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1 Introduction
In this paper we analyse the remaining open issues for subsequent CPAC on the following aspects
· Evaluation of SCPAC execution condition based on the UE Variable for conditional configuration
· Reference configuration selection for Intra and Inter SN CPAC scenarios 
· Bearer re-establishment issues for SCPAC 
· Handling of failure scenario
2	Discussion
2.1 	Open Issues for Evaluation of CPC Conditions for SCPAC 
In Rel-17 systems, when the CPAC/CHO is configured at UE the UE stores the conditional configurations along with execution condition that maps to measurement-ID in VarConditionalReconfig.  The candidate cells for evaluation of the CHO/CPAC condition is derived from the RRC Reconfiguration containers stored in this variable. Depending on whether condition is mapped to MCG or SCG measurement object, the candidate cells for corresponding measurement-ID are derived from this variable directly.  In other words, the VarConditionalReconfig is the reference for UE to evaluate conditions from current serving cell.
Observation 1:  In Rel-17 RRC-Configurations in VarConditionalReconfig are used for deducing the candidate cells for conditional evalution and execution from current serving cell.
For SCPAC, the execution conditions for each candidate cell are stored as a parameter in each candidate cell configuration that was configured at the time of SCPAC preparation. This list of candidate cells are not the actual candidate cells for evaluation after change of serving cell. In that case the UE need to deduce the candidate cells for evaluation from the SCPAC condition-list within this variable that corresponds to current serving cell. 
Observation 2:  In Rel-18 when SCPAC is configured the candidate cells in VarConditionalReconfig are not the candidate cells for CPAC evaluation. The candidate cells for evaluation needs to be taken from the SCPAC condition list.
In case if new candidate cells are included in the new serving cell for CPAC or SCPAC, these new candidate cells only need to be referred from VarConditionalReconfig along with cells deduced indirectly from the condition list.  This leads to multiple references for identifying the applicable cells and also need to identify appropriate entries from two parameters. The specification changes will become complicated in this approach.
Observation 3: CPAC evaluation after initial serving cell needs to be modified and the required specification changes are complicated for deducing the applicable cells for evaluation.
These observations are illustrated in the below Figure.
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To avoid the complex specification associated with indirect reference for CPAC evaluation after cell changes and managing the list across two places, we propose that UE construct new variable VarConditionalReconfig after SCPAC execution using the subsequent condition list. This will the basis for CPAC evaluation from current cell. When UE construct this new variable it can store the initial VarConditionalConfig generated at the time of preparation to new variable Var-SCPAC-Config.  At every cell change UE can pick-up the entry for VarConditionalConfig from this master variable.  This approach allows the UE to make use of current specifications for SCPAC also without complex changes.
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Proposal 1: VarConditionalReconfig is regenerated after every cell change based on SCPAC-Condition-list. The initial conditional-configurations with candidates enabled for SCPAC is stored in another variable VarSCPACConfig.
Proposal 2: RAN2 to consider the changes proposed to UE variables in Figure 2 in the running CR as basis for SCPAC Evaluation related spec changes.
[bookmark: _Hlk142642901]2.2	RRC Configuration Structure for S-CPAC 
In the running CR, the conditional-reconfiguration structure of Rel-16 is extended to include variations for S-CPAC. The S-CPAC configurations require many additional parameters and changes that are unique to S-CPAC configurations only. Extending the conditional-reconfiguration structure for all these parameters with conditional applicability for S-CPAC requires additional clarifications in the specification. Moreover, S-CPAC may need to be evolved for other scenarios like MCG in later release.  Hence we propose separate information element at the level of CHO and DAPS is introduced for S-CPAC. 
Proposal 3:  New Information element is introduced that contains all the configurations related to S-CPAC is introduced in the running CR. The proposed RRC Configuration model is given below.
