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For Rel-18 Further NR mobility enhancements, RAN2 has the following objective [1]:
	· 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.


In this contribution, we discuss some issue points of the selective activation of the cell group based on the agreements and FFS.

Discussion
Candidates Management
At the RAN2#119bis-e meeting, RAN2 remained FFS if the UE should keep all CPA/CPC configurations for subsequent mobility after mobility or if those are indicated by the network to keep [2]:
	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.


We think that the UE should be able to have the most flexible choice for the subsequent mobility at least as much as the legacy mobility scenario. Considering the real cell deployment, if subsequent CPA/CPC are only allowed only when all CPA/CPC configurations shall be maintained, the scenarios in which the UE can use the configuration for the subsequent CPA/CPC are very limited. 
For example, let's assume that the UE is moving continuously.
When preparing for the subsequent CPA/CPC, each candidate cell gets the UE context information via inter-node signalling, and predicts how long the UE will be allowed the subsequent mobility. This prediction includes calculations of how many motilities will be required before the UE performs the subsequent mobility to the cell based on the current location of the UE. Therefore, each candidate cell can re-determine the validity of the subsequent mobility whenever the UE performs the subsequent mobility based on the newly selected cell.
In particular, if candidate cell A and candidate cell B are located at geographically opposite edges among candidate cells supporting subsequent CPA/CPC, these candidate cells may be a condition in which each other should be removed in the subsequent mobility configuration. This is because it means that if the UE performs subsequent mobility to candidate cell A, candidate cell B can no longer geographically support the subsequent mobility. We think that if the UE moves to candidate cell A, the network can determine if candidate cell B is no longer applicable for the subsequent mobility through this prediction process.
However if subsequent CPA/CPC are only allowed only when all CPA/CPC configuration shall be maintained, when the UE is moving to the candidate cell A, the candidate cell B on the opposite side must be maintained even though the UE is unlikely to move to the candidate cell B. Otherwise, from the initial mobility preparation phase for subsequent mobility, candidate cell A and candidate cell B must be excluded from the list of candidate cells. This means that the network can allow the subsequent mobility only in a very limited scenario, and in many other scenarios the network has to re-initiate and reconfigure the conditional reconfiguration again.
For the above reasons, we think that among all candidate cells for the subsequent CPA/CPC, when moving to a specific candidate cell, the network can indicate to the UE which candidate cell is still applicable and which candidate cell is not applicable.
Proposal 1.	Each candidate cell may provide a list of certain candidate cells which is no longer applicable after a subsequent CPA/CPC for the candidate cell.

Then, if the UE receives the list of candidate cells that are no longer applicable after the subsequent CPA/CPC, the UE can consider the candidate cells to be removed from subsequent CPA/CPC.
Proposal 2.	The UE removes the candidate cell(s) of the list which is no longer applicable after the subsequent CPA/CPC.

However, whenever performing mobility, the UE must know which candidate cell for subsequent mobility is available in a new target cell.
From the network point of view, if some candidate cells can be used frequently in the subsequent CPA/CPC scenarios, the candidate cells would be better to keep even though those are not available in the current SCG. Otherwise, because the network is likely to re-initiate CPA/CPC preparation for those cells after leaving the current SCG, signalling overhead and configuration latency may occur.
Thus, we think it is beneficial that those candidate cells which are not applicable in the current SCG but can be kept for the next subsequent CPA/CPC. For this, the network may also indicate to inactivation of those candidate cells while staying at the current SCG. 
Proposal 3.	Each candidate cell may provide a list of certain candidate cells which is temporarily not applicable after a subsequent CPA/CPC for the candidate cell.

If the UE receives the list of candidate cells that are temporarily not applicable after the subsequent CPA/CPC, the UE can consider the candidate cells as inactivated for the next subsequent mobility. Then, if the candidate cells are indicated as inactivated by the network, the UE doesn’t evaluate the mobility execution condition for the candidate cells while staying at the current SCG. But the UE maintains configurations related to the candidate cells for the next subsequent mobility.
Proposal 4.	The UE considers the candidate cell(s) of the list which is temporarily not applicable after a subsequent CPA/CPC as inactivated.

