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1 Introduction

In the last meeting, the following agreements have been made for selective activation of SCG [4]: 

1) The selective activation of cell groups should correspond to support of subsequent conditional changes (CPC) after a cell group change (normal or conditional). CPA FFS
2) Initial focus on SCG
3) There is interest to support delta configuration, to reduce the signalling overhead (FFS if some other objective should be achieved)
4) FFS how many subsequent conditional changes are targeted (and what is the impact of such assumption).
5) FFS whether there is a security issue: e.g., to determine vertical or horizontal key derivation, e.g. security parameters re-used as part of subsequent CG switch (for the case when UE goes back to a previous cell, maybe in another SN), and FFS on the procedure/method with which the UE derives the SN security, e.g. based on a prior MN config (without RRC CPC config at the time of SN switch).










In this document, we provide further inputs on selective activation for SCG by addressing the aforementioned FFS points and we raise other key points aspects for discussion.
2	Discussion
Before addressing FFS points, we introduce a simple message sequence chart for the selective activation for SCG to be used as basis for further discussions. 
2.1 Signaling for selective activation for SCG 



Figure 1: The message sequence chart for selective activation of SCG in case of MN-initiated CPC.
Figure 1 shows the message sequence chart for selective activation of SCG for MN-initiated CPC case. Herein, it is assumed initially that the UE is already in dual connectivity with MN and source SN controlling PSCell 0-1. (* The message 10 is not needed in case Source SN is also prepared for selective activation)
The changes needed to Rel. 17 MN-initiated inter-SN CPC procedure are indicated in blue in the message sequence chart of Figure 1: 
1) After PSCell change, the UE context is not released from an SN node controlling a PSCell that was configured for selective activation.
2) The UE does not release all the stored CPC configurations after PSCell change.
3) The UE keeps evaluating the CPC execution conditions after PSCell change.
Based on the aforementioned observations, the following is proposed.
Proposal 1: The Target cell configurations prepared for selective activation for PSCell Change are not released at UE and Network (MN and SN) after a PSCell change.
As the target configurations are maintained to enable subsequent cell changes without reconfiguration in selective activation, the evaluation at UE for executing selective activation should also continue after cell changes. It would be further advantageous to continue the measurements and possibly the evaluation during a PSCell change if the measurement configurations or execution conditions for selective activation is not modified as part of the execution. In this case even if the evaluation leads to selecting another target cell before completion of previous PSCell change execution the UE needs to wait for completion of the on-going execution. This evaluation during execution is preferred for some cases where it will be essential for scenarios that it is needed to do subsequent PSCell change in short succession. The completion of the PSCell change can be considered as a successful RRCReconfiguration and random access procedure towards the target PSCell.
Proposal 2: Measurements and evaluation for execution of selective activation is continued after PSCell change is completed. FFS need for continuing the measurements and evaluations for selective activation during the PSCell change execution.  

2.2	Open issues for selective activation 
In this section, we further analyse the remaining open issues including FFS from the previous RAN2 meeting. 
2.2.1	Subsequent CPC execution after CPA 
In the last meeting, the following agreement has been made with respect to CPA:

	Agreement 1: 
·  The selective activation of cell groups should correspond to support of subsequent conditional changes (CPC) after a cell group change (normal or conditional). CPA FFS



[image: ]

Figure 2: PSCell-change to a new target-PSCell when UE has stored CPA configuration for PSCell 2

Figure 2 illustrates the scenario of consecutive PSCell change for a UE that is initially configured with single connectivity to PCell 1 and with multiple conditional PSCell additions (CPA) towards candidate PSCells, PSCell 1, 2 and 3. UE moves under PSCell 1 coverage and executes PSCell addition towards PSCell 1. UE maintains the remaining PSCell configurations for CPA for future CPC. If the UE moves under the coverage of PSCell 2 it is possible to have the CPC execution towards PSCell 2 after CPA execution towards PSCell 1 without any reconfiguration from the network. Using the example of Figure 2, the following observations can be made:	
· In case the UE is configured with a full configuration for CPA towards PSCell 2 and PSCell 3, UE can directly apply these configurations for PSCell change execution after the addition is successful completed. 
· In case the UE releases all the CPA configurations after PSCell addition execution, the UE has to be reconfigured with CPC configurations, which will result in same configurations being signalled to the UE. This contradicts the aim of objective 2 for reducing the signalling overhead.
· In case UE moves under PSCell 2 coverage shortly after executing CPA towards PSCell 1, the network might not have enough time to configure the UE for PSCell change. In this case, UE might lose SCG connection and can experience SCG bearer interruption. 
· The maintenance of CPA configurations after CPA execution will follow more or less the same approach that will be defined for maintaining CPC configuration after CPC execution. 
Proposal 3: RAN2 agrees that the selective activation of cell groups should support subsequent conditional PSCell changes (CPC) after a secondary cell group addition (normal or conditional). 
On the remaining part of this document the selective activation for SCG is referred to as SAS.
2.2.2	Delta configuration for SAS
The last meeting has made the following agreement with respect to delta configuration:
	Agreement 3: 
·  There is interest to support delta configuration, to reduce the signalling overhead (FFS if some other objective should be achieved).


