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Introduction
In RAN#94 meeting, the objectives for further NR mobility enhancements were approved [1], which includes the following objectives related to L1 enhancements for inter-cell beam management and timing advance management as:
	1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]
· Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]
· L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]
· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet
· Timing Advance management [RAN1, RAN2]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]

Note 2: FR2 specific enhancements are not precluded, if any.
Note 3: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:
· Standalone, CA and NR-DC case with serving cell change within one CG
· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)
· Both intra-frequency and inter-frequency
· Both FR1 and FR2
· Source and target cells may be synchronized or non-synchronized


In this contribution, we discuss potential enhancements on L1/L2 triggered inter-cell mobility (LTM).
1. Discussion
L1 measurement RS/configuration
Regarding L1 measurement RS, the following agreement was made in RAN1#110bis-e where SSB is supported for L1 intra-/inter-frequency measurement. In addition, for L1-RSRP measurement RS configuration was agreed in RAN1#112 at least for SSB considering the detailed design of RRC structure is up to RAN2 as follows.
	Agreement 
For Rel-18 L1/L2 mobility,
· SSB is supported for L1 intra-frequency measurement
· SSB is supported for L1 inter-frequency measurement if inter-frequency L1 measurements are supported
Further study the following L1 measurement RS for candidate cell
· CSI-RS for tracking, beam management, CSI and mobility, CSI-IM, which is for L1 intra-frequency and L1 inter-frequency (if supported) 

Agreement
· For L1-RSRP measurement RS configuration
· For SSB based L1-RSRP measurement: 
· As a starting point, at least the following information needs to be provided to a UE, e.g.
· For intra- and inter- frequency: PCI or logical ID (e.g., as being defined in R17 ICBM), time domain (e.g. SMTC or periodicity and SSB position in burst) 
· For inter-frequency: frequency domain location (e.g. center frequency), SCS
· FFS: transmission power (for pathloss calculation)
· Note: other parameters included in the configuration can be further discussed
· Including above agreement into the LS
· The detailed design of RRC structure is up to RAN2, and send an LS to RAN2 to request to work on the RRC structure design on the measurement configuration. 
· Following RAN1 understanding will be provided in the LS
· RAN1 has discussed the following configuration options for L1 measurement configurations for SSB till RAN1#112: 
· Option 1) Configurations for L1 measurement RS is provided under ServingCellConfig for the serving cells
· is useful to reuses the mechanism for Rel-17 ICBM and necessary information to support inter-frequency measurement will be added there.
· Option 2) Configurations for L1 measurement RS is provided separately from ServingCellConfig for the serving cells and CellGroupConfig for the candidate cells
· is useful to avoid the duplicated configurations for L1 measurement RSs, [and avoid UE to process configurations for L1 measurement RS provided under CellGroupConfig for the candidate cells]
· Option 3) Configurations for L1 measurement RS is provided under CellGroupConfig for the candidate cells
· can achieve the similar benefit as Option 2) by directly referring to the candidate cell configurations. 
· Note RAN2 has a full flexibility to design the whole RRC structure design.
· RAN1 believes this is RAN2 expert region, and respectfully asks RAN2 to finalize the RRC structure design after RAN1 finalizes the discussion on RRC parameters. 
· It is noted that RAN1 foresees the necessity of similar discussions on TCI state pool for candidate cells and L1 measurement report configurations.


The introduction of CSI-RS was also discussed in the last meeting but did not make a progress due to the lack of time. Based on SSB to facilitate measurement and reporting of candidate cell RS, configuring mobility CSI-RS as a reference RS in QCL information can be beneficial because the mobility CSI-RS can have a relatively narrower beam and a more flexible configuration compared to those of SSB. 

Proposal #1. Support configuring CSI-RS associated with serving cells and candidate cells for both L1 intra- and inter- frequency measurement
· At least for mobility CSI-RS as a reference RS in QCL information for LTM.