One of FFS is how much subsequent conditional mobilities are targeted for the subsequent CPA/CPC [2]:
	FFS how many subsequent conditional changes are targeted (and what is the impact of such assumption). 


The UE does not need to know how much the subsequent conditional mobility is to perform w/o additional information. This is because only the network knows well the resource validation via inter-node signalling for each candidate cell, it is easy that the network can decide how much subsequent conditional mobilities are targeted per candidate cell. For this, we think there is no critical reason to indicate to the UE.
Proposal 5.	It is the network's responsibility to how long the subsequent mobility configuration can be kept, i.e. it is up to the network’s decision to remove the whole configuration for the subsequent CPA/CPC.

Delta Configuration
In RAN2#120 meeting, RAN2 has agreed to support separated reference configuration for delta configuration but how to design others is still under discussion [3]:
	Delta configuration
A UE stores the reference configuration as a separate configuration.
The reference configuration is managed separately 


Since RAN2 has discussed for a short while whether the nested configuration (i.e. recursive configuration such as a conditional reconfiguration in another conditional reconfiguration) is supported for the delta configuration, we consider if there are other approaches can be one of the options and what is pros and cons of each option for the delta configuration handling. 
Since CellGroupConfig IE is supposed to be used for LTM mobility, even though the harmonization solution may not be possible. The following options can be considered:
1) CellGroupConfig IE for a candidate cell group is provided in conditional reconfiguration for the subsequent CPA/CPC
2) CellGroupConfig IE for a candidate cell group is provided out of conditional reconfiguration for the subsequent CPA/CPC
3) RRCReconfiguration message for a candidate cell group is provided in conditional reconfiguration for the subsequent CPA/CPC
4) RRCReconfiguration message for a candidate cell group is provided out of conditional reconfiguration for the subsequent CPA/CPC
Proposal 6.	RAN2 discusses supporting delta configuration based on the below options:
1) CellGroupConfig IE for a candidate cell group is provided in conditional reconfiguration for the subsequent CPA/CPC
2) CellGroupConfig IE for a candidate cell group is provided out of conditional reconfiguration for the subsequent CPA/CPC
3) RRCReconfiguration message for a candidate cell group is provided in conditional reconfiguration for the subsequent CPA/CPC
4) RRCReconfiguration message for a candidate cell group is provided out of conditional reconfiguration for the subsequent CPA/CPC

We first analyze the common points included in each option based on the current RRC Reconfiguration structure. We consider the parameters that may affect the subsequent CPA/CPC based on the RRC reconfiguration structure attached to the Appendix. The common points of each option can be described as the following:
Option 1) and option 3), these options mean the provision way of nested configuration. For the nested configuration, CPA/CPC configuration for subsequent mobility should be included in the conditional reconfiguration. The network has to configure available candidates in each candidate repeatedly so that the UE can keep performing the subsequent mobility no matter which target cell is selected.
Option 2) and option 4), these options mean the provision way of non-nested configuration. For the non-nested configuration, CPA/CPC configuration for subsequent mobility is not included in the conditional reconfiguration. RAN2 needs further discussion on how to provide the configuration to the UE for the non-nested configuration. We are almost certain that the non-nested configuration should be provided to the UE separately from the conditional reconfiguration. Also, the UE can be provided the non-nested configuration earlier than the conditional reconfiguration.
Option 1) and option 2), these options provide the candidate cell group configuration as CellGroupConfig IE instead of RRCReconfiguration message. The CellGroupConfig IE instead of RRCReconfiguration message is applicable only to secondary cell group configuration.
Option 3) and option 4), these options provide the candidate cell group configuration as RRC Reconfiguration message. As the legacy principle, the UE can update any RRC configuration for both MN and SN through this RRC Reconfiguration message.

