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1. Introduction 
NR-DC with selective activation cell of groups is one of the objectives in WI on “Further NR mobility enhancements”. During last RAN2 meeting #119e, some agreements were made below: 
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
There is interest to support delta configuration, to reduce the signalling overhead (FFS if some other objective should be achieved)
FFS how many subsequent conditional changes are targeted (and what is the impact of such assumption). 

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 contribution, we would like to discuss the basic concept of selective activation of cell groups and the FFS areas from last meeting. 
2. Discussion 
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Figure 1: example of a UE from single connectivity to adding PSCell B and then PSCell C with potential activation/ deactivation
One of the objectives in this WI is to support selective activation/ deactivation of cell groups via L3 enhancement in particular to allow subsequent cell group change after changing CG without reconfiguration and re-initiation of CPC. Figure 1 shows an example of a UE starts off with single connectivity with Cell A at T0. In legacy procedure, once the UE completed CPA towards SN1 (Cell B) in T1, the CPA configuration (including all the candidate cells) configured in T0 are released. Network will need to configure the UE again with CPC configuration in order for the UE to CPC to SN2 (Cell C). In Rel18, same as legacy, Cell B and Cell C can be pre-configured to the UE at T0 in the CPA configuration.  Rel18 UE may keep the SCG CPC pre-configuration (not released as in legacy) for each candidate SCG after CPA is executed. The UE continues to monitor if any of the CPC condition is met for subsequent CPC among the pre-configured candidate SCGs. When UE moves under the Cell B coverage, the Cell B can be added as PSCell at T1 while keeping the CPC configuration (i.e. configuration of SN2 of Cell C) after the PSCell addition of Cell B at T1). Similarly, at T2, again the CPC configuration configured at T0 is not released when the UE activated the configuration of SN2 of Cell C while keeping the configuration of SN1 of Cell B. 
Observation 1: In legacy, CPC configuration is released when UE has successfully added/changed a PSCell.
Observation 2: To support subsequent secondary cell group change, CPC configuration should not be released when UE successfully added/changed a PSCell. 

The procedure of subsequent CPC without reconfiguration or re-initiation could be as below:
A UE receives a conditional configuration for CPC which includes several candidate PSCells.
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.
Proposal 1: RAN2 confirm the procedure to support subsequent secondary cell group change as follow:
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.
As for CPA support, it is similar to CPC where SCG is pre-configured, but the CPA cell will be first time activates for the UE. The main difference is they may have a different execution condition. CPA may be configured with A4 event while CPC may be configured with A6 event. The only issue for CPA is that signaling may be large in compared to CPC if delta configuration is supported. In Rel-17, the CPC configuration is not maintained because of delta configuration issue. RAN2 agreed in Rel-17 to leave to the UE implementation to decide when to decode the candidate PSCell configurations for CPC. For delta configuration for the candidate PSCell configurations, it is based on the current PSCell configuration. If it is left to UE implementation of when to decode the candidate PSCell configuration like in Rel-17, it is unclear what is the delta configuration for the candidate PSCell configurations when the PSCell change while the CPC configuration is maintained. In order to maintain the CPC configuration, it cannot be left to UE implementation on when to decode the candidate PSCell configuration. One option is to specify in the specification that the UE needs to decode all the candidate PSCell configurations at the point where it receives the candidate PSCell configuration (assuming that current PSCell configuration is the baseline for the delta configuration for decoding all the candidate PSCell configuration). Alternatively, if it is to be decoded at the point where the candidate PSCell configuration has to be used, then there is a need to indicate implicitly or explicitly the baseline for the delta configuration (e.g. network can indicate which candidate PSCell configuration is based on for delta configuration and the UE will need to store the full configuration of the PSCell regardless of whether the PSCell has changed). 
Proposal 2: for a UE without SCG, a group of candidate cells can be configured with condition for CPA and different condition for subsequent CPC. 
Proposal 3: To support delta configuration for CPC, RAN2 discuss the following options:
· Option 1: UE always decodes the candidate PSCell configurations upon receiving them and hence store the full configuration of the candidate PSCell configurations.
· Option 2: UE knows the baseline of candidate PSCell configuration in which the UE stores the full configuration. UE only decodes the other candidate PSCell configuration using this baseline when the other candidate PSCell configuration is to be decoded.

In Rel-16, CHO configurations (candidate PCells) cannot be maintained as horizontal key derivation can only be applied not more than 2 hops/handovers. However, such security issue does not apply to CPA/CPC. For CPA/CPC, the security key for the SCG is derived based on the Master key and SK counter which is generated by RAN. In order to maintain the CPA/CPC configuration (i.e. candidate SCG configurations) and allowing the UE to moves back and fore between the candidate PSCells (for example PSCell A then PSCell B and back to PSCell A) , one simple option is that network provides a new SK counter for the previous PSCell.  However, we think this may defeat the purpose of maintaining the candidate PSCell configurations. Another option is the Rel-18 UE needs to maintain the security key derived from the SK counter for each SCG configuration. By doing so, there is no limit on the reuse of SK counter for each of the candidate SCG configurations (until the PDCP SN wraparound). However, this will require confirmation from SA3 whether they are fine with reusing the SK counter.  If SA3 think that SK counter cannot be reused when the UE moves back and fore candidate PSCells, another option is that network can provide UE with a list of sk-counter values for a candidate PSCell for sequential use whenever the UE moves back to the same candidate cell. When all sk-counters is used, MN key will need to be changed. In both cases, PDCP SN wraparound happens, network will need to assign new sk-counter.
Proposal 4: RAN2 to discuss one of the options for sk-counter assignments:
· Option 1: A list of sk-counter values for sequential use when CPC happens. 
· Option 2: one assigned sk-counter for each candidate PSCell and the sk-counter assigned to a candidate PSCell can be reused whenever the UE comes back to the candidate PSCell.