L1 measurement reporting
In Rel-17 feMIMO WI, inter-cell beam management (BM) including beam measurement/reporting and beam indication was introduced based on unified TCI framework where the inter-cell BM allows UE to utilize SSBs from a serving cell with different PCID as QCL source for beam indication/update. However, in this case, the serving cell does not change and it has a limitation on UE mobility support and it leads that an RRC-based handover (HO) is inevitable once the UE moves out of serving cell coverage. In current NR system, gNB can determine whether to operate handover for UE to change the serving cell based on the measurement reporting from the UE and the HO procedure is shown in Figure 1 below.
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Figure 1. Legacy signaling procedure for HO between gNB and UE

RRC reconfiguration (measurement) is for a new measurement target and related settings for HO to the UE while the UE is in the ‘connected’ mode. In this configuration, ReportConfigNR can be included where the IE specifies criteria for triggering of an NR measurement reporting events as below.
	 ReportConfigNR (TS38.331, clause 6.3.2)
The IE ReportConfigNR specifies criteria for triggering of an NR measurement reporting event or of a CHO or CPC event. For events labelled AN with N equal to 1, 2 and so on, measurement reporting events and CHO or CPC events are based on cell measurement results, which can either be derived based on SS/PBCH block or CSI-RS.
Event A1:	Serving becomes better than absolute threshold;
Event A2:	Serving becomes worse than absolute threshold;
Event A3:	Neighbour becomes amount of offset better than PCell/PSCell;
Event A4:	Neighbour becomes better than absolute threshold;
Event A5:	PCell/PSCell becomes worse than absolute threshold1 AND Neighbour/SCell becomes better than another absolute threshold2;
Event A6:	Neighbour becomes amount of offset better than SCell;
CondEvent A3: Conditional reconfiguration candidate becomes amount of offset better than PCell/PSCell;
CondEvent A5: PCell/PSCell becomes worse than absolute threshold1 AND Conditional reconfiguration candidate becomes better than another absolute threshold2;
For event I1, measurement reporting event is based on CLI measurement results, which can either be derived based on SRS-RSRP or CLI-RSSI.
Event I1:	Interference becomes higher than absolute threshold.


According to the setting and reporting criterion, the UE may perform an operation of reporting a RRM measurement value which is managed by L3, as shown in measurement reporting in Figure 1. Based on this, gNB gives the UE a HO command. 
Firstly, regarding gNB scheduled L1 measurement report for Rel-18 LTM, semi-persistent/aperiodic reporting on PUSCH were agreed in RAN1#110bis-e and periodic/semi-persistent reporting on PUCCH are FFS as follows.
	Agreement
For gNB scheduled L1 measurement report for Rel-18 LTM, report as UCI is supported
· Semi-persistent report on PUSCH, and aperiodic report on PUSCH are supported
· FFS: periodic and semi-persistent PUCCH
· In a single report instance, report for serving cell and candidate cell(s) for intra-frequency and/or inter-frequency can be included. 


Main concern on this is the increased UCI payload. But, to our understanding, the number of measurements is depending on the gNB configuration. To provide scheduling and configuration flexibility to the NW, the measurement reporting on PUCCH shall be supported and it may also be related to event-triggered report for L1 measurement. Regarding the maximum number of the measurements and the reporting format in the second bullet, it seems reasonable to reuse Rel-17 ICBM reporting format for Rel-18 LTM considering intra- and inter-frequency measurement since the reporting index of configured RS can be decided based on the RS index and its PCI as the same way in Rel-17. On the max number of reported measurements, it needs to be extended with larger than 4 since the current value 4 is decided only for intra-frequency case.

Proposal #2: Support periodic/semi-persistent measurement reporting on PUCCH
Proposal #3: Support to reuse the reporting format in Rel-17 ICBM for Rel-18 LTM
· Consider the larger value for the max number of reported measurements than legacy value, i.e., 4, for inter-frequency measurement

In RAN#111, the agreement was made on UE/event triggered report for L1 measurement as follows.
	Agreement 
For L1 measurement report for Rel-18 L1/L2 mobility, if UE event triggered report for L1 measurement is supported based on further study
· At least the following aspects may be considered 
· How to define UE event and exact definition of events,
· Report container
· Resource allocation/assignment for UE event triggered report 
· Necessity of indication to gNB when the condition UE event is met, and how
· Necessity to define the condition to start/stop the reporting, 
· Contents of the report/reporting format, PCI, RS ID, measurement result etc.
· The interaction with filtered L1 measurement results (if supported) 
· Support of simultaneous configuration of both UE event triggered and any of periodic/semi-persistence/aperiodic reporting, and solutions when both of them are configured.
· Report destination, whether the report is sent to serving cell only or can be sent to one or more candidate cell(s).
· Benefit when L3 measurement is involved 


