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1. Introduction
[bookmark: OLE_LINK1]At last meeting, RAN2 discussed NR-DC with selective activation of the cell groups and made the following agreements [1]: 
	Delta configuration
· A UE stores the reference configuration as a separate configuration.
· The reference configuration is managed separately 


In this contribution, we discussed some open issues on NR-DC with selective activation of the cell groups. 
2. Discussion
2.1 Terminology
At last meeting, we discussed the terminology for NR-DC with selective activation of the cell groups, but no consensus was reached. There are some candidates proposed by companies:
· Selective activation of PSCell change (SAPC) 
· Selective activation of PScell (SAP)
· Conditional Selective Cell Group (CSCG)
· Subsequent CPA, CPC
In the previous meetings, RAN2 has made some agreements on the baseline procedure for selective activation of cell groups, based on the existing CPA/CPC procedure. The related agreements can be found as below:
	· [bookmark: _Hlk115029435]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. 
· Initial focus on SCG
· Baseline procedure to support subsequent secondary cell group change (FFS if UE keeps all configurations or if those are indicated by the network, FFS support of nested configs):
a.	Step 1: when the execution condition of a CPC candidate PScell is met, a UE performs the execution of CPC towards this candidate PScell. 
b.	Step 2: After finishing the PSCell addition or change, the UE doesn’t release conditional configuration of other candidate PSCells for subsequent CPC, the UE continues evaluating the execution conditions of other candidate PScells. 
c.	Step 3: When the execution condition of a candidate PScell is met, the UE performs the execution of CPC towards this candidate PSCell.
· Confirm that “CPA” selective activation of cell groups will be supported for this WI objective


Thus, in order to distinguish the selective activation of cell groups from the existing CPAC procedure, we think the terminology “subsequent CPAC (SCPAC)” can be used, similar to “subsequent LTM”.
Proposal 1: The terminology “subsequent CPAC (SCPAC)” is used to refer to the selective activation of SCGs in Rel-18.
In following discussions of this contribution, we shall use “subsequent CPAC (SCPAC)” to refer to the selective activation of SCGs for simplicity.
2.2 Supported CPAC type
RAN2 agreed to support subsequent CPC after a normal or conditional cell group addition/change. However, it’s unclear which type of CPC can be used for the subsequent SCG change. In Rel-16 and Rel-17, the following types of CPC were introduced:
a. SN initiated intra-SN CPC
b. SN initiated inter-SN CPC
c. MN initiated inter-SN CPC
Considering that we have sent a LS to SA3 on the security issue in case of inter-SN CPC, both intra-SN CPC and inter-SN CPC should be targeted for subsequent CPAC in Rel-18.
Proposal 2: Both SN initiated intra-SN CPC and SN/MN initiated inter-SN CPC are supported for subsequent CPAC. 
Currently, events A3/A5 are supported for SN initiated CPC, based on the SCG MeasConfig. The UE can compare the candidate PSCell with the serving PSCell directly, which is intended to the mobility caused by coverage problem. But for MN initiated CPC, only event A4 is supported in case of NR-DC, based on MCG MeasConfig. This is because that the MN initiated PSCell change is intentionally targeted for inter-frequency change due to load balance. However, it would be not very reliable to allow subsequent SCG change just based on the event A4, i.e. the candidate PSCell is better than a threshold, but without the comparison with the current serving PSCell. 
Observation 1: Currently, only event A4 is supported for MN initiated CPC in NR-DC. It would be not much reliable to allow subsequent SCG change just based on the event A4, i.e. the candidate PSCell is better than a threshold, but without the comparison with the current serving PSCell. 
Thus, we think events A3/A5 should also be considered for MN initiated CPC, where the candidate PSCell is compared with the current serving PSCell, instead of the current serving PCell.
Proposal 3: Events A3/A5 could be considered as the execution condition for MN initiated subsequent CPAC, where the candidate PSCell is compared with the current serving PSCell.
2.3 Handling on delta configuration
Regarding how to configure multiple candidate SCGs, delta configuration based on the reference configuration, is excepted to be supported to reduce the signalling overhead. At last meeting, we made the following agreements on delta configuration handling:
	Delta configuration
· A UE stores the reference configuration as a separate configuration.
· The reference configuration is managed separately 


Currently, the delta configuration for candidate SCGs is usually configured based on the source configuration (i.e. the reference configuration is the serving cell configuration when the UE receives RRCReconfiguration message including multiple candidate SCG configurations). When the UE completes one SCG addition or change, i.e. switches to the target SCG, the stored candidate cell group configuration may become invalid. 
