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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
· [bookmark: OLE_LINK22]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 the last meeting, several topics for event triggered L1 MR are discussed, and the following agreement is made:
Agreements on measurements:
1. L1 LTM measurement event configuration is associated with L1 measurement resource configuration provided in LTM configuration via RRC signaling.
Meanwhile, other proposals and topics are still pending due to the time limit. 
This contribution further discusses several topics to support the measurement enhancement for mobility. Then provides some clarification and work split suggestion for the similar objective of UE triggered L1 measurement report from different WGs.
Discussion
[bookmark: OLE_LINK161][bookmark: OLE_LINK20][bookmark: OLE_LINK21]Triggering conditions
Triggering events
[bookmark: OLE_LINK1][bookmark: OLE_LINK12]In the last meeting, several triggering events which similar to Ax events is on the table. For L3 MR, we introduced both absolute thresholds (where the serving cell is worse than the threshold or the neighboring cell is better than the threshold) and relative thresholds (where the neighboring cell becomes offset better than the serving cell). Typically, the A3 event, which uses a relative threshold, is configured for Layer 3 mobility determination within intra-frequency cells, whereas absolute threshold events like A4 or A5 are more commonly used for switching between inter-frequency cells. Other events are often utilized for various use cases, such as load balancing, recovery, and network coverage optimization.
As a starting point, we propose RAN2 to consider the following Ax-like triggering events for event triggered L1 Measurement report, which are widely used for mobility use cases:
Proposal 1: RAN2 considers the following triggering events as the baseline for event triggered L1 MR:
[bookmark: OLE_LINK11][bookmark: OLE_LINK4]Event 1 (A3-like): Beam of candidate cell becomes amount of offset better than serving cell beams.
Event 2 (A5-like): Serving cell beam becomes worse than absolute threshold, and beam of candidate cell becomes better than absolute threshold.
[bookmark: OLE_LINK13]Event 3 (A4-like): Beam of candidate cell becomes better than absolute threshold.

