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Introduction
The objective #2 for Rel-19 Mobility Enhancement is formulated 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
· 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]


This contribution discusses the clarification and work split for the similar objective of UE triggered L1 measurement report from different WGs, then provides some feature analysis and initial thinking for this agenda.
Discussion
[bookmark: OLE_LINK161][bookmark: OLE_LINK20][bookmark: OLE_LINK21]Work split and Relationship with MIMO WI
RAN1 have a similar objective on UE initiate/event-driven beam report in MIMO WI. In the WID of mobility, it is said that RAN1 and RAN2 to progress independently on the event triggered measurements objectives of the respective MIMO and Mobility enhancement WIs, and to review progress at Sept. 2024. From our understanding, some aspects of these two objectives would benefit from a common framework in order to avoid unnecessary duplication/overlap of functionality, spec work and system complexity. 
Therefore, some analysis is useful to identify where the requirements for beam management for MIMO and Mobility may be common or different, motivating potentially common or different functional solutions.

Measurement objects
In legacy L3 measurement report, multiple measurement metrics could be used (e.g., L1-RSRP), and different types of RS for measurement can be supported (e.g., CSI-RS, SSB). These similar aspects were discussed and decided by RAN1 in Rel-18 LTM. In the Rel-19 Mobility and MIMO objective, the measurement is performed in the same state for similar purposes (beam adjustment for better channel conditions). Therefore, the measurement metric should be similar. Considering all of these aspects fall under RAN1's expertise, we suggest that the measurement objects are left to RAN1's discussion.
Proposal 1: RAN2 assumes that similar measurement metrics (e.g., L1-RSRP) can be used for UE-initiated measurement reports for both Mobility and MIMO WI. 
Meanwhile, the detailed scope for the measurement objects (TCI states, measurement RSs, intra/inter-frequency, etc.) may vary. For example, in the Mobility use case, the measurement may focus more on inter-cell beam quality, while in MIMO scenarios, the focus is on intra-cell beams. In both cases, these fall more into RAN1 scope, but collaboration among mobility and MIMO WIs in RAN1 may be needed.
Proposal 2: RAN2 assumes that RAN1 can determine measurement metrics and measured beam scope (TCI states, measurement RSs, QCL types, intra/inter-frequency, etc.) without RAN2's involvement. Different requirements for Mobility and MIMO WIs in RAN1 may lead to functional differences on these aspects.
Meanwhile, whether and how to perform L1 measurement filtering should also be discussed. The legacy L1 measurement filtering is left to UE implementation, while L3 filtering is standardised in RRC spec. Given that the new measurement reports are focused on beam level, RAN1 may consider whether to specify any standardized L1 measurement filtering or leave it be UE implementation. 
It is important to note that Time-to-Trigger (TTT) can be regarded as a kind of filtering in a broader sense, but discussions around TTT should be reserved for the section on triggering events.
Proposal 3: RAN2 assumes that RAN1 can determine whether to leave L1 measurement filtering to UE implementation for event triggered L1 MR or whether to specify it. This does not include the triggering condition or TTT.

Triggering event
For legacy L3 measurement configuration and reporting procedure, the measurement model is specified in TS 38.300, and the behaviour of triggering conditions is standardised in TS 38.331. In the spec, several conditions for triggering a measurement report are defined as below:
	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
…


Similarly, the concept TTT is specified as the time during which specific criteria for the event needs to be met in order to trigger a measurement report. For L1 beam measurement, it is possible to adapt these conditions by shifting the focus from "cells" to "beams." The existing logic for triggering conditions could be used as a baseline for L1 event triggered measurement report. Similarly, the TTT mechanism could be applied.
RAN1 is also discussing event triggers for beam management in the MIMO work item. However, the requirements/purpose for the Mobility use case has not been discussed by RAN1. For instance, in the latest discussion in RAN1, an event where the target beam becomes a threshold better than the serving beam has been defined. Detailed events involving different TCI states (candidate/inactive beam) and measured RS information (CSI-RS/SSB) are further derived from this event. The results of the report are then used by the network to perform beam switching indication and select active TCI state (list). However, the compatibility of these conditions with mobility use cases has not been discussed in RAN1, and the requirements may vary due to different use cases in Mobility and MIMO.
Observation 1: RAN1 has discussed event triggering conditions in the MIMO WI. The compatibility of these conditions with mobility use cases has not been discussed in RAN1.
For mobility use cases, beam-switching to different frequencies or different DUs need to be considered, and the more radio parameters are likely to be updated, which may motivate the need for additional or different event triggering conditions and robustness mechanisms compared to intra-cell MIMO beam switching.
It is suggested that RAN2 discuss the requirements for event triggering L1 measurement reporting for inter-cell Mobility, in particular where these may differ from intra-cell MIMO. This would ensure that any differences between MIMO and Mobility event triggering conditions are well-justified.
Proposal 4: RAN2 to discuss whether to discuss the requirements for event triggering L1 measurement reporting for inter-cell Mobility, in particular where these may differ from intra-cell MIMO, to see any differences are needed on triggering event conditions between Mobility and MIMO WI.
In the section 2.3, we also make initial thinking for the proper triggering conditions for mobility use case.

