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1 Introduction
In the last meeting, the following agreements have been made for selective activation of PSCell Change (SAPC) [6]: 
Delta configuration 
· A UE stores the reference configuration as a separate configuration. 
· The reference configuration is managed separately  
Security issue
· Remove: “the order in which the sk-counter values are used upon successive S-KgNB change depend on the order in which PSCells are selected by the UE (i.e. the sk-counter value used is not monotonically incremented as specified in TS 33.501).” 
· Remove: - the other security input e.g., HFN, Bearer, Direction etc. may be reused e.g., when HFN is reset to 0 e.g., due to refresh of S-KgNB. 
· Change last paragraph in actions into: “If SA3 consider the existing handling of sk-counter/ S-KgNB in the above scenarios not acceptable, RAN2 kindly asks SA3 to provide requirements for a solution.” 
· With these changes the LS out is approved, in R2-2213337 








In this document, we provide further analysis on the remaining open issues related to maintaining the configurations across successive executions related to delta configuration, maintenance of set of candidate cells for selective activation, measurement configuration and evaluations across cell changes. Additional scenarios and remaining issues such as RRC reconfiguration during selective activation and failure handling are also discussed.
2	Discussion
2.1 Delta Configuration management for selective activation 
In RAN2-120, RAN2 agrees to that UE stores the reference configuration as a separate configuration. Following is the RAN2 agreement details for the same.
A UE stores the reference configuration as a separate configuration.
The reference configuration is managed separately  

The reference configuration refers to part of RRC configuration that remains common across all the cells prepared for selective activation. The UE can deduce the complete RRC configuration by combining the reference configuration and delta configuration which is cell specific. The following details related to the reference configuration should be discussed:
1) Which configuration is kept as the reference configuration?
a. Initial source SCG configuration at the time of SAPC configuration received by the UE
b. Source SCG configuration of the current serving SCG (PSCell) (This is similar to classic SCG change and CPAC mobility). This configuration changes after every cell-change.
c. A template configuration generated separately to the UE

2) How is the reference configuration maintained/updated at the UE after each PSCell change execution?
a. Static reference configuration (case 1): No update to the reference configuration with the PSCell change, the reference can be updated independently by the network. It is up to network to internally update the changes of reference configuration across all the target cells. 
b. Dynamic reference configuration (case 2): Each PScell change applies an update to the reference configuration 
i. Switch the reference configuration to the new source SCG configuration as the reference
ii. Indicate with a flag to the UE if it shall keep the initial config or switch the reference configuration to the new source SCG configuration
iii. Apply a delta to the switched reference configuration to obtain the target cell configuration.
The following table captures the implication to the delta configuration of each reference configuration setting with the related reference update procedure.

	Common                             Reference 
Configuration



Updating the reference configuration
	Initial source SCG configuration at the time of SAPC configuration (case 1)

	Serving SCG configuration at the time of PSCell change (case 2)
	A template configuration configured separately to the UE (case 1)


	Initial configuration
	1) Initial source SCG config is received anyways at the UE.
2) UE stores initial source SCG config.
3) Initial source SCG has to be forwarded to each candidate SN upon SAPC preparation, along current serving SCG.
	1) Serving SCG config is received anyways at the UE.
2) UE only stores current serving SCG config.
3) Serving SCG must be forwarded to each candidate SN.
	1) Template configuration is received with initial SAPC configuration.
2) UE stores current template config.
3) Template configuration and source SCG has to be forwarded to each candidate SN. Extra alignment maybe needed for initial template determination.

	After PSCell change
	1) Delta config is not updated
2) Reference does not change
	1) The delta configuration needs to be aligned to the new reference by the UE implementation or network update
2) Reference configuration is the new serving SCG config
	1) Delta config not updated
2) Reference does not change

	Reference update
	UE can be indicated to use the current SCG as the new reference configuration
	UE always uses serving SCG as reference so update happens with PSCell change
	The network nodes align for a new template configuration. UE is signalled with a template update message.






