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[bookmark: _Ref488331639]Introduction 
In the RAN#102 meeting, a new WID on further enhancement of NR mobility was agreed, and one of the objectives is to study the measurement related enhancements including event-triggered L1 measurement reporting: 
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 this contribution, we discuss the open issues on event-triggered L1 measurement reporting, including the event design as well as the report procedure design.
[bookmark: _Ref178064866]Discussion
In Rel-18, LTM was studied to support L1 measurement-based cell switch procedure. Upon reception of the LTM configuration, UE performs L1 measurement and reporting of the provided candidate cells according to the L1 measurement configuration. To reduce the CSI reporting overhead due to LTM candidate cell evaluation, it is agreed to study the event-based L1 measurement reporting in Rel-19.
L1 measurement reporting event design
For event-triggered L1 measurement reporting, similar principle as in event-triggered L3 measurement reporting can be followed. That is, once the LTM candidate cell configuration is provided, UE keeps monitoring the configured candidate cells, and the measurement result is reported when the criteria of an LTM measurement event are met. And regarding the granularity of the L1 event, we understand there are two alternatives:
· Beam level event
Rel-18 LTM L1 measurement reporting is a beam level measurement reporting which relies on legacy CSI reporting framework. For the L1 event design, as the event is designed for L1 measurement reporting, a beam level event framework is better aligned with current L1 measurement reporting granularity.
· Cell level event
Existing L3 measurement event mainly focuses on cell level measurement evaluation since the reported measurement results are used to assist NW to make the decision for handover. L1 event-triggered measurement reporting is also aiming to assist source cell to trigger a LTM cell switch. A cell level event can also work for triggering the L1 reporting. While extra latency may be caused when consolidating a cell level result, which may delay the reporting.
Our preference is to introduce a beam level event since LTM relies on the beam level measurement reporting. 
[bookmark: _Toc166243750]RAN2 confirm the L1 event for L1 measurement reporting is a beam level event.
[bookmark: _Toc159231731]To design the event, L3 measurement event can be considered as a baseline, e.g. the beam condition for both serving cell and candidate cell can be considered for the event design. Furthermore, more than one beam of candidate cell can be considered for the event evaluation. To be more precisely, the following event can be studied as a starting point for R19 event triggered L1 measurement reporting:
· Event-1: Quality of the serving beam is worse than a certain threshold.
· Event-2: Quality of at least one candidate beam, becomes a threshold value better than the serving beam. 
· Event-3: Quality of a candidate beam is better than a certain threshold. 
· Event-4: Quality of the serving beam is worse than a threshold 1, and quality of at least one candidate beam is better than a threshold 2. 
[bookmark: _Toc166243751]Both serving beam quality and candidate beam quality are considered for the beam level event design.
[bookmark: _Toc166243752]More than one beam quality can be considered for the event evaluation.
[bookmark: _Toc166243753]The following events are considered as baseline for L1 event design:
· [bookmark: _Toc166243754]Event-1: Quality of the serving beam is worse than a certain threshold.
· [bookmark: _Toc166243755]Event-2: Quality of at least one candidate beam, becomes a threshold value better than the serving beam. 
· [bookmark: _Toc166243756]Event-3: Quality of a candidate beam is better than a certain threshold. 
· [bookmark: _Toc166243757]Event-4: Quality of the serving beam is worse than a threshold 1, and quality of at least one candidate beam is better than a threshold 2.
When discussing the event, one more issue is about the robustness of the triggered reporting. Currently, UE applies layer 3 filtering for the cell measurement results before using them for the evaluation of reporting criteria to improve the robustness of the reported measurement. And hysteresis is configured for each event to avoid ping-pang handover. Besides, TTT(time-to-trigger) is also used to prohibit a unstable measurement reporting. It is questionable whether L1 event should also consider such processing to enhance the robustness of the measurement result.
[bookmark: _Toc166243758]RAN2 further study on the robustness enhancement of the L1 measurement reporting.
Event configuration
In last meeting, RAN2 have an initial discussion on the measurement event configuration, and the following agreement were 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 R16/R17 CHO/CPAC, the execution conditions of each candidate cell are all configured by source serving cell, since source serving node have a good knowledge of the candidate cell measurement. And till R18 SCPAC, as subsequent execution procedure is supported, we allow the candidate SNs to provide the subsequent execution conditions as it would be easier to let the candidate SN generate the execution conditions for the candidate PSCells selected by the candidate SN, based on the candidate SCG MeasConfig.
For inter-CU LTM, we think similar principle can be followed to allow each candidate CU to generate the L1 event configuration for subsequent LTM L1 reporting. The reason is that after the serving cell change, the event configurations for event-triggered L1 reporting evaluation should use different threshold/parameters for the events given that the radio propagations between the new serving cell and its neighbours are different from those corresponding to previous source serving cell. And the L1 event configuration should be contained in the candidate cell configuration accordingly since UE will only use it when the candidate cell becomes serving cell.
[bookmark: OLE_LINK1][bookmark: _Toc166243759]L1 event for measurement reporting for subsequent LTM is configured by each candidate CU.
[bookmark: _Toc166243760]L1 event configuration is included in the candidate cell configuration, i.e. inside the RRC container of each candidate cell.
Reporting
Another issue is which UL signaling shall be used for event triggered L1 measurement reporting in R19 LTM. Generally, we can consider the following alternative options:
· Alt1: MAC CE based reporting: the UE can report the measurement result through a MAC-CE message. When the event is triggered, the UE generate the MAC CE for L1 measurement reporting.
· For MAC CE based L1 measurement reporting, the most significant benefit is the flexible size of MAC CE. By comparing with UCI, larger amount of measurements can be reported to NW within one MAC CE, which can provide an overall cognition of the LTM candidate cells/beams.
