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Introduction
At last meeting, RAN2 discussed subsequent CPAC and made the following agreements [1]: 
	· For SN-initiated SCG selective activation, candidate SN generates execution conditions for subsequent CPC.
· FFS if it shall be possible to do something like MN-initiated CPA/CPC where Candidate SN generate execution conditions for subsequent CPC
· The reference configuration is provided to all candidates involved in preparation, FFS which node initially generates it. Assume it can be provided in MN initiated and in SN initiated procedures.  
· Will not spend specific efforts for supporting nested configurations for candidate cell configuration.
· Rapporteur take initiative on naming offline
· Terminology is “Subsequent CPAC”


In this contribution, we discussed some remaining issues on subsequent CPAC.
Discussions 
[bookmark: _Toc24792][bookmark: _Toc6764][bookmark: _Toc939]2.1 Reference and candidate cell configuration
At RAN2#121bis meeting, RAN2 discussed the candidate cell configuration and reference configuration for SCG selective activation, but left some FFS issues:
	1. Reference SCG configuration (Optionality FFS). Assume as for LTM Reference configuration may be empty.
FFS whether MCG configuration is included. 
FFS RRC model for the reference configuration.
2. Initial List of candidate target PSCells (this list can be updated by the network, e.g., cells may be added or removed) with associated target SCG configurations. FFS whether the MCG configurations associated with the target SCG configurations are included. 


Currently, the CPA and inter-SN CPC candidate configuration may include both MCG part and SCG part configuration. Considering that inter-SN subsequent CPAC is supported, the same RRC model for CPAC candidate PSCell configuration can be reused. Namely, the candidate PSCell configuration can include MCG configuration, i.e. modeled as an MN RRCReconfiguration message containing an SN RRCReconfiguration message.
For CPA and inter-SN CPC candidate PSCells, the candidate configuration may include both MCG part and SCG part.
For inter-SN subsequent CPAC candidate, the candidate PSCell configuration can include MCG configuration, i.e. modeled in MN format.
The existing intra-SN CPC candidate configuration is provided in SN RRCReconfiguration message, i.e. without MCG configuration. However, the NW may configure intra-SN CPC candidate cells and inter-SN CPC candidate cells simultaneously. In subsequent CPAC execution, the type of intra-SN CPC candidate and inter-SN CPC candidate may be changed due to the cell switch. Thus the intra-SN CPC candidate configuration in SN format can not be used for the subsequent inter-SN CPC.
The intra-SN CPC and inter-SN CPC candidates can be configured simultaneously. The type of intra-SN CPC and inter-SN CPC may be changed due to cell switch, which may cause the intra-SN CPC in SN format can not be used for the subsequent inter-SN CPC execution.
Besides, it’s agreed that the reference configuration is provided to all candidates involved in preparation. Namely, a reference configuration is used for both SN initiated intra-SN CPC and SN/MN initiated inter-SN CPC. Thus, it would be more efficient to provide the CPC configuration in an unified format for both intra-SN and inter-SN cases, i.e. both in MN format. For intra-SN case, the source SN can send the generated candidate SCG configurations and execution conditions to the MN. And then the MN generates the final MN RRC reconfiguration message for the candidate PSCell, i.e. in MN format. The MN RRC reconfiguration message containing an SN RRC reconfiguration message, which includes the candidate SCG configuration.
For intra-SN subsequent CPC candidate, the candidate PSCell configuration can also be provided in MN format, to support the subsequent inter-SN CPC.
Accordingly, the reference configuration can include both MCG configuration and SCG configuration. Anyway it can be up to the NW implementation whether to include MCG configuration into the reference configuration.  
The reference configuration for subsequent CPAC can include both MCG configuration and SCG configuration. It’s up to the NW implementation whether to include the MCG configuration.
2.2 Execution conditions for subsequent CPC
At last meeting, it’s agreed that the candidate SN generates execution conditions for subsequent CPC in SN initiated subsequent CPAC. But it is still unclear which node to generate the subsequent execution conditions in MN initiated case. In our understanding, the MN initiated subsequent CPAC just means the preparation procedure is initiated by the MN. It would be easier to let the candidate SN (including the source SN if it’s configured as a candidate SN as well) generate the execution conditions for the candidate PSCells selected by the candidate SN, based on the candidate SCG MeasConfig. Thus, a unified solution for the subsequent CPC execution condition generation can be applicable to both MN and SN initiated cases. In our companion contribution [2], we further discussed how to generate the execution conditions for subsequent CPC by the candidate SN. 
For MN initiated subsequent CPAC, the candidate SN generates the execution conditions for the subsequent CPC, i.e. based on the candidate SCG MeasConfig. 
Besides, for subsequent CPAC configuration, RAN2 agreed that the UE will keep R18 CPC configurations after CPC execution. It should be possible to release a CPC candidate explicitly by RRC reconfiguration procedure. However, with the UE’s movement, when UE moves to one specific candidate PSCells, some other candidate PSCells may become not suitable as candidates for the subsequent CPC. For example, there are 7 candidate PSCells pre-configured by the NW for subsequent CPAC. When the UE moves to PSCell_3, PSCell_2/4/5 could be the candidate PSCells for the next CPC. But PSCell_1/6/7 are not available for the next CPC execution. Thus, the NW may need to indicate for each candidate PSCell, which candidate PSCells are available for the subsequent CPC.  


