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[bookmark: _Ref165266342]Introduction
According to the RAN2#125bis discussion the even-triggered L1 measurement reporting, RAN2 made the following agreements:
	· L1 LTM measurement event configuration is associated with L1 measurement resource configuration provided in LTM configuration via RRC signaling.


According to the WID [1] for the Rel-19 mobility enhancements and the WID [2] for the Rel-19 MIMO, both items include “event-triggered L1 measurement reporting”, and the overlapping work for the two items and for both RAN1 and RAN2 should be avoided.
According to the objective of the WID for Rel-19 MIMO, the event triggered L1 measurement is for the intra- and inter-cell beam management of serving cells. The corresponding RAN1 agreements (since RAN1#116) for event triggered L1 measurement can be found in the Annex. 
According to the schedule of the WID for Rel-19 mobility, the RAN1 study for Rel-19 LTM event triggered L1 measurement reporting will start from RAN1#118. Then, RAN1 will target at a common frame work for both the Rel-19 MIMO event triggered L1 measurement and the Rel-19 LTM event triggered L1 measurement.
In this contribution, we provide our understandings on how the event-triggered L1 measurement reporting is used for the LTM procedure.
Discussion
In general, we think that the event-triggered L1 measurement reporting would need to discuss the following points:
· Discussion points for both RAN1 and RAN2
· Event definition (e.g. L1 measurement > Threshold)
· L1 measurement resource configuration (e.g. SSB or CSI-RS)
· Report container (e.g. UCI or MAC CE)
· Resource allocation of reporting (e.g. PUCCH or PUSCH)
· Need for indication of the L1 measurements to the gNB (e.g. availability of measurement results)
· Condition to start/stop the reporting (e.g. activation/deactivation of reporting)
· Contents of the report (e.g. PCI, RS ID, measurement results)
· Filter of L1 measurements
· Support of simultaneous configuration of both event triggered and any of periodic/semi-persistence/aperiodic reporting
· Report destination (e.g. via serving cell)
· Need of L3 measurement (e.g. L1 and L3 measurement results together)
· Discussion points only for RAN1: (RAN2 signalling can be flexible to support either option.)
· Support for intra-band or inter-band
· Support for both SSB and CSI-RS

1.1 Measurement event
According to the RAN1 discussion, we could have the following events:
· Event-1: Quality of the current beam is worse than a certain threshold.
· Event-2: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam. 
· Event-3: Quality of a new beam is better than a certain threshold. 
· Event-4: Quality of the current beam is worse than a threshold 1, and quality of at least one new beam is better than a threshold 2.
· Event-5: Absolute value of the difference between the quality of the current beam and the quality of at least one new beam is lower than a threshold.
· Event-6: When the current beam is not in the best K>1 beams (out of configured beams for measurement and reporting).
· Event-7a: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the RS derived from the activated TCI state with the worst quality.
· Event-7b: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the RS derived from the activated TCI state with the best quality.
· Event-8: Quality of M>1 new beams, such as L1-RSRP, become a threshold value better than the current beam.
· Event-9: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the configured reference RS (can be SSB or CSI-RS).
According to the RAN1 agreements made for MIMO, Event-2 is needed, and other events are listed for further down-selection. According to the LTM signalling procedure, LTM requires the TCI-state indicated in the cell switch MAC CE. As such, the events (i.e. Event-1 and Event-6) only evaluating the current beam should be excluded. On the other hand, we think that the LTM procedure can be used for the following objectives:
· Objective 1: Load balancing (i.e. change to a new cell with less traffic load, when the quality of the new cell is good.)
· Objective 2: Service in good coverage (i.e. change to a new cell with good quality, when the quality of current cell is getting worse.)
· Objective 3: Improved throughput (i.e. change to a cell with better quality, even though the quality of current cell is still good.)
To fulfil Objective 1, we could use Even-3. To fulfil Objective 2, we could use Event-4. To fulfil Objective 3, we could use Even-2, Event-7b and Event-8.
Proposal 1: The following events are included for further study/down-selection:
· Event-2: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam. 
· Event-3: Quality of a new beam is better than a certain threshold. 
· Event-4: Quality of the current beam is worse than a threshold 1, and quality of at least one new beam is better than a threshold 2.
· Event-7b: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the RS derived from the activated TCI state with the best quality.
· Event-8: Quality of M>1 new beams, such as L1-RSRP, become a threshold value better than the current beam.

