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1	Introduction
LTM (L1/L2 Triggered Mobility) was introduced in Rel-18. The network receives L1 measurement report to determine the LTM target cell and target beam. There are periodic, aperiodic and semi-persistent L1 report type. Goals outlined in the WID for Rel-19 mobility is to define the required improvements for enabling event-triggered L1 measurements.
	RP-240299, Revised Work Item: NR mobility enhancements Phase 4
· 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]



[bookmark: _Toc499559238][bookmark: _Toc147158671][bookmark: _Toc61387172]In this contribution, we provide some views for the event triggered L1 measurement reporting and configurations of L1 measurement report.
2	Discussion
2.1	Events triggering L1 measurement report
2.1.1	Requirements for the definition of the events for L1 report
In order to maintain optimal mobility performance with event triggered L1 measurement report, the UE must promptly update its measurement results and send the information for LTM cell switch decision to the gNB in time. In addition, the early synchronization is one of the major factors to reduce the latency of the overall LTM cell switch procedure and the network also needs L1 report to determine to which cell the UE should synchronize.
Observation 1: Both the triggering of the LTM cell switch and early synchronization procedures are based the L1 measurements reported by the UE in Rel-18.
It is essential to specify which use cases and requirement related to LTM would benefit from event-triggered L1 measurement reporting before we actually define the event for L1 triggering. Based on the discussion, the use case for the L1 measurement report would be to let the network to trigger early synchronization and LTM cell switch. The design of L1 event should take this into account.
Proposal1: Event-triggered L1 reports should be useful for the network to timely trigger early DL/UL synchronization and LTM cell switch.
For legacy handover procedure, there are difference purposes for supporting different types of handovers. For example, in the real network deployment, there is usually a coverage layer to ensure the coverage and another capacity layer to boost the capacity. For this case, inter-frequency priority-based HO is defined. There is also case when the UE needs to update the key set, e.g., at the time of NSA COUNT wrap-around. For this case, intra-gNB inter-frequency handover is defined.
For inter-/intra-CU LTM, we think the main scenario we should target for is to ensure the coverage continuity. For this scenario, we think both inter- and intra- frequency LTM cell switch should be supported.
Proposal2: Take the following two scenarios into account for defining the events:
· Intra-frequency cell switch for coverage continuity
· Inter-frequency cell switch for coverage continuity
2.1.2	Event definition
One major difference between L1 measurement and L3 measurement is that L1 measurement is based on RS set, e.g., SSB set or CSI-RS set. The network configures SSB or CSI-RS resource sets to the UE. The UE performs L1 measurement according to the configured RS sets. In the report, the UE includes beam level measurement results, i.e. measurement results of individual SSB or CSI-RS in the RS set. The beam level results can help the network determine a good beam direction. In LTM, it is important to let the network know a good beam of the target cell, and it can indicate the beam to the UE in LTM cell switch MAC CE. When the UE finds that there are one or many beams from candidate cells are good enough, even the cell level result is not that high, the UE still should report to the network. Therefore, the L1 event should be designed based on beam level measurement, e.g., when the quality of one or more RS in the RS set meets a threshold, the event is triggered.
Proposal3: For even-triggered L1 reports, L1 measurements are performed on RSs in an RS set. The event is defined based on the L1 measurements of RSs.
In L3 measurement, there are several events: A1 ~ A6, B1, B2, etc. For NR handover, two important events are A3 and A5. 
· The A3 event is triggered when a neighbour cell channel quality (e.g., RSRP) becomes offset better than the serving SpCell. 
· The A5 event is triggered when the serving SpCell becomes worse than threshold1 and a neighbour cell becomes better than threshold2. 
These two events are helpful for the network to determine whether a handover is potentially needed and which neighbour cell should be the target cell. Events like B1 and B2 are for inter-RAT scenarios, which is not in the scope of Rel-19 LTM. 
Observation 2:	In L3 measurements, A3 event and A5 event are two important events for mobility.
The criteria of L1 A3 or A5 event would certainly be suitable to trigger LTM cell switch, but, with settings such that they are triggered earlier (e.g. while the serving cell quality is still better than the neighbour cell quality), they could also be used to trigger DL/UL synchronization and provide the necessary information to determine the TCI state(s). In such a case, the network might want another L1 A3 or A5 event with different settings to trigger LTM cell switch.
Therefore, L1 A3 and A5 events should be a solid starting point for event-triggered L1 reporting for LTM. 
Observation 3:	A3-like and A-5 like L1 events could be suitable to trigger UL/DL synchronisation and to trigger LTM cell switch.
Proposal4: Adopt A3-like and A5-like events as baseline for L1 event design:
· L1-A3 event is triggered when the quality of one or more RS in the candidate cell RS set is offset better than one or more RS in the serving cell RS set.
· L1-A5 event is trigged when the quality of one of more RS in the serving cell RS set is worse than threshold1 and one or more RS in the candidate cell RS set is better than threshold2.
In L3 mobility, a hysteresis can be used to avoid that a minor change of the measurement results, possibly caused by inaccuracies in measurement results, triggers the entering or leaving condition of an event. Also, the time-to-trigger can be used to avoid triggering a report when measurement results are not stable enough e.g., a good result was obtained but the next result is no more as good. Such issues may also exist when using L1 measurements so such parameters can also be useful. The issue with Ping-Pong effect is more pronounced for the case of inter-CU LTM since, different from intra-CU LTM, inter-CU LTM requires anchor relocation and data forwarding, which requires high overhead in the network side. It would not be ideal if the anchor switches back and forward frequently on the network side, which results in large signaling overhead and delay. 
Proposal5: Support hysteresis and time-to-trigger in the L1 event design to avoid unnecessary report triggering .
2.2	Report container
In the previous meeting, RAN1 reached the following agreements on the event design for Rel-19 MIMO. 