Fig. 1 Candidate PSCells for subsequent CPAC
Regarding how to handle the candidate PSCells which are not suitable for the subsequent CPC, there are two options to be considered:
· Option 1: For each candidate PSCell, the NW indicates a set of candidate PSCells to be maintained or released, i.e. used when the candidate PSCell becomes the current serving PSCell
· Option 2: For each candidate PSCell, the NW indicates a set of candidate PSCells to be evaluated for the next CPC, i.e. used when the candidate PSCell becomes the current serving PSCell
In option 1, the UE may release some candidate PSCell configurations every time completion of a PSCell addition or change, e.g. based on the NW indication. For example, when the UE switches to PSCell_3, the candidate configurations for PSCell_1/6/7 shall be released. However, when the UE moves from PSCell_3 to PSCell_2, then the PSCell_1 could be a candidate again. The NW may need to re-configure the PSCell_1 into the candidate PSCells if it’s released by the previous PSCell change, which shall require additional inter-node signaling interaction and RRC reconfiguration signaling to adjust the candidate PSCells. 
With the UE’s movement, some of the initial candidate PSCells may become unavailable for the next CPC when the UE moves to a specific candidate PSCell. But such unavailable candidates may become available again in the subsequent PSCell change. 
In option 2, the UE can keep all candidate PSCell configurations after completion of a PSCell addition or change, but just suspends the evaluation on execution conditions for some unavailable candidate PSCells, e.g. based on the NW configuration. For the subsequent CPC, the evaluation on such suspended candidate PSCells could be resumed if the candidate PSCells become available again. Thus, we prefer option 2, to avoid the unnecessary evaluation on the unavailable candidates, as well as unnecessary release and add for candidate PSCell configurations due to the UE’s movement. Besides, the execution conditions for such candidates to be evaluated for subsequent CPC can be provided together.
In subsequent CPAC configuration, for each candidate PSCell, the NW indicates a set of candidate PSCells to be evaluated for the subsequent CPC as well as the associated execution conditions, i.e. used when that candidate PSCell becomes the current serving PSCell. 
2.3 On candidate PSCell configuration release
Additionally, we need to further consider whether to release the subseuqent CPAC configuration in some cases, e.g. upon SCG release, upon SCG deactivation, upon intra-MN PCell change, upon going to RRC_IDLE or RRC_INACTIVE, upon RRC reestablishment. 
In Rel-17 CPAC, the UE shall autonomously release all stored candidate PSCell configurations at SCG release. One of the main reason to release the candidate PSCell configurations is that the stored configurations may become invalid after SCG release if the candidate configuration is a delta configuration based on the source SCG configuration. However, for Rel-18 subsequent CPAC, a reference configuration can be stored separately for the candidate configurations, so the candidate configurations shall not be impacted by the source SCG release. And it’s possible for the UE to reuse the stored candidate PSCell configurations for the subsequent CPA. 
The SCG release will not impact the candidate PSCell configuration for subsequent CPAC, which is delta configuration based on the reference configuration, or complete candidate configuration.
The coexistence of SCG deactivation and CPAC is not supported in Rel-17 CPAC as well. Namely, CPC should be released when the NW sends SCG deactivation command to the UE. However, the candidate PSCell configurations may be useful for the subsequent PSCell change after SCG is re-activated. Currently, the PSCell change can be triggered during SCG deactivation as well. Thus, it’s preferred to let the NW decide and indicate whether to release stored candidate PSCell configurations or which candidate PSCells to be released upon SCG deactivation, similar to the handling at SCG release. 
The candidate PSCell configuration could be useful for the PSCell change during SCG deactivation or after SCG activation again.
For intra-MN PCell change, no SN key update is required due to the PCell change. It may have no impact on the candidate PSCell configurations, e.g. intra-MN PCell change without SN involvement. In such case, there is no need to release the candidate PSCell configurations, to avoid re-initiating and re-configuring the CPAC after PCell change.
The intra-MN PCell change does not require to update the SN key. The candidate PSCell configuration may still be valid after PCell change, e.g. in intra-MN PCell change without SN involvement.
In addition, if the NW decides to release the subsequent CPAC configuration, the NW can release the candidate PSCells via condReconfigToRemoveList in the same RRCReconfiguration message for SCG release, SCG deactivation or intra-MN PCell change.
According to the analysis above, we think it can be up to the NW to decide and indicate whether to release stored candidate PSCell configurations or/and which candidate PSCells to be released, e.g. via condReconfigToRemoveList in RRCReconfiguration message.  
Upon SCG release, SCG deactivation or intra-MN PCell change, the NW can indicate whether to release stored candidate PSCell configurations or which candidate PSCells to be released, e.g. via condReconfigToRemoveList in RRCReconfiguration message.
If some candidate PSCell configurations are maintained after SCG release, such configurations can be used for subsequent CPA. The maintained candidate PSCells may be configured with additional execution conditions for CPA.
If candidate PSCell configurations are not released by the NW upon SCG release, the maintained candidate PSCell configurations can be used for the subsequent CPA.
If candidate PSCell configurations are not released by the NW upon SCG deactivation, the status of maintained candidate SCGs should be considered as deactivated during SCG deactivation. Namely, the UE shall not perform RA to the target PSCell even if the associated execution is met, unless the SCG is activated again. Furthermore, the UE can also suspend the evaluation on candidate PSCells during SCG deactivation. 
If candidate PSCell configurations are not released by the NW upon SCG deactivation, the status of maintained candidate SCGs shall be considered as deactivated (i.e. the UE shall not perform RA to the target candidate PSCell) during SCG deactivation.
For other cases, e.g. upon RRC re-establishment, going to RRC_INACTIVE state, going to RRC_IDLE state, we think the UE can simply release the candidate PSCell configurations considering such configuration is likely not to be used for the subsequent procedure, i.e. reuse the UE autonomous release behaviour as Rel-17 CPAC.
The candidate PSCell configurations are released by UE automatically upon the following cases happen:
RRC re-establishment
going to RRC_INACTIVE state
going to RRC_IDLE state
2.4 Security issue
At last meeting, SA3 replies the LS to address the security key reuse issue for subsequent CPAC, as below:
	SA3 has considered different alternative solutions to address the issue and concluded to have a SN Counter based solution for fresh key derivation for selective SCG activation. 
Following is the solution details from security perspective:
1. The MN provides to the UE the SN Counter values for each SN, and the UE stores these values along with the CPC.
2. The UE derives the KSN using the KgNB together with an unused SN Counter value pre-provisioned by the MN. The UE changes the SN Counter upon every SN change. 
ACTION: 	SA3 requests RAN2 to take a note of the above status of security analysis and to provide feedback on the above solution details.