· Another advantage of MAC CE based L1 measurement reporting is about the UL grant acquisition. As we know, for event triggered L1 reporting, NW may not be able to predict the exactly timing of the triggered event, that is, NW may not be able to provide a precise UL grant for such report. MAC CE based L1 measurement report can be transmitted with any available UL resources (i.e. CG, DG or UL grant indicated in RAR) without limitation. And SR can also be triggered in case there are no available UL resources. 
· Alt2: UCI-based reporting: another way is to reuse existing way for event triggered L1 measurement reporting. For that, the gNB can provide preconfigured physical layer resource, for example PUCCH and the UE can transmit the UCI in the preconfigured PUCCH resource.
· UCI based L1 measurement reporting has been introduced since R15, UE report the beam measurement result through PUCCH or PUSCH. Reusing the UCI based L1 measurement reporting can bring gains on latency, which is very important for providing a real-time measurement. 
· While UCI require pre-configured PUCCH resources and NW should be aware of the UCI format contained in PUSCH/PUCCH, which is not feasible for event triggered L1 measurement reporting. 
[bookmark: _Toc166243761]MAC CE is used as UL signalling that conveys the event triggered L1 measurement report.
Regarding to the content of the reporting, R18 candidate cell L1 measurement report includes the L1-RSRP and SSBRI for the configured SSBs. Similar content can be also applied for event triggered L1 measurement reporting and as this is RAN1 scope, we could leave it to RAN1 to decide.
[bookmark: _Toc141709608][bookmark: _Toc142319129][bookmark: _Toc142319684][bookmark: _Toc142320250][bookmark: _Toc141709609][bookmark: _Toc142319130][bookmark: _Toc142319685][bookmark: _Toc142320251][bookmark: _Toc134200534][bookmark: _Toc134258841][bookmark: _Toc134694337][bookmark: _Toc134694355][bookmark: _Toc134694373][bookmark: _Toc131429200][bookmark: _Toc131436264][bookmark: _Toc131491341][bookmark: _Toc134200535][bookmark: _Toc134258842][bookmark: _Toc134694338][bookmark: _Toc134694356][bookmark: _Toc134694374][bookmark: _Toc131429201][bookmark: _Toc131436265][bookmark: _Toc131491342][bookmark: _Toc134200536][bookmark: _Toc134258843][bookmark: _Toc134694339][bookmark: _Toc134694357][bookmark: _Toc134694375][bookmark: _Toc142319142][bookmark: _Toc142319697][bookmark: _Toc142320263][bookmark: _Toc131429203][bookmark: _Toc131436267][bookmark: _Toc131491344][bookmark: _Toc131429204][bookmark: _Toc131436268][bookmark: _Toc131491345][bookmark: _Toc131429205][bookmark: _Toc131436269][bookmark: _Toc131491346][bookmark: _Toc131429206][bookmark: _Toc131436270][bookmark: _Toc131491347][bookmark: _Toc131429207][bookmark: _Toc131436271][bookmark: _Toc131491348][bookmark: _Toc131429208][bookmark: _Toc131436272][bookmark: _Toc131491349][bookmark: _Toc142319148][bookmark: _Toc142319703][bookmark: _Toc142320269][bookmark: _Hlk162533596][bookmark: _Toc166243762]It is up to RAN1 to determine the content of the event triggered L1 measurement report.
Another issue is on the amount of triggered reporting. In L3 measurement event, UE includes the measurement result in the measurement report list if the cell triggers the event and the measurement result of the cell will be also reported in subsequent measurement reporting until the leaving condition is fulfilled. For L1 event triggered measurement reporting, it is questionable whether the subsequent measurement reporting is needed, and whether the subsequent measurement reporting relies on event-triggered measurement reporting or existing semi-persistence L1 measurement reporting. In our understanding, it is related to whether the one-shot L1 measurement reporting is sufficient for NW to make a LTM cell switch decision. Thus, one straightforward way is to rely on NW to determine whether the subsequent measurement reporting is needed, i.e. NW may trigger the semi-persistence L1 measurement reporting if the received event triggered L1 measurement reporting is not sufficient to assist NW to select a proper target cell.
[bookmark: _Toc166243763]RAN2 study whether and how the subsequent measurement reporting is supported for event triggered L1 measurement reporting.
Conclusion
Based on the discussion above, we have the following proposals:
Proposal 1	RAN2 confirm the L1 event for L1 measurement reporting is a beam level event.
Proposal 2	Both serving beam quality and candidate beam quality are considered for the beam level event design.
Proposal 3	More than one beam quality can be considered for the event evaluation.
Proposal 4	The following events are considered as baseline for L1 event design:
-	Event-1: Quality of the serving beam is worse than a certain threshold.
-	Event-2: Quality of at least one candidate beam, becomes a threshold value better than the serving beam.
-	Event-3: Quality of a candidate beam is better than a certain threshold.
-	Event-4: Quality of the serving beam is worse than a threshold 1, and quality of at least one candidate beam is better than a threshold 2.
Proposal 5	RAN2 further study on the robustness enhancement of the L1 measurement reporting.
Proposal 6	L1 event for measurement reporting for subsequent LTM is configured by each candidate CU.
Proposal 7	L1 event configuration is included in the candidate cell configuration, i.e. inside the RRC container of each candidate cell.
Proposal 8	MAC CE is used as UL signalling that conveys the event triggered L1 measurement report.
Proposal 9	It is up to RAN1 to determine the content of the event triggered L1 measurement report.
Proposal 10	RAN2 study whether and how the subsequent measurement reporting is supported for event triggered L1 measurement reporting.
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