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1	Introduction
The phase 4 mobility enhancements work item description captures the measurement enhancements in the [1] as follows:
· 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
· [bookmark: _Hlk162259905]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]

Following agreement was made in RAN2#125bis [2]:

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 paper we present our view on the Release 19 measurement framework for LTM. In addition, we provide simulation results showing the gains of event-triggered reporting.
2	Discussion
2.1	Event triggered Reporting for LTM
2.1.1	Event types
For L3 mobility the NR RRC [3] defines multiple events. Set of example events and their descriptions are provided in the below table 1. The same list of events are already specified in LTE. Thus, it would seem reasonable that at least a set of L3 events would be taken as starting point for discussing the LTM events. 
Table 1: Example list of L3 events 
	L3 Event
	Description

	A2
	 Serving becomes worse than threshold

	A3
	Neighbour becomes offset better than SpCell

	A4
	Neighbour becomes better than threshold

	A5
	SpCell becomes worse than threshold1 and neighbour becomes better than threshold2



The LTM events, similar to Ax should provide meaningful information, they should trigger the reporting when needed and provide useful content which will help the NW in making the cell switch decision. We also provide their potential LTM counterparts, if RAN2 decides to reuse the Ax definitions as much as possible. 
Observation 1: For LTM the events and event triggered reporting should provide useful information for cell switch purposes.
As an example of LTM events, we have provided a list in the table 2. These events are the counterparts of A(x) event listed in Table 1 with the LTM specific description. However, in our view not all Ax events from Table 1 need to have their LTM equivalent. However, it is important to have a variety of LTM events. In our view, it would be beneficial to support at least A3 and A4 type of events.
Table 2: Example list of LTM events (based on L3 A(x))
	LTM Event
	Description

	LTM-1
	Serving cell reference resource/resources become(s) worse than threshold

	LTM-2
	Candidate (cell) resource/ set becomes offset better than SpCell reference resource/set

	LTM-3
	Candidate (cell) resource/set becomes better than threshold

	LTM-4
	SpCell reference resource/resources becomes worse than threshold1 and Candidate (cell) resource/ set becomes better than threshold2


