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1 Introduction
This paper introduces the first discussions related to Objective 2 of the mobility enhancement work item description [3]. In this document we further analyze applicable scenarios and the signaling procedure impacts and the main problems to be resolved. 
2	Discussion
CHO and CPAC functionality defined in Rel-16 and CPAC enhancements to support inter-SN scenarios in Rel. 17 focus only on defining the methods for conditional execution of cell change/addition based on the execution conditions for various single connectivity and dual connectivity scenarios. The target configurations prepared for multiple cells, except the executed target configuration, are released at the time of execution of conditional reconfiguration. This causes the following issues:
1) The same prepared cells that are released may need to be re-prepared after the cell change as they can be potential target cells for next mobility from the new serving cell.
a. The re-preparation causes unnecessary signalling in these scenarios.
2) UE can move quickly under the coverage of one of the configured but released candidate cells or back to the source cell after initial cell change execution. This is especially pronounced for FR2 coverage scenarios, where the coverage is more prone to changes due to detrimental effect of blockages.
a. There might not be enough time for re-preparations and this might lead to radio failures.

Thus, new signalling procedures and optimisations are needed to minimise the signalling overhead and improve mobility robustness associated with these scenarios.  Following objective of Rel-18 WID [3] for mobility enhancements is motivated based on the above scenarios.
	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]




2.1 Applicable Scenarios
The primary scenario for the above objective is illustrated in the following figures.  Figure 1 illustrates the potential UE mobility across group of PSCells under the overlay coverage of NR PCell.  In this scenario, UE is configured with CPAC for target cell PSCell 2 and PSCell 3. UE moves towards PSCell 2 and CPC towards target cell PSCell 2 is executed. If the PSCell 3 configuration is preserved after the mobility to PSCell 2 it is possible to have the CPC execution towards PSCell 3 briefly after from CPC execution towards PSCell 2.
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Figure 1: PSCell-Change to new Target-cell when UE have stored CPC configuration for PSCell 3
In an alternative scenario of Figure 1, the UE is configured with CPC for target cell PSCell 3. Instead of configuring CPC towards PSCell 2  MN may trigger classic PSCell change through RRC-Reconfiguration to target cell PSCell 2. If the PSCell 3 configuration is preserved after the PSCell change towards PSCell 2 it may be possible to have the CPC execution towards PSCell 3 briefly after executing PSCell changes towards PSCell 2.
NR-DC deployment scenarios with FR2 based PSCells or NR-DC deployments with secondary cell layers serving as capacity boosters with densely deployed secondary cells are expected to have frequent mobility across the PSCells. For these deployments, the mobility scenarios illustrated in the Figure 1 are more relevant and can be considered as the main scenarios for selective activation.
Proposal 1: RAN2 agrees the primary objective and the meaning of selective activation of SCG is to allow consecutive execution of CPCs with stored CPC configurations of potential target cells without frequent network signalling.
Rel-17 specifications introduces the CPA functionality where the UE can conditionally perform PSCell addition to move from single connectivity to dual connectivity. In this scenario also the UE may move to one of the prepared target PSCells after the initial CPA execution. In such scenario, the UE should be able to make use of the stored configurations of target PSCells for further execution of CPAC across the prepared PSCells. 
Proposal 2: RAN2 agrees that the objective also covers the scenario of consecutive execution of conditional PSCell change using the stored CPA configurations without frequent network signalling.
While we agree to the current objective to prioritise the SCG mobility for selective activation, the key issues and solutions, with very minor changes, could be applied to the CHO for PCell.  Frequent mobility across a group of cells can still be a valid scenario for NR single connectivity which operates at higher frequencies. We propose to consider the extension of the selective activation concept for MCG and re-use of the signalling procedure defined for SCG for MCG. 
The two main gains of selective activation are reduced signalling overhead and increased mobility robustness. We have conducted FR2 simulations to compare Rel. 16 CHO with the selective activation for MCG. We have observed a 25% reduction in radio signalling and 30% reduction in Xn signalling with the selective activation for MCG compared to Rel. 16 CHO. In terms of mobility robustness, we have seen a 23% decrease in radio link failures with the selective activation for MCG compared to Rel. 16 CHO (See Annex, section 4 for more details). 
Considering the same problem of subsequent cell change without sufficient time for preparation can also happen in high frequency deployments of MCGs, the selective activation can also be considered for MCG after finalisation of main aspects of selective activation for SCG. CHO of Rel. 16 [2] can be used as a baseline.
Proposal 3: RAN2 to consider extending the selective activation functionality for MCG after finalisation of the basic procedure for SCG (CHO procedure of Rel. 16 can be used as a baseline for the MCG). 
After detecting SCG failure, the UE stops evaluating the CPAC conditions to make sure it is up to the network to decide which of the PSCells the UE should access. As a result of the SCG failure procedure, the UE either releases or establishes connection to a new PSCell and the UE has to release all the CPAC configurations afterwards. This is contradicting to the goal of the objective as, in case of such a release, the UE cannot do a cell group change without a re-configuration and a re-preparation. Objective should also cover the SCG failure enhancements to enable the PSCell addition and change immediately after an SCG failure. 
Proposal 4: RAN2 to discuss the use of stored configurations for fast recovery from SCG Failure being considered as applicable scenario for selective activation.