Filtering of trigger conditions
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 HARQ/ACK 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. Therefore, it should have much fewer reporting times, thereby reducing signalling overhead, which further leads to lower UE power consumption and network complexity. 
Observation 1: The main purpose 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.
[bookmark: OLE_LINK9][bookmark: OLE_LINK7]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, which could help to reduce interruption time and failure due to signalling failed. Therefore, it is beneficial to introduce offsets/TTT and L1 filtering to smooth the fluctuating raw RSRP results.
Observation 2: 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.
Despite the Ax offsets, TTT can be optionally configured for the event triggered L1 measurement report to prevent fluctuations from raw measured results to avoid incorrect LTM cell switch decisions. This benefit is more evident in inter-DU scenario.
[bookmark: OLE_LINK17]Meanwhile, hysteresis is also introduced in L3 MR as a definition for entering and leaving condition for triggering events. E.g., the entering condition is defined as Ms – Hys > Thresh, while the leaving condition is defined as Ms + Hys < Thresh. The introducing of hysteresis is also beneficial to avoid unnecessary report and cell switch, which could help to reduce interruption time and enhance system performance. These parameters could be configured differently and left for network implementation. It could also be set to 0 if it is not needed in some scenarios.
[bookmark: OLE_LINK42]Proposal 2: TTT and hysteresis is supported and can be optionally configured for the triggering condition for event triggered L1 measurement report. 
[bookmark: OLE_LINK16]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). Meanwhile, the detailed scope for the measurement objects (TCI states, intra/inter-frequency, etc.) may vary. Considering all of these aspects fall under RAN1's expertise, we suggest that the measurement objects are left to RAN1's discussion.
Proposal 3: RAN2 assumes that RAN1 can determine measurement metrics (e.g., L1-RSRP) and measured beam scope (TCI states, measurement RSs, QCL types, intra/inter-frequency, etc.) without RAN2's involvement.
Besides, 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 in section 2.1.2 (filtering of trigger condition).
Proposal 4: 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. 
Proposal 5: If Proposal 3 and 4 are agreed, send an LS to RAN1.
[bookmark: OLE_LINK26][bookmark: OLE_LINK19][bookmark: OLE_LINK18]In the last meeting, the use of beam level and/or cell level measurement result is discussed. Companies have some discrepancies on the whether to introduce cell level measurement and the definition of them. A key consideration is the trade-off between reporting latency and accuracy. Introducing cell-level measurements would result in L3 measurement reports, which are slower due to the need to account for multiple beams and the related measurement gaps. The reporting accuracy might improve as the optimal beam can change over time. 
[bookmark: OLE_LINK27]Given the WID focuses on event triggered L1 measurement reporting for LTM enhancement, we suggest that the cell level measurement result is not included for now. That is, beam consolidation is not used and UE only compares the best beam quality of one cell against a specific threshold or the best beam quality of another cell.
Proposal 6:  Only consider beam level measurement for event triggered L1 measurement report. I.e., UE only compares the best beam quality of one cell against a specific threshold or the best beam quality of another cell.  Beam consolidation is not considered for event triggered L1 measurement. 
Report container
[bookmark: OLE_LINK2]As we analysis above, the main benefit for introducing event triggered L1 measurement report is to reduce the signalling overhead by reducing much reporting times. The reduction on reporting instances requests a more reliable transmission to ensure the report's delivery, especially when the channel condition is poor and the UE really needs to request for a cell switch. 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. The consequences of not receiving that report can be critical, especially in inter-DU cell switch scenarios. Therefore, retransmission mechanism should be introduced to support higher reliability for the event triggered L1 MR.
Observation 3: 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.
We all know that there is a trade-off between reliability (retransmission) and latency, where higher reliability requirements typically lead to longer transmission times. For mobility scenario, the reliability of the report is more important than the latency for this one-shot report instance. The latency introduced by each HARQ retransmission is typically several milliseconds, which 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 4: For mobility use case, the latency introduced by HARQ retransmission could be ignored compared with the length of the measurement gap and TTT.
Proposal 7: RAN2 assume the reliability of event triggered L1 MR should be improved compared to regular L1 MR.
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.
[bookmark: OLE_LINK6]Proposal 8: RAN2 assume the time and length of the report container of event triggered L1 MR should be flexible enough to carry variable length of report in unpredictable time.
[bookmark: OLE_LINK14][bookmark: OLE_LINK3]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 by 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 9: For mobility use case, the report of event triggered L1 MR is transmitted via a new MAC-CE.
[bookmark: OLE_LINK47]
Conclusion
In this contribution, the following observations and proposals are made:
Triggering condition:
Observation 1: The main purpose 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 2: 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.
Proposal 1: RAN2 considers the following triggering events as the baseline for event triggered L1 MR:
Event 1 (A3-like): Beam of candidate cell becomes amount of offset better than serving cell beams.
Event 2 (A5-like): Serving cell beam becomes worse than absolute threshold, and beam of candidate cell becomes better than absolute threshold.
Event 3 (A4-like): Beam of candidate cell becomes better than absolute threshold.
Proposal 2: TTT and hysteresis is supported and can be optionally configured for the triggering condition for event triggered L1 measurement report. 

Measurement objects:
Proposal 3: RAN2 assumes that RAN1 can determine measurement metrics (e.g., L1-RSRP) and measured beam scope (TCI states, measurement RSs, QCL types, intra/inter-frequency, etc.) without RAN2's involvement.
Proposal 4: 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. 
Proposal 5: If Proposal 3 and 4 are agreed, send an LS to RAN1. 
Proposal 6:  Only consider beam level measurement for event triggered L1 measurement report. I.e., UE only compares the best beam quality of one cell against a specific threshold or the best beam quality of another cell.  Beam consolidation is not considered for event triggered L1 measurement.

Report container:
Observation 3: 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.
Observation 4: For mobility use case, the latency introduced by HARQ retransmission could be ignored compared with the length of the measurement gap and TTT.
Proposal 7: RAN2 assume the reliability of event triggered L1 MR should be improved compared to regular L1 MR.
Proposal 8: RAN2 assume the time and length of the report container of event triggered L1 MR should be flexible enough to carry variable length of report in unpredictable time.
Proposal 9: For mobility use case, the report of event triggered L1 MR is transmitted via a new MAC-CE.
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