3GPP TSG-RAN WG2 Meeting #119bis-e	R2-2210171
Online, Oct 10th – 19th, 2022

Source: 			ZTE Corporation, Sanechips
Title: 	Discussion on candidate cell configuration and maintenance
[bookmark: Source]Agenda item:		8.4.2.2
[bookmark: DocumentFor]Document for:		Discussion and Decision
1. Introduction
[bookmark: OLE_LINK1]At last meeting, RAN2 discussed L1/L2 mobility and made the following agreements [1]: 
	· Assumption: HO interruption time for L1/L2-based inter-cell mobility is the time from UE receives the cell switch command to UE performs the first DL/UL reception/transmission on the indicated beam of the target cell. FFS if TRS tracking after HO and CSI RS measurement should also be included, i.e. the time to use a high-performance beam (can be clarified further).
· Assumption: To reduce HO interruption time, investigate e.g. solutions to reduce the time for UE reconfiguration (already in the WID), downlink and uplink synchronization after handover decision (other parts of dynamic switch not precluded).
· Confirm to Support L1/L2-based inter-cell mobility for inter-DU scenario (as well as intra-DU scenarios).  
· The design for intra-DU and inter-DU L1/L2-based mobility should share as much commonality as reasonable. FFS which aspects need to be different.
· R2 assumes that L2 is continued whenever possible (e.g. intra-DU), without Reset, with the target to avoid data loss, and the additional delay of data recovery.
· ICBM is one scenario considered for L1L2 mobility, but is not the only one, and is not a prerequisite for using L1L2 mobility.
· RAN2 to consider preparation of target cell configurations capable of dynamic switching without need for full configuration.
· Measurement delay can/may be considered in this work
· Assume that we rely on L1 measurements to trigger L1L2 mobility (still measurement for preparation could be L3, FFS)
· R2 will initially focus on PCell mobility. 
· R2 assumption: Rel-18 L1/L2 mobility includes both non-CA (PCell only) and CA scenarios (PCell and SCell). This includes the following cases
a) the target PCell/target SCell(s) is not a current serving cell (CA  CA scenario with PCell change)
b) FFS the target PCell is a current SCell
c) FFS the target SCell is the current PCell.
· DC scenarios are FFS (e.g. PSCell mobility may be a low hanging fruit FFS). 
· Current options on the table: to configure a L1/L2 inter-cell mobility candidate cell:
a.	One RRCReconfiguration message for candidate target cell
b.	One CellGroupConfig IE for each candidate target cell
c.	One SpCellConfig IE for each candidate target cell



Besides, RAN2 discussed RRC modeling on candidate cell configurations in the post-meeting email discussion [Post119-e][048][feMob] Candidate target configurations for L1/L2 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
In the post-meeting email discussion [Post119-e][048][feMob], the following three models for candidate target configuration were discussed on the table:
· Model 1: one RRCReconfiguration message for each candidate target configuration
· Model 2: one CellGroupConfig IE for each candidate target configuration
· Model 3: one SpCellConfig IE (and eventually SCellConfig IE) 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 L1/L2 mobility 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 L1/L2 mobility.
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 may be needed to specify which parameter reconfigurations are allowed or restricted for L1/L2 mobility.
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. So it needs smaller signalling overhead than Model 1. However, the Model 2 seems still too heavy in intra-DU scenario considering that RLC and MAC reconfiguration may be not required for candidate cells within the same DU. Besides, it is redundant to provide the whole cell group configuration for each candidate cell in case of serving cell change within one cell group, e.g. role change between SpCell and SCell, SCell change only. Thus, it’s preferred to support Model 3 for intra-DU scenario to achieve lower latency and signalling overhead. Besides, it can provide more flexible cell combination of SpCell and SCell for L1/L2 mobility in CA scenarios. For example, it can be up the NW to dynamically indicate the activated/switched candidate SpCell and SCell(s) in the switching command.
Observation 2: Model 2 can meet configuration requirements for most parameters in intra-DU and intra-CU inter-DU scenarios with less signalling overhead than Model 1. But it still too heavy and redundant to provide the whole cell group configuration for each candidate cell within the same DU/CG considering that RLC and MAC reconfiguration could be not required.
Therefore, a hybrid solution can be considered for RRC modeling on candidate target configurations to achieve a good balance between signalling overhead and reconfiguration flexibility. Namely, Model 2 (i.e. one CellGroupConfig IE for each candidate target configuration) is used for inter-DU scenario and Model 3 (i.e. one SpCellConfig IE (and eventually SCellConfig IE) for each candidate target configuration) is used for intra-DU scenario.