A detailed analysis of each option based on the common points above can be described as follows:
For option 1), there is no reason to use the nested configuration because the CellGroupConfig IE is used for a candidate. This option just eliminates the gain in signaling efficiency that can be obtained by not using the RRC Reconfiguration message. We exclude this option because there are no pros compared to other options.
For option 2), since all candidates are provided to the UE without additional containing RRC Reconfiguration message in a single RRC Reconfiguration message, even after PSCell change, the UE can maintain candidates through delta configuration as the legacy principle. Also, since the configuration for each candidate is much smaller than that of RRC Reconfiguration, a mismatch issue from reference configuration does not occur if all configurations are provided as full configuration.
However, option 2 has far more cons than the above pros. To support option 2, we have too many scenario constraints. In option 2, without an additional update from the network, the UE cannot update the measurement configuration nor master cell group configuration. In addition, since the SCG configuration is affected in most cases when the MN is changed, candidates cannot be likely to be maintained when PCell handover. Above all, the current SN should be able to interpret all CellGroupConfig IEs provided as candidates, otherwise, encapsulation should be required. Moreover, this option is applicable only in NR-DC scenario and not in MR-DC scenario. Considering future feature extensions, these numerous scenario constraints do not seem to be beneficial, so we exclude this option as well.
For option 3), since this nested configuration is an RRC Reconfiguration-based approach, this resolves most of the cons of option 2. However, the UE must suffer inefficient signaling because a large amount of RRC Reconfiguration message for candidates must be provided, and even each RRC Reconfiguration messages are likely to be duplicated for each target cell. Also, as RAN2 has already recognized, a mismatch issue of the reference configuration occurs due to subsequent mobility.
For option 4), this option includes all pros of option 3) and it is possible to resolve the signaling overhead and signaling redundancy issue caused by the nested configuration of option 3). In addition, since candidates are provided separately from the information of the conditional reconfiguration, each reference configuration for the candidate can also be provided separately even if the UE continues to perform subsequent mobility, i.e. a mismatch issue of reference configuration can be prevented. For the reference configuration and configuration for the candidate, some new principles may be required for delta configuration handling. The detailed operation of reference configuration is described in section 2.4.

Based on the above analysis, we can summarize briefly in the table below:

Table 1 Analysis for the delta configuration
	
	Option 1
	Option 2
	Option 3
	Option 4

	Nested 
Config
	O
	X
	O
	X

	Pros

	1. message size reduction due to CellGroupConfig IE
2. no reference mismatch
	1. message size reduction due to CellGroupConfig IE
2. no reference mismatch
3. easy delta configuration handling
	1. measurement update available
2. MCG update available
3. MN change available
4. MR-DC available for future extension
5. current SCG not require interpretation for candidates 
	1. measurement update available
2. MCG update available
3. MN change available
4. MR-DC available for future extension
5. current SCG not require interpretation for candidates
6. no reference mismatch
7. easy delta configuration handling

	Cons

	1. measurement update not available w/o additional signaling
2. MCG update not available w/o additional signaling
3. same MN only
4. NR-DC only
5. current SCG requires interpretation for candidates
6. signaling overhead due to duplication of candidates 
	1. measurement update not available w/o additional signaling
2. MCG update not available w/o additional signaling
3. same MN only
4. NR-DC only
5. current SCG requires interpretation for candidates
6. new principle required
	1. signaling overhead due to duplication of candidates
2. reference mismatch
	1. new principle required

	New 
Impacts
	
	1. pre-configuration required at least for reference cell
	
	1. pre-configuration required at least for reference cell



Proposal 7.	RAN2 considers table 1 to analyze each option for the delta configuration of the subsequent CPA/CPC.

