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1 Introduction
In RAN#102, a new WI on NR mobility enhancements Phase 4 was approved in RP-234036. In Rel-18, LTM was introduced with a number of limitations compared to Layer 3 mobility. Unlike Layer 3 mobility, UE evaluated events for triggering of L1 measurement reports is not supported for LTM. Besides, Rel-18 L1 measurements for LTM procedures are limited to SSB measurement. To reduce signalling overhead on L1 measurement reports and enable greater throughput on the target cell immediately after cell switch, the following measurements related enhancements will be supported in Rel-19.
	Copied from latest WID in RP-240299
· Measurements related enhancements for purpose of supporting LTM: [RAN2, RAN1]
· Measurement related enhancements are applicable to Intra-CU MCG/SCG LTM and Inter-CU MCG/SCG LTM
· Specify necessary components to support event triggered L1 measurement reporting [RAN2, RAN1]
· RAN1 and RAN2 to progress independently on the event triggered measurements objectives of their respective MIMO and Mobility enhancement WIs. Review progress at RAN#105 to see if any modification of objectives is required to avoid/manage any overlap in the work
· Specify support for CSI-RS measurements for LTM procedures and enable CSI-RS based beam management, and/or other necessary physical layer operations on candidate cells before LTM [RAN1]


In last RAN2 meeting, the Rel-19 WI of Mobility enhancement was widely discussed and much progress has been made on inter-CU LTM. Regarding the general aspects for event-triggered L1 measurement reporting for LTM, only the following agreement was reached.
Agreements on measurements:
1. L1 LTM measurement event configuration is associated with L1 measurement resource configuration provided in LTM configuration via RRC signaling.
In this contribution, we would like to share our opinions on further details of event-triggered L1 measurement reporting for LTM.
2 Discussion
Motivation on event-triggered L1 measurement reporting for LTM
In Rel-18, LTM is introduced to reduce the handover latency and interruption time compared to Layer 3 based mobility. The network may trigger LTM cell switch based on the L1 measurement report(s) from the UE. CSI report procedure is used for reporting L1 measurements for LTM, which could be reported in periodic/semi-Persistent/aperiodic way according to the network configuration. In legacy Layer 3 mobility, the Layer 3 measurement report is event triggered, which can not only reduce signalling overhead but also provide the available measurement in time. However, UE evaluated events for triggering of L1 measurement reports is not supported for Rel-18 LTM. In Rel-19, event-triggered L1 measurement reporting for LTM will be supported to reduce signalling overhead for CSI reporting.
In Rel-19 FeMIMO WI, similar enhancement to facilitate UE-initiated/event-driven beam management for reducing overhead and/or latency will be supported. In the first RAN1 meeting for Rel-19 FeMIMO, RAN1 also discussed the motivation for UE-initiated/event-driven beam reporting and the major companies shared similar views that the main motivation is to reduce report overhead and latency.
As for the motivation of event-triggered L1 measurement reporting for LTM, on top of reducing signalling overhead for reporting, we shall also consider how to provide enough valid L1 measurement results to the gNB in time to guarantee the mobility performance and user experience. 
Proposal 1: To support event-triggered L1 measurement reporting for LTM, RAN2 shall consider not only how to reduce signalling overhead for reporting, but also how to provide enough valid L1 measurement results to the gNB. 
Events to trigger L1 measurement reporting for LTM
No matter Layer 3 mobility or LTM, the gNB may make a handover decision based on the measurement results reported by the UE. In legacy Layer 3 mobility, the events to trigger a measurement report is cell-level and the network may configure the UE to derive cell measurement quantity based on beam measurement quantity. The UE will use the cell measurement results derived from beam measurement results to evaluate whether the trigger conditions are met or not. In Rel-18 LTM, the UE uses CSI report to provide beam-level L1 measurement results to the gNB. For event-triggered L1 measurement reporting, the L1 measurement results reported to the gNB shall also be beam-level. Thus, to trigger the L1 measurement report, beam-level event shall be introduced.
Proposal 2: To support event-triggered L1 measurement reporting for LTM, one or more beam-level events shall be introduced. 
