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Introduction
According to WID [1], one of the objectives of Rel-19 mobility is the enhancement to the measurement enhancements for supporting LTM, as below:
	· 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]


And in RAN2#125bis, the event triggered L1 measurement is discussed and made the following agreements [2],
	· L1 LTM measurement event configuration is associated with L1 measurement resource configuration provided in LTM configuration via RRC signaling.  


In this contribution, we further discuss the event triggered L1 measurement reporting.
The contribution is organized as the following. In section 2, we discuss the following aspects,
· Event definition
· Configuration aspects
· Contents of the event triggered L1 measurement results
· Which layer to perform the L1 measurement evaluation
· Message for carrying the event triggered L1 measurement results
Our proposals are summarized in Section 3. 
Discussion
Event definition
In legacy L1 measurement reporting, beam level L1 measurement result is reported by UE. And in LTM, source cell needs to decide the target beam of the target cell. So for the event-triggered measurement reporting, the event evaluation based on beam level L1 measurement results is the baseline. Whether to support cell level measure results needs further consideration. The reported measure result is used by network to determine a target cell of the LTM execution, and it seems beneficial to report the cell level measure results as well. RAN2 can start the event definition on beam level and leave the cell level open for further study.
Proposal 1: Event evaluation based on beam level measure results is taken as the baseline. RAN2 further discusses the beam level event definition.
In legacy L3 measurement, the following triggering criterions are supported, according to TS 38.331 [3].
	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;
….


The event definition for the event triggered L1 measurement reporting can take above L3 events as a reference. However, we need further check whether these legacy triggering criteria can be reused.
	Event
	Triggering Criteria
	Applicability to R19 LTM and reason

	A1
	Serving becomes better than absolute threshold
	Unclear
It is not clear whether it is useful for LTM as it evaluates the serving cell only. In legacy it is typically used by NW to trigger neighbor cell measurement, which is not the case in LTM. 

	A2
	Serving becomes worse than absolute threshold
	Unclear
It is not clear whether it is useful for LTM as it evaluate the serving cell only. In legacy It is typically used by NW to trigger neighboring cell measurement, which is not the case in LTM.

	A3
	Neighbour becomes amount of offset better than PCell/PSCell
	Yes
It is useful for LTM as it can be used for mobility purpose (i.e., to evaluate both serving cell and neighboring cell).

	A4
	Neighbour becomes better than absolute threshold
	Yes
It is useful for LTM as it can be used for load balance purpose(i.e., to evaluate one good neighboring cell).

	A5
	PCell/PSCell becomes worse than absolute threshold1 AND Neighbour/SCell becomes better than another absolute threshold2
	Yes
It is useful for LTM as it is as it can be used for mobility purpose (i.e., to evaluate both serving cell and neighboring cell).

	A6
	Neighbour becomes amount of offset better than SCell
	No
It can be precluded as it is for the SCell.  In LTM, SCell is not evaluated for mobility.


So at least A3-like/A4-like/A5-like events can be supported for event triggered L1 measurement reporting in LTM, the needs of A1-like/A2-like events can be left open for further study.
However, the detailed event definition in L3 measurement cannot be reused directly in LTM as the evaluation granularity is different. As proposed earlier in this paper, the event evaluation based on beam level measurement results is the baseline, so the event definition should be on a granularity of beam level. Since there can be multiple beams on a LTM candidate cell or the serving cell, it is necessary to clarify which beam of a cell is used for the event evaluation. For the serving cell, the best beam should be used for the event evaluation if serving cell is relevant to the event. If some of the beams of the current serving cell are not good enough but the other beams of the current serving cell is still good, there is no need to perform LTM cell switch as beam switching within the serving cell is enough. For the candidate cell, measurement results of each candidate beam should be evaluated for the associated event, if measure results of any candidate beams meet the event triggering criteria, the event is triggered.
Therefore, it is proposed that,
Proposal 2: At least the following events are supported: 
· A3-like event: at least one candidate beam in the associated resource configuration becomes amount of offset better than the best beam  of the current PCell/PSCell;
· A4-like event: at least one candidate beam in the associated resource configuration becomes better than absolute threshold;
· A5-like event: the best beam in the current PCell/PSCell becomes worse than absolute threshold1 AND at least one candidate beam in the associated resource configuration becomes better than another absolute threshold2.
Proposal 3: RAN2 further studies whether the A1-like event and the A2-like event is needed.