Observation 2: In the legacy CPAC, the candidate SCG configuration is the delta configuration based on the source configuration, the stored candidate SCG configurations may become invalid after completion of one SCG addition or change. 
In order to keep the stored candidate SCG configurations valid after completion of one SCG addition or change, there are two options can be considered to handle the delta configuration for candidate SCGs.
· Option 1: the UE always stores the reference configuration, and applies the candidate SCG configuration based on the reference configuration.
· Option 2: the UE translates the received delta configuration for candidate SCGs into full configuration, and stores the translated full configuration for each candidate SCG.
Each option can work. But the option 2 needs larger UE buffer to store full configuration for multiple candidate SCGs. So we prefer to take option 1. For option 1, the UE always maintains the reference configuration until the NW explicitly reconfigures or releases the reference configuration. Upon the execution of CPAC, the UE shall firstly revert back to the reference configuration and then apply the candidate SCG configuration based on the reference configuration.  
Proposal 4: The UE always maintains the reference configuration, and applies the candidate SCG configuration based on the reference configuration upon triggering the execution of subsequent CPAC.
Proposal 5: The reference configuration can only be modified or released by the NW.
Regarding how to define the reference configuration, there are several options on the table:
· Option 1: The reference configuration is provided separately by the NW, e.g. in the RRCReconfiguration message with candidate SCG configurations.
· Option 1a: The NW configures a reference configuration independently, i.e. separate from the candidate SCG configurations;
· Option 1b: The NW takes one of the candidate SCG configurations as the reference configuration and indicates it to UE.
· Option 2: The initial SCG configuration, i.e. the configuration when the UE receives the RRCReconfiguration message from the MN.
· Option 3: The current SCG configuration, i.e. the configuration used by the UE before triggering the execution of CPAC, i.e. when the execution condition is met.
In option 1 and 2, the UE can store the reference configuration as a separate configuration upon reception of the RRCReconfiguration message with candidate SCG configurations. Upon triggering the execution of CPA/CPC, the UE shall apply the candidate SCG configuration based on the reference configuration. So the UE handling on option 1 and option 2 is similar. But the option 1 can provide more flexibility than option 2, especially considering that there is no initial source SCG when configuring the initial CPA configuration. Thus, the NW can take one of the candidate SCG configurations as the reference for other candidate SCGs or separately configure a reference configuration as the baseline for all candidate SCGs. We think the main point is the NW needs to explicitly indicate which configuration is taken as the reference, regardless of the initial source SCG or any other configurations.
Observation 3: For CPA, it’s possible to configure candidate SCG configurations as delta configuration based on a prepared candidate SCG configuration, who is a full configuration.
In option 3, the UE just needs to apply the candidate SCG configuration based on the current source configuration, similar to the normal handover handling. However, there are multiple candidate SCGs, the subsequent SCG switch order can not be predicted when the NW prepares the candidate SCG configurations. Thus, for each candidate SCG, the NW needs to provide several candidate delta configurations, each one is configured based on possible source cell (e.g. the initial source cell, other candidate cells). It will cause large signaling overhead and introduce complicated inter-node interaction among MN, source SN and candidate SNs. Thus, option 3 is not preferred.  
Proposal 6: The NW explicitly indicates which configuration to be used as the reference configuration for the delta configuration of candidate SCG configurations, e.g. the source SCG configuration, one of the candidate SCG configuration, or separate reference configuration.
2.4 Handling on source/candidate SCG configurations
Since the initial source SCG could be the potential candidate for the subsequent CPAC, the source SCG configuration could be maintained after completion of SCG addition/change. In such case, the NW should configure the source SCG as a candidate SCG in the conditional reconfiguration list. 
Proposal 7: The NW explicitly configures the source SCG as a candidate SCG in the conditional reconfiguration list, if the NW wants to use the source SCG for the subsequent CPAC.
In order to support the subsequent CPAC, the candidate SCG configurations can be maintained after one SCG addition or change (e.g. CPA/CPC or normal PSCell addition/change). With the UE’s movement, when UE moves to one specific candidate SCGs, some other candidate SCGs may be not suitable as candidates for the next SCG change. For example, there are 7 candidate SCGs pre-configured by the NW for subsequent CPAC. When the UE moves to SCG_3, the SCG_2, SCG_4, SCG_5 could be the candidate SCGs for the next SCG change. But the SCG_1, SCG_6, SCG_7 are not available for the next CG change. Thus, the NW can indicate for each candidate SCG, which candidate SCGs are available for the subsequent SCG change.  
Observation 4: With the UE’s movement, some of the candidate SCGs may be not suitable as candidates for the next SCG change.