Static reference configuration (case 1) versus dynamic reference configuration (case 2) 
Initial configuration
The common reference configuration in static reference configuration, case 1, is either initial source SCG configuration or the template configuration. The reference configuration must be stored at the UE side. At the network side the reference configuration must be signalled to the candidate nodes. 
· The initial source SCG as reference doesn’t require any extra signalling for initial setting of the reference
· The template configuration as reference configuration must be signalled separately.
The dynamic reference configuration, case 2, is the case where current source SCG configuration is used as the reference configuration. There is no need to signal the reference configuration as UE uses the current source SCG configuration as reference. UE doesn’t need to store any additional configuration for reference than the current source SCG configuration. And during preparation phase, only source SCG configuration is sent to the candidate nodes.
After PSCell Change
In case 1, the reference configuration is fixed (either initial source SCG or template config), and the reference is not updated after a PSCell change. As the reference is not updated, there is no need to update the delta configuration after a PSCell change. In case 1, there is no extra processing UE side or extra radio signalling for reference or delta configuration update after cell change. 
In case 2, at the time of PSCell change delta configuration needs to be updated to align the delta configuration with the updated reference configuration. The delta configuration update can be done by the UE or by the network through radio signalling.
Reference update
In case 1, the reference configuration is fixed so in case the reference needs to be updated (due to reference is not presenting a good basis for the delta configuration), there must be additional signalling. This signalling can be simple in case UE needs to switch from using the initial SCG config to another SCG config, or more complex in case a new template has to be signalled.
In case 2, the UE does the reference update automatically so need for extra signalling for reference update is needed.
From our view case 2 has some signalling load and should be avoided and case 1 should be the main way forward and candidate solutions that is also captured in our previous contribution can be considered for case 1.

Proposal 1: Use of serving cell SCG configuration as the reference configuration results in many radio signaling. So the solution for reference configuration in SAPC should focus only in case 1 (reference as initial source SCG configuration or Template configuration (given by MN). 
Below we present two candidate solutions, solution 1 and 2 provides for case 1

Candidate Solution 1: Target configurations as a combination of common reference configuration and cell-specific delta configuration.
This solution can be realized by identifying the parameters whose values are common across a set of target cells and dividing the target configuration into two parts namely reference configuration and cell-specific delta configurations. 
The signalling procedure of this solution consists of the following key steps.
· When target cells are prepared for selective activation, the target SN may prepare multiple target cells using common reference configuration and delta configuration containing cell-specific and UE-specific parameters.
· In case if the target cells belong to a different SN, the reference configuration used by different SN should be the same for this procedure to work. This will require coordination of reference configuration for selective activation across involved Secondary nodes.
· The RRC Reconfiguration message sent to UE will contain one reference configuration and multiple conditional configurations which are delta configurations. These delta configurations should contain the same set of parameters and the values will be set for all these parameters. 
When UE switches across cells when configured with reference and delta configurations, UE needs to only swap the delta configuration of the target cell.  As all the configurations are consistently made up of reference and delta configurations based on the common template. The configuration mismatch issue indicated in the observation will not happen. 
Observation 1: It is possible to obtain the target cell configurations that can be used for successive cell changes based on network provisioned reference and delta configurations (Solution 1).

Candidate Solution 2: Generation of modified delta configuration which can be used after successive cell changes based on current configuration
The UE stores the current cell configuration (at the time of SAPC configuration) as a baseline configuration for the delta configuration. In this case for every successive cell change, the UE can first restore the baseline configuration and apply the delta configuration over this baseline configuration over this configuration. This two-step procedure at UE will enable application of the correct target cell configuration after mobility. But the UE need to restore to the baseline configuration as a ‘Full-configuration’. This may lead to additional interruption and delay in switching to new configuration which is equivalent to applying the full configuration of target cell.
Observation 2: If the initial SCG configuration is maintained as a reference configuration to build target configuration for every cell change switching back to this reference configuration will be needed. This increases interruption and delay in switching.
It is possible to avoid above problem of applying full configuration of baseline configuration, if the UE can generate a modified delta configuration of all target cells that consists of all the parameters affected by all the delta configuration when it receives the delta configurations. The modified delta configuration would be source cell specific and can be applied directly on the current cell configuration at the time of SAPC execution. This solution is illustrated using the following example.
Example scenario:
· UE is in dual connectivity with serving PSCell A.
· Based on measurement report, the target PSCells B, C and D are prepared with delta configuration as per current specifications. 
· The parameter list of each delta-configurations is given here as example
· Target cell B: Modifies parameter X and Y with value X1 and Y1. 
· The current value in source configuration is X0 and Y0.
· Target cell C: Modifies parameter U and V with value U1 and V1. 
· The current value in source configuration is U0 and V0.
· Target cell D:  Modifies parameter M and N with value M1 and N1.
· The current value in source configuration is M0 and N0.
Based on the affected parameters of each delta configuration, UE can generate set of parameters to be used for generating new delta-configuration which can be referred as delta-configuration-sel-activation as below.  The delta-configuration-sel-act will consists of parameters X, Y, U, V, M and N.  
· The parameter list of each delta-configuration-sel-act is given here as example
· Delta for Target cell B: 
· Modifies parameter X and Y with value X1 and Y1. 
· Modifies parameter U and V with value U0 and V0.
· Modifies parameter M and N with value M0 and N0.  
· Delta for Target cell C: 
· Modifies parameter X and Y with value X0 and Y0. 
· Modifies parameter U and V with value U1 and V1.
· Modifies parameter M and N with value M0 and N0.  
· Delta for Target cell D:  
· Modifies parameter X and Y with value X0 and Y0. 
· Modifies parameter U and V with value U0 and V0.
· Modifies parameter M and N with value M1 and N1.  
The new values in these parameters are populated from the received delta configurations. Remaining values are taken from the current source configuration. 
The modified delta-configurations generated in this approach will contain same set of parameters. Now if the UE applies this configuration after initial cell-change, there will not be a mismatch because the source configuration parameters which are over-written due to cell change is restored in the new delta configuration containing the source configuration values.
Observation 3: It is possible to support consecutive cell changes based on initial serving cell configuration with UE generating new delta configuration which is reusable for successive cell changes based on delta configurations received as CPAC configuration. (Solution 2).