1.2 MAC CE or UCI
According to the RAN2#125bis meeting discussion, companies provided the following options to carry the measurement results for even-triggered L1 measurement reporting:
· Option 1: RRC message
· Option 2: MAC CE
· Option 3: UCI
According to the RAN1 agreements made for the MIMO discussion in the RAN1#116bis meeting, UCI in PUCCH is used to carry the measurement results. According to the Rel-18 L1 measurement reporting procedure, the UCI is also used for the L1 measurement report of candidate cells. The size of the measurement results reported seems not a big issue for RAN1, as multiple PUCCH instances can be used for different candidate cell measurement results.
Proposal 2: UCI is used to contain the measurement report.

1.3 Report content
When the UE triggers the L1 measurement report for LTM, at least the measurement result of the new beam should be included. As the UE keeps measuring the current beam, we think that the measurement result of the current beam can also be piggybacked together with the measurement result of the new beam, same as the L3 measurement report.
Proposal 3: The measurement contents include both the measurement results of the new beam and the current beam.

1.4 Reporting procedure
According to the RAN1 agreements, RAN1 agreed the following two Modes for the reporting procedure:
· Mode A (dynamically scheduling UCI by gNB):
· Step 1: UE transmits a first PUCCH (one-bit/multi-bit) to request a resource for a second UL channel to carry beam report
· Step 2: UE detects the DCI format to indicate a resource for a second UL channel to carry beam report. 
· Step 3: Beam report is transmitted in second UL channel.
· Mode B (UCI in pre-configured resource(s) for second UL channel):
· Step 1: UE transmits a first PUCCH (one-bit/multi-bit) notifying a second UL channel to carry beam report
· Step 2: UE transmits the beam report in the second UL channel. 
· The notification in Step1 is in a separate reporting instance from the beam report in Step 2. 
The intention of having two-steps reporting (i.e. Request + Report) procedure is to save the uplink resource reserved for the reporting. We think that LTM can also reuse the above two modes.
Proposal 4: For the report transmission procedure, the following two modes are supported:
· Mode A (dynamically scheduling UCI by gNB):
· Step 1: UE transmits a first PUCCH (one-bit/multi-bit) to request a resource for a second UL channel to carry beam report
· Step 2: UE detects the DCI format to indicate a resource for a second UL channel to carry beam report. 
· Step 3: Beam report is transmitted in second UL channel.
· Mode B (UCI in pre-configured resource(s) for second UL channel):
· Step 1: UE transmits a first PUCCH (one-bit/multi-bit) notifying a second UL channel to carry beam report
· Step 2: UE transmits the beam report in the second UL channel. 
· The notification in Step1 is in a separate reporting instance from the beam report in Step 2. 

1.5 Trigger of new beam measurement
As the LTM procedure is to change the serving cell to another candidate cell, when the quality of the serving SpCell is still good, it may not be necessary for the UE to perform the measurement of the new beam. For the L3 measurement reporting procedure, s-MeasureConfig can be optionally configured to save the UE power, so that the UE only starts to measure the neighbouring cells when the serving cell quality is below the threshold configured by s-MeasureConfig. From our understanding, same mechanism as L3 s-MeasureConfig can be reused for even-triggered L1 measurement report.
Proposal 5: The UE performs the L1 measurement, only when the RSRP of the SpCell is below the threshold configured by RRC.

1.6 L1 measurement filter
As for the filtering, we think that L3 filtering is not necessary for event detection since it is for beam report, not for RRM report. In addition, in order to avoid the frequent report of the beam measurement results, a timer or a counter can be used. For example, if the event is detected in contiguous N time instances, beam report will be triggered. Or a timer can be started upon the event is detected at the first time instance, and before the time expired, the event is detected in more than N time instance, then the beam report will be triggered. 
Proposal 6: Timer/counter can be considered to determine the triggering event.