2.2 Selective activation procedure from the UE perspective
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Figure 2: High-level description of the selective activation from the UE perspective. Colour coding indicates for which PSCell this phase is considered. Blue indicates PSCell 1 and grey indicates PSCell 2.

From 	a high-level point of view, the selective activation feature for Release 18 can be summarized with 4 main steps. 
1) In the first step, the UE is configured with multiple target configurations (CPAC) for the selective activation. This can be called as enabling selective activation across target cells at the UE. The preparation for the existing procedures can be used as a baseline and an enhancement for this step. MN will indicate whether target configurations are to be maintained after the initial CPAC for selective activation to differentiate the UE behaviour from the current CPAC preparation.
2) In the second step, the UE experiences a SCG change. A CG change experienced by the UE maybe one of many procedures. The procedures which need to be considered for step 2 should be discussed. Moreover, the UE continues to evaluate the condition for selective activation after this step.
3) In the third step, the UE may re-adjust the condition or the configuration as a result of the step 2. The UE monitors the CPAC execution condition and if the condition is fulfilled executes the CPAC configuration provided in step 1. The CPAC execution of the existing procedures can be used as a baseline for this step.
a. The release as in the current behaviour is avoided to avoid re-preparation for some of the CPAC configurations.
b. After this step the CPAC works as in current behaviour and UE is back at step 1.
c. The step 3 can be seen as replacing step 3 and 4 of current behaviour (release and re-preparation).
d. It is proposed that this step is called “alignment” as a step between preparation and execution for selective activation procedure.
4) In the last step, UE may execute the conditional configuration as in current behaviour. This is indicated as consecutive execution in Figure 2 as the execution is achieved after the execution of an initial PSCell change (Step 2) without re-preparation.
Proposal 5: RAN2 to consider additional re-alignment step at UE after cell-change for cell configuration and measurement configurations to achieve readiness for next execution.
2.3 Signalling Procedures for Selective Activation
The following procedures result in release of the stored CPAC configurations:
1) PSCell change execution,
2) PSCell release execution,
3) PSCell addition execution.
Scenario 1 causes the release of the CPC configuration and Scenario 3 causes the release of the CPA configurations. In both scenarios, the UE is connected to a new PSCell after a PSCell change. The new PSCell may prepare the released PSCells for CPC or the UE may require a PSCell change to a another PSCell. Thus, both scenarios are important for the improved SCG connectivity and signalling overhead reduction.
Scenario 2 causes the release of both CPA and CPC configurations, i.e., the UE is only connected to a PCell after PSCell release. The released PSCells can be re-prepared for CPA. Thus, for signalling overhead reduction, this scenario is important.
The main goal of this objective is to avoid the re-preparations. Implicit release of CPAC configurations caused by the existing procedures shall be avoided. The network can always explicitly release the preparations.
Proposal 6: RAN2 to agree that PSCell change/release/addition procedures that cause implicit release of CPAC configurations should be considered as main scenarios that trigger alignment. 
2.3.1 Impacts to different variants of CPC Procedures 
The following procedures for CPC have been defined in Rel. 16 and 17 [1]. 
1) SN-initiated inter-SN conditional PSCell change
2) SN-initiated intra-SN conditional PSCell change without MN involvement, 
a. with SRB3
b. without SRB3
3) MN-initiated inter-SN conditional PSCell change

