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Introduction
In Rel-19 Mobility enhancement WI [1], the following objective is proposed to design measurement enhancements for LTM:
	· 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 discussed the event-triggered L1 measurement reporting for LTM. 
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: _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: _Toc163045295]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]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. And 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 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: _Toc163045301]The L3 RRM-like measurement events are introduced for the event-triggered L1 measurement reporting, at least including:
· [bookmark: _Toc162859520][bookmark: _Toc163045302]A3-like L1 event: the L1 measurement result of candidate becomes offset better than serving;
· [bookmark: _Toc162859521][bookmark: _Toc163045303]A4-like L1 event: the L1 measurement result of candidate becomes better than a threshold;
· [bookmark: _Toc162859522][bookmark: _Toc163045304]A5-like L1 event: the L1 measurement result of the serving becomes worse than threshold1 AND the L1 measurement result of candidate becomes better than threshold2.
The cell-level L3 measurement result of serving/neighbour cell is used for evaluation of the events in the L3 RRM measurement. 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: _Toc162859516][bookmark: _Toc163045296]The cell-level L3 measurement result is used for evaluation of the events in the L3 RRM measurement, 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.
However, for the L1 measurement event evaluation, it’s unclear whether it’s enough to evaluate the beam-level measurement result of candidate cell and serving cell, e.g. the quantity of the best beam, to trigger the L1 event. 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. Thus, we need to further consider which L1 measurement result is used for the L1 measurement evaluation, e.g. beam-level or cell-level L1 measurement result.
Proposal 3:  [bookmark: _Toc162859523][bookmark: _Toc163045305]RAN2 to discuss and clarify which option is considered as the input for L1 measurement event evaluation:
· [bookmark: _Toc162859524][bookmark: _Toc163045306]Option 1: beam-level L1 measurement result, e.g. the quantity of the best beam of serving or candidate cell;
· [bookmark: _Toc162859525][bookmark: _Toc163045307]Option 2: cell-level L1 measurement result, e.g. consolidating several beam-level L1 measurement results above an absolute threshold, similar to L3 cell-level quantity derivation.
Besides, in the current RRM measurement, the TimeToTrigger and L3 filtering mechanism are introduced to ensure the robustness of L3 measurement results. However, such mechanism may cause more delay before triggering the measurement report. It would be not preferred to directly reuse them for L1 measurement reporting considering that the main characteristics of L1 measurement reporting is to quickly reflect the radio quality fluctuation of beams. 
In order to improve the robustness of L1 measurement reporting, we can consider some simple criteria for the initiation of event-triggered L1 measurement reporting, e.g. similar to the beam failure detection and recovery. For example, the L1 measurement result needs to meet the threshold consecutive N times, for N times within a period of time, or continuously within a period of timer, to initiate the event-triggered 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 4:  [bookmark: _Toc162859526][bookmark: _Toc163045308]RAN2 to consider some criteria to improve the robustness of event-triggered L1 measurement reporting, e.g. including:  
· [bookmark: _Toc162859527][bookmark: _Toc163045309]Option 1: UE triggers L1 event reporting when the threshold is met consecutively N times (assuming the UE performs L1 measurements periodically, and the entering condition can be evaluated periodically);
· [bookmark: _Toc162859528][bookmark: _Toc163045310]Option 2: UE triggers L1 event reporting when the threshold is met N times within a period of time;
· [bookmark: _Toc162859529][bookmark: _Toc163045311]Option 3: UE triggers L1 event reporting when the threshold is continuously satisfied within a period of time (same as TTT).
Another issue is which layer to determine the L1 event(s) is met by the UE, e.g. the UE’s physical layer or 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(s) is met. And it’s possible for the physical layer to record the number of times that an 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 a threshold 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 option 2 or 3 in the physical layer.
[bookmark: _Toc162859517][bookmark: _Toc163045297]Currently, the UE’s physical layer cannot maintain a counter or a timer to record the number of times that a threshold 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 L1 measurement results of candidate/serving meet the L1 event(s). The decision can be up to which criteria shall be introduced to evaluate the event-triggered L1 measurement reporting.
Proposal 5:  [bookmark: _Toc162859530][bookmark: _Toc163045312]RAN2 to discuss which layer is responsible for L1 event evaluation and inform RAN1 about RAN2’s preference:
· [bookmark: _Toc162859531][bookmark: _Toc163045313]Option 1: UE’s MAC layer; 
· [bookmark: _Toc162859532][bookmark: _Toc163045314]Option 2: UE’s physical layer.
Furthermore, we need to consider how to report the L1 measurement reporting to the NW, e.g. via MAC CE or UCI. If it’s the MAC layer to determine whether the L1 event is met, it’s straightforward to initiate the event-triggered L1 measurement reporting at the MAC layer, and carry the reporting via MAC CE. If the physical layer is selected to judge whether the L1 event is met, it’s feasible to send the L1 reporting via UCI as well. However, considering that the MAC CE has larger signalling size than UCI, which allows including the L1 measurement results for multiple 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. 
Proposal 6:  [bookmark: _Toc162859533][bookmark: _Toc163045315]RAN2 to discuss how to transmit the L1 measurement reporting to the NW and inform RAN1 about RAN2’s preference:
· [bookmark: _Toc162859534][bookmark: _Toc163045316]Option 1: MAC CE (e.g. if option 1 in P5 is adopted); 
· [bookmark: _Toc162859535][bookmark: _Toc163045317]Option 2: UCI (e.g. if option 2 in P5 is adopted).
 
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:	The cell-level L3 measurement result is used for evaluation of the events in the L3 RRM measurement, 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 a threshold is met non-consecutively.

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. And 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 the serving becomes worse than threshold1 AND the L1 measurement result of candidate becomes better than threshold2.
Proposal 3:	RAN2 to discuss and clarify which option is considered as the input for L1 measurement event evaluation:
•	Option 1: beam-level L1 measurement result, e.g. the quantity of the best beam of serving or candidate cell;
•	Option 2: cell-level L1 measurement result, e.g. consolidating several beam-level L1 measurement results above an absolute threshold, similar to L3 cell-level quantity derivation.
Proposal 4:	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 threshold 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 threshold is met N times within a period of time;
•	Option 3: UE triggers L1 event reporting when the threshold is continuously satisfied within a period of time (same as TTT).
Proposal 5:	RAN2 to discuss which layer is responsible for L1 event evaluation and inform RAN1 about RAN2’s preference:
•	Option 1: UE’s MAC layer;
•	Option 2: UE’s physical layer.
Proposal 6:	RAN2 to discuss how to transmit the L1 measurement reporting to the NW and inform RAN1 about RAN2’s preference:
•	Option 1: MAC CE (e.g. if option 1 in P5 is adopted);
•	Option 2: UCI (e.g. if option 2 in P5 is adopted).
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