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2.3 Measurement Configuration and Execution Conditions for S-CPAC 
In RAN2, it was agreed that in both MN/SN initiated inter SN S-CPAC scenarios, the candidate SN generates the execution conditions. Besides, in the running RRC CR, the measurement IDs of the conditions of each candidate configuration are provided to the UE outside of the candidate configurations. This way, providing the measurement IDs outside the candidate configurations enables flexible architecture and enables addition/modification and release of the measurement IDs along with the addition/modification of the candidate S-CPAC preparations without re-initiating the candidate configurations. 
Observation 4: Providing the measurement IDs outside the candidate configurations enables flexible architecture and enables addition/modification and release of the measurement IDs along with the addition/modification of the candidate S-CPAC preparations without re-initiating the candidate configurations. 
However, the benefit of providing the measurement ID outside the candidate configuration is visible only in limited scenarios. In order to define a condition, the following configurations needs to be provided
- ReportConfig, i.e., type of condition, offset, hysteresis and TTT values of the condition
- MeasObj, i.e., the cell individual offset, frequency
After initial S-CPAC preparation, if another S-CPAC candidate is prepared, the candidate SN may require to define new condition, i.e., the existing ReportConfig and MeasObj may not be possible to reuse. Besides, the candidate SN needs to provide new measurement ID for the newly added S-CPAC preparation which requires mapping of measurement ID to to the relevant ReportConfig and MeasObj via MeasIdToAddMod. 
Since measurement configurations used for defining the conditions of the S-CPAC are configured inside the candidate S-CPAC configuration, candidate SN needs to provide its own candidate S-CPAC configurations again with an updated measurement configuration. 
Observation 5:  Addition of new candidate cell to SCPAC list will require change in the measurement configurations of existing candidate cell configuration which is part of RRC-Configuration container.
Observation 5A: Update of measurement configuration of candidate cell requires the regeneration of delta or complete RRC configuration of candidate cells.
Here are the two alternative solutions to avoid massive signalling overhead both between the network entities in case of new S-CPAC preparation:
Alternative 1: The measurement configuration of each candidate SN should be provided to the UE outside of the candidate configuration. This way, the candidate SN provides only the measurement configuration and the UE can be configured to update the measurement configurations of each candidate SN.
Alternative 2: The candidate SN can provide a delta configuration to update its own candidate configuration. This way, the delta configuration contains only the measurement configuration changes that is needed in the candidate S-CPAC configuration. 
In each alternative, there will be only necessary signalling changes between the network entities as well as between the UE and the network. RAN2 should down select the proposed alternatives to avoid massive signalling overhead both between the network entities and in the radio interface in case of new S-CPAC preparation after initial S-CPAC preparation. 
Proposal 4: RAN2 should down-select the proposed alternatives to avoid signalling overhead both between the network entities and in the radio interface in case of new S-CPAC preparation after initial S-CPAC preparation.
2.4 MCG Reference Configuration Management in S-CPAC
In inter-SN S-CPAC, within each candidate SN there can be multiple candidate cells for SCPAC. When the UE executes one of the S-CPAC of a candidate SN, the other S-CPACs from the same candidate SN will be retained at the UE side. In this case it is possible that some of the SCPAC executions will not require change of SN. In many of the Intra-SN cell change scenarios the MCG part of the configuration is not impacted.
In the last RAN2 meeting, it was agreed that the reference configuration can contain MCG configuration and the MCG part of the reference configuration will be generated by MN. For the MN initiated or SN initiated Inter-SN SCPAC scenario, the reference configuration needs to include both MCG part and SCG part. The reason for this is that in order to allow subsequent cell changes across SN, the MCG part should also be part of the reference configuration and thus the final complete configuration. At the same time for the subset of candidate configurations the MCG part will be unaffected such as candidate cells belonging to same SN. In such case the delta configurations of MCG part will remain same across these configurations. 
When MCG part is included within the reference configuration the complete configuration including MCG part needs to be replaced as full configuration during cell change. This will lead to unnecessary reset and re-establishment of lower layers of MCG operation if the candidate cells belong to same SN and does not have any impacts on the MCG part. 
Observation 6: When MCG part is included in the reference configuration the complete RRC configuration is replaced as ‘full-config’ replacement leading to unnecessary interruption to lower layer operations for cell switch between Intra-SN candidate cells (where MCG part is not changed). 
