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Introduction
In RAN2#119bis-e meeting, RAN2 made following agreements on the subsequent CPAC after SCG change [1].
	1. 
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
Confirm that we aim to support delta configuration, i.e. that there need to be a known reference.  
RAN2 aim to support selective activation of cell groups without RRC reconfiguration with respect to security (FFS, need to consult with SA3 at some point in time). 



In RAN2#120 meeting, RAN2 also made following agreements on the subsequent CPAC after SCG change [2].
	Delta configuration
A UE stores the reference configuration as a separate configuration.
The reference configuration is managed separately 



In RAN2#121 meeting, RAN2 also made following agreements on the subsequent CPAC after SCG change [3].
	Assume to support the following scenarios of SCG selective activation:
· SN initiated intra-SN SCG selective activation
· MN initiated inter-SN SCG selective activation
· SN initiated inter-SN SCG selective activation 

It is assumed that if the UE need to be able to return to a current SCG  by conditional procedure, then the network could explicitly configure a candidate configuration for that  cell. 

In SCG selective activation, the CPC/CPA configurations of the UE should be released after Pcell change, at least for inter MN (by explicit indication from network, FFS other case). 

R2 assumes that a CPA conditional configuration can be used for CPC (but with different triggering conditions)

For inter-SN CPC, MN should provide the reference configuration to all candidate T-SNs (in order to generate the T-SN candidate configuration). 
R2 understands that A target SN may include an indication in SN Addition Request Ack for each candidate target PSCell, denoting whether the associated SCG configuration is a delta with respect to the reference SCG configuration.   
R2 understands that A target SN may include an indication in SN Addition Request Ack for each candidate target PSCell, denoting whether the associated SCG configuration is a delta with respect to the reference SCG configuration.   



In this contribution, we handles further issues need to be concluded to support the subsequent CPAC after SCG change.
Discussion
Background
For the Rel-16/17 CPA/CPC (conditional PSCell addition/conditional PSCell change) operation, current specifications allow only one activated SN and UE is configured with the multiple candidate SNs for CPAC. Below is the structure of legacy Rel-16/17 CPA/CPC configurations.
· List of candidate CG configurations (maximum 8 entries).
· condReconfigId-r16 (from 1 to 8) represent the index of candidate configurations.
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Fig 1: Structure of CHO/CPAC configurations
Even though the multiple candidate CG configurations can be configured, these CG configuration stored in the UE would be release after SCG change so the subsequent SCG change using CPAC configuration has not been supported.
In RAN2#119bis-e meeting, RAN2 made high level agreements to support subsequent secondary cell group change as captured above. In addition, RAN2 also agreed to handle the reference configuration as a separate configuration in RAN2#120 meeting. We think above baseline agreements are most essential procedure and details can be further discussed, i.e. FFS points above can be discussed in this contribution.
Naming of NR-DC with selective activation cell of groups
In RAN2#120 meeting, RAN2 discussed if the name of NR-DC with selective activation cell of groups is required and if needed, what would be the proper name for this feature. There were some candidates on the table from the companies and most of candidates can fit with this feature but following two options are supported by quite many companies.
· Option 1: Selective activation of PSCell change (SAPC)
· Option 2: Subsequent CPAC (SCPAC)
Based on our understanding, those two aspects are described as objective in the WID [4]:
	2. 
3. To specify mechanism and procedures of NR-DC with selective activation of the cell groups (at least for SCG) via L3 enhancements:
· To allow subsequent cell group change after changing CG without reconfiguration and re-initiation of CPC/CPA [RAN2, RAN3, RAN4]
Note 4: A harmonized RRC modelling approach for objectives 1 and 2 could be considered to minimize the workload in RAN2.



