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1 [bookmark: OLE_LINK110][bookmark: OLE_LINK111]Introduction
[bookmark: OLE_LINK130][bookmark: OLE_LINK131]In RAN1#111 [1], the following agreement was reached for L1 enhancements for inter-cell beam management:
	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


In RAN1#112bis [2], the following agreements were reached for L1 enhancements for inter-cell beam management:
	Agreement
· Adopt Alt.2 for beam indication of target cell(s) and TCI state activation for candidate cell(s) (if supported) , 
· Alt. 1: By indicating RS identifier, i.e. mapping between RS identifier and Rel-17 unified TCI state is done by a UE
· Alt. 2: By indicating Rel-17 TCI state index

Agreement
From RAN1 point of view, at least the following information can be included in the cell switch command, which is conveyed by MAC CE
· Information to identify the target cell(s)
· The details including bit number are designed by RAN2
· TA related information (details up to the discussion in A.I. 9.10.2)
· [bookmark: OLE_LINK69][bookmark: OLE_LINK70]1 joint or 1 pair of UL and DL unified TCI State index for the target Cell
· Note: discussion on target SpCell is not precluded
· Active DL and UL BWPs for the target cell
· FFS: Triggering of aperiodic TRS transmitted from the target cell
· FFS: Triggering the CSI acquisition of the target cell and reporting to the target cell
· FFS: Triggering of aperiodic SRS transmission to the target cell
· FFS: C-RNTI
· FFS: the presence of each field (i.e. always present or configurable)
Agreement
For the beam selection for SSB based L1-RSRP measurement report,
· Beam selection is performed across the L cells from configured (or activated, if introduced) cells, i.e. M beams for each of the L cells 
· FFS: How to select the L cells and M beams per cells is up to UE
· M x L beams are reported in a single report instance
· Max values of M and L are based on UE capability, and at least M x L=4 is supported as a UE capability, other UE capabilities are FFS 
· FFS if UE is allowed to report less than M x L beams 
· The values of M and L are configured to the UE in the reporting configuration 
· FFS: The following configurability is introduced in the report configuration
· 1) Whether serving cell is always selected in the L cell selection performed by the UE, and applicable when a UE is configured with L>=2
· 2) at least one of the inter-frequency cells is always selected in the L cell selection performed by the UE, and applicable when a UE is configured with L>=2 and at least one cell in inter-frequency 
Agreement
For the Rel-17 unified TCI based beam indication in Rel-18 LTM, at least Alt 1 is supported:
· Alt 1: TCI state activation of a candidate cell is received before the reception of beam indication of the candidate cell, 
· Alt 2: TCI state activation of a candidate cell is received together with the reception of beam indication of the candidate cell
· FFS: signalling details for TCI state indication, if both activation and indication are done in the same MAC CE message carrying switch command
· Alt 3: Alt 1 and/or Alt 2 can be supported based on the UE capability
FFS: signalling details for TCI state activation
FFS: For Alt 1, whether/how TCI state activation for candidate cell(s) is allowed
Note: If scenarios 1 and 3 are to be supported other beam indication/TCI activation timing relationships are not precluded.

Agreement
· RRC parameter ss-PBCH-BlockPower for candidate cells is included in the LTM configuration.
· UE needs the parameter to (at least) perform RACH towards candidate cells
· Note: how to capture this parameter and RRC structure are up to RAN2

Agreement
· Companies are encouraged to study the beam application time for Rel-18 LTM, which may be different from that without serving cell change
· Definition of the beam application time
· The exact value(s), condition and UE capability
· Consider the interaction with the application of the candidate RRC configuration.

Conclusion
· Whether active DL and UL BWP of the target Cell/SpCell field, within the cell switch command, is always present or not is left to RAN2 decision.

Working Assumption
On the presence of beam indication within cell switch command, at least for scenario 2, following is supported:
· A field to indicate 1 joint or 1 pair of UL and DL unified TCI State index for the target cell field is always present in the cell switch command.
Note: If scenarios 1 and 3 are agreed to be supported in R18 LTM other solutions may be considered.

Agreement
· Periodic and semi-persistent report on PUCCH are also supported for gNB scheduled L1-measurement reporting.


