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1. Introduction
[bookmark: OLE_LINK1]At last meeting, RAN2 discussed RRC aspects related to L1/L2-triggered mobility (LTM) and made the following agreements [1]: 
	· A L1/L2 inter-cell mobility candidate (target) configuration is received within an RRC message before the L1/L2 dynamic switch is triggered.
· RAN2 continues the discussion on the RRC models by focusing on Model 1 and Model 2 and stage-3 details.
a.	Model 1: One RRCReconfiguration message (or FFS RRCReconfiguration IEs) for each candidate target configuration
b.	Model 2: One CellGroupConfig IE (FFS additional IEs) for each candidate target configuration

· RAN2 to use “LTM” as term for the L1/L2-triggered mobility. 
· Use the term “cell switch” for the procedure of triggering change of cells via the LTM feature
· Use the term “Subsequent” LTM for the case when cell switch between L1/L2 mobility candidates is done without RRC reconfiguration in between.

· RAN2 assumes that sequential L1L2 cell change between Candidates without RRC reconfiguration can be supported. 
· RAN2 assumes that candidate cell configuration can only be modified / released by Network (FFS later whether some optimization should be applied e.g. for release). 
· For L1L2 mobility will support that candidate configurations are delta configurations on top of a reference configuration. FFS if the reference configuration is a separate reference configuration or e.g. the current configuration. 
· For L1L2 mobility, Target Pcell/SCell can be current SCell/PCell, i.e., current SCell/PCell can be configured as candidates.

· FFS how the UE determine the BWPs (for DL and UL) to be used upon the execution of L1/L2 inter-cell mobility



In this contribution, we discussed some open issues on candidate cell configuration and maintenance.
2. Discussion
2.1 RRC modeling on candidate cell configurations
At last meeting, RAN2 concluded to further discuss the RRC model for candidate cell configurations by focusing on Model 1 and Model 2:
· Model 1: One RRCReconfiguration message (or FFS RRCReconfiguration IEs) for each candidate target configuration
· Model 2: One CellGroupConfig IE (FFS additional IEs) for each candidate target configuration
The Model 1 can provide the full flexibility to reconfigure all required parameters for candidate cells. But larger signalling overhead and longer RRC processing latency may be required to configure each candidate with an RRCReconfiguration massage. Besides, considering that the current LTM is targeted for intra-CU scenarios only, reconfiguration above RLC layer is unexpected, e.g. no DRB level reconfiguration and security key refresh is required. Thus, some extra spec impact may be needed to specify which parameter reconfigurations are allowed or restricted for LTM.
Observation 1: Model 1 can provide the full flexibility for candidate configurations, but may require larger signalling overhead and longer RRC processing latency. And the extra spec impact is required to specify which parameter reconfigurations are allowed or restricted for LTM.
In Model 2, only parameter reconfigurations within CellGroupConfig is required for candidate cells, which can meet requirement for most parameter reconfigurations in intra-DU and intra-CU inter-DU scenarios. It needs smaller signalling overhead than Model 1. Therefore, we think Model 2 can be taken as the baseline for the LTM candidate target configuration.
Proposal 1: Model 2 (i.e. CellGroupConfig IE) is taken as the baseline for the LTM candidate target configuration.
More specifically, multiple candidate cell groups can be pre-configured into RRCReconfiguration message, e.g. a CandidateCellGoup AddMod/Release list. And each candidate cell group configuration is identified via cell group configuration index.
Proposal 2: Multiple candidate cell groups are configured via a CandidateCellGroup AddMod/Release list within RRCReconfiguration message. And each candidate cell group configuration is identified via cell group configuration index.
Besides, RAN2 agreed to support NR-DC scenario in LTM, at least for the PSCell change without MN involvement case, i.e. intra-SN. Considering that the parameter configurations within masterCellGroup and secondaryCellGroup could be similar, a common structure/list for candidate MCGs and SCGs can be considered to provide more flexibility for CG switch/activation. The configured candidate cell groups are expected to be activated as either MCG or SCG. It can be up to NW to determine how to use the candidate cell group and indicate this in the cell switch command, e.g. activate the candidate cell group as either MCG or SCG.
Observation 2: NR-DC scenario in LTM is supported, at least for the PSCell change without MN involvement case, i.e. intra-SN. 
Proposal 3: A common structure/list for candidate MCGs and SCGs can be considered, each entry can be configured as a candidate cell group for both MCG and SCG. It can be up to NW to determine how to use the candidate cell group, e.g. activate the candidate cell group as either MCG or SCG. 