The pros and cons including specification impacts of the candidate solutions are captured in below Table.
	
	Advantages
	Challenges
	Specification Impacts

	Solution 1
	The simple solution for successive execution for selective activation as UE only modifies the delta configuration during cell switching
	For Inter-SN scenario, the common reference configuration needs to be coordinated across nodes.
Restriction in configuration changes
	Inter-node coordination for reference configuration. Minor changes to RAN2 specification on use of reference configuration

	Solution 2
	Minimum or no impact to network as the preparation is similar to CPAC
	UE needs to generate modified delta configuration which can be used for successive cell-changes. Only minor impacts to UE specification
	UE specification impacts



Proposal 2: RAN2 to down-select between use of common reference configuration and UE-modification of delta-configuration for a solution to support delta configuration for consecutive cell-changes.

2.2 Maintenance of candidate cells of selective activation 
The target cells for selective activation are prepared based on UE measurement report. For SN initiated case, the measurement report provides measurements of the suitable target cells which may be better than the source cell (based on A3 event) or are simply detected and deemed suitable for preparation of candidate cells for selective activation. In case of MN-initiated selective activation, the target cells are decided based on measurement-reports received at MN.  In either case, all these initial lists of cells need not be maintained for selective activation after initial cell-change. Only sub-set of these target cells are required for successive cell changes. 
Each target cells prepared for CPAC can indicate the potential target cells needs to be maintained for selective activation as part of preparation, i.e., which of the prepared cell configurations to be maintained upon the target cell becomes the serving cell. The target cells can provide this assistance information based on the mobility history related to PSCell changes, neighbour cell information, and also the measurements of other target cells compared to its own radio condition reported in the measurements. 
Observation 4: The target cells for selective activation after initial CPAC can be different from the CPAC target cells.
Observation 5: Each Target cell of CPAC preparation can provide assistance information on their preferred target cells for selective activation based on mobility history and measurement results.
Proposal 3: Assistance information of preferred cells for selective activation from each target-cell is indicated from SN to MN for selective activation.
Based on the assistance information received on the preferred cells for selective activation from each target cell, MN can indicate the list of configurations to be maintained after the first CPAC execution against each Target cell. When UE executes the first cell change from the current serving cell to new cell, the UE only maintain the configurations of target cells given for this cell as selective activation set and releases other target cell configurations.
Proposal 4: The set of candidate cells to be maintained for SAPC after initial switching is indicated to UE for each candidate-cell.
2.3 Measurements and Evaluation for selective activation 
The execution condition for PSCell change differs across the cells based on the coverage radius, overlapping region and interference situations. For example, one cell may not have much interference in the cell-edges and RSRP based measurements will be sufficient for mobility whereas in other cell which have higher inter-cell interference at cell-edges RSRQ based measurements may be required. Even the threshold for conditional events and priority for execution may differ in each cell. 
Observation 6:  The SAPC execution conditions for the prepared target cells can be different depending on the serving PSCell.
For changing evaluation condition after UE switches to new cell, another RRC Reconfiguration to modify the measurement configuration will be needed. This will delay the consecutive execution until this new configuration is enabled at UE.  Additional mechanisms may be required to pre-configure these cell specific execution conditions for SAPC.
Proposal 5: For SAPC target cell specific execution conditions should be considered. FFS the details on enabling it without reconfiguration of the conditions after cell change.
2.4 Inclusion of initial serving SCG for selective activation