We think that selective activation for SCG should apply to all these scenarios defined in Rel. 16 and 17. 
SN-initiated inter- and intra-SN PSCell change is mainly used for the scenario, in which the UE is providing the configured measurements of SCG to SN. SN detects the radio situation changes and initiates a conditional PSCell change procedure. This scenario reflects the use-case of frequent cell change due to FR2 coverage, as captured in the justification of the objective. Therefore, SN-initiated PSCell change should be prioritized.
We think that the intra-SN CPC of Scenario 2) requires minimal changes to enable the selective activation for SCG. However, this scenario represents only a subset of the actual PSCell changes.
Inter-SN CPC of Scenario 1) provides the broad coverage for the selective activation for SCG and should be prioritized. Solutions provided for this scenario will also cover the changes required for Scenario 2).  
Proposal 7: RAN2 to prioritize SN-Initiated CPC scenario for the selective activation and SN-initiated inter-SN CPC is investigated first.
MN-initiated inter-SN CPC is mainly defined for offloading scenarios, where the MN identifies the better target PSCell, which is suitable for switching the traffic. We don’t see a major benefit to extend the selective activation functionality for MN-initiated CPC scenario.
Proposal 8: RAN2 to deprioritize MN-Initiated CPC scenario for selective activation.
2.4	Problems for Selective Activation 
For this objective, merely storing the configurations of target PSCells after the initial execution does not enable the CPAC execution to a further PSCell (e.g., PSCell 3 in Figure 1) after initial CPAC execution or PSCell change (e.g., PSCell change to PSCell 2 in Figure 1). This is because when MN prepares the target PSCell (e.g., PSCell 3) for the CPAC execution, the configurations could have been prepared as modifications over the serving PSCell (e.g., PSCell 1) configuration. These configurations, if applied while UE is switching to further PSCell (e.g., PSCell 3), will cause an erroneous configuration at the UE. This is because the final configuration is based on the wrong source configuration.
Observation 1:  The prepared target configurations for CPAC cannot be used after the initial CPAC execution if the target node provides the target PSCell configurations as modifications over the serving PSCell configuration.
If the target SCG for CPAC is prepared as a full configuration (i.e., Release and Add SCG Group), the above problem can be mitigated because the stored configurations can be used as a full-configuration during selective activation.
Observation 2:  If the target SCG configurations are prepared as a full configuration, the selective switching across prepared cells is possible without additional impacts.
Full configuration of SCG for PSCell mobility will lead to the UE resetting or re-establishing all the higher layers and also release and addition of secondary cells, resulting in interruption of CA. All the configurations need to be re-applied at the UE for the complete SCG. This will be equivalent to restarting the SCG of the RRC connection. The full configuration has to be signalled to the UE, which will cause RAN signalling overhead and the UE has to store a full configuration which will cause a UE storage overhead. Higher interruption and delay are expected with this approach.
Observation 3:  Use of Full-configuration or Release/Addition of SCG will significantly impact the interruption time and delay in the execution of selective activation with additional signalling and storage overhead.
In Rel-17 CPAC functionality, for SN-initiated CPAC scenarios (intra and inter) the execution condition is linked to the measurement configuration of current serving SCG.  After the PSCell change execution, the UE will release the initial SCG configuration and consequently UE will not have any more CPAC execution condition even though it maintains the CPAC configurations. This dictates that the CPAC execution condition should be made available to the UE after the CPAC execution. To resolve this issue additional coordination is needed within MN and source/target SN. 
Observation 4:  Execution condition for CPAC after initial CPAC execution and the reference measurement-configuration of each target PSCell requires additional co-ordination between MN and SN for SN-Initiated intra/inter-SN CPAC scenarios.
As the target configurations are preserved at the UE beyond initial CPAC execution for selective activation, the resources are reserved at the target nodes for longer time than CPAC execution scenario. 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 update the stored configurations to selective activation in this case.
Observation 5:  The Target configurations are maintained for longer duration than current CPAC executions. Resource reservation related issues and release or pre-emption of configuration at target nodes needs to be addressed for selective activation.
Along the CPAC configuration provided to the UE, a SN counter value is sent to the UE by the MN. For the PSCell addition procedure, the UE needs a secondary node key. The secondary node key is generated using the SN counter provided by the MN. The SN counter must keep increasing after each SN change procedure to guarantee a fresh key is used. 
In Rel. 17 CPC, when the UE is provided with multiple CPAC configurations, the same SN counter value is provided with each CPAC configuration. The UE will use the SN counter value to generate the key for whichever CPAC configuration gets executed. All the other CPAC configurations will be released and a new SN counter value needs to be provided for the new CPAC configurations.
This objective aims at retaining the CPAC configuration. Therefore, the SN counter value has to be maintained to avoid security problems.
Observation 6: To avoid a security issue, a fresh SN counter value for the CPAC configurations after the initial CPAC execution has to be provisioned. This requires additional network signalling after every execution.
Proposal 9:  RAN2 to develop signalling enhancements for selective activation to mitigate one or more of the following problems, e.g., signalling overhead in full configuration, updating the execution conditions, pre-emption related release, security key change. 
3	Conclusion
Following are the observations and proposals based on our initial analysis on the scenarios, procedure impacts and problems for selective activation.
Scenarios And Signalling Procedures for Selective Activation 
Proposal 1: RAN2 agrees the primary objective and the meaning of selective activation of SCG is to allow consecutive execution of CPCs with stored CPC configurations of potential target cells without frequent network signalling.
Proposal 2: RAN2 agrees that the objective also covers the scenario of consecutive execution of conditional PSCell change after CPA without frequent network signalling.
Proposal 3: RAN2 to consider extending the selective activation functionality for MCG after finalisation of the basic procedure for SCG (CHO procedure of Rel. 16 can be used as a baseline for the MCG). 
Proposal 4: RAN2 to discuss the use of stored configurations for fast recovery from SCG Failure being considered as applicable scenario for selective activation.
Proposal 5: RAN2 to consider additional re-alignment step for selective activation at UE after cell-change for cell configuration and measurement configurations to achieve readiness for next execution.
Proposal 6: RAN2 to agree that PSCell change/release/addition procedures that cause implicit release of CPAC configurations should be considered as main scenarios that trigger alignment.
Proposal 7: RAN2 to prioritize SN-Initiated CPC scenario for the selective activation and SN-initiated inter-SN CPC is investigated first.
Proposal 8: RAN2 to deprioritize MN-Initiated CPC scenario for selective activation.