However, considering that RLC and MAC reconfiguration may be not required for candidate cells within the same DU, the Model 2 seems still too heavy in intra-DU scenario. Besides, it is redundant to provide the whole cell group configuration for each candidate target in case of serving cell change within one cell group, e.g. role change between SpCell and SCell, SCell change only. If we have one CellGroupConfig IE for each candidate target configuration (including one SpCell with possible SCells), then the NW needs to configure multiple candidate cell groups but with similar cell configurations. For example, there are three cells (e.g. Cell_1, Cell_2, Cell_3) within one cell group. Considering that each cell can be configured as a candidate PCell, the NW needs to configure three candidate cell groups to support all potential cell combination, e.g. CellGroupConfig_1 (including Cell_1 as PCell, Cell_2 and Cell_3 as SCell), CellGroupConfig_2 (including Cell_2 as PCell, Cell_1 and Cell_3 as SCell), CellGroupConfig_3 (including Cell_3 as PCell, Cell_1 and Cell_2 as SCell). It shall cause larger signalling overhead, due to repeated cell configurations among different candidate cell groups.
Observation 3: To support the serving cell change within one CG (e.g. role change between SpCell and SCell), when each candidate target configuration (including one SpCell with possible SCells) is configured with one CellGroupConfig IE, the NW needs to configure multiple candidate cell groups with similar cell configurations. It shall cause larger signalling overhead and lack flexibility on cell combination.
In order to reduce signalling overhead in CA scenario, a possible solution is to support a candidate target configuration including multiple candidate SpCells. For example, one candidate CellGroupConfig can include multiple candidate cells, each one can be configured as a candidate cell for both SpCell and SCell, e.g. CellGroupConfig_1 (including Cell_1 as PCell/SCell , Cell_2 as PCell/SCell and Cell_3 as PCell/SCell). Namely, SpCell specific configuration can be provided for each candidate cell, but it will only be used in case the candidate cell is activated as SpCell. It can be up to NW to determine how to use the candidate cell and indicate this in the cell switch command, e.g. activate the candidate cell as either SpCell or SCell. In this way, only one candidate CellGroupConfig is required for each candidate DU, which can avoid redundant configurations among multiple candidate cell groups and support more flexible cell combination with less signalling overhead.
Proposal 4: RAN2 to further discuss whether the CellGroupConfig IE for the candidate target configuration can include multiple candidate SpCells, e.g. each one can be configured as a candidate cell for both SpCell and SCell. 
At last meeting, it’s agreed that “For L1L2 mobility will support that candidate configurations are delta configurations on top of a reference configuration. FFS if the reference configuration is a separate reference configuration or e.g. the current configuration”. Regarding how to define the reference configuration, there are two alternatives:
· Alt. 1: the source/current configuration, i.e. the configuration used when the UE receiving candidate target configurations for LTM from the NW;
· Alt. 2: a separate reference configuration, e.g. including common configuration parts among serving cells and candidate cells.
In Alt.1, the candidate configurations are provided as the delta configuration on the top of the source configuration. For the subsequent LTM, the UE needs to fall-back to the source configuration and then apply the candidate target configuration based on the source configuration. In Alt. 2, the candidate configurations are provided based on the separate reference configuration, which includes the common parts across multiple candidates, e.g. a common L1 measurement configuration for serving cells and candidate cells. For example, the UE can always use the common L1 measurements resources for L1 measurements on all serving cells and candidate cells. So there is no need to adjust the measurements resources based on the measurement configuration included in each candidate configuration, which can avoid redundant and heavy measurement configuration within each candidate configuration. And we can further consider whether and how to associate the measurement resources in the common configuration with each specific candidate configuration. Besides, RAN2 can further study what other configuration parameters can be included in the reference/common configuration.
Proposal 5: RAN2 to define a separate reference configuration to support the delta configuration for LTM. FFS the common configuration parameters included in the reference configuration, e.g. a common L1 measurement configuration for serving cells and candidate cells.
2.2 Candidate cell preparation and maintenance
In L3 HO, the target cell is selected and prepared based on L3 measurements. We think the same principle can be applicable to LTM candidate preparation. Namely, the CU initiates the candidate cell preparation procedure according to L3 measurement report from the UE.
Proposal 6: The preparation of LTM candidate configurations is initiated by the CU based on L3 measurements.
At last meeting, RAN2 assumed that sequential L1L2 cell change between Candidates without RRC reconfiguration can be supported, and candidate cell configuration can only be modified/released by Network. Thus, in order to make full use of LTM candidate configurations, the UE could maintain candidate configurations after completion of one LTM by default. 
Proposal 7: LTM candidate configurations are maintained by default, after completion of one LTM execution. 
Given that LTM may be triggered frequently due to the fast fluctuation of L1 measurements, it’s very likely that the UE switches back to the previous/source cell, i.e. ping-pong HO. Thus, in order to make use of the source configuration for the subsequent cell switch, the source cell configuration could be maintained and considered as a candidate cell configuration for the subsequent LTM. We can further study whether the source cell is maintained as a candidate cell explicitly (e.g. the NW explicitly configures the source cell into the candidate cell list) or implicitly (e.g. the UE maintains the source cell after one LTM execution by default).