The “selective activation of the cell groups” are the objective and the main technical functionality will be introduced in Rel-18 mobility enhancement WI is allowing “subsequent cell group change after changing CG without reconfiguration”.  From our view, Option 2 is better to reflect the detail functionality describing the feature for achieving the “selective activation of the cell groups”.
Proposal 1: RAN2 determines the “Subsequent CPAC (SCPAC)” as a name of NR-DC with selective activation of the cell groups.
Required Enhancements
In this section, the required enhancements to support subsequent CPAC after SCG change would be considered.
First, UE needs to keep/store the CG configurations after CPAC is completed (i.e. SCG change) and the additional signaling would be required to be differentiated with the legacy operation (i.e. UE release the CG configurations after SCG change). We think at least following new signaling is required:
1. UE capability: whether UE support keeping the candidate CG configurations for CPAC after SCG change.
2. NW indicator: whether the subsequent cell group change is activated or not
· Option 1: RRC signaling indicates the activation/deactivation of subsequent CPAC after SCG change.
· Option 2: MAC CE signaling indicates the candidate CPAC configurations (i.e. selective activation of cell groups) which are allowed to support subsequent CPAC after SCG change.
Based on NW indication, UE keeps the configurations for CPAC (i.e. conditions and CG configurations) when UE executes the CPAC based on the configuration. Follow up RRC reconfiguration message can update the candidate configurations for CPAC if needed. If above new MAC CE will be introduced, then the enabled candidate configurations for subsequent CPAC can be dynamically updated by MAC CE without RRC reconfiguration (i.e. selective activation of cell groups). Based on measurement results, the NW can indicate one or more candidate PSCells to be reserved by MAC CE. If a candidate PSCell is configured as reserved, the UE stores the corresponding CPA/CPC configuration in an UE variable but not execute that CPAC configurations. 
The NW can configure an AddMod list and a Release list for UE to maintain the reserved candidate PSCells. The reserved candidate PSCells list and the associated configurations can be updated by RRC reconfiguration message. If possible the legacy RRC structure of ConditionalReconfiguration-r16 could be reused or the signaling for Rel-18 could be also possible.
Proposal 2: Network can indicate the activation/deactivation of subsequent CPAC after SCG change considering UE capability, and RRC reconfiguration message (using Add/Mod/Release lists) or the new MAC CE could be used for selecting/activating the candidate CGs for the subsequent CPAC procedure.
Once a CPA/CPC is performed and the above RRC and MAC CE approaches are applied, there are two approaches how to handle the stored CPAC configuration (i.e. reserved configuration). One option could be that keeping the reserved configuration as to the reserved unless explicit NW indication. Other option could be that the UE continues to evaluate CPC for the reserved candidate PSCells according to the stored CPC configuration. If execution condition is fulfilled and a subsequent PSCell is selected, the UE executes subsequent CPC and applies the stored PSCell configuration. 
The intention is that the candidate PSCells that are indicated/configured as reserved are the candidate PSCells in the subsequent CPC to be evaluated by the UE. The CPAC configuration for these reserved candidate PSCells needs to be stored by the UE but not released when the first CPAC is done. For the first CPAC, there are two cases.
· Case-1: All candidate PSCells in the current CPAC configuration can be evaluated. In this case, if in the first CPAC, the UE add/change to a candidate PSCell that is indicated/configured as reserved, the UE will not consider it as candidate in subsequent CPC. 
· Case-2: Reserved candidate PSCells are not evaluated in the first CPAC but only evaluated in subsequent CPC.
Proposal 3: If a candidate PSCell is configured as reserved/selected/activated, the UE considers it as a candidate PSCell in the subsequent CPC.
The NW can request PSCell change by indicating one of the reserved PSCell as the target PSCell. If so, the UE performs PSCell change and applies the stored PSCell configuration.
Proposal 4: The stored PSCell configurations for subsequent CPA/CPC can be used for normal/unconditional PSCell addition/change.
Security Aspects
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Fig 2. Example scenario of subsequent CPC
Regarding the FFS point that how to handle the CPC configuration if PSCell change is conducted or indicated by the network, additionally how to handle the CPC and S-SN configurations after the subsequent cell group change is also needed. We think that handling for CPC configuration and S-SN configuration is highly related with the SA3 decision which RAN2 asked (in R2-2213337 [4]) in the RAN2#120 meeting. According to the answers regarding the same sk-counter/ S-KgNB is used every time it is connected to SN #1 (which UE previously connected) before and after being connected to SN #2. SA3 replied following answers in [5].
	Q1: RAN2 would like to know whether SA3 considers the existing handling of sk-counter/ S-KgNB in the above scenarios acceptable, i.e. the same sk-counter/ S-KgNB is used while connected to SN #1 before and after being connected to SN #2.
SA3 Answer: No, it is not acceptable from security point of view.
Q2: If SA3 considers the existing handling of sk-counter/ S-KgNB in the above scenarios not acceptable, RAN2 kindly asks SA3 to provide requirements for a solution.
SA3 Answer: Same S-KgNB shall not be used. SA3 will specify an additional sub-clause in TS 33.501 under 6.10 for the security of selective SCG activation. 



