement was reached:
No consensus to support A3/A5 for PSCell in MN-initiated CPC.
With configuring A3/A5 events in SN-initiated conditional CPC procedure as the execution condition, the CPC procedure may have better performance with considering both candidate PSCell and serving PSCell, therefore, we prefer to also support the SN-initiated CPC scenario for subsequent CPAC procedure.
Therefore, we propose:
[bookmark: _Ref110863888]Proposal 4: After successful PSCell change procedure (ReconfigurationWithSync), CPAC configuration is kept by UE for subsequent CPC evaluation/execution.
[bookmark: _Ref110863890]Proposal 5: After successful CPC procedure (both MN-initated and SN-initiated), CPAC configuration is kept by UE for subsequent CPC evaluation/execution. 

Scenario D: SCG has changed from one to zero (release of SCG)
When it comes to scenario D, things become complicated. in Rel-17, the CPA configuration has been released once the UE is changed from SA to DC, i.e. after PSCell addition procedure or CPA procedure. Therefore, there is no CPA configuration when the release of SCG happens and as the UE is then going back to SA, CPC configuration is not useful either which should be applicable for UE in DC mode.
However, in Rel-18, considering the concept of subsequent CPA/CPC, we think it is actually possible for the UE to keep the CPAC configuration after SN release for subsequent CPA evaluation/execution, and for subsequent CPC evaluation/execution when the UE is added with SN again. In this way, the UE is possible to go back to DC mode without reconfiguration/re-initiation of CPA, and can continute the CPC evaluation/execution after staying in DC mode.
[bookmark: _Ref110850949][bookmark: _Ref110863891]Proposal 6: After releasing of SCG, CPA configuration is kept by UE for subsequent CPA and CPC(in case of re-adding SCG) evaluation/execution.
Moreover, for the same reason as for proposal 6, the CPAC configuration should also be kept after legacy PSCell addition/CPA procedure and legacy PSCell change/CPC procedure, because the release of SCG may happen after those procedures and if the CPAC configuration has already been released before that, there would be no such configuration for subsequent CPA evaluation/execution. Therefore,
[bookmark: _Ref110863892]Proposal 7: After successful PSCell addition/change procedure (ReconfigurationWithSync or conditional), CPAC configuration is kept by UE for subsequent CPA evaluation/execution in case release of SCG happens.
Besides scenario A to scenario D, there is another scenario that may also be considered, which is for the failure case handling. 
In Rel-16, when the trigger conditions for a CHO candidate are fulfilled, the UE keeps the other CHO configurations when executing the CHO because if the CHO failure happens and the UE selects a cell which is a CHO candidate, the UE can perform the handover to that candidate cell instead of continuing re-establishment. The similar mechanism is discussed during Rel-17 and several proposals are gived in the summary discussion in RAN2 #116e meeting as follows[3]:
	Proposal 1: 	SCGFailureInformation to be enhanced to include CPAC failure information. RAN2 to agree on one or more of the following to be included:
•	Indication that a CPC was configured when the SCG failure happened
•	List of prepared PSCells
•	List of CPC conditions 
-	Ericsson thinks this is up to SON WI to do. QC and ZTE agree. Lenovo agrees and this was postponed to R18. Nokia thinks some aspects are not for SON. CATT thinks no enhancements are needed and we could reuse CHO aspects.
Proposal 2: 	CPAC recovery enhancements to be made where, upon SCG failure, the UE may execute one of the CPAC configurations. RAN2 to discuss the exact conditions to trigger this CPAC execution upon SCG RLF (e.g., radio link thresholds).
Proposal 3: 	In case proposal 2 is agreed, the CPAC recovery is an optional feature for the UE and the network may enable/disable it. 
Proposal 4: 	In case proposal 2 is agreed, RAN2 to decide whether the UE still sends an SCGFailureInformation after successful CPAC recovery.
Noted


Due to a lack of time, this CHO-like recovery mechanism for CPAC has not been agreed. In Rel-18, as the basic principle for objective-2 is to keep some of the CPAC configurations for subsequent CPAC procedures, it seems easier to use those stored configurations for recovery if applicable. The only question is whether this is in the scope of Rel-18 WID, as it is unclear when the WID says ‘To allow subsequent cell group change after changing CG’, it didn’t explicitly restrict to the successful CG change procedure or the failure ones. Therefore, it should be clarified whether RAN2 is going to discuss and support the scenario. For the general SCG failure case (e.g. SCG RLF), and for the MCG failure case (e.g. handover failure), they can be FFS.
[bookmark: _Ref110863898]Proposal 8: RAN2 to discuss when legacy PSCell change or CPAC execution fails, whether CPAC configuration can be used for CPAC recovery. 
Proposal 1 to Proposal 8 are summarized in the following table:
Table 1: Summary of scenarios for subsequent CPAC procedures
	 