Proposal 8: The source cell configuration could be maintained and considered as a candidate cell configuration for the subsequent LTM. FFS whether the source cell configuration is maintained explicitly or implicitly.
However, with the UE’s movement and the change of the channel environment, when the UE switches to a specific target cell, some candidate cells may be not suitable as the candidates for the next cell switch. Taking the following cell distribution map as an example, there are 8 candidate cells pre-configured by the NW to support subsequent LTM. When the UE moves to the Cell 5, actually just three cells (e.g. Cell 2, Cell 3, Cell 6) can be taken as the potential targets for the next cell switch. But other candidate cells are also possible for the subsequent cell switch (e.g. when UE moves to Cell 2), so such candidates can also be maintained for the subsequent LTM, to avoid frequent RRCReconfiguration for candidate cell update. However, if the UE always performs the measurement on all configured candidate cells and related beams, it may cause the considerable power consumption considering the L1 measurement and report is triggered much frequently than L3 measurement. 


Fig. 1 An example of cell distribution map
Observation 4: Considering that the L1 measurement and report is triggered much more frequently than L3 measurement, performing the L1 measurements on all configured candidate cells all the time may cause the considerable power consumption.
In order to save the UE power and enable more flexible measurement update, the NW can dynamically active/select the desired candidate cells to be measured by the UE via L1/L2 signaling (e.g. MAC CE or DCI). For example, the NW can indicate a subset of cells to be measured and reported, and then the UE is only required to measure the indicated sets of cells for LTM.
Proposal 9: The NW can dynamically select a sub-set of configured candidate cells to be measured for the subsequent LTM, e.g. via L1/L2 signalling.
Anyway, if the NW does not allow to perform LTM any more, the NW can explicitly release the LTM candidate configurations via RRCReconfiguration message. However, in CHO, UE autonomous release of candidate cell configurations are defined in some cases, e.g. completion of PCell change, entering to RRC_IDLE/RRC_INACTIVE, which can reduce the signalling on explicit release by the NW. Thus, RAN2 can further study whether the autonomous release mechanism, i.e. like CHO, is applicable to LTM in some cases.
Proposal 10: RAN2 to discuss whether the autonomous release of LTM candidate configurations by the UE is applied in some cases, e.g. upon entering to RRC_IDLE/RRC_INACTIVE, completion of L3 HO. 
2.3 UE capability consumption and coordination
According to current specs, a serving cell can be either activated or deactivated. However, no matter the serving cell is activated or deactivated, the UE capability will be consumed by the configured serving cell.
Observation 5: According to the current spec, a serving cell can be either activated or deactivated. Both the activated cell and the deactivated cell will consume the UE capability.
For the LTM, since the UE only needs to store the configuration for candidate cells or cell groups in case the candidate cells/cell groups has not been mounted as serving cells, L1/L2 UE capability shall not be consumed by the candidate cell configured but not mounted. Since we already have a clear definition of SCell activation/deactivation, there will be some ambiguity if we use active/deactivate for the handling of candidate cell. To avoid the ambiguity, a new term can be used instead (e.g. mounted or another term). Thus, we give the following proposal to define the cell/cell group status for LTM:
Proposal 11: For each configured candidate cell/cell group, there can be three status:
1. Not mounted: The candidate cell/cell group is configured but has not been mounted as a serving cell/cell group.
1. Mounted but deactivated: The candidate cell/cell group is mounted as a serving cell/cell group, but the serving cell/cell group is deactivated.
1. Mounted and activated: The candidate cell/cell group is mounted as a serving cell/cell group, and the serving cell/cell group is activated.
In order to avoid some ambiguity on UE capability handing, we think the main principle for LTM should align with the current UE capability principle for the activation/deactivation cell. Namely, only if the candidate cell is mounted as a serving cell (no matter the serving cell is activated or not), the corresponding UE capability related to the serving cell will be consumed. Otherwise (if the candidate cell is not mounted), the candidate cell configured will not consume any UE capability except the one about the maximum number of candidate cell, e.g. like the handling for CHO candidate cell. The same principle is applicable to the candidate cell group as well.
Proposal 12: If the candidate cell is mounted as a serving cell (no matter the serving cell is activated or not), the corresponding UE capability related to the serving cell will be consumed. Otherwise (if the candidate cell is not mounted), the candidate cell configured will not consume any UE capability except the one about the maximum number of candidate cell. The same principle is applicable to the candidate cell group as well.
Since RAN2 agreed to support NR-DC scenario in LTM (at least for intra-SN case), the following cases should be considered for intra-DU LTM:
1. LTM is configured in MN only.
1. LTM is configured in SN only.
1. LTM is configured independently in both MN and SN.
Observation 6: For LTM in NR-DC case, the following scenarios can be considered: (1) LTM is configured in MN only; (2) LTM is configured in SN only; (3) LTM is configured independently in both MN and SN.