Configuration aspects
Need of TTT
In the legacy L3 event triggering criteria, TTT (i.e., timeToTrigger) is supported. The intention is to avoid Ping-Pang of triggering the event. The event is considered triggered only when the entering condition has been met during the TTT time. It seems beneficial to support it for this objective as it can reduce the unnecessary event reporting due to the instant fluctuation of the measurement result.
Proposal 4: TTT is supported for event triggered L1 measurement reporting. 
Filtering to the L1 measurement result 
The beam measurement result is not stable and can be changed rapidly, e.g., due to the building during the UE’s moving direction. If filtering is applied to the instant beam measured result before using for evaluation of reporting criteria, unnecessary triggering of the event and measurement reporting can be avoided. Therefore, it is beneficial to specify a filtering mechanism similar as in L3 measurement.RAN2 can assume to support this and leave the details to RAN1. 
Proposal 5: RAN2 assumes filtering of the L1 measure results is needed. 
Reporting amount after the event is triggered
In the legacy L3 event triggering criteria, reporting interval and reporting amount are supported. UE can send the measurement results in certain times according to the configured reporting amount after the event has been triggered. Whether similar mechanism is needed in LTM can be discussed later as it seems not essential.
RS type
In Rel-18 LTM, the L1 measurements are based on SSB reference signals only, and CSI-RS measurements for LTM will be supported in Rel-19 LTM. It is reasonable that the event triggered L1 measurements can be used for both SSB and CSI-RS reference signals.
Proposal 6: Event triggered L1 measurement reporting can be used for both SSB and CSI-RS reference signals.
Resource configuration
LTM CSI resource configuration (i.e., LTM-CSI-ResourceConfig) has been defined in R18 LTM. It is defined as a group of one or more SSB resources for one or more LTM candidate configurations. NW can choose to include SSB resources of one candidate or multiple candidate cells in one resource configuration. It seems feasible to reuse it. 
Proposal 7:RAN2 assumes R18 LTM CSI resource configuration is reused as the measurement resource configuration of event triggered L1 measurement reporting. It can be revisited if critical issue is found.
Association between event configuration and measure resource configuration
In last meeting, the following agreement was made,
Agreements on measurements:
1. L1 LTM measurement event configuration is associated with L1 measurement resource configuration provided in LTM configuration via RRC signaling.
One event configuration may be associated to multiple measurement resource configurations, all the event configurations should be grouped in a common list, i.e., similar as ReportConfigToAddModList in legacy L3 measurement.
Proposal 8: The event configurations are provided to UE as a list which is common to all the measurement resource configurations.
The next question is how to associate one event configuration to a measure resource configuration. There are following possible options,
· Option 1: The index of an event configuration is included in LTM CSI ReportConfig(e.g.like LTM-CSI-ReportConfig in R18).
If there is a LTM CSI ReportConfig (e.g.like LTM-CSI-ReportConfig in R18), the index of an event configuration can be included in it, which will associate the measurement resource configuration and the event configuration. However, it is not clear whether such IE is present or not as it depends on the design for UL resource reporting configuration.
· Option 2: measurement id is introduced to associate the event configuration and a measure resource configuration.
Similar as in legacy L3 measurement, measurement id can be introduced and each measurement id is mapped to an index of an event configuration and an index of a resource configuration.
Therefore, it is suggested to keep this issue FFS as the feasibility of option 1 depends on the design for UL resource reporting configuration.
Proposal 9: FFS how to associate event configuration(s) and measurement resource configuration(s). The following options are for further discussion,
· Option 1: The index of an event configuration is included in LTM CSI ReportConfig(e.g., like LTM-CSI-ReportConfig in R18).
· Option 2: measurement id is introduced to associate event configuration(s) and a measure resource configuration(s).