Proposal 1: A hybrid solution is considered for RRC modeling on candidate target configurations. Model 2 (i.e. one CellGroupConfig IE for each candidate target configuration) is used for inter-DU scenario and Model 3 (i.e. one SpCellConfig IE (and eventually SCellConfig IE) for each candidate target configuration) is used for intra-DU scenario.
More specifically, for intra-DU scenario, each candidate cell can be configured via candidate cell AddMod/Release list within CellGroupConfig IE, e.g. including a list of SpCellConfig or SCellConfig or ServingCellConfig IEs. And each candidate cell configuration can be identified via cell configuration index.
Proposal 2: For intra-DU scenario, multiple candidate cells are configured via a candidate cell AddMod/Release list within CellGroupConfig. And each candidate cell configuration can be identified via cell configuration index.
Furthermore, the configured candidate cell is expected to be activated as either SpCell or SCell, as discussed in our accompanied contribution [2]. In order to provide much more flexibility and reduce the total number of the candidate cell preparation, a common structure/list for candidate cells can be considered. Each entry can be configured as a candidate cell for both SpCell and SCell, e.g. SpCell specific configuration can be provided, but 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 switching command, e.g. activate the candidate cell as either SpCell or SCell.
Proposal 3: A common structure/list for candidate SpCells and SCells can be considered, each entry can be configured as a candidate cell for both SpCell and SCell. It can be up to NW to determine how to use the candidate cell, e.g. activate the candidate cell as either SpCell or SCell.
For inter-DU scenario, multiple candidate cell groups can be pre-configured into RRCReconfiguration message, e.g. a CandidateCellGoup AddMod/Release list. And each candidate cell group configuration can be identified via cell group configuration index.
Proposal 4: For inter-DU scenario, multiple candidate cell groups are configured via a CandidateCellGroup AddMod/Release list within RRCReconfiguration message. And each candidate cell group configuration can be identified via cell group configuration index.
Besides, it’s preferred to also support L1/L2 mobility for PSCell mobility in NR-DC. In such case, a common structure/list for candidate MCGs and SCGs can be considered as well to provide more flexibility for CG change/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 switching command, e.g. activate the candidate cell group as either MCG or SCG.
Proposal 5: 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.
At last meeting, it’s agreed that RAN2 to consider preparation of target cell configurations capable of dynamic switching without need for full configuration. Thus, optimization for signaling reduction need to be considered to reduce the signaling overhead for the configuration of candidate cells/cell groups, e.g. to support delta configuration or reference configuration. The following two options can be considered:
1. Alt. 1: Define one or several common template(s), and configure candidate cells or cell groups based on the template configuration(s), i.e. delta configuration based on the template(s)
1. Alt. 2: Identify one or several cell(s)/cell group(s) as the reference cell(s)/cell group(s), and configure candidate cells or cell groups based on the reference cell/cell group configuration(s), i.e. delta configuration based on the reference cell/cell group configuration(s)
In Alt.1, RAN2 need to further consider how to define the template configuration, e.g. define several sets/groups of common parameters, like LTE euCA. In Alt.2, a configured cell (e.g. the serving cell or the candidate cell) can be taken as a reference cell. The candidate cell configuration can include a reference cell ID and possible delta configuration based on the reference cell configuration. 
Proposal 6: Optimization on signaling reduction should be considered to reduce the signaling overhead for the configuration of candidate cells/cell groups. There are two potential solutions:
1. Alt. 1: Define one or several common template(s), and configure candidate cells or cell groups based on the template configuration(s), i.e. delta configuration based on the template(s);
1. Alt. 2: Identify one or several cell(s)/cell group(s) as the reference cell(s)/cell group(s), and configure candidate cells or cell groups based on the reference cell/cell group configuration(s), i.e. delta configuration based on the reference cell/cell group configuration(s).
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 L1/L2 mobility candidate preparation. Namely, the CU initiates the candidate cell preparation procedure according to L3 measurement report from the UE.
Proposal 7: Candidate cell configurations preparation is initiated by the CU based on L3 measurements.
In L1/L2 mobility, multiple candidate cell configurations are provided by the NW before triggering the execution of cell switch/activation. In order to make full use of candidate configurations, the UE could maintain such configurations after completion of one L1/L2 mobility by default. For the release of candidate cell configurations, it should be explicitly indicated by the NW, i.e. not released by the UE autonomously.
Proposal 8: Candidate cell configurations are maintained after completion of one L1/L2 mobility execution. The candidate cell configuration can only be explicitly released by the NW.