In addition to signaling overhead, we discuss in this section the other shortcomings of full configuration. 
The signalling overhead with full configuration versus delta configuration has been already captured in agreement 3 of the last meeting. The agreement also captures an FFS to see if other objectives should be achieved. From that regard we propose that there are also the following aspects that can be considered with the delta configuration:
1) The UE has to store the complete configuration in case of full configuration. This requires additional storage to apply the full configuration. The delta configuration provides a storage advantage to the UE as the delta configurations can be quite smaller in terms of size compared to full configuration especially in similar deployment scenarios, e.g., intra-CU CPC. 
2) Full configuration of SCG for PSCell mobility will lead to reconfiguring all the parameters across layers, resetting or re-establishing all the higher layers and performing also release and addition of secondary cells, resulting in interruption for user plane. Delta configurations require re-setting only a subset of the parameters. This can reduce the interruption time or delay caused by PSCell change execution. 
Observation 1:  Use of Full-configuration (and corresponding Release/Addition of SCG) will 1) significantly impact the interruption time and delay in CPC execution, 2) increase the signalling overhead over the radio interface and 3) cause storage overhead for the UE.
Proposal 4: RAN2 confirms that delta configuration is supported for SAS. Details are FFS.

2.2.3	Number of consecutive CPC executions
The last meeting has made the following agreement with respect to the number of subsequent CPC executions: 
	Agreement 4: 
FFS how many subsequent conditional changes are targeted (and what is the impact of such assumption).



We assume that the SAS 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 SAS, 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 2: SAS configurations can be added and released depending on resource situation at prepared target cells using mechanisms for 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 5: Number of subsequent conditional changes is not restricted for SAS. Existing mechanisms of target cell configuration management can be used to release the prepared cells.
2.3	SN key change for selective activation
The last meeting has made the following agreement with respect to security: 
	Agreement 5: 
FFS whether there is a security issue: e.g., to determine vertical or horizontal key derivation, e.g. security parameters re-used as part of subsequent CG switch (for the case when UE goes back to a previous cell, maybe in another SN), and FFS on the procedure/method with which the UE derives the SN security, e.g. based on a prior MN config (without RRC CPC config at the time of SN switch).