Contents of the event triggered L1 measurement results
In legacy L1 measurement reporting, beam measurement result is reported by UE. For the event-triggered measurement reporting, additionally UE may need to report the information of the triggered event as well. 
Therefore, it is proposed that,
Proposal 10: As baseline, the following information can be included in the content of the event-triggered measure results,
· Beam measurement results
· Beam information (e.g., SSB index, candidate configuration id), explicitly or implicitly
· Information of the triggered event, explicitly or implicitly

Which layer to perform the event evaluation
Regarding which layer to perform the event evaluation, there are several options (e.g., PHY, MAC,).In our understanding it is more suitable to perform the event evaluation in MAC layer. PHY layer is typically used for dynamic scheduling, so it is not reasonable to do it in PHY layer. MAC layer is already responsible for the control of the LTM triggering by handling the LTM cell switch command MAC CE. It will also facilitate the design for conditional LTM, i.e., it would be simpler to perform both the triggering of conditional LTM execution and event evaluation in MAC layer 
Proposal 11: MAC layer performs the event evaluation for event-triggered L1 measurement reporting.

Message to carry the event triggered L1 measurement results
Another issue is which message is used for the event triggered L1 measurement results. The option could be the MAC CE or UCI (via PHY layer). One may think it is the layer which performs the event evaluation (i.e., MAC CE should be used if the event evaluation is performed in MAC layer).However, both MAC CE and UCI are feasible even if the event evaluation is performed in MAC layer.
On one hand, it has benefit to use MAC CE to carry the L1 measurement results. The resource requesting can be flexible based on the measurement results to be reported. And more information could be included in the measurement report if MAC CE is used. On the other hand, using UCI can simplify the design as in R19 MIMO, it is decided to use UCI to report the L1 measurement results. The design in R19 MIMO could be reused. 
More discussion is needed on which way to go. Therefore, it is proposed that,
Proposal 12: For message to carry the event triggered L1 measurement results, RAN2 down selects between the following options,
· Option 1: MAC CE
· Option 2: UCI

Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]Based on the previous analysis in section 2, our proposals are summarized as follows:
Event definition
Proposal 1: Event evaluation based on beam level measure results is taken as the baseline. RAN2 further discusses the beam level event definition.
Proposal 2: At least the following events are supported: 
· A3-like event: at least one candidate beam in the associated resource configuration becomes amount of offset better than the best beam  of the current PCell/PSCell;
· A4-like event: at least one candidate beam in the associated resource configuration becomes better than absolute threshold;
· A5-like event: the best beam in the current PCell/PSCell becomes worse than absolute threshold1 AND at least one candidate beam in the associated resource configuration becomes better than another absolute threshold2.
Proposal 3: RAN2 further studies whether the A1-like event and the A2-like event is needed.

[bookmark: _GoBack]Configuration aspects
Proposal 4: TTT is supported for event triggered L1 measurement reporting. 
Proposal 5: RAN2 assumes filtering of the L1 measure results is needed. 
Proposal 6: Event triggered L1 measurement reporting can be used for both SSB and CSI-RS reference signals.
Proposal 7:RAN2 assumes R18 LTM CSI resource configuration is reused for event triggered L1 measurement reporting. It can be revisited if critical issue is found.
Proposal 8: The event configurations are provided to UE as a list which is common to all the measurement resource configurations.
Proposal 9: FFS how to associate event configuration(s) and measurement resource configuration(s). The following options are for further discussion,
· Option 1: The index of an event configuration is included in LTM CSI ReportConfig(e.g., like LTM-CSI-ReportConfig in R18).
· Option 2: measurement id is introduced to associate event configuration(s) and a measure resource configuration(s).

Contents of the event triggered L1 measurement results
Proposal 10: As baseline, the following information can be included in the content of the event-triggered measure results,
· Beam measurement results
· Beam information (e.g., SSB index, candidate configuration id), explicitly or implicitly
· Information of the triggered event, explicitly or implicitly

Which layer to perform the event evaluation
Proposal 11: MAC layer performs the event evaluation for event-triggered L1 measurement reporting.

Message to carry the event triggered L1 measurement results
Proposal 12: For message to carry the event triggered L1 measurement results, RAN2 down selects between the following options,
· Option 1: MAC CE
· Option 2: UCI
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