In Rel-17 CPAC, the source SCG configuration is replaced by the target configuration as part of CPAC execution and it is not preserved. In case of selective activation, the target cell configurations for which subsequent CPAC execution is should be maintained after initial execution. As the initial serving cell can also be a potential candidate cell for consecutive CPAC execution in some mobility scenarios, the UE should maintain the source configuration also for selective activation after initial execution. It means that, the UE will be configured with a CPC condition to execute the CPC towards the source PSCell once the source PSCell becomes target PSCell after CPC execution. While UE keeps the source SCG for SAPC, the UE shouldn’t evaluate the CPC execution condition of the source cell until the source cell becomes target cell, i.e., UE should not perform any extra measurements to evaluate the SAPC execution condition towards its own source SCG. Whether the initial serving SCG is to be maintained for selective activation depends on the preferred cells for selective activation after initial cell switch. If this list of cells includes initial serving cell as candidate for selective activation, UE should generate the initial serving SCG configuration as target configuration for selective activation. The configuration is generated in line with the approach chosen for reference configuration.
Proposal 6 Including initial serving cell configuration as a candidate for selective activation after initial switching is supported. FFS modifications needed on the serving cell configuration to align the configuration for selective activation.
For SAPC UE might be configured with all SAPC candidate cells under the same PCell. Some of the configured cells may not be a direct neighbour to the serving PSCell. Thus, UE will never execute PSCell change to that PSCell from the current PSCell. From an energy efficiency point of view, UE might not have an execution condition for such cells.
Proposal 6: Target cell configuration without associated execution condition is supported to optimise the evaluation   
2.5 Other issues 
2.5.1 Selective activation for CPA 
Support for selective activation for CPA is confirmed in RAN2-119bis-e.  This means when multiple target cells are prepared for CPA for adding SCG for single connectivity UE, these target cell configurations (all of them or sub-set) can be maintained for selective activation for successive cell changes after initial CPA execution to one of the prepared cells. The CPA measurement configuration of other candidate cells can be reused for CPC, i.e., for SAPC. So that after SCG addition (by CPA) the preserved measurement configuration can be reused for consequent CPC without additional signalling towards candidate cells. In case the CPC execution condition needs to consider the state of the current serving PSCell, UE can be configured to switch to a CPC specific execution condition for the same conditional configuration. 
As the target cell configurations are prepared with full configurations for CPA, if the UE can maintain them after initial CPA these full configurations of target cells can be used as such for successive cell changes. But the successive cell changes are not optimum compared to the case where the target cells for selective activation are prepared after the first CPA as delta configurations.  Because the configuration changes and impacts to user plane interruption with delta configuration is lesser compared to full configuration.  This issue can be mitigated if the target configurations for CPA is prepared as a combination of reference and cell-specific delta configurations. With this change after the first CPA, the UE only needs to replace the delta configuration for subsequent cell changes.
For UE based solution, it is possible to support selective activation for CPA if the UE generate the modified delta-configurations based on the full-configuration after first CPAC execution.
Proposal 8: The solution for delta-configuration management is also considered for CPA selective activation.   
When the MN releases the SCG for UE configured with selective activation for SCG, the stored configurations for selective activations are released if the existing principles of CPAC is followed. But the UE may need to restart the complete procedure of CPA and selective activation when it is later configured for CPA from the same radio coverage of the target cells of selective activation. It is beneficial to extend the preservation of selective activation at UE and MN after SCG release with certain conditions such as a timer or measurement reports. If the UE supports SCG deactivation, the configurations for selective activation can be maintained after SCG deactivation for the same benefits.
Proposal 9: RAN2 to consider maintaining the selective activation configuration after SCG Release or SCG Deactivation

2.5.2 Number of consecutive cell changes for selective activation for PSCell-change (SAPC)
The last meeting has made the following agreement with respect to the number of subsequent CPC executions: 
	Agreement 6: 
FFS how many subsequent conditional changes are targeted (and what is the impact of such assumption).