Report container
For event triggered L1 measurement report, an container is needed to convey the report content to network. It also determines the content of the L1 measurement report. For mobility and MIMO WI, the container of event triggered L1 MR could be shared to avoid extra spec work and complexity, if possible. However, considering the use cases for mobility and MIMO are different, the requirement of these two WIs may differ. From our view, both RAN1 and RAN2 can discuss the report container from different perspective, but the reliability and flexibility should be taken into consideration for mobility use case and implemented within a certain complexity.
Two obvious options for report container are MAC-CE and UCI. The detailed analysis and preference for these two options could be found in the following sections 2.2 and 2.3.
Proposal 5: If possible, the same report container format could be shared for the event triggered L1 MR of mobility and MIMO WI to avoid additional spec work. The reliability and flexibility requirement should be taken into consideration for mobility use case and implemented within a certain complexity.
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In legacy L3 measurement report, UE reports the cell level measurements result with combination of each RX beam toward Tx beams for the indicated cell. The measurement latency for each L3 measurement is at least 200ms (for FR1, and 800ms for FR2). Considering the filter time (TTT) and the retransmission delay for RRC messages with RLC-AM mode for L3 measurement reports, the usual latency for L3 MR is at the second level and could be configured much larger. The power consumption resulting from L3 measurement is considerable, so the measurement and report cannot be overly frequent.
The L1 MR was introduced for Rel-18 LTM to enable faster measurement and reporting. The measurement period for L1 measurement depends on the number of measuring beams and the SSB period indicated by the network. The minimum measured latency could be at least 20ms (for FR1, and several hundreds of milliseconds for FR2) The results are sent to the network via UCI without L3 filtering after the measurement is completed, the retransmission is not introduced either, so the latency for L1 MR could be much shorter than L3 MR, but the reporting frequency could be much higher.
During the Rel-18 LTM discussion, the event-triggered L1 measurement report was discussed but not introduced due to the time limit with extra specification work. Compared with L1 measurement with periodic/aperiodic/semi-persistent reporting, the event-triggered L1 MR should be more flexible and report only when certain condition is met. So that it should has much fewer reporting times, thereby reducing signalling overhead, which further leads to lower UE power consumption and network complexity. 
Observation 2: The main benefit for introducing event triggered L1 measurement report is to reduce the signalling overhead by reducing much reporting times, leading to lower UE power consumption and network complexity.
Additionally, the length of the event-triggered L1 MR may vary based on the number of beams that meet the triggering event. The report content could be more dynamic if it included measured values (as we have in L3 MR) rather than a bool-type indication for whether triggering event is met or not.
Observation 3: The time and length for event-triggered L1 measurement reports will be dynamic and unpredictable due to the uncertainty of when and how many beams will meet the event in the future. The report container should be flexible enough.
To provide correct results to the network, the event triggered L1 measurement result should be more convincible and accurate, as fewer report instances are sent to network. A similar filtering and triggering events mechanism can be reused for L1 measurement reports to avoid more fluctuation and filter the result with time. The purpose is to prevent unnecessary ping-pong due to the wrong LTM cell switch decision triggered by the inaccurate measurement result. At the same time, latency requirements for event triggered L1 MR are not that high because one measurement result may be enough to trigger the LTM cell switch.
Observation 4: The credibility requirement of event triggered L1 MR is higher than legacy L1 MR since the reporting instances are less frequent than the latter. Fluctuation caused by raw measurement result should be avoided as possible.
Meanwhile, since the reporting instances are less frequent compared to legacy L1 MR, the transmission reliability must be enhanced to ensure the report's delivery, especially when the channel condition is poor and the UE really needs to request for a cell switch. Otherwise, the consequence for the network not receiving the event triggered L1 MR may be critical, especially under inter-DU cell scenario. Retransmission can be introduced to support higher reliability for the event triggered L1 MR.
Observation 5: The consequence of not receiving an event-triggered L1 MR may be severe since the report times are less frequent. The reliability of reporting needs to be ensured.
Proposal 6: RAN2 assume the flexibility and reliability of event triggered L1 MR needed to be improved compared to regular L1 MR.