According to the solutions provided by SA3, the MN can pre-configure a list of sk-Counter values for each candidate SN, and the UE shall use the unused sk-counter to derive the SN key upon every SN change. However, based on the current candidate configuration, the UE can not identify whether the PSCell change is for intra-SN case or inter-SN case. 
Based on the current candidate cell configuration, the UE can not identify whether the PSCell change is for intra-SN case or inter-SN case.
Considering that the SN key update is only required for inter-SN CPC execution, but not for intra-SN CPC execution, the NW needs to indicate which candidate PSCells belong to the same candidate SN. Thus, a cell group/set ID can be configured per candidate cell to indicate whether the source cell and the target candidate cell belong to the same SN or not, i.e. similar to LTM. If the CPC execution is performed between cells with the same set ID, the SN key update is not required. If the CPC execution is performed between cells with the different set IDs, the SN key update is required.
A cell set ID is configured per candidate PSCell to indicate whether the source cell and the target candidate cell belong to the same SN or not:
If the CPC is executed between cells with the same set ID, no SN key update is required. 
If the CPC is executed between cells with the different set IDs, the SN key update is required.
The MN can pre-configure a list of sk-Counter values for each cell set to allow the UE to use an unused sk-counter when the UE performs CPC across different cell sets. For example, if the set ID associated with the target candidate cell is different from the set ID associate with the current serving/source cell, the UE shall use an unused sk-counter in the sk-counter list associated with the set ID of the target candidate cell to update the SN key.  
The NW provides a list of sk-counter values for each cell set, to allow the UE to use an unused sk-counter when the UE performs CPC across different cell sets.
According to the proposals above, an example of ASN.1 signalling structure is shown in the Annex.
Conclusion and Proposals
In this contribution, we discussed remaining issues on subsequent CPAC with the following observations and proposals:
Observation 1: For CPA and inter-SN CPC candidate PSCells, the candidate configuration may include both MCG part and SCG part.
Observation 2: The intra-SN CPC and inter-SN CPC candidates can be configured simultaneously. The type of intra-SN CPC and inter-SN CPC may be changed due to cell switch, which may cause the intra-SN CPC in SN format can not be used for the subsequent inter-SN CPC execution.
Observation 3: With the UE’s movement, some of the initial candidate PSCells may become unavailable for the next CPC when the UE moves to a specific candidate PSCell. But such unavailable candidates may become available again in the subsequent PSCell change.
Observation 4: The SCG release will not impact the candidate PSCell configuration for subsequent CPAC, which is delta configuration based on the reference configuration, or complete candidate configuration.
Observation 5: The candidate PSCell configuration could be useful for the PSCell change during SCG deactivation or after SCG activation again.
Observation 6: The intra-MN PCell change does not require to update the SN key. The candidate PSCell configuration may still be valid after PCell change, e.g. in intra-MN PCell change without SN involvement.
Observation 7: Based on the current candidate cell configuration, the UE can not identify whether the PSCell change is for intra-SN case or inter-SN case.