2. Conclusion
According to the above analysis, we have the following observations and proposals:
[bookmark: _Toc502437832]Proposal 1: The following events are included for further study/down-selection:
· Event-2: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam. 
· Event-3: Quality of a new beam is better than a certain threshold. 
· Event-4: Quality of the current beam is worse than a threshold 1, and quality of at least one new beam is better than a threshold 2.
· Event-7b: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the RS derived from the activated TCI state with the best quality.
· Event-8: Quality of M>1 new beams, such as L1-RSRP, become a threshold value better than the current beam.
Proposal 2: UCI is used to contain the measurement report.
Proposal 3: The measurement contents include both the measurement results of the new beam and the current beam.
Proposal 4: For the report transmission procedure, the following two modes are supported:
· Mode A (dynamically scheduling UCI by gNB):
· Step 1: UE transmits a first PUCCH (one-bit/multi-bit) to request a resource for a second UL channel to carry beam report
· Step 2: UE detects the DCI format to indicate a resource for a second UL channel to carry beam report. 
· Step 3: Beam report is transmitted in second UL channel.
· Mode B (UCI in pre-configured resource(s) for second UL channel):
· Step 1: UE transmits a first PUCCH (one-bit/multi-bit) notifying a second UL channel to carry beam report
· Step 2: UE transmits the beam report in the second UL channel. 
· The notification in Step1 is in a separate reporting instance from the beam report in Step 2. 
Proposal 5: The UE performs the L1 measurement, only when the RSRP of the SpCell is below the threshold configured by RRC.
Proposal 6: Timer/counter can be considered to determine the triggering event.
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Annex
RAN1 MIMO agreements for event-triggered L1 measurement
RAN1#116 meeting agreement
	Whole picture
Agreement
On UE-initiated/event-driven beam report, at least of following aspects should be included:
· Trigger-event detection for beam reporting by UE
· UE monitors RS to assess if a beam-reporting trigger condition has been met
· FFS: Trigger condition for declaring beam-reporting event
· Beam-report transmission by UE
· Signaling contents in the beam report
· Down-selection one or more options (strive for one) between the following options as signaling medium/container for beam report transmission
· MAC-CE
· UCI
· Others are not precluded.
On UE-initiated/event-driven beam report, the following aspects may be included:
· UE requesting UL resource(s) for the beam report
· UE notifying transmission of beam report
· gNB preconfigured resources
Other procedure(s) as required




	Events 

Agreement
On UE-initiated/event-driven beam reporting, regarding trigger-event detection for beam reporting, RAN1 further study at least the following aspects: quality metrics, event-definition and threshold.
· Further study trigger events, including the following example as a starting point
· Event-1: Quality of the current beam is worse than a certain threshold.
· Event-2: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam. 
· Event-3: Quality of a new beam is better than a certain threshold. 
· Event-4: Quality of the current beam is worse than a threshold 1, and quality of at least one new beam is better than a threshold 2.
· Others are not precluded.
· Note: Companies are encouraged to provide details on procedure (e.g. how it is used) related to their preferred event




	Measurement resource

Agreement
On UE-initiated/event-driven beam reporting, at least support L1-RSRP as a measurement quantity on SSB for intra-cell and inter-cell, and periodic CSI-RS for beam management
· Notes: measurement results may be contained in the beam report and/or used as quality metric(s) to initiate/trigger the reporting. 
· FFS: Semi-persistent CSI-RS and aperiodic CSI-RS.
· FFS: Whether/how to support L1-SINR measurement, assuming legacy RS or RS combination (e.g., CMR only, CMR+ZP/NZP-IMR) for Rel-16 SINR is reused. 
· FFS: Whether/how to specify filtering operation for L1-RSRP.




	Signalling contents

Agreement
On UE-initiated/event-driven beam reporting, regarding signaling content(s), at least support DL RS resource indicator and L1-RSRP 
· FFS: Study and decide whether additional contents can be supported.
· FFS: L1-RSRP format, e.g., absolute and/or differential value.
· Note: Above does not imply to preclude discussion on L1-RSRP filtering.
· The actual reported content depends on the triggering event
· Support of one or multiple events will be discussed separately 




2.1.1 RAN1#116bis meeting agreement
	Signalling Medium
Agreement
On beam report transmission procedure for UE-initiated/event-driven beam reporting, following modes are supported:
· [bookmark: OLE_LINK25]Mode A (dynamically scheduling UCI by gNB):
· Step 1: UE transmits a first PUCCH (one-bit/multi-bit) to request a resource for a second UL channel to carry beam report
· FFS: Request format, e.g., SR or a new UCI type.
· Step 2: UE detects the DCI format to indicate a resource for a second UL channel to carry beam report. 
· Step 3: Beam report is transmitted in second UL channel.
· FFS: Details on the second UL channel, e.g., whether the second UL channel is PUCCH, PUSCH or both
· This mode is basic UE capability (i.e. all UE supporting UE-initiated/event-driven beam reporting should support this feature).
· No new DCI format is introduced.
· Mode B (UCI in pre-configured resource(s) for second UL channel):
· Step 1: UE transmits a first PUCCH (one-bit/multi-bit) notifying a second UL channel to carry beam report
· FFS: Notification format, e.g., SR or a new UCI type.
· Step 2: UE transmits the beam report in the second UL channel. 
· FFS: Details on the second UL channel, e.g., whether the second UL channel is PUCCH, PUSCH or both
· The notification in Step1 is in a separate reporting instance from the beam report in Step 2. 
FFS: Whether UE receives acknowledge information with response to each step for all modes
For above procedures, cross-CC beam reporting is supported for both modes.
· FFS: Details.