[bookmark: OLE_LINK309][bookmark: OLE_LINK310]In this contribution, we provided our views on L1 enhancements for L1 measurement, L1 measurement reporting, beam indication and cell switch command.
2 [bookmark: OLE_LINK292][bookmark: OLE_LINK293]Discussion on L1 measurement
The short periodicity of L1 measurements in L1/L2 triggered inter-cell handover may increase the signaling overhead and energy consumption of the UE, due to the amount of measurements and number of reporting performed for the candidate cells. Although these L1 measurements of candidate beams/cells may be activated/deactivated e.g. via MAC CE, the available bits in MAC CE is limited and signalling overhead would be higher. Also, gNB may not be able to deactivate all these L1 measurements without delay. In particular, if a handover cannot happen immediately, e.g. when the UE stops moving or target cell radio link condition does not improve further, large number of active L1 measurements of multiple candidate cells may be running over a prolonged period. Therefore, we propose to specify a default or configurable time duration for active L1 measurements of candidate cells, so that the number of active measurements can be reduced upon timer expiry without signalling overhead. The timer may be started upon the activation of the neighbouring candidate cell’s L1 mobility measurements. If no handover is triggered within a specified time, the UE stops active measurements and reporting for the corresponding candidate cell. 
[bookmark: OLE_LINK286][bookmark: OLE_LINK287][bookmark: OLE_LINK82]Proposal 1: Specify a default or configurable time duration for active L1 measurements of candidate cells for inter-cell mobility.
In addition, gNB may be able to start or stop these L1 measurements for inter-cell mobility based on L3 RSRP measurement results. gNB may configure beam measurement thresholds for the start and stop of L1 beam measurements for inter-cell mobility.
gNB may reactivate the L1 measurements for inter-cell mobility dynamically based on e.g. L3 RSRP measurement results. gNB may also define measurement thresholds for activating L1 measurements for inter-cell mobility. The beam measurement threshold can be an absolute value of the serving beam, or a delta value for the difference between the beam of the target cell and the beam of the serving cell, below/above which, the measurements for a particular beam/cell can be stopped. L3 measurement threshold may then be used to restart the corresponding L1 beam measurements.
[bookmark: OLE_LINK288]Proposal 2: Specify measurement thresholds for activating/deactivating L1 measurements for inter-cell mobility. 
3 Discussion on L1 measurement reporting
[bookmark: _Hlk124528039]For L1 measurement reporting for Rel-18 L1/L2 mobility, it was agreed to study how to reduce the reporting overhead. Only a subset of measurement results may be reported, e.g. only measurement values above a specified threshold will be included in the measurement report. Serving cell should always be selected in the L cell selection performed by the UE, and applicable when a UE is configured with L>=2. For inter-frequency L1/L2 mobility case, the UE should select cell(s) across frequency first, at least one of the inter-frequency cells is always selectable in the L cell selection performed by the UE. gNB may list the candidate cells in order of priority so that UE can report the first L candidate cells. However, if the highest measurement values for the inter-frequency cell is below a configured threshold, the UE may not need to include the measurement results for that cell.
[bookmark: OLE_LINK307][bookmark: OLE_LINK308][bookmark: OLE_LINK290][bookmark: OLE_LINK291][bookmark: OLE_LINK83]Proposal 3: Configure a measurement value threshold for a candidate cell to be included in LTM measurement report.   
[bookmark: _Hlk126765618]When L1 measurements for mobility handover is triggered, there is preliminary the need to handover away from the source cell, e.g. due to load balancing, capacity enhancements, or based on L3 measurements used for the handover preparation. Event-based reporting analogous to L3 measurement and reporting procedure would be efficient. Furthermore, only limited event types and simplified event trigger may need to be supported, such as:
· Event Type 1: Candidate cell is above a threshold
· Event Type 2: Candidate cell is offset better than serving cell