Regarding whether to introduce cell-level events for L1 measurement reporting for LTM as well, we see no clear motivation since the legacy L1 measurement reports for LTM only include beam-level measurement results. If cell-level events are introduced for event-triggered L1 measurement reporting of LTM, then how to report the corresponding measurement results may be not clear. Thus, we suggest RAN2 first focus on defining beam-level events for event-triggered L1 measurement reporting of LTM.
Proposal 3: RAN2 could first focus on defining beam-level events for event-triggered L1 measurement reporting of LTM. FFS whether cell-level events are needed. 
Regarding how to define events to trigger L1 measurement reporting for LTM, similar principle could be followed to the events used for Layer 3 mobility.
In current RRC spec, the following events are defined mainly for intra-NR Layer 3 mobility.
· 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;
In last RAN1 meeting, for FeMIMO WI, RAN1 has agreed to at least support Event-2 and further study the following trigger events on UE-initiated/event-driven beam reporting.
	Agreements on Rel-19 FeMIMO WI in RAN1#116bis
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.
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).


It is easy to see that Event-1 to Event-4 are quite similar to Event A2 to Event A5 for Layer 3 mobility, just like changing these Events from cell-level to beam-level. For Event-5 to Event-9, they seem to be enhancements based on the basic events.
For event-triggered L1 measurement reporting for LTM, Event-1 to Event-4 could also be considered. Besides, we think A1-like event is also useful for LTM. In case that the current serving beam suffers a sudden drop of quality, it is necessary to trigger a L1 measurement report when the beam quality recovers to avoid unnecessary LTM cell switch. The potential definition of A1-A5 like beam-level events for LTM are listed as below.
· BeamEvent A1:	Serving beam becomes better than absolute threshold;
· BeamEvent A2:	Serving beam becomes worse than absolute threshold;
· BeamEvent A3:	Candidate beam becomes amount of offset better than serving beam;
· BeamEvent A4:	Candidate beam becomes better than absolute threshold;
· BeamEvent A5:	Serving beam becomes worse than absolute threshold1 AND Candidate beam becomes better than another absolute threshold2.
Regarding the detailed definition of serving beam and candidate beam might need further discussion, which maybe also related to the configuration granularity for event-triggered L1 measurement reporting, as analysed in the subsequent clause 2.3.
Proposal 4: RAN2 to consider the following beam-level events in order to support event-triggered L1 measurement reporting for LTM. 
· BeamEvent A1:	Serving beam becomes better than absolute threshold;
· BeamEvent A2:	Serving beam becomes worse than absolute threshold;
· BeamEvent A3:	Candidate beam becomes amount of offset better than serving beam;
· BeamEvent A4:	Candidate beam becomes better than absolute threshold;
· BeamEvent A5:	Serving beam becomes worse than absolute threshold1 AND Candidate beam becomes better than another absolute threshold2.
Proposal 5: The detailed definition of serving beam and candidate beam in above beam-level events might need further discussion. 
As per the above discussion, when defining the events for triggering L1 measurement reporting for LTM, we shall also consider how to provide enough valid L1 measurement results to the gNB for better mobility performance. In legacy Layer 3 mobility, to avoid “Ping Pong” handover, there are several parameters including hysteresis, measurement object specific offset, the cell specific offset, etc.. Besides, for each event, there defines different entering conditions and leaving conditions. We also introduced time-to-trigger for the UE to evaluate the measurement results during a period of time. All those parameters and methods are used to avoid reporting sudden changed measurement results and help improve the mobility performance. For LTM cell switch, it is also very important to avoid “Ping Pong” cell switch, which may reduce the mobility performance and user experience. Therefore, we could also consider to introduce similar parameters such as hysteresis, beam specific offset, candidate cell specific offset and so on, for LTM L1 measurement reporting events. In addition, entering condition, leaving condition and time-to-trigger could be considered as well.
Proposal 6: To avoid “Ping Pong” cell switch in LTM, when defining the events for triggering LTM L1 measurement report, the following aspects could be considered:
· hysteresis, beam specific offset, candidate cell specific offset;
· entering condition, leaving condition and time-to-trigger.
Moreover, in legacy Layer 3 mobility, S-MeasureConfig is used to avoid unnecessary measurements on non-serving cells when the quality of the current serving cell is good enough. For event-triggered L1 measurement reporting for LTM, similar mechanism could be considered as well to avoid unnecessary measurements on candidate beams if the current serving beam or serving cell is good enough.
