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Introduction
At last meeting, we discussed event-triggered L1 measurement reporting for LTM and made the following agreement:
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 discussed open issues for event-triggered L1 measurement reporting. 
Discussions 
In Rel-18 LTM, the legacy CSI reporting mechanism is reused for LTM L1 measurement reporting. The NW shall provide the reporting type, e.g., periodic, semi persistent and aperiodic, the associated report configuration and the corresponding reporting resources via the LTM-CSI-ReportConfig in the serving cell configuration. Accordingly, the UE shall report the L1 measurements on candidate cells and/or the serving cell via periodic PUCCH or UCI on PUSCH. In this way, frequent L1 measurement reporting shall be triggered with large signalling overhead. 
[bookmark: _Toc162859514][bookmark: _Toc166095951][bookmark: _Toc166003402][bookmark: _Toc163045294]The existing LTM CSI reporting mechanism may lead to large signalling overhead due to the frequent L1 reporting.
Besides, due to the fast-fading characteristics of radio channel, the single L1 measurement result may be lack of robustness, which shall cause frequent cell switch or ping-pong handover. Especially for the inter-CU LTM, the frequent ping-pong handover will lead to frequent data forwarding and path switching, which may cause the longer interruption time.
[bookmark: _Toc162859515][bookmark: _Toc166095952][bookmark: _Toc163045295][bookmark: _Toc166003403]Single L1 measurement result is lack of robustness due to the fast-fading characteristics of radio channel. Only relying on single L1 measurement to trigger LTM execution may cause frequent cell switch or ping-pong handover.
[bookmark: _Hlk162373675]In order to overcome the drawbacks mentioned above, the event-triggered L1 measurement reporting is to be introduced in Rel-19 LTM. Considering that the event-triggered L1 measurement reporting for LTM is mainly designed for mobility, and RAN2 is the primary WG responsible for the mobility design, it’s reasonable to let the RAN2 decide the general framework for the event-triggered L1 measurement reporting, e.g. the definition of event type, the triggering mechanism. Since RAN1 will start their discussion on this topic at August meeting, it would be better to provide our progress to RAN1 at Q3/2024.   
Proposal 1:  [bookmark: _Toc162859518][bookmark: _Toc163045300][bookmark: _Toc166003407][bookmark: _Toc166095956][bookmark: _Toc166096042][bookmark: _Toc166096025]RAN2 to discuss and decide the general framework for the event-triggered L1 measurement reporting, e.g. the definition of event type, the triggering mechanism. RAN2 to provide inputs to RAN1 at Q3/2024.
[bookmark: _Hlk162374002]In the L3 RRM measurement, several events (e.g. Event Ax) have been introduced to determine whether the radio quality of serving cell or neighbour cell is good. Among them, Event A3/A4/A5 are usually used for the mobility, which compares the radio quality of neighbour cell with the serving cell or the NW-configured threshold. In our view, the L3 RRM similar events (e.g. A3/A4/A5-like events) can be introduced for the event-triggered L1 measurement reporting, to compare the L1 measurement results of candidate with the current serving or a threshold.
Proposal 2:  [bookmark: _Toc162859519][bookmark: _Toc166003408][bookmark: _Toc166095957][bookmark: _Toc163045301][bookmark: _Toc166096026][bookmark: _Toc166096043]The L3 RRM-like measurement events are introduced for the event-triggered L1 measurement reporting, at least including:
· [bookmark: _Toc166095958][bookmark: _Toc166096027][bookmark: _Toc166096044][bookmark: _Toc162859520][bookmark: _Toc163045302][bookmark: _Toc166003409]A3-like L1 event: the L1 measurement result of candidate becomes offset better than serving;
· [bookmark: _Toc166003410][bookmark: _Toc163045303][bookmark: _Toc162859521][bookmark: _Toc166096028][bookmark: _Toc166095959][bookmark: _Toc166096045]A4-like L1 event: the L1 measurement result of candidate becomes better than a threshold;
· [bookmark: _Toc166096029][bookmark: _Toc166095960][bookmark: _Toc166096046][bookmark: _Toc162859522][bookmark: _Toc163045304][bookmark: _Toc166003411]A5-like L1 event: the L1 measurement result of serving becomes worse than threshold1 AND the L1 measurement result of candidate becomes better than threshold2.