Besides, given that L1/L2 mobility 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 change, the source cell configuration should be maintained and can also be considered as a candidate cell configuration for the L1/L2 mobility.
Proposal 9: The source cell configuration is maintained and considered as a candidate cell configuration for the subsequent L1/L2 mobility.
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 3: 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 L1/L2 mobility, since the UE only needs to store the RRC level 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, maybe a new term can be used instead (e.g. mounted or another team). Thus, we give the following proposal to define the cell/cell group status for L1/L2 mobility:
Proposal 10: 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 L1/L2 mobility 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 11: 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 the L1/L2 mobility for serving cell change within one CG is applicable to NR-DC case, the following scenarios should be considered for intra-DU L1/L2 mobility:
1. L1/L2 mobility is configured in MN only.
1. L1/L2 mobility is configured in SN only.
1. L1/L2 mobility is configured independent in both MN and SN.
Observation 4: For L1/L2 mobility in NR-DC case, the following scenarios can be considered: (1) L1/L2 mobility is configured in MN only; (2) L1/L2 mobility is configured in SN only; (3) L1/L2 mobility is configured independent in both MN and SN.
In NR-DC case, some inter-node capability coordination is required during the L1/L2 mobility 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 L1/L2 mobility, which enables the fast cell switch.
Proposal 12: In NR-DC case, the inter-node UE capability coordination should be performed during the L1/L2 mobility preparation phase (i.e. configuration procedure of candidate cells). No inter-node coordination is required in the L1/L2 mobility execution phase (i.e. triggering of L1/L2 mobility).

3. Conclusion and proposals
In this contribution, we discussed L1/L2 mobility candidate cell(s) 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 may be needed to specify which parameter reconfigurations are allowed or restricted for L1/L2 mobility.
Observation 2: Model 2 can meet configuration requirements for most parameters in intra-DU and intra-CU inter-DU scenarios with less signalling overhead than Model 1. But it still too heavy and redundant to provide the whole cell group configuration for each candidate cell within the same DU/CG considering that RLC and MAC reconfiguration could be not required.
Proposal 1: A hybrid solution is considered for RRC modeling on candidate target configurations. Model 2 (i.e. one CellGroupConfig IE for each candidate target configuration) is used for inter-DU scenario and Model 3 (i.e. one SpCellConfig IE (and eventually SCellConfig IE) for each candidate target configuration) is used for intra-DU scenario.
Proposal 2: For intra-DU scenario, multiple candidate cells are configured via a candidate cell AddMod/Release list within CellGroupConfig. And each candidate cell configuration can be identified via cell configuration index.
Proposal 3: A common structure/list for candidate SpCells and SCells can be considered, each entry can be configured as a candidate cell for both SpCell and SCell. It can be up to NW to determine how to use the candidate cell, e.g. activate the candidate cell as either SpCell or SCell.
Proposal 4: For inter-DU scenario, multiple candidate cell groups are configured via a CandidateCellGroup AddMod/Release list within RRCReconfiguration message. And each candidate cell group configuration can be identified via cell group configuration index.
Proposal 5: 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.
Proposal 6: Optimization on signaling reduction should be considered to reduce the signaling overhead for the configuration of candidate cells/cell groups. There are two potential solutions:
1. Alt. 1: Define one or several common template(s), and configure candidate cells or cell groups based on the template configuration(s), i.e. delta configuration based on the template(s);
1. Alt. 2: Identify one or several cell(s)/cell group(s) as the reference cell(s)/cell group(s), and configure candidate cells or cell groups based on the reference cell/cell group configuration(s), i.e. delta configuration based on the reference cell/cell group configuration(s).
Proposal 7: Candidate cell configurations preparation is initiated by the CU based on L3 measurements.
Proposal 8: Candidate cell configurations are maintained after completion of one L1/L2 mobility execution. The candidate cell configuration can only be explicitly released by the NW.
Proposal 9: The source cell configuration is maintained and considered as a candidate cell configuration for the subsequent L1/L2 mobility.
Observation 3: 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 10: 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 11: 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 4: For L1/L2 mobility in NR-DC case, the following scenarios can be considered: (1) L1/L2 mobility is configured in MN only; (2) L1/L2 mobility is configured in SN only; (3) L1/L2 mobility is configured independent in both MN and SN.
Proposal 12: In NR-DC case, the inter-node UE capability coordination should be performed during the L1/L2 mobility preparation phase (i.e. configuration procedure of candidate cells). No inter-node coordination is required in the L1/L2 mobility execution phase (i.e. triggering of L1/L2 mobility).
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