Fig. 1 Candidate SCGs for subsequent CPAC
Regarding how to handle the candidate SCGs which are not suitable for the subsequent CPAC, there are two options that can be considered:
· Option 1: for each candidate SCG, the NW indicates which other candidate SCGs can be maintained when the UE moves to that candidate SCG, i.e. the UE maintains or releases some candidate SCG configurations after completion of a SCG addition/change
· Option 2: for each candidate SCG, the NW indicates the evaluation on which other candidate SCGs can be continued when the UE moves to that candidate SCG, i.e. the UE maintains all candidate SCG configurations but continues or suspends the evaluation on some candidate SCGs after completion of a SCG addition/change
In option 1, the UE shall release some candidate SCG configurations every time completion of a SCG addition or change. For example, when the UE switches to SCG_3, the candidate configurations for SCG_1, 6 and 7 could be released. However, if the UE moves from SCG_3 to SCG_2, then the SCG_1 could be a candidate again. The NW may need to re-configure the SCG_1 into the candidate SCGs if it’s released in the previous SCG change, which shall require additional inter-node signaling interaction and RRC reconfiguration signaling to adjust the candidate SCGs. However, in option 2, all candidate SCG configurations could be maintained after completion of a SCG addition or change. The UE just needs to suspend the evaluation on execution conditions for some unavailable candidate SCGs when moving to a specific SCG. For the subsequent SCG change, the evaluation on such suspended candidate SCGs could be resumed if the candidate SCGs become available again. Thus, we slightly prefer option 2, to avoid unnecessary release and add for candidate SCG configurations with the UE’s movement.
Proposal 8: RAN2 to discuss options on handling the candidate SCG configurations after completion of a SCG addition or change:
· Option 1: for each candidate SCG, the NW indicates which other candidate SCGs can be maintained when the UE moves to that candidate SCG, i.e. the UE maintains or releases some candidate SCG configurations;
· Option 2: for each candidate SCG, the NW indicates the evaluation on which other candidate SCGs can be continued when the UE moves to that candidate SCG, i.e. the UE maintains all candidate SCG configurations but continues or suspends the evaluation on some candidate SCGs.
In addition to the case of SCG addition or change, the handling on stored candidate SCG configurations shall be considered for some other cases, e.g. at PCell change, SCG release, SCG activation/deactivation. In the legacy CPAC procedure, the UE shall autonomously release all stored candidate SCG configurations at PCell change and SCG release. And the candidate SCG configurations shall be released by the NW upon SCG deactivation. One of the main reason to release the candidate SCG configurations is the stored configurations may become invalid after performing such operations. 
Observation 5: In legacy CPAC procedure, the UE shall autonomously release all stored candidate SCG configurations at PCell change and SCG release. And the candidate SCG configurations shall be released by the NW upon SCG deactivation.
Assuming that there will be a reference configuration stored separately for the candidate SCG configurations, the candidate SCG configurations shall not be impacted upon SCG release or SCG deactivation. Thus, we think the candidate SCG configurations can be maintained and useful for the subsequent SCG operation, e.g. SCG addition or SCG activation. Anyway, it can be up to the NW decide and indicate whether to maintain such candidate SCG configurations or/and which candidate SCG can be maintained.
Observation 6: If there is a reference configuration stored separately for the candidate SCG configurations, the stored candidate SCG configurations shall not be impacted by SCG release or SCG deactivation.
At inter-MN PCell change, the candidate SCG configuration is usually impacted due to the key refresh. But for intra-MN PCell change, the candidate SCG configurations may be still valid since the key refresh is not required. Anyway, the MN can know whether the PCell change has impact on the candidate SCG configurations. So it can be up to the NW decide and indicate whether to maintain such candidate SCG configurations or/and which candidate SCG configurations to be maintained. 
Proposal 9: At PCell change, SCG release or SCG deactivation/activation, the NW explicitly indicates how to handle the stored candidate SCG configurations, e.g. whether to maintain such candidate SCG configurations or/and which candidate SCG configurations to be maintained. 
Regarding how many subsequent CPAC are targeted, we think no need to define the allowable change times. It could be simply up to the NW implementation. If the subsequent CAPC are not required or allowed any more, the NW can indicate to release all stored candidate SCG configurations.
Proposal 10: It could be up to the NW determination how many subsequent CPACs are targeted, i.e. the NW explicitly releases stored candidate SCG configurations if the subsequent CAPC is not required/allowed any more.
2.5 Handling on execution conditions
In the Rel-16 and Rel-17 CPAC, the execution conditions are provided by the MN or the source SN, i.e. MN for MN initiated CPC while source SN for SN initiated CPC, based on the source MCG or source SCG measurement configuration. Since the initial execution conditions are provided based on the source MCG or SCG measurement configuration, the execution conditions may become invalid after one execution of SCG addition/change. The NW may need to provide updated or new execution conditions to the UE for the subsequent conditional evaluation. 