Proposal 7: To avoid unnecessary measurements on candidate beams in LTM, S-Measure like mechanism could be considered for L1 LTM measurement.
Configuration of event-triggered L1 measurement reporting for LTM
In last RAN2 meeting, the following agreement on configuration of L1 LTM measurement event was reached.
Agreements on measurements:
1. L1 LTM measurement event configuration is associated with L1 measurement resource configuration provided in LTM configuration via RRC signaling.
Based on the above agreement, L1 LTM measurement event configuration is associated with L1 measurement resource configuration provided in LTM configuration via RRC signalling. The detailed association between the L1 LTM measurement event configuration and L1 measurement resource configuration may need further discussion.
For L3 measurement configurations, there are multiple reporting configurations with different Reportconfig IDs associated with different measurement objectives of different MesureObject IDs. For configuration of event-triggered L1 measurement reporting for LTM, the similar framework could be followed. A configuration ID for L1 LTM measurement event configuration could be introduced to identify an L1 LTM measurement event configuration.
Proposal 8: For L1 LTM measurement event configuration, a configuration ID could be introduced to identify an L1 LTM measurement event configuration.
To associate a configuration ID of L1 LTM measurement event configuration with L1 measurement resource configuration, there may be different options with different granularities.
· Option 1: a configuration ID of L1 LTM measurement event configuration is associated with one candidate beam;
· Option 2: a configuration ID of L1 LTM measurement event configuration is associated with one candidate cell.
For Option 1, different beams of a candidate cell may have different L1 measurement event configurations. Then the candidate beam in the event definition refers to the associated beam. For Option 2, different beams of a candidate cell have the same L1 event configuration. The configuration ID of L1 event configuration is associated with a candidate ID. Then the definition of candidate beam could be any beam, best beam or some specific beam of the candidate cell.
Proposal 9: Regarding how to associate a configuration ID of L1 LTM measurement event configuration with L1 measurement resource configuration, RAN2 to discuss the following options.
· Option 1: a configuration ID of L1 LTM measurement event configuration is associated with one candidate beam;
· Option 2: a configuration ID of L1 LTM measurement event configuration is associated with one candidate cell.
3 Conclusion
In this contribution, we discuss event-triggered L1 measurement reporting for Rel-19 LTM. We kindly ask RAN2 to consider the corresponding proposals listed as below.
Proposal 1: To support event-triggered L1 measurement reporting for LTM, RAN2 shall consider not only how to reduce signalling overhead for reporting, but also how to provide enough valid L1 measurement results to the gNB. 
Proposal 2: To support event-triggered L1 measurement reporting for LTM, one or more beam-level events shall be introduced. 
Proposal 3: RAN2 could first focus on defining beam-level events for event-triggered L1 measurement reporting of LTM. FFS whether cell-level events are needed. 
Proposal 4: RAN2 to consider the following beam-level events in order to support event-triggered L1 measurement reporting for LTM. 
· BeamEvent A1:	Serving beam becomes better than absolute threshold;
· BeamEvent A2:	Serving beam becomes worse than absolute threshold;
· BeamEvent A3:	Candidate beam becomes amount of offset better than serving beam;
· BeamEvent A4:	Candidate beam becomes better than absolute threshold;
· BeamEvent A5:	Serving beam becomes worse than absolute threshold1 AND Candidate beam becomes better than another absolute threshold2.
Proposal 5: The detailed definition of serving beam and candidate beam in above beam-level events might need further discussion. 
Proposal 6: To avoid “Ping Pong” cell switch in LTM, when defining the events for triggering LTM L1 measurement report, the following aspects could be considered:
· hysteresis, beam specific offset, candidate cell specific offset;
· entering condition, leaving condition and time-to-trigger.
Proposal 7: To avoid unnecessary measurements on candidate beams in LTM, S-Measure like mechanism could be considered for L1 LTM measurement.
Proposal 8: For L1 LTM measurement event configuration, a configuration ID could be introduced to identify an L1 LTM measurement event configuration.
Proposal 9: Regarding how to associate a configuration ID of L1 LTM measurement event configuration with L1 measurement resource configuration, RAN2 to discuss the following options.
· Option 1: a configuration ID of L1 LTM measurement event configuration is associated with one candidate beam;
· Option 2: a configuration ID of L1 LTM measurement event configuration is associated with one candidate cell.
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