These issues can be mitigated if the reference configuration for the Inter-SN SCPAC scenario does not include the MCG part if there are no changes to MCG part across all the candidate configurations. In this case even though MN format is used for SCPAC configurations, the reference configuration will only include SCG part. This also mean that during SCPAC execution the MCG part is not affected and the complete configuration constructed from reference +delta will only replace the SCG part.
Proposal 5: For RRC Configurations in MN-Format, excluding the MCG part in the reference configuration should be supported.  In this case, during SCPAC execution only the SCG configuration is replaced by the complete configuration built from reference +delta.
In another Inter-SN SCPAC scenario, the MCG part of the configurations differs across SCPAC configuration, but they still remain same across subset of candidates such as Intra-SN candidates. In this case the reference configuration will include MCG and SCG parts.  But NW can include additional information about group of cells among which the MCG part is same.  With this information when UE execute SCPAC within group that have same MCG part, UE can avoid replacing the complete configuration instead only replace the SCG part of the configuration.
Proposal 6: When MCG part is included as part of Reference Configuration, new group-ID (common-MCG-Group-ID) is included in the candidate configuration that indicate configuration that contains same MCG part. 
Proposal 6A:  For SCPAC executions within same common-MCG-Group-ID UE only replaces SCG configuration.

2.5	PDCP Re-establishment control in S-CPAC
During mobility scenarios of CPAC whether the PDCP needs to be re-established or not is decided based on whether PDCP anchor point changes as part of configuration. The PDCP anchor point changes happen for bearer-remapping scenarios where bearers are moved between MCG and SCG as part of reconfiguration. In other case, if the CPC involves inter-SN change or intra-SN change with CU-UP anchor point changes the PDCP re-establishment will be required.  
This parameter is defined as action parameter and not stored in RRC configuration. The action depends on whether any of the above scenario occurs during cell change. For S-CPAC case the mobility to cell can happen from any of the candidate-cell. In this case configuring the PDCP Re-establishment based on the involved cells is required to avoid interruption due to unnecessary PDCP Re-establishments. The solutions for this problem are analysed in below sections.
2.5.1	Bearer Remapping Scenario 
In case the bearers are moved from MN to SN (or vice-versa) the key in use for the moved bearers need to be changed, i.e., if a bearer is on MN, it will use MN key and if it is moved to SN, the key that will be used will be SN key after it is moved to SN. In case the keys for some bearers are changed the PDCP has to be re-established. 
Thus, when UE is initially moving some bearers from MN to SN for a S-CPAC execution, the PDCP has to be setup from scratch per moved DRB. This is configured in the radio bearer configuration for MCG with the parameter PDCP re-establishment flag being set to True per moved DRB. 
However, in case of S-CPAC in the following scenarios the subsequent cell change is subject to unnecessary bearer remapping (PDCP re-establishment) for both MCG and SCG bearers which leads into unnecessary interruption.
I) Inter-SN CPC (bearer mapping initially required) followed by intra-SN CPC (bearer mapping not required after initial inter-SN CPC).
II) Inter-SN CPC (bearer mapping initially required) followed by inter-SN CPC (same bearer mapping is not required, different bearer mapping may be required).
III) CPA (bearer mapping from MN to SN required) followed by intra-SN CPC (bearer mapping not required after inter-SN CPC)
IV) CPA (bearer mapping from MN to SN required) followed by inter-SN CPC (same bearer mapping is not required, different bearer mapping may be required).
V) CPA to CPC conversion (CPA requires bearer mapping from MN to SN, however, for the CPC converted from CPA same bearer mapping is not required, different bearer mapping may be required).
[bookmark: _Hlk146844350]Observation 7: In case of bearer remapping from MCG to SCG is involved in candidate configurations the delta configurations of candidate cells will include MCG Radio bearer and SCG radio bearer parts.  