	Procedure
	UE behaviour-keep CPAC configuration for

	successful
	PCell change
	No subsequent CPAC

	
	CHO
	No subsequent CPAC

	
	PSCell addtion
	subsequent CPC
subsequent CPA in case of SCG release (FFS)

	
	CPA
	subsequent CPC
subsequent CPA in case of SCG release (FFS)

	
	PSCell change 
	subsequent CPC
subsequent CPA in case of SCG release (FFS)

	
	CPC
	subsequent CPC
subsequent CPA in case of SCG release (FFS)

	unsuccessful 
	(conditional) PSCell addtion/change
	subsequent CPAC recovery (FFS)

	 
	Release of SCG
	subsequent CPA in case of SCG release (FFS)
subsequent CPC in case of re-adding SCG (FFS)


2.2 Differerntiation for CPA and CPC configuration
In Rel-17, the CPA and CPC configuration are using the same configuration structure wherein a config-ID, execution condition(s), and SCG configuration. Only SN initiated inter-SN CPC would be separately indicated by using a field condExecutionCondSCG-r17.
	CondReconfigToAddModList-r16 ::= SEQUENCE (SIZE (1.. maxNrofCondCells-r16)) OF CondReconfigToAddMod-r16

CondReconfigToAddMod-r16 ::=     SEQUENCE {
    condReconfigId-r16               CondReconfigId-r16,
    condExecutionCond-r16            SEQUENCE (SIZE (1..2)) OF MeasId                      OPTIONAL,    -- Need M
    condRRCReconfig-r16              OCTET STRING (CONTAINING RRCReconfiguration)          OPTIONAL,    -- Cond condReconfigAdd
    ...,
    [[
    condExecutionCondSCG-r17         OCTET STRING (CONTAINING CondReconfigExecCondSCG-r17) OPTIONAL     -- Need M
    ]]
}