Proposal 1: At least A3 (LTM-2) and A4 ( LTM-3) type of events i.e. events based on absolute threshold and/or relative thresholds should be supported.
The measurements and reporting LTM in R18 are configured on the resource and resource set level as opposed to L3 events that are based on the cell quality measurements on cell specific reference signals. Thus in LTM it would be more feasible to evaluate the LTM L1 measurement reporting events, and derive the measurement results based on the resources and resource sets –e.g. compare the measurement on the resource or resource set to the absolute threshold and that two (or more) resources/resource sets would be compared with a reference resource set. 
Observation 2: L3 events are based on the cell quality measurements aggregated over all reference signals at cell level. However the (R18) LTM L1 reporting is based on the resource or resources set configuration.
Furthermore, in Rel-18 LTM, the L1 measurement configuration was defined to be outside the candidate cell configuration and to be part of the LTM configuration. As LTM has been already defined in Rel-18, it would be desirable to reuse some of its existing signalling components to address the Rel-19 objectives.
Proposal 2: Use the resource set configuration framework of R18 LTM as baseline for R19 event triggered reporting.
Proposal 3: Define reference signal and reference signal resource set based events for LTM.
Proposal 4: For LTM-2 event the candidate cell reference resource or reference resource set measurement is used and/or compared with the serving cell reference resource(s) or resource set (LTM-2) is used to determine whether reporting criteria is fulfilled.
Proposal 5: For LTM-3 event the candidate cell reference resource or reference resource set measurement is used and/or compared with the certain threshold (LTM-3) to determine whether reporting criteria is fulfilled.
2.1.1.1 Mobility Simulation for Event Triggered Reporting
To quantify the benefits of event triggered reporting, a system-level simulation was conducted. The details of simulation setup can be found in the Annex.
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Figure 1-Simulation results comparing the Rel. 18 periodic reporting and Rel.19 event-triggered reporting in terms of reported L1 measurements. Different reporting periods of 20ms, 40ms, 80ms for Rel.18 and A3- and A4-type configurations with different thresholds are simulated. The number of reported measurements with proper configuration can decrease with event triggered reporting.
In Figure 1, the Rel.18 periodic reporting and the Rel.19 event triggered reporting are compared in terms of the average number L1 measurement reports, per user per second. The Rel.18 scenarios have the different periodic reporting periods of [20ms, 40ms, 80ms] and the Rel.19 scenarios have different configurations of the proposed event triggered reporting events. A3- and A4-type events are defined with higher and lower threshold, i.e., A3-type thresholds [-5 dB, +3 dB] and A4-type thresholds [-70 dBm, -100 dBm]. In Figure 2, the ratio of mobility events (RLFs + HOFs) over all mobility events (HOs + RLFs + HOFs) is illustrated for the same scenarios to observe the overhead and performance trade-off.
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Figure 2: Ratio of Mobility Events (RLFs + HOFs) over all Mobility Events (HOs + RLFs + HOFs) in percentage. With less frequent reporting in Rel.18, the ratio increases as the LTM cell switch is delayed. However, with proper configuration the event-triggered reporting, the ratio is comparable with Rel.18 with periodic reporting.
With increasing the reporting period for the Rel.18 scenarios, the number of reported L1 measurements decrease as expected and the mobility performance also decrease, as the mobility failures increase with less frequent available measurement. On the other hand, with the proposed Rel.19 event triggered reporting with A3-type configuration, the overhead will decrease significantly, without heavily impacting the mobility performance. At the same time, the reporting event is not showing very much sensitivity to the threshold values. However, for the A4-type configuration, since the measurements of the candidates are reported independent of the source cell’s, the reports are not necessarily arrived at the network near the time when a handover is necessary. Also, the A4-type exhibits a sensitivity to the threshold values.
Observation 3: Achieving the same mobility performance metrics (such as the number of handovers, radio link failures, and handover failures) with event-triggered reporting using A3-type events requires significantly fewer reported measurements compared to periodic reporting.
Observation 4: The A4-type event is sensitive to the threshold value and the mobility performance could be impacted as the measurements are not transmitted in time for handover.
2.1.2	Reference Resource 
For event-based reporting one of the key issues is to determine which type of events to define i.e. events that may lead to one or more UE actions such as listed in Section 2.1.1. For supporting the events, measurement reporting events may be based on quality comparison between first and second resource (e.g., signal) or resource sets and to determine based on the comparison whether to trigger a reporting event (or other UE action). As an example, for the legacy L3 mobility this may be referred as A3 event (neighbour cell becomes offset better than serving cell). Alternatively, or additionally the event may be defined so that UE compares a resource to a specific threshold value (signal quality) and reports if quality is above or below (e.g. A4/A5 events in L3 mobility). 
For event triggered reporting for LTM, the determining and/or configuration and/or defining of a reference resource is one of the first open points to be discussed.  In other words, for LTM, which reference signal(s) of the current serving cell are used to compare against the quality of which candidate reference signal(s)?
Observation 5: For determining when the criteria for an event or offset based event triggering, a reference resource or (serving) cell reference quality needs to be derived or defined.
