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1	Introduction
The phase-4 mobility-related enhancements for Rel-19 LTM, as stated in the work item description (WID) [1], describe the following objectives for Measurement-related enhancement to support LTM:
 Measurements related enhancements for the 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 paper presents our view on the above-mentioned objectives to support the Measurement related enhancement for LTM.
[bookmark: _Ref178064866]2	Discussion
This section provides a detailed view of the measurement-related enhancements to support the Event-triggered L1 measurement and reporting, as one of the main objectives described in the WID [1].
2.1	Supported use-cases
The primary motivation to propose Event-triggered L1-measurement and reporting is the reduction of L1 reporting overhead relative to LTM Rel-18, while maintaining the support for all the LTM Rel-18 features.  The early synchronisation procedure and LTM cell switch execution are fundamental components in Rel-18 LTM that are supported by the L1-measurements reported by the UE. Considering Rel-18 LTM as the baseline, the LTM Rel-19 Event-triggered L1 measurement and reporting should also support early synchronization and LTM cell switch.
[bookmark: _Toc166068354]Both the early synchronization and LTM cell switch procedures in Rel-18 LTM are performed based on the L1 measurements reported by the UE.
[bookmark: _Hlk165636818]Therefore, event-triggered L1-measurement and reporting, should be designed such that the network can use this feature for both early UL and DL synchronization as well as the LTM cell switch. Otherwise, the need for the Rel-18 LTM measurements will remain, forcing the NW to configure these measurements for the purposes not covered by the event-driven measurements. Other potential use-cases, that can also be supported using Rel-19 Event-triggered L1-measurement and reporting in LTM, include load balancing and the removal of LTM candidate cell configuration from the UE. Initially, we propose:
[bookmark: _Toc163148020][bookmark: _Toc166068361]The event triggered L1 measurement reporting shall support the following use-cases in LTM:
a) [bookmark: _Toc163148021][bookmark: _Toc166068362]LTM cell switch procedure.
b) [bookmark: _Toc163148022][bookmark: _Toc166068363]Early synchronization (including both the DL and UL early synchronization).
2.2	Events evaluation granularity
The events defined for L3 mobility in the NR RRC specification [2] are based on L3 measurements which are derived from the individual beam measurements within a cell. Thus, L3 measurements reflect the entire cell quality and L3-events are evaluated at a cell-level granularity which is useful in L3 mobility. However, L1 measurements in LTM are performed on individual beams (i.e., per SSB or another reference signal in the RS-set). 
Considering the per-beam measurement granularity is already supported in Rel-18 in the context of LTM, it makes sense to consider this also as the baseline for Rel-19 Event-triggered L1-measurement and reporting. Therefore, we propose:
[bookmark: _Toc166068364]Event triggered L1 measurements are based on the beam-level measurement quantities, and these are performed on serving cell and LTM candidate cell(s).
2.3	L1 events definition
Event triggered measurements are not a new concept and L3 measurements support the reporting based on events since many cellular generations. While one may be tempted to take the L3 events as a baseline for the L1 events, there are fundamental differences that one needs to consider in the context of LTM. First of all, the L3 events are configured per-frequency, whereas in the current LTM measurement framework the measurements are configured per LTM candidate cell/configuration. Further, the L3 events evaluate either the serving cell, SCell(s), or neighbouring Cell(s), or a combination of those, whereas for LTM we only have the serving cell and one or more LTM candidate cells. Because of this it would be good to take the L3 events into consideration for the work we are going to do, but such events should not be considered as a baseline. Therefore, we propose:
[bookmark: _Toc163148033][bookmark: _Toc166068365]Existing L3 events can be used as a reference but not as a baseline for the work on event triggered L1 measurements.
The L1 counterpart of a given L3 event may be considered as a baseline in the context of LTM. For example, an L1 event which is similar to the A3 event might be useful in intra-frequency/inter-frequency LTM cell switch as well as to trigger an early synchronization procedure. Or a L1 event which is similar to the A4 event might enable the network to e.g. facilitate load balancing among the configured LTM candidate cells. 
Keeping in mind that network may use the new L1 event for different procedure related to LTM, which span from triggering the LTM cell switch execution, to the triggering of an early synchronization procedure, or simply for aspects related to load balancing and maintaining of LTM candidate cell, we summarize in Table 1 what could be the benefit for some possible L1 event.
Table 1: L1-Events Description and Use-cases
	Possible L1 Event 
	For what network can use the event

	Beam of serving cell becomes better than absolute threshold.
	Release LTM candidate configurations (or whole LTM).

	Beam of serving cell becomes worse than absolute threshold.
	Configure LTM candidate configurations (or whole LTM).