Regarding L1 reporting for inter-cell operation, event-based reporting analogous to L3 measurement and reporting procedure would be efficient since beam report for candidate cell would not always needed. Moreover, compared to the measurement reporting for RRM, it can be beneficial in terms of signalling overhead/latency and UE power consumption by considering high mobility UE in a dense cell environment. For this L1 event-based reporting, measurement RS group for serving/candidate cell can be configured and the defined triggering condition(s) based on the cell quality for measurement reporting can be replaced with the condition(s) based on L1 beam quality, e.g. for modified (beam quality based) Event A3 triggering in ReportConfigNR based on the corresponding RS groups for serving/candidate cell. When the event is occurred such as the best quality of the measurement RS in the measurement RS group for the candidate cell is better than that of the measurement RS group for the serving cell, serving cell beam report could be replaced by candidate cell beam report or candidate cell beam report can be added into the serving cell report. To this end, PUCCH and/or DG-/CG-PUSCH can be utilized as a report container. To be specific on PUCCH, PUCCH format 0/1 with a small number of bits can be used to indicate whether an event has occurred and the detailed information related to the event is sent by the subsequent PUSCH.

Proposal #4: Consider UE event-triggered L1-based beam reporting for candidate cells as follows
· Resource allocation/assignment
· Measurement RS group for serving/candidate cell can be configured (including SSB and/or CSI-RS)
· Definition of the event, e.g.,
· The best quality of the measurement RS in the measurement RS group for the candidate cell is better than that of the measurement RS group for the serving cell (via Modified Event A3 triggering)
· Report container and event indication (via PUCCH)
· PUCCH and/or DG-/CG-PUSCH, e.g., using PUCCH format 0/1 with a small number of bits to indicate whether an event has occurred and the detailed information related to the event is sent by the subsequent PUSCH

Along with the above, the necessity of filtering L1 measurement for mobility robustness, i.e., ping-pong issue was also discussed in the last meeting by considering the aspects on UE-based filtering to the L1 measurement results and applicability to L1-RSRP and so on. When the HO event trigger condition is replaced from the L3 to the L1 perspective based on L1 measurement reporting only, the HO is performed more frequently due to the short term information on the beam quality value. To handle this issue, it can be considered to add/modify the threshold and offset for the beam quality as event triggering conditions in ReportConfigNR since the threshold and offset is based only on the cell quality from the L3 perspective in legacy. Also, it would be possible to check the event triggering condition according to a specific time period or a number of measurement samples. Regarding the specific time period, it can be based on ‘time to trigger’ operation in the existing HO operation where it checks whether the same triggering condition is satisfied in N times (i.e. reportAmount) consecutively in terms of beam quality value at a specific duration interval (i.e. reportInterval) for measurement reporting.

Proposal #5: Consider filtering L1 measurement results to mitigate ‘ping-pong’ issue by taking into account the followings.
· Add or modify event triggering condition in ReportConfigNR with L1-based threshold/offset
· Check event triggering condition in terms of beam quality based on ‘time to trigger’ operation

Conclusion
In this contribution, we have discussed the potential enhancements on inter-cell beam management for mobility based on L1/L2 measurement/reporting. Based on the discussions above, following proposal is given as:
Proposal #1. Support configuring CSI-RS associated with serving cells and candidate cells for both L1 intra- and inter- frequency measurement
· At least for mobility CSI-RS as a reference RS in QCL information for LTM.
Proposal #2: Support periodic/semi-persistent measurement reporting on PUCCH
Proposal #3: Support to reuse the reporting format in Rel-17 ICBM for Rel-18 LTM
· Consider the larger value for the max number of reported measurements than legacy value, i.e., 4, for inter-frequency measurement
Proposal #4: Consider UE event-triggered L1-based beam reporting for candidate cells as follows
· Resource allocation/assignment
· Measurement RS group for serving/candidate cell can be configured (including SSB and/or CSI-RS)
· Definition of the event, e.g.,
· The best quality of the measurement RS in the measurement RS group for the candidate cell is better than that of the measurement RS group for the serving cell (via Modified Event A3 triggering)
· Report container and event indication (via PUCCH)
· PUCCH and/or DG-/CG-PUSCH, e.g., using PUCCH format 0/1 with a small number of bits to indicate whether an event has occurred and the detailed information related to the event is sent by the subsequent PUSCH
Proposal #5: Consider filtering L1 measurement results to mitigate ‘ping-pong’ issue by taking into account the followings.
· Add or modify event triggering condition in ReportConfigNR with L1-based threshold/offset
· Check event triggering condition in terms of beam quality based on ‘time to trigger’ operation
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