For the L3 RRM measurement, the cell-level L3 measurement result of serving/neighbour cell is used for evaluation of the events. The cell-level L3 measurement result is derived from the beam-level L3 measurement result (e.g. based on SSB or CSI-RS). Besides, for the cell-level quantity derivation, the NW can configure the absolute threshold for the consolidation of beam-level measurement results (e.g. absThreshSS-BlocksConsolidation) and the maximum number of beams to be averaged (e.g. nrofSS-BlocksToAverage). If such parameters are provided by the NW, the UE shall derive the cell-level L3 measurement result by consolidating multiple beam-level L3 measurement results above the absolute threshold. Otherwise, the UE shall derive the cell-level L3 measurement result based on the best beam measurement quantity of this cell.
[bookmark: _Toc166095953][bookmark: _Toc162859516][bookmark: _Toc166003404][bookmark: _Toc163045296]For L3 RRM measurement events, the cell-level L3 measurement result is used for the event evaluation, which is derived from the beam-level L3 measurement result of the best beam or consolidated from several beam-level L3 measurement results above an absolute threshold.
Currently, the L1 measurement for LTM is performed based on the reference signal(s) of the candidate cell, and the beam-level measurement results are reported to the NW for the triggering of LTM as well as early sync operation, e.g. TCI-state activation, early TA acquisition. Thus, it’s natural to consider the beam-level measurement result as a kind of input for the L1 event evaluation. Taking A3-like L1 event as an example, the candidate beam of candidate cell becomes offset better than the beam of serving cell. 
Besides, since the reporting triggered by the L1 event is mainly used for the mobility decision, comprehensive consideration of cell-level measurement results can help to select the target cell and improve the mobility robustness. In some cases, the quantity of the best beam may not fully reflect the quantity of the cell, e.g. only one strongest beam much above a threshold but other beams far below the threshold. In this case, due to the poor quantity of most beams in the target cell, another cell switch may be triggered quickly after the UE switches to this target cell, which may cause frequent ping-pong handover or too-short stay. In order to mitigate the ping-pong effect caused by the single beam-level measurement results, the cell-level measurement results can also be considered as the input for the L1 event evaluation. The cell-level measurement results could be derived from the consolidation of multiple beams of a cell, like L3 RRM measurement.  
Proposal 3:  [bookmark: _Toc163045305][bookmark: _Toc162859523][bookmark: _Toc166095961][bookmark: _Toc166003412][bookmark: _Toc166096047][bookmark: _Toc166096030]For the input of the L1 event evaluation, RAN2 to consider both beam-level measurement result and cell-level measurement result (e.g. based on the consolidation of multiple beams of a cell).
If the beam-level measurement result is taken as the input of L1 event evaluation, we need to further discuss how to understand the beam of candidate cell and serving cell. For example, the beam could be the best beam of the candidate/serving cell, or the beam associated with the activated TCI-state. Besides, if we introduce some criteria like TimeToTrigger for the event evaluation, we may need to further consider whether the change of the best beam of a cell shall reset the event evaluation for the cell. For example, the best beam (e.g. beam_1) of a candidate cell meets the entering condition of the event, the UE starts the TimeToTrigger timer. But then the best beam of the candidate cell is changed to another beam (e.g. beam_2) and the beam_1 becomes not to meet the entering condition of the event during the timer is running. In this case, does the UE need to reset the timer and re-evaluate the new best beam with restarting the timer? If yes, the triggering of the L1 report may be delayed due to the change of the best beam during the timer is running. An alternative way is to continue the evaluation of the event if at least one candidate beam of the candidate cell meets the entering condition during the TimeToTrigger timer is running, i.e. the change of the best beam shall not impact the event evaluation for a cell.
Proposal 4:  [bookmark: _Toc166003413][bookmark: _Toc166096048][bookmark: _Toc166096031][bookmark: _Toc166095962]For the event evaluation based on beam-level measurement result, RAN2 to discuss how to understand the beam of candidate/serving cell and whether to reset the event evaluation for a cell if the best beam of the cell is changed during the event evaluation.
Furthermore, the TimeToTrigger and L3 filtering mechanism are introduced in the current RRM measurement to ensure the robustness of L3 measurement results. We can consider some similar criteria for the initiation of event-triggered L1 measurement reporting, to improve the robustness of L1 measurement reporting. For example, the L1 measurement result of the cell or beam needs to meet the entering condition of the event consecutive N times, for N times within a period of time, or continuously within a period of timer (similar to TTT), to trigger the L1 measurement reporting. During the event evaluation, it’s assumed that the UE performs L1 measurements periodically, and the entering condition of the L1 event can be evaluated periodically.