Observation 7: For CAPC, the initial execution conditions are provided based on the source MCG or source SCG measurement configuration, the execution conditions based on the source SCG measurement configuration may become invalid after the execution of SCG addition/change.
[bookmark: _Hlk115096044]The same principle for execution conditions determination can be applicable to the subsequent CPAC. Namely, the MN decides the execution conditions for the subsequent MN initiated CPC, based on the MCG MeasConfig. The target/candidate SN decides the execution conditions for the subsequent SN initiated CPC, based on the SCG MeasConfig.
Proposal 11: The execution conditions for the subsequent CPAC could be determined by the MN or the SN, i.e. MN for subsequent MN initiated CPC, based on the MCG MeasConfig, while target/candidate SN for subsequent SN initiated CPC, based on the SCG MeasConfig.
Regarding how to provide the execution conditions for the subsequent CPAC, there are two options:
· Option 1: The NW pre-configures execution conditions for subsequent CPAC when preparing candidate SCG configurations;
· Option 2: The NW updates execution conditions for subsequent CAPC after completion of a SCG addition or change.
In option 1, in order to prepare the execution conditions for subsequent SN initiated CPC, the MN is required to inform each candidate SN about candidate PSCells prepared by other candidate SNs during CPAC preparation phase. And then the candidate SN generates the execution conditions associated with other candidate PSCells and send them to the MN. For MN initiated CPC, the MN may be also required to generate different sets of execution conditions for the subsequent CPC execution. The MN shall provide the execution conditions for subsequent CPC together with multiple candidate cell group configurations to the UE. Besides, when the MN or the source SN wants to change the candidate SCGs, each candidate SN may need to be informed to update the execution conditions for the subsequent SCG change. In this way, extra and complicated inter-node interaction may be required during CPAC preparation phase. In addition, the MN and candidate SN may rely on the outdated measurement results to configure the execution conditions.
Observation 8: In order to pre-configure execution conditions for subsequent SN initiated inter-SN CPC, the additional inter-node interaction between MN and each candidate SN may be required to inform each candidate SN about candidate PSCells information prepared by other candidate SNs.
In option 2, when the UE completes the execution of SCG addition or change, the MN or the target SN may need to send an RRC message to update the execution conditions for the subsequent CPC evaluation. Besides, the MN and the (target) SN may need to be informed about the candidate cell information whose configuration are maintained by the UE.
Observation 9: Additional RRC signaling may be required to update the execution conditions for subsequent CPAC after completion of SCG addition/change.
We summarize the pros and cons for each option in the following table:
	
	Pros.
	Cons.

	Option 1
	The execution conditions for subsequent CPAC are pre-configured with candidate SCG configurations. Thus, no additional RRC signalling is required for execution conditions update after completion of SCG addition or change.
	· For SN initiated CPC, complicated inter-node interaction between MN and candidate SNs may be required during CPAC preparation phase, to interact prepared candidate PSCells information and subsequent execution conditions.
· The MN and candidate SNs may rely on the outdated measurement results to configure the execution conditions.

	Option 2
	· No extra inter-node interaction for the subsequent execution condition determination is required during CPAC preparation phase.
· The NW can update the execution conditions for subsequent CPAC based on the latest measurement results.
	Additional RRC signaling is required to update the execution conditions for subsequent CPAC after completion of SCG addition/change.


Considering that each solution has advantages and disadvantages, a hybrid solution could be considered to provide execution conditions for subsequent CPAC. The NW can pre-configure and explicitly indicate the execution conditions for subsequent CPAC (e.g. for MN initiated CPAC, SN initiated intra-SN CPC). Then the UE can use the execution conditions for subsequent CPAC evaluation after completion of SCG addition/change, i.e. no need to update the execution condition via RRCReconfiguration message. We can further study how to indicate the execution conditions used for subsequent CPAC, e.g. configure separate sets of execution conditions for candidate SCGs, or introduce an indication to indicate whether the initial execution conditions can be used for subsequent CPAC.
Proposal 12: The NW can pre-configure and explicitly indicate whether or/and which execution conditions to be used for subsequent CPAC. FFS: how to explicitly indicate.
If the execution conditions for the subsequent CPAC is not pre-configrued for a candidate SCG, the UE shall suspend the evaluation on the execution condition of that candidate SCG after completion of SCG addition or change, and wait for the execution condition update from the MN or the target SN.