The short periodicity of L1 measurement, may increase the probability of ping-pong handover. To improve the robustness of L1/L2 triggered handover performance, gNB may need to specify some UE measurement reporting filtering criteria. gNB may configure how the L1 measurement results are filtered for measurement reporting. The L1 measurement report filtering may consider, e.g. the number of measurements to average; best n measurements to average or number of measurement events exceeding threshold during a specified time period as trigger for measurement reporting. The measurement results may be pre-processed, e.g. averaged in time domain after removing the highest/lowest X percentile measurement values. The L1 measurement report filtering may be configured to be performed at the source-DU for inter-cell inter-DU beam management, or at the UE for conditional handover.
The L1 measurement reports can be carried via MAC-CE or UCI. When the event occurs, serving cell beam report could be replaced by non-serving cell beam report or non-serving cell beam report can be added into the serving cell report. The measurement report configuration should specify if the measurement values are filtered, and if the measurement results are reported at cell level or beam level. If time domain filtering is applicable, an averaging window size may also be configurable. To improve robustness of the subsequent event triggered L1/L2 triggered handover, event triggered measurement reporting can be based on filtered L1 measurement results, i.e. the UE event triggered report type may be configured along with measurement report filtering criteria. The new event mainly does one-shot comparison, i.e. a report is triggered when certain measurement threshold condition is met for the filtered L1 results, while the filtered L1 results consider time domain and/or spatial domain filtering.
[bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK305][bookmark: OLE_LINK306]Proposal 4: Support simplified event-triggered L1 measurement reporting for non-serving cells with limited event types.
[bookmark: OLE_LINK118][bookmark: OLE_LINK119]Proposal 5: Support the configuration of L1 measurement report filtering.   
The Reporting configuration for CSI can be aperiodic (using PUSCH), periodic (using PUCCH) or semi-persistent (using PUCCH, and DCI activated PUSCH). The CSI-RS Resources can be periodic, semi-persistent, or aperiodic. Table 5.2.1.4-1 in TS38.214 shows the supported combinations of CSI Reporting configurations and CSI-RS Resource configurations and how the CSI Reporting is triggered for each CSI-RS Resource configuration. Periodic CSI-RS is configured by higher layers. Semi-persistent CSI-RS is activated and deactivated as described in Clause 5.2.1.5.2. Aperiodic CSI-RS is configured and triggered/activated as described in Clause 5.2.1.5.1. ([3])
[bookmark: OLE_LINK94][bookmark: OLE_LINK95][bookmark: _Hlk126840483]To support event triggered report configuration, periodic SSB/CSI-RS measurement resource configuration is necessary. Simultaneous configuration of both UE event triggered and any of periodic/semi-persistence/aperiodic measurement reporting can be supported. 
[bookmark: _Hlk126840604][bookmark: OLE_LINK304][bookmark: OLE_LINK88][bookmark: OLE_LINK89]Proposal 6: Support periodic measurement resource configuration for event triggered measurement report configuration.
Measurement value thresholds may be configured for the start and/or stop of periodic/semi-persistent L1 measurement reporting, and there can be the following options:
· [bookmark: _Hlk126842212]Opt-1) Specify L3 measurement values as the start/stop thresholds of periodic/semi-persistent L1 measurement reporting
· Opt-2) Use L1 measurement results (which may be L1/L2 filtered measurement results) as the start/stop thresholds of periodic/semi-persistent L1 measurement reporting
· Opt-3) Specify a configurable time duration
[bookmark: OLE_LINK210][bookmark: OLE_LINK211][bookmark: OLE_LINK301][bookmark: OLE_LINK302]Proposal 7: Specify L3 measurement values for the start or stop thresholds of periodic/semi-persistent L1 measurement reporting.