Proposal 5:  [bookmark: _Toc162859526][bookmark: _Toc166096032][bookmark: _Toc163045308][bookmark: _Toc166096049][bookmark: _Toc166003414][bookmark: _Toc166095963]RAN2 to consider some criteria to improve the robustness of event-triggered L1 measurement reporting, e.g. including:  
· [bookmark: _Toc162859527][bookmark: _Toc166003415][bookmark: _Toc166095964][bookmark: _Toc163045309][bookmark: _Toc166096033][bookmark: _Toc166096050]Option 1: UE triggers L1 event reporting when the entering condition is met consecutively N times (assuming the UE performs L1 measurements periodically, and the entering condition can be evaluated periodically);
· [bookmark: _Toc166003416][bookmark: _Toc166095965][bookmark: _Toc166096034][bookmark: _Toc166096051][bookmark: _Toc163045310][bookmark: _Toc162859528]Option 2: UE triggers L1 event reporting when the entering condition is met N times within a period of time;
· [bookmark: _Toc162859529][bookmark: _Toc166003417][bookmark: _Toc163045311][bookmark: _Toc166095966][bookmark: _Toc166096035][bookmark: _Toc166096052]Option 3: UE triggers L1 event reporting when the entering condition is continuously satisfied within a period of time (same as TTT).
Another issue is which layer to perform the event evaluation (i.e. determine whether the L1 event is met) by the UE. There are two alternatives:
· Alt. 1: the UE’s physical layer;
· Alt. 2: the UE’s MAC layer. 
Taking the criteria defined above into account, the physical layer can compare the L1 measurement results of the serving and candidate to determine whether the L1 event is met. And it’s possible for the physical layer to record the number of times that the entering condition of the event is met consecutively, i.e. the option 1. However, the physical layer can not maintain a counter or a timer to record the number of times that the entering condition is met non-consecutively, e.g. after a threshold is satisfied N times consecutively, the threshold is not satisfied in N+1 times, then the count will be reset to 0. Thus, it’s not feasible to evaluate the criteria based on option 2 or 3 above in the physical layer.
[bookmark: _Toc163045297][bookmark: _Toc166003405][bookmark: _Toc166095954][bookmark: _Toc162859517]Currently, the UE’s physical layer cannot maintain a counter or a timer to record the number of times that the entering condition is met non-consecutively.
But the count issue can be easily resolved at MAC layer since a counter and a timer can be maintained at the MAC layer, e.g. similar to the counter and timer for beam failure detection. In this way, the physical layer can report the L1 measurement results to the upper layer (e.g. the MAC layer), and the upper layer determines whether the criteria of L1 event(s) is met. Thus, it’s preferred to perform the L1 event evaluation in UE’s MAC layer.
Proposal 6:  [bookmark: _Toc162859530][bookmark: _Toc163045312][bookmark: _Toc166095967][bookmark: _Toc166096053][bookmark: _Toc166003418][bookmark: _Toc166096036][bookmark: _Toc162859531][bookmark: _Toc163045313]RAN2 assumes that the L1 event evaluation is performed in UE’s MAC layer, and inform RAN1 about the conclusion.
Furthermore, we need to consider how to carry the L1 measurement reporting to the NW. There are two options: 
· Option 1: MAC CE;
· Option 2: UCI. 
The current L1 measurement report is carried by UCI, which is transmitted by PUCCH or PUSCH. Pre-allocated PUCCH resources are reserved by the NW for the periodic L1 measurement reporting. However, for the event-triggered L1 measurement reporting, the L1 measurement report is only triggered when the UE determines that a specific event is met. One of the benefits for the event-triggered reporting is to save the UL transmission resources for the reporting. Thus, it is less efficient on the resources usage if we reuse UCI and pre-allocated UL resources in this case. Besides, the MAC CE can have a variable size to include L1 measurement results for multiple and variable candidate cells and beams (e.g. more than 4) in one reporting instance. It would be more efficient to send the L1 reporting via MAC CE.
[bookmark: _Toc166003406][bookmark: _Toc166095955]Considering that the MAC CE can flexibly include L1 measurement results for multiple and variable candidate cells/beams, it’s more efficient than UCI from the perspective of signaling and UL resources usage.
In addition, if the proposal 6 is agreed, it’s straightforward to initiate the event-triggered L1 measurement reporting in the MAC layer, and carry the reporting via MAC CE. Thus, we proposed to use MAC CE for the L1 reporting.