According to the SA’s response, it is not allowed to use the same sk-counter/ S-KgNB while connected to SN #1 before and after being connected to SN #2 (see Fig 2). Therefore, RAN2 need to consider following problems and we provides some candidate solutions for each question.
Q: How to handle the CPC condition/configuration for the executed PSCell
1. Alt 1: Remove the executed CPC configurations in the stored candidate CPC configurations (or if S-KgNB is per SN not a cell, then all the SN originated PSCells are removed)
A. When sk-counter is configured to the candidate PSCells, it should be different between PSCells even they are in the same SN. This prevent the used sk-counter is reused in the subsequent PSCell changes, this also prevent UE from revisiting PSCells that once UE visited before.
2. Alt 2: Keep the executed conditional PSCell configurations as the candidate CPC configuration

If we go to the Alt 1-1, the specification impacts are not huge i.e. add UE procedure to remove the stored CPC configuration whenever UE execute the CPC but it is not exactly what RAN2 intended in this WI, Rel-18 feMOB has to support following scenario based on WID:
· UE remains connected to the same PCell and is configured with several conditional reconfigurations (a conditional reconfiguration is an RRC reconfiguration message, possibly including sk-counter), each with a different candidate target PSCell, and, based on conditions on measurement results on candidate target PSCells, the UE selects and executes one of these conditional reconfigurations, thus changing PSCell.
· After executing a conditional reconfiguration, the UE may keep conditional reconfigurations to the other candidate target PSCells and continue switching between the candidate target PSCells multiple times, including to an earlier selected PSCell. All of this happens without any reconfiguration by the network (i.e. using the stored conditional reconfigurations).
So, RAN2 need solve this security problem to support the intended operation on subsequent CPC i.e. how to configure the sk-counter S-KgNB for the candidate PSCell for CPC to support subsequent CPC.
We think there are some candidate solution to solve how to configure the sk-counter/ S-KgNB for the candidate PSCell to support subsequent CPC. All candidate options should be consulted by SA3.
1. Option 1: Introduce the multiple sk-counter/ S-KgNB for the subsequent CPC per SN (or per candidate PSCell)
· MN and SN decide the multiple security keys which will be used for subsequent CPC i.e. MN provides the multiple S-KgNB to SN (or a candidate PSCell).
· In CPC configuration, UE receives the list of sk-counter (e.g. sk-counterList = {sk-counter #1, sk-counter #2, … sk-counter #N}) which was made by above MN-SN procedure.
· UE and NW should know how many times this CPC is executed to the same PSCell or SN.
· UE and NW store the information for the number of CPC execution to the same PSCell or SN. (e.g. association between UE and PSCell which CPC is performed)
2. Option 2: Use a sk-counter/ S-KgNB for the subsequent CPC as legacy but introduce the new rule to increment the sk-counter to create the multiple S-KgNB which will be used in same SN after subsequent CPC.
· Whenever the CPC to a same PSCell (or SN) is conducted, apply sk-counter +1 (or new rule for the increment). 
· When sk-counter is configured to the candidate PSCells, it should be different between PSCells even they are in the same SN.
· UE and NW should know how many times this CPC is executed to the same PSCell and/or SN
From our understanding, above candidate options are valid and those can be easily support from RAN2 perspective (signaling and procedure). However, it requires the changes of the SA3 specification and all security related procedures are needed to be consulted by SA3.
Proposal 5: RAN2 ask to SA3 if the multiple sk-counter/ S-KgNB for the subsequent CPC per SN (or per candidate PSCell) is valid.

Based on the SA3 response on this question, RAN2 can determine below issues, so RAN2 need to wait further response from SA3 related to the security aspects.
· Whether keep or release the CPC and S-SN configurations if the PSCell change is indicated by NW or the conditional configurations.

Proposal 6: RAN2 wait the SA3 response regarding the handling of the CPC and S-SN configurations after PSCell change is indicated by the network or the conditional configurations.