Observation 8: When bearer remapping from SCG to MCG is involved in the candidate SCPAC configurations PDCP re-establishment will be triggered for MCG bearer during SCPAC execution for many scenarios [ Inter-SN followed by Intra-SN, CPA followed by CPC].

We see two possible alternatives to avoid the unnecessary bearer re-mapping (PDCP re-establishment) the above cases.
Network can provide a S-CPAC-DRB bitmap along with the S-CPAC preparations for each DRB that associates the S-CPAC preparations and the bearer remapping. This CPAC and Bearer mapping table info of CG can be communicated in RRCReconfiguration message to UE along with the S-CPAC preparation configurations. Hence, the UE can avoid any unnecessary bearer remapping (and unnecessary interruption) if the bitmap indicates no bearer remapping among the subsequent PSCell changes.
Alternative-1: CPAC-DRB bitmap along with the S-CPAC preparation should be provided to the UE to indicate UE the mapping (PDCP re-establishment) of the bearer along with the subsequent PSCell change.
The unnecessary bearer remapping (PDCP re-establishment) can also be avoided using CG-bearer-config-table shared in RRCReconfiguration and Target-CG-bearer-Information as delta (based on CG-bearer-config-table ) for the corresponding Target Candidate PSCell.CG-Bearer-config-Table is included in the S-CPAC configuration that consists of all the CG bearer configurations including the bearers that are offloaded from CG during S-CPAC preparation. During S-CPAC execution, the UE generates the CG-Delta-configuration based on identification of bearers to be modified based on its current bearer configuration and CG-bearer-config-Table and the Target-CG-bearer-Information.
Alternative-2: CG-bearer-config-Table and Target-CG-bearer-Information (of corresponding Candidate PSCell) in RRCReconfiguration message as part of CPAC preparation to UE in order to derive the CG-Delta-configuration to be modified during PSCell change by using the foresaid tables and current bearer configuration.
[bookmark: _Hlk142643799]Proposal 7: PDCP Re-establishment for the remapped MCG bearer during subsequent CPAC should be avoided. SCPAC configuration shall include information to ensure the same.
Proposal 8: RAN2 to down-select between options on providing PDCP-Re-establishment flag for bearer remapping scenario. [Alternative 1 and Alternative 2]. 
2.5.2 PDCP Anchor point changes without bearer remapping
Candidate cells of S-CPAC can consist of Intra SN and Inter-SN cells. Within Intra-SN cells also some of the candidate cells may belong to the same PDCP anchor point.  In this scenario of candidate cells belonging to different PDCP anchor points the PDCP re-establishment flag needs to be only set for cell change happening across cells belonging to different anchor point. 
As the cell change can happen from any candidate cell this parameter cannot be set statically in the candidate configuration during S-CPAC preparation.  Instead, new parameter in each candidate configuration to associate the candidate cell to PDCP anchor point should be introduced and this parameter can be used to decide on the PDCP-Reestablishment flag dynamically at the time of cell-change. LTM candidate configurations introduces such ID to identify whether L2-Reset is needed or not.
[bookmark: _Hlk146844293]Proposal 9: Group-ID for PDCP-Re-establishment is introduced for each candidate configuration to identify PDCP anchor point change for S-CPAC.
2.7 	SCG Release Handling
RAN2 has the following agreements in RAN#123 meeting, i.e.,  
P1b: Upon SCG release, it’s up to the NW decision to maintain or release the subsequent CPAC configuration within MCG VarConditionalReconfig.
P3: If there are maintained subsequent CPAC configurations with CPA execution conditions after SCG release, the maintained configurations can be used for the subsequent CPA execution.
In the case of both MN and SN initiated inter-SN SCPAC, the subsequent CPC conditions will be A3/A5. In these cases, if the serving SCG is released, the UE will release the SCG measurement configurations and conditions. It leads to a problem for execution of the retained candidate SCPAC configurations as the UE cannot determine execution of the candidate configurations without any condition.
We see four alternatives to avoid the above problem for execution of the candidate SCPAC configurations upon serving SCG Release.

Alternative-1: Common A4 CPA configuration for all candidate configs can be provided to UE as part of S-CPAC preparation.