Proposal 7:  [bookmark: _Toc162859533][bookmark: _Toc163045315][bookmark: _Toc166003419][bookmark: _Toc166096054][bookmark: _Toc166096037][bookmark: _Toc166095968]RAN2 assumes that MAC CE is used to carry the L1 measurement report triggered by the event, and inform RAN1 about the conclusion.
Regarding the content in the measurement report, the beam-level measurement results should be reported, similar to the existing L1 report. Besides, the information for the triggered event can be reported to inform the NW which event is triggered. In addition, the cell-level measurement results can be included to help the NW select the target candidate cell more comprehensively.
Proposal 8:  [bookmark: _Toc166003420][bookmark: _Toc166096038][bookmark: _Toc166096055][bookmark: _Toc166095969]The content of the L1 measurement report triggered by the event can include at least the following information:
[bookmark: _Toc166003421][bookmark: _Toc166095970][bookmark: _Toc166096056][bookmark: _Toc166096039]Information for the triggered event;
[bookmark: _Toc166003422][bookmark: _Toc166096040][bookmark: _Toc166095971][bookmark: _Toc166096057]Beam-level measurement results for the triggered cell(s) and/or the serving cell;
[bookmark: _Toc166095972][bookmark: _Toc166096058][bookmark: _Toc166096041][bookmark: _Toc166003423]Cell-level measurement results for the triggered cell(s) and/or the serving cell.

Conclusion and Proposals
In this contribution, we discussed the event-triggered L1 measurement reporting with the following observations and proposals:
Observation 1:	The existing LTM CSI reporting mechanism may lead to large signalling overhead due to the frequent L1 reporting.
Observation 2:	Single L1 measurement result is lack of robustness due to the fast-fading characteristics of radio channel. Only relying on single L1 measurement to trigger LTM execution may cause frequent cell switch or ping-pong handover.
Observation 3:	For L3 RRM measurement events, the cell-level L3 measurement result is used for the event evaluation, which is derived from the beam-level L3 measurement result of the best beam or consolidated from several beam-level L3 measurement results above an absolute threshold.
Observation 4:	Currently, the UE’s physical layer cannot maintain a counter or a timer to record the number of times that the entering condition is met non-consecutively.
Observation 5:	Considering that the MAC CE can flexibly include L1 measurement results for multiple and variable candidate cells/beams, it’s more efficient than UCI from the perspective of signaling and UL resources usage.

Proposal 1:	RAN2 to discuss and decide the general framework for the event-triggered L1 measurement reporting, e.g. the definition of event type, the triggering mechanism. RAN2 to provide inputs to RAN1 at Q3/2024.
Proposal 2:	The L3 RRM-like measurement events are introduced for the event-triggered L1 measurement reporting, at least including:
•	A3-like L1 event: the L1 measurement result of candidate becomes offset better than serving;
•	A4-like L1 event: the L1 measurement result of candidate becomes better than a threshold;
•	A5-like L1 event: the L1 measurement result of serving becomes worse than threshold1 AND the L1 measurement result of candidate becomes better than threshold2.
Proposal 3:	For the input of the L1 event evaluation, RAN2 to consider both beam-level measurement result and cell-level measurement result (e.g. based on the consolidation of multiple beams of a cell).
Proposal 4:	For the event evaluation based on beam-level measurement result, RAN2 to discuss how to understand the beam of candidate/serving cell and whether to reset the event evaluation for a cell if the best beam of the cell is changed during the event evaluation.
Proposal 5:	RAN2 to consider some criteria to improve the robustness of event-triggered L1 measurement reporting, e.g. including:
•	Option 1: UE triggers L1 event reporting when the entering condition is met consecutively N times (assuming the UE performs L1 measurements periodically, and the entering condition can be evaluated periodically);
•	Option 2: UE triggers L1 event reporting when the entering condition is met N times within a period of time;
•	Option 3: UE triggers L1 event reporting when the entering condition is continuously satisfied within a period of time (same as TTT).
Proposal 6:	RAN2 assumes that the L1 event evaluation is performed in UE’s MAC layer, and inform RAN1 about the conclusion.
Proposal 7:	RAN2 assumes that MAC CE is used to carry the L1 measurement report triggered by the event, and inform RAN1 about the conclusion.
Proposal 8:	The content of the L1 measurement report triggered by the event can include at least the following information:
-	Information for the triggered event;
-	Beam-level measurement results for the triggered cell(s) and/or the serving cell;
-	Cell-level measurement results for the triggered cell(s) and/or the serving cell.
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