Based on the above agreements, further analysis is needed to first conclude on whether there is security issue in maintaining the target cell configurations for selective activation, which also include the SN counter value in each of the configurations. 
Currently, in DC, MCG and SCG terminated bearers use different security keys for the user plane traffic. The security keys for MCG bearers uses K-gNB deduced from NAS security keys and security keys for SCG bearers are derived from S-KgNB which is in turn generated based on K-gNB and SN-counter value. When PDCP anchor point changes during SCG mobility, the S-KgNB should be refreshed to start the data transmission in new node with different security keys. For this purpose, SN counter value in the MCG configuration is also changed as part of RRC Reconfiguration. 
Observation 3: Change of SN Counter value in MCG configuration is used to refresh the security keys for SCG bearers during SCG mobility involving change of PDCP anchor point (i.e., SN change).
In case of selective activation if there is SN counter value stored in each target configurations and if the UE uses these stored configuration value for deriving SN security keys, it is possible that the same security keys are reused again when the UE changes to the last visited PSCell once again.  
For example, let us consider a scenario where UE is provided SAS configuration with two target PSCells A and B with SN counter value N1 and N2. On first CG change to cell A, SN security keys, that are generated based on N1, is used for SCG bearer. Later when the UE switches to B, SN security keys, that are generated based on N1, is used for SCG bearer. The key freshness for mobility is maintained for these cases. If the UE executes PSCell change back from B to A and if it applies the stored configuration value N1 for key generation, the same keys are reused again leading to security rekeying issue.
Observation 4: For Inter-SN SAS scenario use of SN-counter value stored in the target configuration for key generation will lead to security re-keying issues.
This issue is not applicable if there is no change of SN counter value across target cell configurations. Such configurations are possible only if the prepared cells belong to same SN and there is no need to refresh the keys as part of configuration change.
Observation 5: For SAS, there is no security issues in using the stored configuration for switching across cells where the PDCP anchor point is not modified (i.e., Intra-SN).
This issue can be avoided if SN counter is not included in the SAS configurations but changed via explicit RRC Reconfiguration after every cell switch completion. This additional signalling will introduce delay for subsequent CG change execution from new cell until completion of the RRC Reconfiguration. This solution conflicts with the primary motivation of SAS to avoid RRC reconfiguration between successive executions. 
Observation 7: Updating of SN counter for SAS after every cell change of CPAC execution introduces additional signalling overhead and delay in selective activation.
Proposal 6: For SAS, RRC Reconfiguration for change of SN-Counter after cell-change should be avoided.
Based on the above analysis, we propose that RAN2 to agree that new mechanism where SN counter values are incremented uniquely across successive cell changes with preconfigured SN counter values or preconfigured pattern for SN counter change. This can be achieved in multiple ways. Following are some of the potential options.
· As part of SAS preparation UE is configured with range of SN counter values from starting SN counter value. UE increment the SN counter for every cell change and use the next value. The list of SN counter values can be reconfigured when UE is about to use all the unique values.
· For each Target node multiple SN counter values are assigned so that UE can use different value in case same SN is selected again during selective activation.
Proposal 7: RAN2 to discuss potential solutions for pre-configuration of SN counter values for SAS which can avoid security issues during cell-change with stored configurations.
2.4	Measurements and execution conditions for SAS 
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 8:  The CPC 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 SAS.
Proposal 8: For SAS serving cell specific execution conditions should be considered. FFS the details on enabling it without reconfiguration of the conditions after cell-change.

3	Conclusion
We have analysed the open issues from last RAN2 meeting and details of solution components of selective activation in this paper. Based on the analysis we introduce the following observation and proposals.
Scenarios and basic signaling procedures
Proposal 1: The Target cell configurations prepared for selective activation for PSCell Change are not released at UE and Network (MN and SN) after a PSCell change.
Proposal 2: Measurements and evaluation for execution of selective activation is continued after PSCell change is completed. FFS need for continuing the measurements and evaluations for selective activation during the PSCell change execution.  
Proposal 3: RAN2 agrees that the selective activation of cell groups should support subsequent conditional PSCell changes (CPC) after a secondary cell group addition (normal or conditional). 

Delta Configuration Support for SAS
Observation 1:  Use of Full-configuration (and corresponding Release/Addition of SCG) will 1) significantly impact the interruption time and delay in CPC execution, 2) increase the signalling overhead over the radio interface and 3) cause storage overhead for the UE.
Proposal 4: RAN2 confirms that delta configuration is supported for SAS. Details are FFS.

On the number of Subsequent cell changes during selectivation activation 
Observation 2: SAS configurations can be added and released depending on resource situation at prepared target cells using mechanisms for addition /release of configuration similar to conditional configuration.
Proposal 5: Number of subsequent conditional changes is not restricted for SAS. Existing mechanisms of target cell configuration management can be used to release the prepared cells.

On the security issues related to key change for selective activation
Observation 3: Change of SN Counter value in MCG configuration is used to refresh the security keys for SCG bearers during SCG mobility involving change of PDCP anchor point (i.e., SN change).
Observation 4: For Inter-SN SAS scenario use of SN-counter value stored in the target configuration for key generation will lead to security re-keying issues.
Observation 5: For SAS, there is no security issues in using the stored configuration for switching across cells where the PDCP anchor point is not modified (i.e., Intra-SN).
Observation 7: Updating of SN counter for SAS after every cell change of CPAC execution introduces additional signalling overhead and delay in selective activation.
Proposal 6: For SAS, RRC Reconfiguration for change of SN-Counter after every cell-change should be avoided.
Proposal 7: RAN2 to discuss potential solutions for pre-configuration of SN counter values for SAS which can avoid security issues during cell-change with stored configurations.

Measurements and Evaluation of execution condition for SAS
Observation 8:  The CPC execution conditions for the prepared target cells can be different depending on the serving PSCell.
Proposal 8: For SAS serving cell specific execution conditions should be considered. FFS the details on enabling it without reconfiguration of the conditions after cell-change.
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