Reference and candidate cell configuration
Proposal 1: For inter-SN subsequent CPAC candidate, the candidate PSCell configuration can include MCG configuration, i.e. modeled in MN format.
Proposal 2: For intra-SN subsequent CPC candidate, the candidate PSCell configuration can also be provided in MN format, to support the subsequent inter-SN CPC.
Proposal 3: The reference configuration for subsequent CPAC can include both MCG configuration and SCG configuration. It’s up to the NW implementation whether to include the MCG configuration.
Execution conditions for subsequent CPC
Proposal 4: For MN initiated subsequent CPAC, the candidate SN generates the execution conditions for the subsequent CPC, i.e. based on the candidate SCG MeasConfig.
Proposal 5: In subsequent CPAC configuration, for each candidate PSCell, the NW indicates a set of candidate PSCells to be evaluated for the subsequent CPC as well as the associated execution conditions, i.e. used when that candidate PSCell becomes the current serving PSCell.
On candidate PSCell configuration release
Proposal 6: Upon SCG release, SCG deactivation or intra-MN PCell change, the NW can indicate whether to release stored candidate PSCell configurations or which candidate PSCells to be released, e.g. via condReconfigToRemoveList in RRCReconfiguration message.
Proposal 7: If candidate PSCell configurations are not released by the NW upon SCG release, the maintained candidate PSCell configurations can be used for the subsequent CPA.
Proposal 8: If candidate PSCell configurations are not released by the NW upon SCG deactivation, the status of maintained candidate SCGs shall be considered as deactivated (i.e. the UE shall not perform RA to the target candidate PSCell) during SCG deactivation.
Proposal 9: The candidate PSCell configurations are released by UE automatically upon the following cases happen:
• RRC re-establishment
• going to RRC_INACTIVE state
• going to RRC_IDLE state
Security issue
Proposal 10: A cell set ID is configured per candidate PSCell to indicate whether the source cell and the target candidate cell belong to the same SN or not:
• If the CPC is executed between cells with the same set ID, no SN key update is required.
• If the CPC is executed between cells with the different set IDs, the SN key update is required.
Proposal 11: The NW provides a list of sk-counter values for each cell set, to allow the UE to use an unused sk-counter when the UE performs CPC across different cell sets.
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Annex
[bookmark: _Toc60777201][bookmark: _Toc131064929]–	ConditionalReconfiguration
The IE ConditionalReconfiguration is used to add, modify and release the configuration of conditional reconfiguration.
ConditionalReconfiguration information element
-- ASN1START
-- TAG-CONDITIONALRECONFIGURATION-START