We assume that the SAPC configurations are maintained at the UE side unless explicitly indicated by the network to be de-configured. Thus, it is not relevant to discuss the number of allowed subsequent changes, i.e., the UE can perform CPC executions until the CPC configurations are released by the network.
As the CPC configurations are kept by the UE after CPC execution for SAPC, the resources are reserved at the target nodes for longer time than Rel. 17 CPC procedure. In such cases, the specific target cells may pre-empt or release the resources reserved from CPAC for some high priority admission control. When the target node releases the configuration, UE should be notified via RRC-Reconfiguration to release the corresponding stored configuration. Whenever the UE moves outside the initial list of cells for selective activation, new target cells can be added and earlier cells can be released dynamically using existing procedures.
Observation 6: SAPC configurations can be added and released (network control) depending on resource situation at prepared target cells using mechanisms for the addition/release of configuration similar to conditional configuration.
Based on the above observations we don’t foresee the number of subsequent changes have impact on the selective activation functionality.
Proposal 10: The number of subsequent conditional changes is not restricted for SAPC. Existing mechanisms of target cell configuration management can be used to release the prepared cells.
2.5.3 Minimizing the impact of radio bearer reconfigurations with reference configuration
UE radio configuration is susceptible to change as UE may setup and release PDU sessions while it is configured with selective activation. Each update may result in an update to delta configuration or an update to the reference configuration that UE stores. In case the delta configurations are to be updated, all delta configurations need to be re-provided to the UE. In case the reference configuration is updated the delta configurations may or may not need to be updated. This can be avoided in case the delta configuration takes the radio bearer configuration of the reference.
Proposal 11: RAN2 investigates the impact of radio bearer reconfiguration for selective activation.
2.5.4 S-RLF handling with selective activation
In current specifications, In case of RLF detection for SCG when the UE have stored CPAC configurations, the UE can still indicate the failure via SCGFailureIndication message to MN by suspending the SCG activities. In this case until the RRC reconfiguration, there may be interruptions associated with the SCG bearer. When UE is configured for selective activation this procedure can be further enhanced to reduce the interruption for SCG. Indication of switching the configuration to one of the selective activation candidate from MN can minimise the signalling overhead for the recovery. Alternative approach similar to CHO recovery also can be considered where MN can provide minimum radio-condition for recovery to one of the selective activation candidate cell in case of S-RLF.
Proposal 12:RAN2 to consider modification to SCG Failure handling for selective activation.

3	Conclusion
In this document we analyse the configuration management and signalling procedures of selective activation. Following are the observations proposals based on the same.
For Delta Configuration Management
Proposal 1: Use of serving cell SCG configuration as the reference configuration results in many radio signaling. So the solution for reference configuration in SAPC should focus only in case 1 (reference as initial source SCG configuration or Template configuration (given by MN). 
Observation 1: It is possible to configure the target cell configurations that can be used for successive cell changes based on network provisioned reference and delta configurations (Solution 1).
Observation 2: If the initial SCG configuration is maintained as a reference configuration to build target configuration for every cell change switching back to this reference configuration will be needed. This increases interruption and delay in switching.
Observation 3: It is possible to support consecutive cell changes based on initial serving cell configuration with UE generating new delta configuration which is reusable for successive cell changes based on delta configurations received as CPAC configuration. (Solution 2).
Proposal 2: RAN2 to down-select between use of common reference configuration and UE-modification of delta configuration for solution to support delta configuration for consecutive cell-changes.
On Maintenance of candidate cells
Observation 4: The target cells for selective activation after initial CPAC can be different from the CPAC target cells.
Observation 5: Each Target cell of CPAC preparation can provide assistance information on their preferred target cells for selective activation based on mobility history and measurement results.
Proposal 3: Assistance information of preferred cells for selective activation from each target-cell is indicated from SN to MN for selective activation.
Proposal 4: The set of candidate cells to be maintained for SAPC after initial switching is indicated to UE for each candidate cell.
On Measurements And Evaluation
Observation 5:  The SAPC execution conditions for the prepared target cells can be different depending on the serving PSCell.
Proposal 5: For SAPC, candidate cell-specific execution conditions should be considered. FFS the details on enabling it without reconfiguration of the conditions after cell change.
Inclusion of initial serving SCG for selective activation
Proposal 6: Including initial serving cell configuration as a candidate for selective activation after initial switching is supported. FFS modifications are needed on the serving cell configuration to align the configuration for selective activation.
Proposal 7: Target cell configuration without associated execution condition is supported to optimize the evaluation   
Other Issues
Proposal 8: The solution for delta-configuration management is also considered for CPA selective activation.   
Proposal 9: RAN2 to consider maintaining the selective activation configuration after SCG Release or SCG Deactivation
Observation 6: SAPC configurations can be added and released (network control) depending on the resource situation at prepared target cells using mechanisms for the addition/release of configuration similar to conditional configuration.
Proposal 10: The number of subsequent conditional changes is not restricted for SAPC. Existing mechanisms of target cell configuration management can be used to release the prepared cells.
Proposal 11: RAN2 to investigate the impact of radio bearer reconfiguration for selective activation.
Proposal 12: RAN2 to consider modifications to SCG Failure handling for selective activation.
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