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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



In this contribution, we discussed some issues on Inter cell BM L1 measurements and beam indication.
2. Discussion
2.1 Inter-cell L1 measurement 
Currently, Rel-17 inter-cell beam management (ICBM) has supported to perform SSB based L1 measurement on non-serving cell beams by configuring the L1 SSB measurement resources of non-serving cells in the ServingCellConfig and associating TCI-states with AdditionalPCIs (i.e. non-serving cell PCI). But Rel-17 ICBM is only applicable to intra-DU intra-freq case.
Observation 1: The current ICBM mechanism has supported SSB based inter-cell L1 measurement, but it is only applicable to intra-DU intra-freq measurement case.
However, the current inter-cell L1 measurement is based on SSB reference signalling, which only provides coarse-grained beam management for candidate cells. One of the goals of L1/L2 mobility is to reduce interruption time as well as ensure good user experience after cell switch, e.g. using finer beam for initial UL data transmission. Thus, a finer beam (i.e. CSI-RS) measurement and management is expected to be supported for L1/L2 mobility, to help the UE keep good throughput after cell switch. 
Proposal 1: RAN2 assumes to support both SSB and CSI-RS based inter-cell L1 beam measurement and management for L1/L2 mobility.
[bookmark: _Hlk115356513]According to the WID objectives, L1/L2 mobility is targeted to support both intra-freq and inter-freq scenarios. Thus, inter-cell inter-freq L1 measurement is required to be supported to provide measurement results for the inter-freq candidate cells. In the inter-freq L1 measurement, the measurement gap shall be required for the UE to switch the RF chain to perform the measurement on frequencies different from the current serving cell frequency, similar to the L3 measurement. In the L3 measurement, inter-freq SSB based measurements can be performed without measurement gaps in cased that the UE supports such capability (i.e. interFrequencyMeas-NoGap-r16) and the SSB is completely contained in the active BWP of the UE. 
Observation 2: In the L3 measurement, inter-freq SSB based measurements can be performed without measurement gaps in cased that the UE supports such capability (i.e. interFrequencyMeas-NoGap-r16) and the SSB is completely contained in the active BWP of the UE.
We think the same principle can also be applicable to L1 inter-freq measurement. In case of inter-freq measurement without gap, it seems no extra complexity to support this. Considering that the requirement and measurement gap for the inter-freq L1 measurements should be in RAN4 work scope, anyway, RAN4 needs to be involved to research whether the L1 inter-freq measurement is to be supported and whether the measurement gap is required. 
Proposal 2: RNA2 assumes to support the inter-freq L1 measurements, at least for the inter-freq measurement without measurement gap scenarios, i.e. when the UE supports the capability interFrequencyMeas-NoGap-r16 and the measured SSB is completely contained in the active BWP of the UE.
Proposal 3: RAN2 checks with RAN4 whether the proposal 2 is fine and asks RAN4 to work on inter-freq L1 measurement.
The Rel-17 ICBM for inter-cell SSB based L1 measurement is configured based on TCI-state framework. An example of the signaling structure on configuring SSB configuration of non-serving cells (i.e. AdditionalPCIs) associated with the TCI-states of the serving cell, is shown as below.


Fig.1 A signalling structure of the inter-cell SSB based L1 measurement in Rel-17 ICBM
In Rel-17 ICBM framework, the L1 measurement resources for the non-serving cell (i.e. the additional PCI information and associated SSB configuration) is configured under the ServingCellConfig. And the TCI-state is linked with a specific PCI which is configured in the additional PCI list (i.e. additionalPCI-ToAddModList) in ServingCellConfig. If we simply reuse the Rel-17 ICBM framework to configure L1 measurements for L1/L2 mobility candidate cells, each candidate cell (including activated serving cell) needs to be configured with multiple additionalPCIs (i.e. for other candidate cells), and TCI-states should be associated with those PCIs, to be as the QCL source of the candidate’s TCI states. In this way, many L1 measurement resources for candidate cells are configured repeatedly, which shall cause the heavy signalling structure and considerable signalling overhead. An example of the signalling structure on L1 measurement resources for candidate cells based on ICBM framework can be found as below:



 Fig.1 A signalling structure of L1 measurements for candidate cells based on Rel-17 ICBM framework
Observation 3: If the current ICBM framework is reused for inter-cell L1 measurement for L1/L2 mobility, many duplicated configurations are required to configure candidate cells with multiple additionalPCIs, which will lead to the heavy signalling structure and the considerable signalling overhead. 
Besides, the current inter-cell L1 measurement is only applicable to intra-DU intra-freq measurement. If we want to support inter-freq L1 measurement, some enhancements are required, e.g. to configure the frequency, smtc or measurement gap configuration with the additionalPCI in ServingCellConfig. In addition, the CSI-RS resource set configuration needs to be introduced under the current TCI-state framework if CSI-RS based inter-cell measurement is to be supported. Such enhancement shall cause the current signaling structure to become more complicated and cumbersome. 
Observation 4: In order to support inter-freq L1 measurement and CSI-RS based L1 measurement, the current ICBM framework shall become more complicated and cumbersome.
Additionally, in inter-DU mobility scenario, the L1 measurement resources for candidate cells are generated by candidate DUs. So additional inter-node interaction between the candidate DU, the CU and the serving DU may be required to transfer the L1 measurement beam information from the candidate DU to the serving DU. For example, the CU needs to fetch the L1 measurement resources for candidate cells from the candidate DU, and then sends the corresponding configuration/information to the serving DU. And then the serving DU generates the final measurement resources and reporting configuration for candidate cells, included in the ServingCellConfig.
Observation 5: In inter-DU case, additional inter-node interaction between the candidate DU, the CU and the serving DU may be required to transfer the L1 measurement beam information of candidate cells from the candidate DU to the serving DU.
Thus, we may need to further consider whether to reuse the current ICBM framework for inter-cell L1 measurement in L1/L2 mobility, or define a new framework to make the signaling structure light and flexible. For example, the L1 measurement resource set configuration (e.g. SSB, CSI-RS configuration) can be decoupled with the serving cell configuration, i.e. to define a set of L1 measurement resource configuration parallel from the ServingCellConfig or CellGroupConfig, depending on the RRC model of candidate cell configurations. 
Proposal 4: For L1/L2 mobility, RAN2 discusses whether to reuse the current ICBM framework for inter-cell L1 measurement, or to define a new L1 measurement framework, e.g. decouple the L1 measurement resource set configurations with the ServingCellConfig. 
The inter-cell L1 measurements are configured for multiple candidate cells, and each candidate cell are associated with multiple beams to be measured. 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. 
Observation 6: Considering that the L1 measurement and report is triggered much more frequently than L3 measurement, performing the L1 measurements on all configured candidate cells/beams all the time may cause the considerable power consumption.
With the UE’s movement, only measuring a subset of candidate cells or beams may meet the mobility decision requirement, e.g. just needs to measure a few adjacent cells/beams in the switch direction. In order to save the UE power and enable more flexible measurement update, the NW can dynamically active/switch/update the desired candidate cells/beams 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/beams to be measured and reported, and then the UE is only required to measure the indicated sets of cells/beams for L1/L2 mobility.
Proposal 5: RAN2 assumes to support the dynamic activation/switch/update of candidate cells or beams to be measured and reported via L1/L2 signalling.
Since RAN1 is the primary WG responsible for inter-cell L1 measurements, a LS can be sent to RAN1 about the RAN2 conclusion/progress on L1 measurements, e.g. proposals 1/2/4/5 above, to make RAN1 work on the detailed solutions.
Proposal 6: RAN2 sends a LS to RAN1 on informing RAN2 conclusions for L1 measurements.
2.2 Beam indication
Rel-17 ICBM has supported beam change from serving cell to non-serving cell but without serving cell change. Rel-18 L1/L2 mobility aims to further support inter-cell beam change with serving cell change. Since the NW can decide which beam/TCI-state to be used by the target candidate cell according to L1 measurements report, the NW can also include the beam indication into the switching command to indicate which beam to be used by the UE for the initial UL/DL transmission/reception with the target candidate cell. Based on the proposal above, the Rel-17 unified TCI framework (i.e. joint TCI and separate DL/UL TCI) or new TCI framework (if introduced) can be used to indicate the beam of the target/activated candidate cell (e.g. via TCI-state index). 
Proposal 7: The switching command can include the beam indication (e.g. TCI-state index) to be used by the UE for the initial UL/DL transmission/reception with the target/activated candidate cell.
3. Conclusion and proposals
In this contribution, we discussed inter-cell L1 measurements and beam indication with the following observations and proposals:
Observation 1: The current ICBM mechanism has supported SSB based inter-cell L1 measurement, but it is only applicable to intra-DU intra-freq measurement case.
Proposal 1: RAN2 assumes to support both SSB and CSI-RS based inter-cell L1 beam measurement and management for L1/L2 mobility.
Observation 2: In the L3 measurement, inter-freq SSB based measurements can be performed without measurement gaps in cased that the UE supports such capability (i.e. interFrequencyMeas-NoGap-r16) and the SSB is completely contained in the active BWP of the UE.
Proposal 2: RNA2 assumes to support the inter-freq L1 measurements, at least for the inter-freq measurement without measurement gap scenarios, i.e. when the UE supports the capability interFrequencyMeas-NoGap-r16 and the measured SSB is completely contained in the active BWP of the UE.
Proposal 3: RAN2 checks with RAN4 whether the proposal 2 is fine and asks RAN4 to work on inter-freq L1 measurement.
Observation 3: If the current ICBM framework is reused for inter-cell L1 measurement for L1/L2 mobility, many duplicated configurations are required to configure candidate cells with multiple additionalPCIs, which will lead to the heavy signalling structure and the considerable signalling overhead. 
Observation 4: In order to support inter-freq L1 measurement and CSI-RS based L1 measurement, the current ICBM framework shall become more complicated and cumbersome.
Observation 5: In inter-DU case, additional inter-node interaction between the candidate DU, the CU and the serving DU may be required to transfer the L1 measurement beam information of candidate cells from the candidate DU to the serving DU.
Proposal 4: For L1/L2 mobility, RAN2 discusses whether to reuse the current ICBM framework for inter-cell L1 measurement, or to define a new L1 measurement framework, e.g. decouple the L1 measurement resource set configurations with the ServingCellConfig. 
Observation 6: Considering that the L1 measurement and report is triggered much more frequently than L3 measurement, performing the L1 measurements on all configured candidate cells/beams all the time may cause the considerable power consumption.
Proposal 5: RAN2 assumes to support the dynamic activation/switch/update of candidate cells or beams to be measured and reported via L1/L2 signalling.
Proposal 6: RAN2 sends a LS to RAN1 on informing RAN2 conclusions for L1 measurements.
Proposal 7: The switching command can include the beam indication (e.g. TCI-state index) to be used by the UE for the initial UL/DL transmission/reception with the target/activated candidate cell.
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