A common measurement config and A4 condition to be defined for all candidate SCPAC configurations which can be pre-configured in RRCReconfiguration during S-CPAC preparation. This common configuration can be part of the MCG configuration. Upon SCG release, UE will start evaluating the A4 condition for retained SCPAC configurations and apply the candidate SCPAC configuration when the corresponding candidate Cell’s A4 condition will be met. 
Alternative-2: Candidate specific A4 conditions for each candidate config can be provided to UE as part of S-CPAC preparation.
Candidate specific A4 conditions to be defined for each candidate SCPAC configuration which can be pre-configured in RRCReconfiguration during S-CPAC preparation. These candidates' specific conditional configuration can be part of the MCG configuration. Upon SCG release, UE will start evaluating the A4 conditions of all candidates for retained SCPAC configurations and apply the candidate SCPAC configuration when the corresponding candidate’s A4 condition will be met.
Alternative-3: Update the A3/A5 execution condition to A4 for subsequent CPAC and provide the same to UE during SCG Release.
Update the A3/A5 execution condition into candidate specific A4 condition for each candidate SCPAC configuration which can be provided to UE in RRCReconfiguration during SCG Release. Immediately upon receiving RRCReconfiguration for SCG Release, UE will start evaluating the A4 conditions of all candidates for retained SCPAC configurations and apply the candidate SCPAC configuration when the corresponding candidate’s A4 condition will be met.
Alternative-4: Continue with A3/A5 execution condition for subsequent CPAC using the measconfig and  PSCell measurements of the released SCG.
Upon SCG release, the SCG configuration can be released, whereas the SCG’s measconfig used for the candidate PSCell configs (S-CPAC configs) can still be maintained (won’t be released) at UE. So that upon SCG Release, the UE continues on evaluating the A3/A5 execution condition for other candidate SNs for CPA (in order to add a new SN) using measconfig of released SCG along with the PSCell measurements of the released PSCell. For this alternative, a partial release mechanism on the UE side should be supported.
[bookmark: _Hlk146844325]Proposal 10A: If candidate SCPAC configs are maintained after the SCG release, then we need a mechanism to continue the evaluation of the conditions. 
Proposal 10B: RAN2 to discuss the options to configure execution conditions for SCPAC configurations after SCG release. (Down-select between Alternative 1-4).
2.8	Other Issues
2.8.1 	SCG Failure Handling
In case of SCG failure (e.g. RACH failure), in Rel. 17, even if the MCG is not affected, the UE does not evaluate the rest of the configurations. However, if the MCG part of the configuration is common among the S-CPACs, in case of failure during the Conditional PSCell Addition, the UE could be enabled with a recovery mechanism, where after a failed SN addition attempt, other configurations with the same MCG part could be evaluated. The UE does not need to send the SCG Failure Information immediately and the MN informs the UE about the configurations that have a common MCG.
[bookmark: _Hlk142643856]Proposal 11: In case the MCG part of the (S)CPAs is common among a subset of (S)CPAs, after a failed SN addition attempt, other configurations with the same MCG part could be evaluated.

3	Conclusion
In this paper we analyse the remaining issues for subsequent CPAC and made following observations and proposals.
On Stage details for SCPAC procedure and RRC Configurations
Observation 1:  In Rel-17 RRC-Configurations in VarConditionalReconfig are used for deducing the candidate cells for conditional evalution and execution from current serving cell.
Observation 2:  In Rel-18 when SCPAC is configured the candidate cells in VarConditionalReconfig are not the candidate cells for CPAC evaluation. The candidate cells for evaluation needs to be taken from the SCPAC condition list.
Observation 3: CPAC evaluation after initial serving cell needs to be modified and the required specification changes are complicated for deducing the applicable cells for evaluation.
Proposal 1: VarConditionalReconfig is regenerated after every cell change based on SCPAC-Condition-list. The initial conditional-configurations with candidates enabled for SCPAC is stored in another variable VarSCPACConfig.