Additional Information between MN and SNs
As a RAN2/RAN3 impact, we think the additional information between MN and SNs are required to negotiate the support of subsequent CPAC after SCG change using inter-node RRC message and/or Xn message.
Proposal 7: Additional information between MN and SNs are required to negotiate the support of subsequent CPAC after SCG change using inter-node RRC message and/or Xn message.
There is another open issue for same target cell, whether to support simultaneous configuration of CPA and CPC and how to support both configuration and conditions are different for CPA and CPC. We think this issue can be applied for following scenario:
· Step 0: UE in Cell A with single connectivity
· Step 1: UE receives the CPA/CPC configurations (for subsequent change)
· Step 2: Cell B in SN1 is added to PSCell with CPA procedure
· Step 3: PScell is changed to Cell C in SN2 by CPC procedure
· Step 4: PSCell is changed to Cell B in SN1 again by CPC procedure

To support the simultaneous configuration of CPA and CPC in the single connectivity UE, we think following options can be considered.
· Option 1: one condReconfig ID includes CPA condition and CPC condition
· Only condition could be different (i.e. two condition and one configuration)
· Type 1: CPA condition (e.g. CondEvent A4)
· Type 2: CPC condition (e.g. CondEvent A3)
· Both condition and configuration could be different
· Introduce the new field for an additional configuration of measID 2
· Option 2: Each condReconfig ID includes only one type of condition (i.e. both condition and configuration could be different)
· condReconfig ID 1:  Types for CPA (for same MO)
· condReconfig ID 2:  Types for CPC (for same MO)

Option 2 seems simple and no further specification change is required, only need to describe that the simultaneous configuration of CPA and CPC are supported using the current signaling. However, it requires redundant signaling for the same measurement object to configure different type of condition and configuration. Meanwhile, Option 1 has benefit of signaling reduction to configure the CPA and CPC simultaneously.
Proposal 8: One condReconfig ID includes CPA condition and CPC condition to support the simultaneous configuration of CPA and CPC.

When to configure UE on initial source PSCell can be used for the subsequent SCG change
In RAN2#121 meeting, RAN2 made one following agreement on the subsequent CPAC after SCG change [3].
	It is assumed that if the UE need to be able to return to a current SCG  by conditional procedure, then the network could explicitly configure a candidate configuration for that  cell. 



After looking through the whole subsequent SCG change procedure (e.g., MN initiated subsequent SCG change procedure in Fig.3), we can see that possible configuration time is before or after execution of CPC. 
-Alternative#1: configuration time is before CPC execution
Even though UE received execution condition of source PSCell in advanced, UE shouldn’t evaluate the CPC execution condition of the source PSCell until the source PSCell becomes candidate PSCell after CPC execution. 
-Alternative#2: configuration time is after CPC execution 
If network want to configure it as one candidate PSCell for subsequent SCG change, the UE receives the configuration of the source PSCell after CPC execution. And then UE starts to evaluate the CPC execution condition of source PSCell.


Fig 3.MN initiated subsequent SCG change procedure 


Compared with the above two schemes, we prefer the Alternative#1 because source PSCell can be configured using the same RRCConfiguration message simultaneously including configuration of other candidate PSCells. However, in Alternative#2, a separate RRCConfiguration will be needed for configuration of source PSCell. But we would like to say that when to configure source PSCell is decided by network, it is possible for network to configure it before or after CPC execution.
Based on above discussion in this section 2.6, we have a below proposal on when to configure UE on initial source PSCell be used for the subsequent SCG change.
Proposal 9: Whenever for before or after CPC execution, it is both acceptable for NW to explicitly configure the execution condition of initial source PSCell as one of the candidate PSCells for the subsequent SCG change. 

Conclusion
Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: RAN2 determines the “Subsequent CPAC (SCPAC)” as a name of NR-DC with selective activation of the cell groups.
Proposal 2: Network can indicate the activation/deactivation of subsequent CPAC after SCG change considering UE capability, and RRC reconfiguration message (using Add/Mod/Release lists)  or the new MAC CE could be used for selecting/activating the candidate CGs for the subsequent CPAC procedure.
Proposal 3: If a candidate PSCell is configured as reserved/selected/activated, the UE considers it as a candidate PSCell in the subsequent CPC.
Proposal 4: The stored PSCell configurations for subsequent CPA/CPC can be used for normal/unconditional PSCell addition/change.
Proposal 5: RAN2 ask to SA3 if the multiple sk-counter/ S-KgNB for the subsequent CPC per SN (or per candidate PSCell) is valid.
Proposal 6: RAN2 wait for the SA3 response regarding the handling of the S-SN CPAC configuration after PSCell change is indicated by the network.
Proposal 7: Additional information between MN and SNs are required to negotiate the support of subsequent CPAC after SCG change using inter-node RRC message and/or Xn message.
Proposal 8: One condReconfig ID includes CPA condition and CPC condition to support the simultaneous configuration of CPA and CPC.
Proposal 9: Whenever for before or after CPC execution, it is both acceptable for NW to explicitly configure the execution condition of initial source PSCell as one of the candidate PSCells for the subsequent SCG change.
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