ConditionalReconfiguration-r16 ::=   SEQUENCE {
    attemptCondReconfig-r16              ENUMERATED {true}              OPTIONAL,   -- Cond CHO
    condReconfigToRemoveList-r16         CondReconfigToRemoveList-r16   OPTIONAL,   -- Need N
    condReconfigToAddModList-r16         CondReconfigToAddModList-r16   OPTIONAL,   -- Need N
condReconfigSetToAddModList-r18         CondReconfigSetToAddModList-r18   OPTIONAL,   -- Need N
condReconfigSetToRemoveList-r18         CondReconfigSetToRemoveList-r18   OPTIONAL,   -- Need N
...
}

CondReconfigToRemoveList-r16 ::=     SEQUENCE (SIZE (1.. maxNrofCondCells-r16)) OF CondReconfigId-r16
CondReconfigSetToRemoveList-r18 ::=     SEQUENCE (SIZE (1.. maxNrofCondSets-r18)) OF CondReconfigSetId-r18

-- TAG-CONDITIONALRECONFIGURATION-STOP
-- ASN1STOP

–	CondReconfigSetToAddModList
The IE CondReconfigSetToAddModList concerns a list of conditional reconfiguration sets to add or modify, with for each entry the condReconfigSetId and the associate sk-CounterList.
CondReconfigSetToAddModList information element
CondReconfigSetToAddModList-r18 ::= SEQUENCE (SIZE (1.. maxNrofCondSets-r18)) OF CondReconfigSetToAddMod-r18

CondReconfigSetToAddMod-r18 ::=     SEQUENCE {
    condReconfigSetId-r18               CondReconfigSetId-r18,
sk-CounterList-r18     SEQUENCE (SIZE (1..maxNrofSkCounters-r18)) OF SK-Counter                      OPTIONAL,    -- Need M

CondReconfigSetId-r18 ::=              INTEGER (1.. maxNrofCondSets-r18)

–	CondReconfigToAddModList
The IE CondReconfigToAddModList concerns a list of conditional reconfigurations to add or modify, with for each entry the condReconfigId and the associated condExecutionCond/condExecutionCondSCG and condRRCReconfig.
CondReconfigToAddModList information element
-- ASN1START
-- TAG-CONDRECONFIGTOADDMODLIST-START

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
    ]],
    [[
subsequentCondReconfig-r18      SubsequentCondReconfig-r18	OPTIONAL     -- Need M
cpc-CandidateSetId-r18         CPC-CandidateSetId-r18	    OPTIONAL     -- Need M
    ]]
}

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


SubsequentCondReconfig-r18 ::=     SEQUENCE {
[bookmark: _GoBack]    candidateToEvaluationList-r18      SEQUENCE (SIZE (1.. maxNrofCondCells-r16)) OF CandidateToEvaluation-r18			OPTIONAL,     -- Need M
...
}

CandidateToEvaluation-r18 ::=     SEQUENCE {
    condReconfigId-r18               CondReconfigId-r16,
    condExecutionCondSCG-r18        OCTET STRING (CONTAINING CondReconfigExecCondSCG-r17)    OPTIONAL    -- Need M
}

-- TAG-CONDRECONFIGTOADDMODLIST-STOP
-- ASN1STOP

	CondReconfigToAddMod field descriptions

	subsequentCondReconfig
The configuration that needs to be used for the subsequent CPC when the candidate cell becomes the serving cell.  

	candidateToEvaluationList
A list of candidate cells to be evaluated for the subsequent CPC.
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