	3GPP TSG RAN WG1 #116
Agreement
On UE-initiated/event-driven beam reporting, at least support L1-RSRP as a measurement quantity on SSB for intra-cell and inter-cell, and periodic CSI-RS for beam management
· Notes: measurement results may be contained in the beam report and/or used as quality metric(s) to initiate/trigger the reporting. 
· FFS: Semi-persistent CSI-RS and aperiodic CSI-RS.
· FFS: Whether/how to support L1-SINR measurement, assuming legacy RS or RS combination (e.g., CMR only, CMR+ZP/NZP-IMR) for Rel-16 SINR is reused. 
· FFS: Whether/how to specify filtering operation for L1-RSRP.
Agreement
On UE-initiated/event-driven beam reporting, regarding signaling content(s), at least support DL RS resource indicator and L1-RSRP 
· FFS: Study and decide whether additional contents can be supported.
· FFS: L1-RSRP format, e.g., absolute and/or differential value.
· Note: Above does not imply to preclude discussion on L1-RSRP filtering.
The actual reported content depends on the triggering event


As discussion in RAN1, it is agreed that the measurement report includes L1-RSRP and the indicator of RS.
Observation 3: The RAN1 MIMO agreement on UE-initiated/event-driven beam reporting mandates support for L1-RSRP measurement on SSB and periodic CSI-RS for beam management
The Rel-18 LTM L1 measurement reporting framework can be reused. Additionally, L1-SINR indicates the link quality of the current channel which is an important indicator for evaluating UE performance. The report includes the RS ID and RS Set ID to tell the gNB which specific Reference Signal in a given set corresponds to the measurement result. This helps ensure accurate data association within the system, which is beneficial for mobility enhancement, including in report content, if supported by RAN1. 
Proposal6: The event-triggered L1 report content should include L1-RSRP (or other quantity, e.g., L1-SINR if supported), RS ID and RS set ID (or some L1 measurement ID).
For L3 measurements, multiple quantities may be reported. Also, any cell on the MO frequency can be reported for the same event. In Rel-18, L1 reports can even mix LTM candidate on different frequencies, so perhaps results of all candidate could be reported together, if they meet the reporting conditions at the same time. Also, L3 report can include all beams above a threshold. If similar choices are made for L1 reports in Rel-19, the report size and contents could be highly variable. If, on the contrary, the number of candidate beams to be reported is fixed, the report size and contents may be rather fixed.
Observation 4: If event-triggered L1 reports need to include variable size contents depending on measurement results (e.g. all beams above a threshold for all LTM candidates), the reporting format needs to be flexible.
 Rel-18 LTM L1 report is carried by UCI, and the UCI can be transferred either in PUCCH or PUSCH. One benefit of event triggered report is that the UE can save some UL transmission resources because the UE reports only when a particular event is triggered. In this case, if we still use the UCI in PUCCH, the PUCCH resource may be pre-allocated to the UE while the event is not triggered so resources are wasted. Also, if the size of the report is largely variable, it is rather difficult to have pre-allocated resources. If a MAC CE is used, the UE can send the MAC CE when there is an available UL grant and there is flexibly sharing of the grant size between UL transmission for RBs and for the MAC CE, which is more efficient From UL resource perspective than using UCI in PUCCH.
Observation 5: From UL resource efficiency perspective, using MAC CE is better than UCI in pre-allocated PUCCH resources.
Proposal7: Postpone the discussion on the report format of L1 report until further progress is made in the report content.
3	Conclusion
In this paper, we have addressed the objective regarding improvements in measurements for LTM. There are the following observations and proposals:
Event requirements
Proposal1: Event-triggered L1 reports should be useful for the network to timely trigger early DL/UL synchronization and LTM cell switch.
Proposal2: Take the following two scenarios into account for defining the events:
· Intra-frequency cell switch for coverage continuity
· Inter-frequency cell switch for coverage continuity

Event definition
Proposal3: For even-triggered L1 reports, L1 measurements are performed on RSs in an RS set. The event is defined based on the L1 measurements of RSs.
Proposal4: Adopt A3-like and A5-like events as baseline for L1 event design:
· L1-A3 event is triggered when the quality of one or more RS in the candidate cell RS set is offset better than one or more RS in the serving cell RS set.
· L1-A5 event is trigged when the quality of one of more RS in the serving cell RS set is worse than threshold1 and one or more RS in the candidate cell RS set is better than threshold2.
Proposal5: Support hysteresis and time-to-trigger in the L1 event design to avoid unnecessary report triggering.
Report container
Proposal6: The event-triggered L1 report content should include L1-RSRP (or other quantity, e.g., L1-SINR if supported), RS ID and RS set ID (or some L1 measurement ID).
Proposal7: Postpone the discussion on the report format of L1 report until further progress is made in the report content.
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