[bookmark: OLE_LINK103][bookmark: OLE_LINK104][bookmark: OLE_LINK107][bookmark: OLE_LINK108][bookmark: OLE_LINK105][bookmark: OLE_LINK106][bookmark: OLE_LINK212][bookmark: OLE_LINK109][bookmark: OLE_LINK114][bookmark: OLE_LINK115][bookmark: OLE_LINK122][bookmark: OLE_LINK215][bookmark: OLE_LINK216][bookmark: OLE_LINK213][bookmark: OLE_LINK214]The monitored candidate cells in NW scheduled L1 reporting may overlap with the monitored candidate cells in UE-event triggered reporting. Unless NW can reconfigure the candidate cells to monitor in UE-event triggered reporting. Otherwise, monitoring the overlapping candidate cells will cause unnecessary overhead of measurement and reporting and UE consumption. Considering that NW scheduled L1 reporting is more flexible, in order to avoid unnecessary overhead of measurement and reporting, UE consumption and signaling overhead of reconfiguration of UE-event triggered reporting, UE can determine the candidate cells to monitor in UE-event triggered reporting based on the signaling for NW scheduled L1 reporting. For instance, UE can stop (or suspend) or start the overlapping monitored candidate cells in UE-event triggered reporting based on the signaling for NW scheduled L1 reporting.
[bookmark: OLE_LINK220][bookmark: OLE_LINK221][bookmark: OLE_LINK80][bookmark: OLE_LINK81]Proposal 8: Support the candidate cells to monitor in UE-event triggered reporting is determined based on the signaling for NW scheduled L1 reporting.
4 [bookmark: OLE_LINK294][bookmark: OLE_LINK295][bookmark: OLE_LINK296]Discussion on beam indication 
4.1 [bookmark: _Hlk126835437]Beam indication mechanism
It was agreed that beam indication for Rel-18 LTM is designed based on Rel-17 unified TCI framework, if both serving cell and candidate cell support Rel-17 unified TCI framework. However, if the candidate cell supports only Rel-15 TCI framework, the indicated TCI state in cell switch command can be applicable for the SSB beam only by default. Further beam indications for CSI-RS, CORESET, PDSCH, PUCCH or PUSCH may be needed after the cell switch command. In order to reduce latency, in addition to the TCI state for the target cell, it may be beneficial to include Rel-15 TCI states for each channel, such as CSI-RS, CORESET, PDSCH, PUCCH, PUSCH, also in the cell switch command.
[bookmark: OLE_LINK297][bookmark: OLE_LINK298]Proposal 9: Rel-15 TCI framework based TCI state indication for each channel may be included in the cell switch command.
4.2 Beam application time
For R18 LTM, a new beam application time should be defined. For the beam application time for R17 ICBM, only the time of beam switch was considered. However, for the beam application time for R18 LTM, in addition to the time of beam switch, the time of cell switch needs to be considered. It means that, the beam application time for R18 LTM should be longer. For example, for Scenario 2, it has been agreed that beam indication for target cell is included in a cell switch command carried by a MAC CE. In this case, the indicated beam for target cell can be applied after NW receives HARQ-ACK corresponding to the MAC CE. Further, considering that the TCI state included in the cell switch command may be a joint, DL or UL unified TCI state, different beam application times may need to be defined.
[bookmark: OLE_LINK90][bookmark: OLE_LINK91][bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK219][bookmark: OLE_LINK79]Proposal 10: Support to define beam application time of joint/DL/UL TCI state for target cell indicated by cell switch command carried by MAC CE.
5 Conclusion
[bookmark: _Hlk101889792]In this contribution, we provided our views on L1 enhancements for L1 measurement, L1 measurement reporting, beam indication and cell switch command. Specifically, we have the following proposals:
Proposal 1: Specify a default or configurable time duration for active L1 measurements of candidate cells for inter-cell mobility monitoring.
Proposal 2: Specify measurement thresholds for activating/deactivating L1 measurements for inter-cell mobility.
Proposal 3: Configure a measurement value threshold for a candidate cell to be included in LTM measurement report.   
Proposal 4: Support simplified event-triggered L1 measurement reporting for non-serving cells with limited event types.
Proposal 5: Support the configuration of L1 measurement report filtering.  
Proposal 6: Support periodic measurement resource configuration for event triggered measurement report configuration.
Proposal 7: Specify L3 measurement values for the start or stop thresholds of periodic/semi-persistent L1 measurement reporting.
Proposal 8: Support the candidate cells to monitor in UE-event triggered reporting is determined based on the signaling for NW scheduled L1 reporting.
Proposal 9: Rel-15 TCI framework based TCI state indication for each channel may be included in the cell switch command.
Proposal 10: Support to define beam application time of joint/DL/UL TCI state for target cell indicated by cell switch command carried by MAC CE.
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