	Event 2

Agreement
On UE-initiated/event-driven beam reporting, regarding trigger-event detection for beam reporting, at least support Event-2: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam.
· At least L1-RSRP is supported as quality metrics used for Event-2 
· FFS: How the L1-RSRP is used to determine the triggering event (e.g. timer, counter, filter coefficient)
· FFS: Whether the network controls how the L1-RSRP is used to determine the triggering event 
· Regarding RS measurement for the new beam for Event-2, down-select one or more of the following:
· Option-3a (explicit manner): The RS(s) for new beam(s) are explicitly configured by RRC (e.g., reusing legacy configuration of RS measurement or in TCI-State) or MAC-CE
· Option-3b (implicit manner): The RS(s) for new beam(s) are implicitly derived from QCL RS(s) of activated TCI state(s).
· Option-3c (implicit manner): The RS(s) for new beam(s) are implicitly derived from QCL RS(s) of configured TCI state(s).
· Note-1: ‘New/current beam’ is for discussion purpose. 
· Note-2: Other trigger events/quality metrics (e.g., L1-SINR) are not precluded.
· Note-3: For above implicit manner(s), if there are two QCL RSs in a TCI state, the measurement RS is derived from RS w.r.t. QCL-TypeD, if applicable.

Agreement
On UE-initiated/event-driven beam reporting, regarding Event-2, ‘current beam’ is a beam corresponding to the indicated TCI state.
· Regarding RS measurement for the current beam for Event-2, Option-2a is supported:
· Option-2a (implicit manner): The RS for current beam is implicitly derived from a QCL RS of indicated TCI state.
· FFS: The RS for current beam can be either the QCL RS in the indicated TCI state or the SSB which is QCLed with the QCL RS in the indicated TCI state.
· FFS: Option-2c (explicit manner): The RS for current beam is explicitly configured by RRC or MAC-CE.
· Note: SSB or CSI-RS can be configured

Agreement
On UE-initiated/event-driven beam reporting, regarding Event-2, the threshold value is RRC configured  




	Other event

Agreement
On UE-initiated/event-driven beam reporting, further study the following trigger events: 
· Event-1: Quality of the current beam is worse than a certain threshold.
· Event-3: Quality of a new beam is better than a certain threshold. 
· Event-4: Quality of the current beam is worse than a threshold 1, and quality of at least one new beam is better than a threshold 2.
· Event-5: Absolute value of the difference between the quality of the current beam and the quality of at least one new beam is lower than a threshold.
· Event-6: When the current beam is not in the best K>1 beams (out of configured beams for measurement and reporting).
· Event-7a: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the RS derived from the activated TCI state with the worst quality.
· Event-7b: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the RS derived from the activated TCI state with the best quality.
· Event-8: Quality of M>1 new beams, such as L1-RSRP, become a threshold value better than the current beam.
· Event-9: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the configured reference RS (can be SSB or CSI-RS).




	Report content 

Agreement
On UE-initiated/event-driven beam reporting, regarding UL signaling content(s) of L1-RSRP report depending on Event-2, in a report instance, the following options are provided for down-selection (other options are not precluded) in RAN1#117
· Option-1 (variable size): N beam(s) are reported in the report instance, where N  {1, 2, ..., Nmax}
· The N beam(s) should satisfy the condition of Event-2
· Nmax is configured by gNB 
· FFS: Whether the indication of payload size should be provided additionally.
· Option-1a (variable size): N beam(s) are reported in the report instance, where N  {1, 2, ..., Nmax}
· At least one of N reported beam(s) should satisfy the condition of Event-2
· Nmax is configured by gNB 
· FFS: Whether the indication of payload size should be provided additionally.
· FFS: Details on how value of N is determined by the UE
· Option-1b: N beam(s) are reported in the report instance, where N  {1, 2, ..., Nmax}
· The N beam(s) should satisfy the condition of Event-2
· Nmax is configured by gNB 
· Payload size does not vary as a function of N
· FFS: Zero-padding can be provided if N is less than Nmax.
· Option-2: Only N=1 beam is reported in the report instance 
· The reported beam should satisfy the condition of Event-2
· Option-3: N ≥ 1 beam(s) are reported in the report instance,  
· At least one of N reported beam(s) should satisfy the condition of Event-2
· N is configured by gNB 
· Other options are not precluded.
· FFS: Whether the measurement results for current beam is always reported or can be enabled by RRC.
· FFS: When current beam is reported, whether the current beam is counted in the N reported beams.  
· The selected option shall satisfy Event-2.