[bookmark: _GoBack]Proposal 13: After completion of a SCG addition or change, if the execution conditions of maintained candidate SCGs for the subsequent CPAC are not explicitly indicated, the UE shall suspend the evaluation on that candidate SCGs until reception of the updated/new execution conditions from the NW.
3. Conclusion and proposals
In this contribution, we discussed selective activation of the cell groups with the following observations and proposals:
Proposal 1: The terminology “subsequent CPAC (SCPAC)” is used to refer to the selective activation of SCGs in Rel-18.
Proposal 2: Both SN initiated intra-SN CPC and SN/MN initiated inter-SN CPC are supported for subsequent CPAC. 
Observation 1: Currently, only event A4 is supported for MN initiated CPC in NR-DC. It would be not much reliable to allow subsequent SCG change just based on the event A4, i.e. the candidate PSCell is better than a threshold, but without the comparison with the current serving PSCell. 
Proposal 3: Events A3/A5 could be considered as the execution condition for MN initiated subsequent CPAC, where the candidate PSCell is compared with the current serving PSCell.
Observation 2: In the legacy CPAC, the candidate SCG configuration is the delta configuration based on the source configuration, the stored candidate SCG configurations may become invalid after completion of one SCG addition or change. 
Proposal 4: The UE always maintains the reference configuration, and applies the candidate SCG configuration based on the reference configuration upon triggering the execution of subsequent CPAC.
Proposal 5: The reference configuration can only be modified or released by the NW.
Observation 3: For CPA, it’s possible to configure candidate SCG configurations as delta configuration based on a prepared candidate SCG configuration, who is a full configuration.
Proposal 6: The NW explicitly indicates which configuration to be used as the reference configuration for the delta configuration of candidate SCG configurations, e.g. the source SCG configuration, one of the candidate SCG configuration, or separate reference configuration.
Proposal 7: The NW explicitly configures the source SCG as a candidate SCG in the conditional reconfiguration list, if the NW wants to use the source SCG for the subsequent CPAC.
Observation 4: With the UE’s movement, some of the candidate SCGs may be not suitable as candidates for the next SCG change.
Proposal 8: RAN2 to discuss options on handling the candidate SCG configurations after completion of a SCG addition or change:
· Option 1: for each candidate SCG, the NW indicates which other candidate SCGs can be maintained when the UE moves to that candidate SCG, i.e. the UE maintains or releases some candidate SCG configurations;
· Option 2: for each candidate SCG, the NW indicates the evaluation on which other candidate SCGs can be continued when the UE moves to that candidate SCG, i.e. the UE maintains all candidate SCG configurations but continues or suspends the evaluation on some candidate SCGs.
Observation 5: In legacy CPAC procedure, the UE shall autonomously release all stored candidate SCG configurations at PCell change and SCG release. And the candidate SCG configurations shall be released by the NW upon SCG deactivation.
Observation 6: If there is a reference configuration stored separately for the candidate SCG configurations, the stored candidate SCG configurations shall not be impacted by SCG release or SCG deactivation.
Proposal 9: At PCell change, SCG release or SCG deactivation/activation, the NW explicitly indicates how to handle the stored candidate SCG configurations, e.g. whether to maintain such candidate SCG configurations or/and which candidate SCG configurations to be maintained. 
Proposal 10: It could be up to the NW determination how many subsequent CPACs are targeted, i.e. the NW explicitly releases stored candidate SCG configurations if the subsequent CAPC is not required/allowed any more.
Observation 7: For CAPC, the initial execution conditions are provided based on the source MCG or source SCG measurement configuration, the execution conditions based on the source SCG measurement configuration may become invalid after the execution of SCG addition/change.
Proposal 11: The execution conditions for the subsequent CPAC could be determined by the MN or the SN, i.e. MN for subsequent MN initiated CPC, based on the MCG MeasConfig, while target/candidate SN for subsequent SN initiated CPC, based on the SCG MeasConfig.
Observation 8: In order to pre-configure execution conditions for subsequent SN initiated inter-SN CPC, the additional inter-node interaction between MN and each candidate SN may be required to inform each candidate SN about candidate PSCells information prepared by other candidate SNs.
Observation 9: Additional RRC signaling may be required to update the execution conditions for subsequent CPAC after completion of SCG addition/change.
Proposal 12: The NW can pre-configure and explicitly indicate whether or/and which execution conditions to be used for subsequent CPAC. FFS: how to explicitly indicate.
Proposal 13: After completion of a SCG addition or change, if the execution conditions of maintained candidate SCGs for the subsequent CPAC are not explicitly indicated, the UE shall suspend the evaluation on that candidate SCGs until reception of the updated/new execution conditions from the NW.
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