CondReconfigExecCondSCG-r17 ::=  SEQUENCE (SIZE (1..2)) OF MeasId


 The logic here is clear, for a CPAC configuration provided to a UE, it is for CPA when the UE is in Standalone and for CPC while in Dual-connectivity mode.
[bookmark: _Ref110864132]Observation 3: In Rel-17, CPAC configuration is used for CPA or CPC based on whether UE is in DC mode or not.
 However in Rel-18, for some scenarios, it should be further discussed how the CPAC configuration works, e.g.:
· (Proposal 3) After successful PSCell addition procedure (ReconfigurationWithSync or conditional), CPAC configuration is kept by UE for subsequent CPC evaluation/execution.
It should be questioned, in this scenario, whether a same set of CPAC configurations can serve the UE or separate CPA and CPC configuration would be needed, as the UE would perform subsequent CPC after successful CPA?
[bookmark: _Ref110864133]Observation 4: It is not clear whether a same set of CPAC configuration(s) is used for UE or separate CPA and CPC configuration are needed, e.g. in subsequent CPC procedure after successful CPA procedure performed by the UE, without any reconfiguration.
In our understanding, there may be two possible solutions:
Solution 1: No differentiation of CPAC configuration, which means a same set of CPAC configurations can be used for CPA and/or CPC.
Solution 2: CPA and CPC configuration should be differentiated, so that the UE knows which configuration is for which subsequent procedure (CPA or CPC)
For solution 1, as we discussed before, A4 event can be configured for both CPA and MN initiated CPC. In case the MN thinks the same A4 threshold can be used for CPA and CPC, then the corresponding conditional reconfiguration can be applied for both CPA and CPC. Otherwise, the corresponding conditional reconfiguration can be applied for only CPA or CPC.
[bookmark: _Ref110864116]Observation 5: If a same set of CPAC configuration(s) is used for CPA and CPC, only A4 events are possible for execution condition and the threshold value can only be the same.
Based on the observations, if we would like to support the scenarios e.g. subsequent CPC procedure after successful CPA procedure performed by the UE without reconfiguration, subsequent CPA (in case of SCG release) after successful CPC procedure, the differentiation of CPA and CPC configuration may be needed, and the UE would know a configuration can be used for which cases. Therefore,
[bookmark: _Ref110864166]Proposal 9: For purpose of subsequent CPAC procedures, differentiation is needed in CPAC configuration to indicate it is for subsequent CPA or CPC, in case both may happen on the UE side.
2.3 General principles for subsequent CPAC
In this section, the general principle for Rel-18 subsequent CPAC are further discussed. The most important question to answer is:
Question 1: How to enable non-release of CPAC configuration on top of Rel-17 framework?
For question 1, as the release of CPAC configuration would be performed by Rel-17 UEs after successful (conditional) PSCell addition/change, the Rel-18 UEs should only keep the configurations in case of some extra indications, e.g. indication configured by network. In this way, the backward compatibility can be guaranteed. 
On the other hand, even if the CPAC configuration can be kept by UE for further evaluation/execution, we should also specify the time point when it should be released, after all this kind of configuration may not be useful all the time. Considering the two aspects mentioned above, there are two possible schemes for the CPAC configuration maintaining and release:
Scheme 1: Indication to allow subsequent CPAC configuration is sent to UE in CPAC configuration procedure, and UE autonomously keep the configurations for subsequent CPAC procedure until NW explicitly releases them or certain condition is satisfied (e.g. when the associated PSCell has already been accessed).
Scheme 2: Indication to allow subsequent CPAC configuration is sent to UE after each successful (conditional) PSCell addition/change procedure, and then UE is allowed to keep the CPAC configurations for subsequent CPAC procedure.
Scheme 2 actually makes the subsequent CPAC procedure more controllable by network but requires more signalling between gNB and UE, although the signalling may be as simple as a one-bit indication or something. While scheme 1 makes it more flexible for the UE for subsequent CPAC procedure but specification works may be more than scheme 2. RAN2 can discuss which one is a better trade-off.
[bookmark: _Ref110864208]Proposal 10: RAN2 to discuss which following scheme should be the assumption for keeping CPAC configuration by UE for subsequent CPAC procedure:
· Scheme 1: Indication to allow subsequent CPAC configuration is sent to UE in CPAC initiation procedure, and UE autonomously keep the configurations for subsequent CPAC procedure until NW explicitly releases them or certain condition is satisfied
· Scheme 2: Indication to allow subsequent CPAC configuration is sent to UE after each successful PSCell addition/change (ReconfigurationWithSync or conditional) procedure
3. Conclusion
[bookmark: _Hlk110351495]In this contribution, we discussed about the scenarios to be supported for subsequent CPAC procedure, the need to differentiated CPA and CPC configuration, and some general principles on the CPAC configuration release/evaluation in subsequent CPAC. 
We have the following observations and proposals: 
For scenarios
Observation 1: In Rel-17, CPA configuration is released:
· Upon the successful completion of PSCell addition procedure
· Upon the successful completion of PCell change procedure
· Once the CPA procedure is executed successfully.
Observation 2: In Rel-17, CPC configuration is released:
· Upon the successful completion of PSCell change procedure
· Upon the successful completion of PCell change procedure
· Once the CPC procedure is executed successfully
· Upon the release of SCG
Proposal 1: In Rel-18, after successful PCell change (ReconfigurationWithSync), CPAC configuration is released by UE and is not used for subsequent CPA or CPC evaluation/execution.
Proposal 2: In Rel-18, after successful CHO execution, CPAC configuration is released by UE and is not used for subsequent CPA or CPC evaluation/execution.
Proposal 3: After successful PSCell addition procedure (ReconfigurationWithSync or conditional), CPAC configuration is kept by UE for subsequent CPC evaluation/execution.
Proposal 4: After successful PSCell change procedure (ReconfigurationWithSync), CPAC configuration is kept by UE for subsequent CPC evaluation/execution.
Proposal 5: After successful CPC procedure (both MN-initiated and SN-initiated), CPAC configuration is kept by UE for subsequent CPC evaluation/execution.
Proposal 6: After releasing of SCG, CPA configuration is kept by UE for subsequent CPA and CPC(in case of re-adding SCG) evaluation/execution.
Proposal 7: After successful PSCell addition/change procedure (ReconfigurationWithSync or conditional), CPAC configuration is kept by UE for subsequent CPA evaluation/execution in case release of SCG happens.
Proposal 8: RAN2 to discuss when legacy PSCell change or CPAC execution fails, whether CPAC configuration can be used for CPAC recovery.
Differentiation for CPA and CPC configuration
Observation 3: In Rel-17, CPAC configuration is used for CPA or CPC based on whether UE is in DC mode or not.
Observation 4: It is not clear whether a same set of CPAC configuration(s) is used for UE or separate CPA and CPC configuration are needed, e.g. in subsequent CPC procedure after successful CPA procedure performed by the UE, without any reconfiguration.
Observation 5: If a same set of CPAC configuration(s) is used for CPA and CPC, only A4 events are possible for execution condition and the threshold value can only be the same.
Proposal 9: For purpose of subsequent CPAC procedures, differentiation is needed in CPAC configuration to indicate it is for subsequent CPA or CPC, in case both may happen on the UE side.
How to enable non-releasing for CPA and CPC configuration
Proposal 10: RAN2 to discuss which following scheme should be the assumption for keeping CPAC configuration by UE for subsequent CPAC procedure:
· Scheme 1: Indication to allow subsequent CPAC configuration is sent to UE in CPAC initiation procedure, and UE autonomously keep the configurations for subsequent CPAC procedure until NW explicitly releases them or certain condition is satisfied
· [bookmark: _GoBack]Scheme 2: Indication to allow subsequent CPAC configuration is sent to UE after each successful PSCell addition/change (ReconfigurationWithSync or conditional) procedure
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