Problems to be resolved for Selective Activation 
Observation 1:  The prepared target configurations for CPAC cannot be used after the initial CPAC execution if the target node provides the target PSCell configurations as modifications over the serving PSCell configuration.
Observation 2:  If the target SCG configurations are prepared as a full configuration, the selective switching across prepared cells is possible without additional impacts.
Observation 3:  Use of Full-configuration or Release/Addition of SCG will significantly impact the interruption time and delay in the execution of selective activation with additional signalling and storage overhead.
Observation 4:  Execution condition for CPAC after initial CPAC execution and the reference measurement-configuration of each target PSCell requires additional co-ordination between MN and SN for SN-Initiated intra/inter-SN CPAC scenarios.
Observation 5:  The Target configurations are maintained for longer duration than current CPAC executions. Resource reservation related issues and release or pre-emption of configuration at target nodes needs to be addressed for selective activation.
Observation 6: To avoid a security issue, a fresh SN counter value for the CPAC configurations after the initial CPAC execution has to be provisioned. This requires additional network signalling after every execution.
Proposal 9:  RAN2 to develop signalling enhancements for selective activation to mitigate one or more of the following problems, e.g., signalling overhead in full configuration, updating the execution conditions, pre-emption related release, security key change. 
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Annex
Simulation results
Selective activation between MCGs in CHO and its impact on mobility performance is investigated in a system level simulation [4]. Simulation scenario and parameters are shown in Table 1. The simulation scenario is based on 7-site hexagon where each site consists of 3 cells with 120-degree sectoring. UMi-Street Canyon scenario parameters of TS 38.901 are deployed with 200 meters inter-site distance along with the channel propagation characteristics, i.e., fast fading, shadowing, path-loss, soft LOS. The simulation results are based on 28 GHz carrier frequency with a system bandwidth of 100 MHz and 10 MHz PRB bandwidth. The transmit power per PRB is configured to 30 dBm, i.e., 40 dBm for the whole system bandwidth. 
Random-waypoint mobility is used along with wrap-around where UEs are distributed uniformly around the network with a direction that is assigned in a uniformly distributed manner to each UE. In average there are 21 UEs per cell, i.e., 420 UEs in total in the network which are moving with 60 km/h speed.
Table 1 - Simulation parameters
	Parameter
	Value

	Network Layout
	7-site hexagon

	Carrier frequency
	28 GHz

	Channel model
	UMi-Street of TS 38.901

	Tx power
	30 dBm/PRB

	System Bandwidth
	100 MHz

	PRB Bandwidth
	10 MHz

	UE mobility
	Random waypoint with wrap-around

	Number of UE
	420

	Noise Power Spectral Density
	-174 dBm/Hz

	Noise Figure
	5 dB

	Maximum number of prepared cell per UE
	4



Mobility performance of selective activation for MCG and normal CHO procedures are shown in Figure 3, 4 and 5. In the selective activation for MCG case conditional configurations are not released after PCell change execution while in CHO case they are released and re-prepared with respect to radio conditions. However, radio condition related release is triggered in both cases. CHO configuration is a single connectivity configuration in both cases. In Figure 4, the total number of mobility failures, i.e., RLF due to T310 expiry, BFR Failure and handover failure due to T304 expiry, are shown per UE per minute. In Figure 5 and 6, the signalling overhead that is needed for CHO preparation and release are shown. Figure 2 shows the CHO related Xn signalling between source and target gNB(s) whereas, Figure 3 shows the CHO related radio signalling between UE and the source gNB. 
In Figure 4, the number of failures decreases around 20% when the selective activation is adopted in the mobility procedure and UE maintains the CHO configurations after initial CHO execution. In addition, it is observed that the total amount of signalling in both Xn and radio signalling are reduced by 30% and 36%, respectively.


Results:
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Figure 3 – Number of mobility failures per UE per minute for both FCHO and CHO scenarios.
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Figure 4 - Number of Xn signallings of CHO procedures (preparation and release) per UE per minute for both FCHO and CHO scenarios.
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Figure 5 - Number of radio signallings of CHO procedures (preparation and release) between UE and the source cell per UE per minute for both FCHO and CHO scenarios.
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