Proposal 2: RAN2 to consider the changes proposed to UE variables in Figure 2 in the running CR as basis for SCPAC Evaluation related spec changes.
Proposal 3:  New Information element is introduced that contains all the configurations related to S-CPAC is introduced in the running CR. The proposed RRC Configuration model is given Figure 2.
Measurement Configuration updates for SCPAC candidate set update
Observation 4: Providing the measurement IDs outside the candidate configurations enables flexible architecture and enables addition/modification and release of the measurement IDs along with the addition/modification of the candidate S-CPAC preparations without re-initiating the candidate configurations.
Observation 5:  Addition of new candidate cell to SCPAC list will require change in the measurement configurations of existing candidate cell configuration which is part of RRC-Configuration container.
Observation 5A: Update of measurement configuration of candidate cell requires the regeneration of delta or complete RRC configuration of candidate cells.
Proposal 4: RAN2 should down-select the proposed alternatives to avoid signalling overhead both between the network entities and in the radio interface in case of new S-CPAC preparation after initial S-CPAC preparation.
Alt 1: SCPAC related measurement configuration is maintained outside RRC-Configuration.
Alt 2: Update of candidate RRC-Configuration instead of replacing the current RRC-Configuration is supported. This is to avoid complete RRC Configuration regenerated and send sent for all candidate configurations.
Reference Configuration Management for SCPAC 
Observation 6: When MCG part is included in the reference configuration the complete RRC configuration is replaced as ‘full-config’ replacement leading to unnecessary interruption to lower layer operations for cell switch between Intra-SN candidate cells (where MCG part is not changed). 
Proposal 5: For RRC Configurations in MN-Format, excluding the MCG part in the reference configuration should be supported.  In this case, during SCPAC execution only the SCG configuration is replaced by the complete configuration built from reference +delta.
Proposal 6: When MCG part is included as part of Reference Configuration, new group-ID (common-MCG-Group-ID) is included in the candidate configuration that indicate configuration that contains same MCG part. 
Proposal 6A:  For SCPAC executions within same common-MCG-Group-ID UE only replaces SCG configuration.
Bearer Re-establishment Issues for SCPAC
Observation 7: In case of bearer remapping from MCG to SCG is involved in candidate configurations the delta configurations of candidate cells will include MCG Radio bearer and SCG radio bearer parts.  
Observation 8: When bearer remapping from SCG to MCG is involved in the candidate SCPAC configurations PDCP re-establishment will be triggered for MCG bearer during SCPAC execution for many scenarios [ Inter-SN followed by Intra-SN, CPA followed by CPC].
Proposal 7: PDCP Re-establishment for the remapped MCG bearer during subsequent CPAC should be avoided. SCPAC configuration shall include information to ensure the same.
Proposal 8: RAN2 to down-select between options on providing PDCP-Re-establishment flag for bearer remapping scenario. [Alternative 1 and Alternative 2]. 
· A1: DRB-bitmap for which re-establishment to be avoided during SCPAC
· A2:Cell-Group-specific-Bearer-list is maintained to identify the affected bearers during SCPAC
Proposal 9: Group-ID for PDCP-Re-establishment is introduced for each candidate configuration to identify PDCP anchor point change for S-CPAC.
SCPAC after SCG Release
Proposal 10A: If candidate SCPAC configs are maintained after the SCG release, then we need a mechanism to continue the evaluation of the conditions. 
Proposal 10B: RAN2 to discuss the options to configure execution conditions for SCPAC configurations after SCG release. (Down-select between Alternative 1-4).
	Alt-1: Common A4 configuration in SCPAC Preparation.
	Alt-2 :Candidate specific A4 configuration in SCPAC preparation
	Alt-3: Update of A3 to A4 provided from NW at the time of SCG Release
	Alt-4:UE continue with A3 using last known serving cell SCG measurement as reference.
SCG-Failure Handling
Proposal 11: In case the MCG part of the (S)CPAs is common among a subset of (S)CPAs, after a failed SN addition attempt, other configurations with the same MCG part could be evaluated.
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