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1. Introduction 
New WI on “Further NR mobility enhancements” was approved in [1]. The RAN2 related objectives are as follow:
1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]
· Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]
· L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]
· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet
· Timing Advance management [RAN1, RAN2]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]

Note 2: FR2 specific enhancements are not precluded, if any.
Note 3: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:
· Standalone, CA and NR-DC case with serving cell change within one CG
· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)
· Both intra-frequency and inter-frequency
· Both FR1 and FR2
· Source and target cells may be synchronized or non-synchronized

2. 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.

3. To specify CHO including target MCG and target SCG [RAN3, RAN2]. 
Note 5: This is already being targeted for Rel-17, so this objective will be reviewed at RAN#95-e.

4. To specify CHO including target MCG and candidate SCGs for CPC/CPA  [RAN3, RAN2]
· CHO including target MCG and target SCG is used as the baseline

In this contribution, we are focusing on selective activation and deactivation cell groups enhancements.
2. Discussion 
Scenario support of selective activation/ deactivation of cell groups
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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/CPA. 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 CPA/CPC configuration in order for the UE to CPA/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 CPA/CPC configuration (i.e. configuration of SN2 of Cell C) after the PSCell addition of Cell B at T1). Similarly, at T2, again the CPA/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. 
In CHO 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 SK counter which is generated by RAN. In order to maintain the CPA/CPC configuration (i.e. candidate SCG configurations), the Rel-18 UE needs to maintain the security key derived from the SK counter for each SCG configuration. Hence there is no limit on the reuse of SK counter for each of the candidate SCG configurations (until the PDCP SN wraparound). In Rel-17, the CPC configuration is not maintained because of delta configuration issue. RAN2 agreed in Rel-17 to leave to the UE 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 like in Rel-17, it is unclear what is the delta configuration for the candidate PSCell configurations. In order to maintain the CPC configuration, it cannot be left to UE implementation, but network can indicate which cell is based on for delta configuration or when the UE should decode the candidate PSCell configurations.
Observation 1: In legacy, CPC/CPA configuration is released when UE has successfully added/changed a PSCell.
Observation 2: To support subsequent secondary cell group change, CPC/CPA configuration should not be released when UE successfully added/changed a PSCell. 
Proposal 1: To support subsequent secondary cell group change, CPC/CPA configuration is not released when UE successfully perform CPA or CPC. Further study related to security key derivation for maintaining the CPA/CPC configurations and delta configuration for CPC configuration.


The procedure of subsequent CPAC without reconfiguration or re-initiation could be as below:
A UE receives a conditional configuration for CPAC which includes several candidate PSCells.
a.	Step 1: when the execution condition of a CPAC candidate PScell is met, a UE performs the execution of CPAC 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 CPAC), 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 CPAC towards this candidate PSCell.
Proposal 2: RAN2 confirm the procedure to support subsequent secondary cell group change as follow:
a.	Step 1: when the execution condition of a CPAC candidate PScell is met, a UE performs the execution of CPAC 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 CPAC), 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 CPAC towards this candidate PSCell.

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 3: RAN2 discuss SCG pre-configuration and consider above states diagram as a baseline for SCG activation/ deactivation/ pre-configured procedures.

In order to determine the number of SCG can be supported in each state, UE should indicate maximum number of deactivated SCG and pre-configured SCG in UE capability. This way, the network can ensure that the number of support deactivated SCG or pre-configured SCG is within the UE capability. .
Proposal 4: UE should indicate the support of maximum number of deactivated SCG and pre-configured SCG. 

3. Conclusion
[bookmark: _Hlk47081425]Observation 1: In legacy, CPC/CPA configuration is released when UE has successfully added/changed a PSCell.
Observation 2: To support subsequent secondary cell group change, CPC/CPA configuration should not be released when UE successfully added/changed a PSCell. 
Proposal 1: To support subsequent secondary cell group change, CPC/CPA configuration is not released when UE successfully perform CPA or CPC. Further study related security key derivation for maintaining the CPA/CPC configurations and delta configuration for CPC configuration.
Proposal 2: RAN2 confirm the procedure to support subsequent secondary cell group change as follow:
a.	Step 1: when the execution condition of a CPAC candidate PScell is met, a UE performs the execution of CPAC 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 CPAC), 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 CPAC towards this candidate PSCell.
Proposal 3: RAN2 discuss SCG pre-configuration and consider above states diagram as a baseline for SCG activation/ deactivation/ pre-configured procedures.
Proposal 4: UE should indicate the support of maximum number of deactivated SCG and pre-configured SCG. 
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