Initial thinking for event triggered L1 MR
Event triggered L1 MR in mobility WI is used for indicating UE channel conditions and requires for a LTM cell switch. Like the regular LTM config, the config of event triggered L1 MR should be also pre-configured. Since all other LTM config are provided at LTM preparation stage, we assume the similar config mechanism can be used for the event triggered L1 MR.
Proposal 7: The config of event triggered L1 MR is provided via RRCReconfiguration message at LTM preparation stage.
Reporting container
The event triggered L1 MR is reported when certain criteria is met, so the time for sending report is dynamic and unpredictable. As we analyse before, the objective of introducing event triggered L1 MR is to reduce the signalling overhead, so the times for sending event triggered L1 MR should be much fewer than regular L1 MR. This infrequency underscores the importance of each report, as the network may rely on a single event-triggered L1 MR to make critical decisions, such as initiating an LTM cell switch. Therefore, ensuring the reliability of event-triggered L1 MRs is important.
In contrast, considering the infrequent transmission of event-triggered L1 MR compared to regular L1 MR, the signalling overhead per report is less significant. We all know that there is a trade-off between reliability (retransmission) and latency, where higher reliability requirements typically lead to longer transmission times. In the case of a single reporting event triggering a LTM cell switch decision from the network, the consequences of not receiving that report can be critical, especially in inter-DU cell switch scenarios. 
We believe that the reliability of the report is more important than the latency for this one-shot report instance. The latency introduced by HARQ retransmission is usually several milliseconds for one transmission, and it could be ignored compared with the length of the measurement gap and TTT. The reliability of HARQ retransmission should be enough for requesting for a cell switch, as it is already used for cell switch command in Rel-18 LTM.
Observation 6: For mobility use case, the consequence for not receiving the event triggered L1 MR may be severe, while the latency introduced by HARQ retransmission could be ignored compared with the length of the measurement gap and TTT.
Considering these factors, as well as the features of two main candidate options (i.e., MAC-CE and UCI), MAC-CE appears to be a preferable choice for the container of the event triggered L1 MR for mobility use case. The support of HARQ retransmission ensures reliability, and its flexibility allows it to be transmitted in any available UL resource without scheduling. If RAN1 made further progress on new signalling content for MIMO WI (e.g., UCI enhancement), RAN2 can further evaluate whether it is more suitable in mobility scenario.
Proposal 8: RAN2 assume that for mobility use case, the report of event triggered L1 MR is transmitted via MAC-CE. 