In NR-DC case, some inter-node capability coordination is required during the candidate cell configuration preparation phase, to ensure that the UE capability for mounted MCG serving cells and mounted SCG serving cells shall not exceed the maximum UE capability. For example, the MN and the SN needs to coordinate some lower layer parameters, e.g. allowed BC list, power coordination, serving cell index range, etc., when preparing the candidate cell configuration within each node. With such pre-coordination between the MN and the SN, no inter-node coordination is required upon triggering of LTM, which enables the fast cell switch.
Proposal 13: In NR-DC case, the inter-node UE capability coordination should be performed during the candidate cell configuration preparation phase. No inter-node coordination is required during the LTM execution phase (i.e. triggering of LTM).
3. Conclusion and proposals
In this contribution, we discussed LTM candidate cell configuration and maintenance with the following observations and proposals:
Observation 1: Model 1 can provide the full flexibility for candidate configurations, but may require larger signalling overhead and longer RRC processing latency. And the extra spec impact is required to specify which parameter reconfigurations are allowed or restricted for LTM.
Proposal 1: Model 2 (i.e. CellGroupConfig IE) is taken as the baseline for the LTM candidate target configuration.
Proposal 2: Multiple candidate cell groups are configured via a CandidateCellGroup AddMod/Release list within RRCReconfiguration message. And each candidate cell group configuration is identified via cell group configuration index.
Observation 2: NR-DC scenario in LTM is supported, at least for the PSCell change without MN involvement case, i.e. intra-SN. 
Proposal 3: A common structure/list for candidate MCGs and SCGs can be considered, each entry can be configured as a candidate cell group for both MCG and SCG. It can be up to NW to determine how to use the candidate cell group, e.g. activate the candidate cell group as either MCG or SCG. 
Observation 3: To support the serving cell change within one CG (e.g. role change between SpCell and SCell), when each candidate target configuration (including one SpCell with possible SCells) is configured with one CellGroupConfig IE, the NW needs to configure multiple candidate cell groups with similar cell configurations. It shall cause larger signalling overhead and lack flexibility on cell combination.
Proposal 4: RAN2 to further discuss whether the CellGroupConfig IE for the candidate target configuration can include multiple candidate SpCells, e.g. each one can be configured as a candidate cell for both SpCell and SCell. 
Proposal 5: RAN2 to define a separate reference configuration to support the delta configuration for LTM. FFS the common configuration parameters included in the reference configuration, e.g. a common L1 measurement configuration for serving cells and candidate cells.
Proposal 6: The preparation of LTM candidate configurations is initiated by the CU based on L3 measurements.
Proposal 7: LTM candidate configurations are maintained by default, after completion of one LTM execution. 
Proposal 8: The source cell configuration could be maintained and considered as a candidate cell configuration for the subsequent LTM. FFS whether the source cell configuration is maintained explicitly or implicitly.
Observation 4: Considering that the L1 measurement and report is triggered much more frequently than L3 measurement, performing the L1 measurements on all configured candidate cells all the time may cause the considerable power consumption.
Proposal 9: The NW can dynamically select a sub-set of configured candidate cells to be measured for the subsequent LTM, e.g. via L1/L2 signalling.
Proposal 10: RAN2 to discuss whether the autonomous release of LTM candidate configurations by the UE is applied in some cases, e.g. upon entering to RRC_IDLE/RRC_INACTIVE, completion of L3 HO. 
Observation 5: According to the current spec, a serving cell can be either activated or deactivated. Both the activated cell and the deactivated cell will consume the UE capability.
Proposal 11: For each configured candidate cell/cell group, there can be three status:
1. Not mounted: The candidate cell/cell group is configured but has not been mounted as a serving cell/cell group.
1. Mounted but deactivated: The candidate cell/cell group is mounted as a serving cell/cell group, but the serving cell/cell group is deactivated.
1. Mounted and activated: The candidate cell/cell group is mounted as a serving cell/cell group, and the serving cell/cell group is activated.
Proposal 12: If the candidate cell is mounted as a serving cell (no matter the serving cell is activated or not), the corresponding UE capability related to the serving cell will be consumed. Otherwise (if the candidate cell is not mounted), the candidate cell configured will not consume any UE capability except the one about the maximum number of candidate cell. The same principle is applicable to the candidate cell group as well.
Observation 6: For LTM in NR-DC case, the following scenarios can be considered: (1) LTM is configured in MN only; (2) LTM is configured in SN only; (3) LTM is configured independently in both MN and SN.
Proposal 13: In NR-DC case, the inter-node UE capability coordination should be performed during the candidate cell configuration preparation phase. No inter-node coordination is required during the LTM execution phase (i.e. triggering of LTM).
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