Proposal 5: new sk-counter is used when PDCP SN wraparound happens.

Regarding the question on how many subsequent conditional changes are targeted. We feel we should not have a limit as long as UE has enough sk-counter. For example, if the UE is activated and deactivate between 2 cells, there is no reason to put a limit on how many times one should allow to go back and far. However, we should put a limit on number of pre-configured cells, this can be limited by a fixed number (e.g. 8) or it can be set as UE capability. Another way is to limit it by network configuring the sk-counter. If a list is provide to the UE, the list itself will be limited the number of cells can be newly activated if reuse sk-counter is possible. 
Proposal 6: no limit to number of subsequent conditional changes but limit the number of pre-configured cells. 

Currently, SCG activation and deactivation are supported in Rel17 but only limited to a single secondary cell group. In Rel18, there are possible a “pre-configured” state where a cell configuration is sent to the UE in advance, but the cell has not been activated. Figure 2 below shows the possible state diagram for SCG. 
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Figure 2: state diagram for SCG
When a candidate cell configuration is not release, there are the following state changes:
· Pre-configured state: SCG can be pre-configured to the UE in advance. In this case, the UE basically just keeps the configuration in the memory. UE doesn’t perform RLM.
· Activate state: UE considers SCG is serving cell and follow all procedures such as RLM and beam failure detection.
· Deactivate state: UE perform RLM and beam failure detection if configured. 
· Release state: UE removes all configuration of the concern SCG.
· Pre-configured  Activate: network signal to add the SCG to the UE if there is no other activate SCG. Otherwise, deactivate existing SCG.
· ActivateDeactivate: Network can signal to the UE to deactivate the SCG by initiating the SCG deactivation procedure:
· UE indicate to lower layers that the SCG is deactivated
· Perform RLM and beam failure detection on the deactivated SCG if bfd-and-RLM is set true. Otherwise, no RLM is performed on the deactivated SCG 
· Stop all timers if configured to SCG
· Deactivate  Activate: network or UE can initiate activation of SCG:
· Resume RLM and beam failure detection on the activated SCG if previously stopped
· Resume all timers if previously stopped
· Indicate to lower layer that SCG is activated
· Deactivate  pre-configure: the network should be able to signal a cell from deactivate to pre-configured SCG if it is no longer available. 
· Stop RLM and beam failure detection if previously not stopped
· Stop all timers if configured to SCG
· Deactivate  release: the network should be able to release a deactivated SCG if it is no longer available.
· Stop RLM and beam failure detection if previously not stopped
· Stop all timers if configured to SCG
· Remove all protocol stack of SCG but keep configuration of SCG in memory 
Proposal 7: RAN2 discuss SCG pre-configuration and consider above states diagram as a baseline for SCG activation/ deactivation/ pre-configured procedures.

3. Conclusion

Proposal 1: RAN2 confirm the procedure to support subsequent secondary cell group change as follow:
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.

Proposal 2: for a UE without SCG, a group of candidate cells can be configured with condition for CPA and different condition for subsequent CPC. 
Proposal 3: To support delta configuration for CPC, RAN2 discuss the following options:
· Option 1: UE always decodes the candidate PSCell configurations upon receiving them and hence store the full configuration of the candidate PSCell configurations.
· Option 2: UE knows the baseline of candidate PSCell configuration in which the UE stores the full configuration. UE only decodes the other candidate PSCell configuration using this baseline when the other candidate PSCell configuration is to be decoded.
Proposal 4: RAN2 to discuss one of the options for sk-counter assignments:
· Option 1: A list of sk-counter values for sequential use when CPC happens. 
· Option 2: one assigned sk-counter for each candidate PSCell and the sk-counter assigned to a candidate PSCell can be reused whenever the UE comes back to the candidate PSCell.
Proposal 5: new sk-counter is used when PDCP SN wraparound happens.
Proposal 6: no limit to number of subsequent conditional changes but limit the number of pre-configured cells. 
Proposal 7: RAN2 discuss SCG pre-configuration and consider above states diagram as a baseline for SCG activation/ deactivation/ pre-configured procedures.

4. [bookmark: _Hlk47081425]Reference
[1] RP-213565		New WID on Further NR mobility enhancements		MediaTek	
[2] R2-2207383		Discussion on CHO including candidate SCGs		Intel
	
	
	



image1.emf
 Cell A (MN)

At T0, single connectivity 

(Cell A), with several 

candidate PSCells (i.e., Cell 

B and Cell C)

UE1

UE1

UE1

 Cell B

(SN1)

 Cell C

(SN2)

At T1, NR-DC,

Cell B is added as PSCell, 

meanwhile the configuration 

of Cell C is not released

At T2, NR-DC,

Cell C is activated as PSCell, 

meanwhile the configuration of Cell 

B is not released


image2.png
Deactivate

Release