Triggering event
As we discussed, the report times of event triggered L1 MR is much fewer than regular L1 MR, so once report may be used to make critical decisions for network, such as initiating an LTM cell switch. The credibility of event-triggered L1 MR is crucial to avoid incorrect reports due to fluctuations caused by channel fast fading. Also, reducing the reporting times could avoid unnecessary ping-pong effect, which could help to reduce interruption time and failure due to signalling failed. Therefore, it is beneficial to introduce triggering events/TTT and L1 filtering to smooth the fluctuating raw RSRP results.
Observation 7: Filtering, triggering events, and TTT are beneficial to avoid wrong cell switch decision and unnecessary ping-pong, which could help to reduce interruption and failure times.
For Ax events in L3 MR, absolute threshold (serving worse than threshold/ neighboring better than threshold) and relative threshold (neighboring becomes offset better than serving) are introduced. The A3 event (relative threshold) is more often configured for L3 mobility determination for intra-frequency cells, while absolute thresholds are more often to be used in other use cases determination (e.g., inter-frequency cell switch, cell switch for load balancing, recovery, network coverage optimization, etc.) These triggering events similar as Ax events in L3 MR could be adapted as baseline for event triggered L1 MR.
Therefore, we propose RAN2 to consider Ax-like triggering events to be the starting point for event triggered L1 MR.
Proposal 9: RAN2 considers the triggering events for L3 measurement report as the baseline for event triggered L1 MR and consider the following event as the starting point:
Event1: Beam of candidate cell becomes amount of offset better than serving cell beams.
Event2: Serving beam becomes worse than absolute threshold
Event3: Beam of candidate cell becomes better than absolute threshold.
Similarly, TTT could be useful to ensure beam-switching robustness in inter-cell scenarios, aiming to prevent fluctuations from raw measured results to avoid incorrect LTM cell switch decision . This benefit is more evident in inter-DU scenario to mitigating unnecessary ping-pong / failures.
The parameter could be configured differently and left for network implementation. It could also be set to 0 if it is not needed in some scenarios.
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Conclusion
In this contribution, the following observations and proposals are made:
Work split and Relationship with MIMO WI
Proposal 1: RAN2 assumes that similar measurement metrics (e.g., L1-RSRP) can be used for UE-initiated measurement reports for both Mobility and MIMO WI. 
Proposal 2: RAN2 assumes that RAN1 can determine measurement metrics and measured beam scope (TCI states, measurement RSs, QCL types, intra/inter-frequency, etc.) without RAN2's involvement. Different requirements for Mobility and MIMO WIs in RAN1 may lead to functional differences on these aspects.
Proposal 3: RAN2 assumes that RAN1 can determine whether to leave L1 measurement filtering to UE implementation for event triggered L1 MR or whether to specify it. This does not include the triggering condition or TTT.
Observation 1: RAN1 has discussed event triggering conditions in the MIMO WI. The compatibility of these conditions with mobility use cases has not been discussed in RAN1.
Proposal 4: RAN2 to discuss whether to discuss the requirements for event triggering L1 measurement reporting for inter-cell Mobility, in particular where these may differ from intra-cell MIMO, to see any differences are needed on triggering event conditions between Mobility and MIMO WI.
Proposal 5: If possible, the same report container format could be shared for the event triggered L1 MR of mobility and MIMO WI to avoid additional spec work. The reliability and flexibility requirement should be taken into consideration for mobility use case and implemented within a certain complexity.

Feature analysis
Observation 2: The main benefit for introducing event triggered L1 measurement report is to reduce the signalling overhead by reducing much reporting times, leading to lower UE power consumption and network complexity.
Observation 3: The time and length for event-triggered L1 measurement reports will be dynamic and unpredictable due to the uncertainty of when and how many beams will meet the event in the future. The report container should be flexible enough.
Observation 4: The credibility requirement of event triggered L1 MR is higher than legacy L1 MR since the reporting instances are less frequent than the latter. Fluctuation caused by raw measurement result should be avoided as possible.
Observation 5: The consequence of not receiving an event-triggered L1 MR may be severe since the report times are less frequent. The reliability of reporting needs to be ensured.
Proposal 6: RAN2 assume the flexibility and reliability of event triggered L1 MR needed to be improved compared to regular L1 MR.

Initial thinking for event triggered L1 MR
Proposal 7: The config of event triggered L1 MR is provided via RRCReconfiguration message at LTM preparation stage.
Observation 6: For mobility use case, the consequence for not receiving the event triggered L1 MR may be severe, while the latency introduced by HARQ retransmission could be ignored compared with the length of the measurement gap and TTT.
Proposal 8: RAN2 assume that for mobility use case, the report of event triggered L1 MR is transmitted via MAC-CE. 
Observation 7: Filtering, triggering events, and TTT are beneficial to avoid wrong cell switch decision and unnecessary ping-pong, which could help to reduce interruption and failure times.
Proposal 9: RAN2 considers the triggering events for L3 measurement report as the baseline for event triggered L1 MR and consider the following event as the starting point:
Event1: Beam of candidate cell becomes amount of offset better than serving cell beams.
Event2: Serving beam becomes worse than absolute threshold
Event3: Beam of candidate cell becomes better than absolute threshold.
Proposal 10: TTT can be optionally supported for the triggering condition for event triggered L1 measurement report.
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