Proposal 6: For candidate cell the reference resource is the one or more of the configured RS for LTM L1 measurement in LTM configuration.
Proposal 7: For serving cell the reference resource is one or more RS configured for or corresponding to the LTM measurement resource set.
Proposal 8: Study how to configure the reference resource of the current serving cell to compare against the quality of candidate reference signal(s).
2.1.3	Resource/Event triggered reporting configuration - framework for LTM
In release 18 LTM, the CSI resource configurations for L1 measurements were included in LTM configuration (LTM-config) whereas the reporting configurations were part of the respective candidate cell configurations (i.e. inside the serving cell configuration). For LTM R19 enhancements it should be studied whether the reporting configuration for event triggered reporting should be part of the candidate cell configuration or part of the LTM configuration. 
Proposal 9: Study further whether the event/reporting configuration is part of the serving cell configuration or as part of the LTM configuration.
In Release 19 mobility enhancements, one of the objectives is to specify the support for CSI-RS based L1 measurement. Although both SSB and CSI-RS measurements could be configured at the same time, it is preferred that any event triggering that requires comparison of measurements, should use the same measurement quantity i.e. the event triggering conditions are evaluated for the same type of reference signals.  
Proposal 10: Event triggering (e.g. A3 type of comparison event) is for the same type of reference signals, i.e. SSB or CSI-RS
2.1.4	Measurement Quantity
It needs to be decided which measurement quantity is used for LTM L1 events. In our opinion, it would be sufficient to use L1 SS-RSRP and L1 CSI-RSRP. 
Proposal 11: Support at least L1 SS-RSRP and L1 CSI-RSRP as measurement quantity for LTM event triggered reporting.
The L1-SINR is one of the specified L1 measurement quantities and could be considered for LTM. However, the usefulness of it should be better understood and studied before specifying it thus we propose:
Proposal 12: Prioritize specification for RSRP events over SINR in LTM R19.
2.1.5		Filtering
Another aspect relevant to L1 LTM measurement events is what/whether there should be any filtering applied, similar as done for the legacy L3 measurements before they can be used to triggering the reporting. 
Proposal 13: Study the configurable additional filtering of L1 measurements.
It needs to be also discussed if some form of stability assurance, like using TTT, is to be applied to LTM L1 measurement results.  
Proposal 14: Support defining configurable time domain filtering (i.e. time to trigger) for LTM. L3 mechanism could be used as starting point. FFS for LTM specific enhancements. 
The measurement framework for NR has numerous components which were defined over several releases, starting from Rel-15. One such configurable aspect is reportOnLeave. It is a flag indicating if the UE should report also when one of the cells that previously met a reporting criteria has now left the cellsTriggeredList. A similar mechanism could be defined for LTM L1 measurements.
Proposal 15: Consider a similar mechanism as reportOnLeave for LTM L1 measurement reporting framework.
2.1.6	Reporting Framework
The reporting framework for LTM should consider the pros and cons of different frameworks that are most suitable for LTM use cases/reporting.
Although the LTM track may not select the exactly similar framework as MIMO event triggering it is beneficial to follow/be aware of the MIMO phase5 progress on event triggered reporting. Nevertheless, LTM should consider the pros and cons of different frameworks from the LTM use cases point of view.
UCI based reporting 
The CSI reporting framework does not currently support any event triggered reporting mechanism (until R18 at least) and the currently supported time types for LTM are the same as for legacy CSI reporting: aperiodic, semi persistent and periodic (which are all network scheduled/triggered). The UCI reporting container is fixed based on the reporting configuration and offers in practise very little to no flexibility for the reporting format. Also, the CSI framework has no mechanism currently to trigger any reporting indication or does not have indication to request resources or indicate the reporting event, thus for UCI a new procedure would need to be defined. For such operation an aperiodic CSI reporting framework could be used/enhanced.
As a benefit, the UCI reporting has low overhead reporting formats and e.g. for LTM L1-RSRP reporting such format has been specified already in R18.
MAC CE based reporting
For MAC CE based reporting, the NR has event triggered reporting framework that could be considered or even partly reused: PHR reporting and Beam Failure Recovery (and LBT failure). As an example, the SCell BFR (of mTRP BFR) procedure can use SR + MAC CE type of event based reporting where the SR can be dedicated for specific indication i.e. SCell beam failure (or a TRP failure). Alternatively, the MAC CE can be provided in an available uplink grant. 
MAC CE format has flexibility for the design and can carry variable size payloads. The MAC header/payload itself could indicate the reported information/triggered event thus configuration of an existing UL signal (SR) could be used. 
Observation 6: For SR + MAC CE type event reporting framework for LTM, SR ID can be associated with event triggered reporting. MAC CE can carry identification of reported event and content.
Observation 7: Defining the SR + (aperiodic) UCI type event reporting framework could allow similar  operation as LTM SR+MAC CE and could reuse at least in some cases the L1 reporting formats that were defined in R18. 
Alternatively, the uplink signal for indicating the event could have a design that supports indication of different event types or IDs or indication of the reporting content. Instead of being (single bit) SR or configuring multiple SR, each dedicated for an event, a new uplink signal could carry more information. However, such signal design is seen more as a work for RAN1.