Then since we prefer option 4), we propose also the following: 
Proposal 8.	For the delta configuration, a candidate cell group for the subsequent CPA/CPC is provided as a non-nested RRCReconfiguration message

Execution Condition
Considering the above baseline procedure, the UE can perform the subsequent CPC after CPA.
Accordingly, when the network provides the CPA configuration to the UE, the subsequent CPC configuration may also be provided to the UE together. In other words, this means that the UE may need multiple execution conditions of both CPA and the subsequent CPC for the same candidate cell. Since CPA and CPC are likely to have different execution conditions to compare the source cell’s signal quality, we think that the network should provide multiple execution conditions for the subsequent CPC after CPA.

RAN2 also made an agreement for the subsequent CPA [2]:
	Confirm that “CPA” selective activation of cell groups will be supported for this WI objective


Based on this agreement, we can confirm that the UE maintains the execution conditions for the subsequent CPA after SN addition and even after SN release. Since the subsequent CPA is also provided to the UE from the time to add SN and will be maintained while performing the subsequent CPC, the network may also need to provide the UE with multiple execution conditions for the subsequent CPA together with the subsequent CPC.

Therefore, we think the UE needs to be configured with multiple execution conditions for a candidate cell to allow the subsequent CPA/CPC based on the agreements.
Proposal 9:	For subsequent mobility, the network may provide multiple execution conditions for a candidate cell to allow subsequent CPC after CPA or subsequent CPA after SN release.

If the UE is provided with multiple execution conditions for the subsequent CPA/CPC, the UE must be able to use these conditions in a timely manner. Otherwise, the UE may perform inappropriate mobility due to the evaluation of the inappropriate execution condition. We think that some trigger type information should be indicated for each multiple execution condition so that the UE can select the appropriate execution for the subsequent CPA/CPC. That is, for each execution condition, the trigger type indicates that this execution condition is for CPA or CPC.
Proposal 10:	For multiple execution conditions, the network includes a trigger type per execution condition to indicate that each execution condition is for the subsequent CPA or the subsequent CPC.

Conclusion
It is proposed to discuss and decide on the following proposals:
Proposal 1.	Each candidate cell may provide a list of certain candidate cells which is no longer applicable after a subsequent CPA/CPC for the candidate cell.
Proposal 2.	The UE removes the candidate cell(s) of the list which is no longer applicable after the subsequent CPA/CPC.
Proposal 3.	Each candidate cell may provide a list of certain candidate cells which is temporarily not applicable after a subsequent CPA/CPC for the candidate cell.
Proposal 4.	The UE considers the candidate cell(s) of the list which is temporarily not applicable after a subsequent CPA/CPC as inactivated.
Proposal 5.	It is the network's responsibility to how long the subsequent mobility configuration can be kept, i.e. it is up to the network’s decision to remove the whole configuration for the subsequent CPA/CPC.
Proposal 6.	RAN2 discusses supporting delta configuration based on the below options:
1) CellGroupConfig IE for a candidate cell group is provided in conditional reconfiguration for the subsequent CPA/CPC
2) CellGroupConfig IE for a candidate cell group is provided out of conditional reconfiguration for the subsequent CPA/CPC
3) RRCReconfiguration message for a candidate cell group is provided in conditional reconfiguration for the subsequent CPA/CPC
4) RRCReconfiguration message for a candidate cell group is provided out of conditional reconfiguration for the subsequent CPA/CPC
Proposal 7.	RAN2 considers table 1 to analyze each option for the delta configuration of the subsequent CPA/CPC.
Proposal 8.	For the delta configuration, a candidate cell group for the subsequent CPA/CPC is provided as a non-nested RRCReconfiguration message
Proposal 9:	For subsequent mobility, the network may provide multiple execution conditions for a candidate cell to allow subsequent CPC after CPA or subsequent CPA after SN release.
Proposal 10:	For multiple execution conditions, the network includes a trigger type per execution condition to indicate that each execution condition is for the subsequent CPA or the subsequent CPC.
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Appendix
This structure is based on TS 38.331-h10. Some not related parameters are omitted for readability.
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