For LTM, it could be beneficial to study further both alternatives in a common framework i.e. define an uplink signal (that may be a new signal or existing one) that indicates a reporting event and also serves as request for uplink reporting resource.
Proposal 16: For requesting uplink resource for MAC CE/UCI reporting, study the framework of using an UL signal to indicate reporting event and dynamically scheduled UL resource for provisioning the event triggered report.
3	Conclusion
This paper discussed RAN2 aspects of LTM L1 measurement framework which shall be enhanced as a part of Release 19. The following observations and proposals have been made:
Observation 1: For LTM the events and event triggered reporting should provide useful information for cell switch purposes.
Proposal 1: At least A3 (LTM-2) and A4 ( LTM-3) type of events i.e. events based on absolute threshold and/or relative thresholds should be supported.
Observation 2: L3 events are based on the cell quality measurements aggregated over all reference signals at cell level. However the (R18) LTM L1 reporting is based on the resource or resources set configuration.
Proposal 2: Use the resource set configuration framework of R18 LTM as baseline for R19 event triggered reporting.
Proposal 3: Define reference signal and reference signal resource set based events for LTM.
Proposal 4: For LTM-2 event the candidate cell reference resource or reference resource set measurement is used and/or compared with the serving cell reference resource(s) or resource set (LTM-2) is used to determine whether reporting criteria is fulfilled.
Proposal 5: For LTM-3 event the candidate cell reference resource or reference resource set measurement is used and/or compared with the certain threshold (LTM-3) to determine whether reporting criteria is fulfilled.
Observation 3: Achieving the same mobility performance metrics (such as the number of handovers, radio link failures, and handover failures) with event-triggered reporting using A3-type events requires significantly fewer reported measurements compared to periodic reporting.
Observation 4: The A4-type event is sensitive to the threshold value and the mobility performance could be impacted as the measurements are not transmitted in time for handover.
Observation 5: For determining when the criteria for an event or offset based event triggering, a reference resource or (serving) cell reference quality needs to be derived or defined.
Proposal 6: For candidate cell the reference resource is the one or more of the configured RS for LTM L1 measurement in LTM configuration.
Proposal 7: For serving cell the reference resource is one or more RS configured for or corresponding to the LTM measurement resource set.
Proposal 8: Study how to configure the reference resource of the current serving cell to compare against the quality of candidate reference signal(s).
Proposal 9: Study further whether the event/reporting configuration is part of the serving cell configuration or as part of the LTM configuration.
Proposal 10: Event triggering (e.g. A3 type of comparison event) is for the same type of reference signals, i.e. SSB or CSI-RS
Proposal 11: Support at least L1 SS-RSRP and L1 CSI-RSRP as measurement quantity for LTM event triggered reporting.
Proposal 12: Prioritize specification for RSRP events over SINR in LTM R19.
Proposal 13: Study the configurable additional filtering of L1 measurements.
Proposal 14: Support defining configurable time domain filtering (i.e. time to trigger) for LTM. L3 mechanism could be used as starting point. FFS for LTM specific enhancements. 
Proposal 15: Consider a similar mechanism as reportOnLeave for LTM L1 measurement reporting framework.
Observation 6: For SR + MAC CE type event reporting framework for LTM, SR ID can be associated with event triggered reporting. MAC CE can carry identification of reported event and content.
Observation 7: Defining the SR + (aperiodic) UCI type event reporting framework could allow similar  operation as LTM SR+MAC CE and could reuse at least in some cases the L1 reporting formats that were defined in R18. 
Proposal 16: For requesting uplink resource for MAC CE/UCI reporting, study the framework of using an UL signal to indicate reporting event and dynamically scheduled UL resource for provisioning the event triggered report.
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Annex – Simulation details
The Table 3 below shows the configuration of the simulations for comparing the event triggered reporting (Rel.19) with the periodic reporting (Rel.18) of L1 measurement reports. The UEs are configured with LTM configuration of the candidate cells with the trigger of an A3 (L3) measurement report with the threshold of -3 dB and TTT of 160 ms in this study. The execution of LTM is based on the L1 RSRP measurements of the source and the candidates and the execution threshold, which is +3 dB in this study. In the Rel.18 simulations, the measurements are sent periodically, while the measurements are sent on an event trigger in Rel.19 simulations.
Table 3: Simulation Parameters
	Parameter
	Value

	Environment
	3GPP-compliant 7 base stations, 3 sector urban macro scenario with 200 meters inter-site distance (3D UMa channel model)

	PHY Settings​
	28 GHz carrier frequency at FR2 – one frequency layer only, 80 MHz bandwidth, 120 kHz subcarrier spacing, TDD

	Cell Antenna Settings​
	2x8x16 antenna panel with 14-beams

	UE Antenna setting​
	Number/location of panels: 3 panels (left, right, and back).​
Panel 1x1x2. All panels are active (Assumption 3)​

	UEs
	210 with 120 km/h speed mobility with Full buffer traffic in DL.

	Measurement period
	20 ms

	LTM Preparation Threshold (A3-Event)
	-3 dB, TTT = 160 ms

	LTM Execution Threshold
	+3 dB

	Reporting Period (Rel. 18)
	{20 ms, 40 ms, 80 ms}

	Event triggered reporting A3-type Threshold (Rel. 19)
	{-5 dB, +3 dB}

	Event triggered reporting A4-type Threshold (Rel. 19)
	{-100 dBm, -70 dBm}
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