	Beam of candidate cell becomes offset better than beam of serving cell.
	LTM cell switch, early sync of LTM candidate cell beam.

	Beam of candidate cell becomes better than absolute threshold.
	Management of LTM candidate cells, early sync of LTM candidate cell beam.

	Beam of serving cell becomes worse than absolute threshold1 AND Beam of candidate cell becomes better than another absolute threshold2.
	LTM cell switch, early sync of LTM candidate cell.

	Beam of candidate cell becomes offset worse than beam of serving cell.
	Early sync deactivation of LTM candidate cell.

	Beam of candidate cell becomes worse than absolute threshold.
	Management of LTM candidate cells.

	Beam of candidate cell becomes offset better than pre-activated beam of candidate cell
	Early sync of LTM candidate cell beam.



According to what has been shown in Table 1, we propose the following events to be agreed by RAN2:
[bookmark: _Toc166068366]RAN2 to agree on the following L1 events to be specified:
1) [bookmark: _Toc166068367]Beam of serving cell becomes better than absolute threshold.
2) [bookmark: _Toc166068368]Beam of serving cell becomes worse than absolute threshold.
3) [bookmark: _Hlk165655240][bookmark: _Toc166068369]Beam of candidate cell becomes offset better than beam of serving cell.
4) [bookmark: _Toc166068370]Beam of candidate cell becomes better than absolute threshold.
5) [bookmark: _Toc166068371]Beam of serving cell becomes worse than absolute threshold1 AND Beam of candidate cell becomes better than another absolute threshold2.
6) [bookmark: _Toc166068372]Beam of candidate cell becomes offset worse than beam of serving cell.
7) [bookmark: _Toc166068373]Beam of candidate cell becomes worse than absolute threshold.
8) [bookmark: _Toc166068374]Beam of candidate cell becomes offset better than pre-activated beam of candidate cell.
2.4	Reference Signal for L1-Event
According to Rel-18 LTM, the L1-measurements for LTM are based on SSB reference signals. However, as is stated in [1] and shown in section 1, support for CSI-RS measurements will be specified in LTM Rel-19. It can be assumed that Event-triggered L1-measurement and reporting may account for the CSI-RS measurements, as part of the RS-set. This may not require additional effort on the RAN2 part. Therefore, we propose:
[bookmark: _Toc166068375]RAN2 to assume that the Event-triggered L1-measurement and reporting can be done on both SSB and CSI-RS reference signals.
2.5	How to report event triggered L1 measurements
RAN2 briefly discussed in RAN2#125bis how the UE should report the L1 measurements if those are triggered by a L1 event. The options that were discussed were basically two: i) reuse the UCI, same as we have already in Rel-18, or ii) send the measurement via a MAC CE. 
However, to evaluate these options, one should not just consider to re-use whatever has been agreed during Rel-18, but also consider aspects which are more in line with what is needed once that event triggered L1 measurements are introduced in 3GPP. Some of such aspect are flexibility, reliability, overhead and timing as selection criteria.
2.5.1	MAC CE
Since MAC CEs are sent inside a transport block, they are automatically protected by HARQ retransmissions and the requirements on reliability can then be considered as fulfilled. The network can then follow the paradigm from L3 mobility to only trigger once the HARQ retransmissions ensure that the report reaches the network.
[bookmark: _Toc166068355]If the event triggered L1 measurements are carried by a MAC CE, there is no need to pro-actively send the report multiple times as the HARQ retransmissions ensure that the report reaches the NW.
In addition to this, it would also be possible to define different MAC CEs for different events, if one wants to have full flexibility in the report. If one MAC CEs is introduced for all events, another solution would be to introduce in the MAC CE payload an information about which event has triggered the L1 report. On top of this, MAC CE will also give flexibility as the format may be designed in a way to handle different length and different information to be include.
[bookmark: _Toc166068356]Event triggered L1 measurements carried by a MAC CE may benefit of increased flexibility with respect to a report via UCI.
Finally, since a MAC CE is self-contained (the headers indicate the content of the MAC CE), it can be sent in any available UL resource. For example, if the UE has an ongoing UL transmission, for which it is provided an UL scheduling grant for a new transmission, the UE can simply include a MAC CE on the PUSCH according to channel prioritization procedures within MAC. This means the timing of a MAC CE is only relying on the time to get an UL resource. Also, if the NW has already provided the UE with a grant of sufficient size, the UE can directly transmit the MAC CE.
[bookmark: _Toc166068357]The scheduling of a MAC CE is simpler than scheduling a UCI.
2.5.2	UCI
UCI is sent outside the transport block. Thereby, it is not protected by HARQ: if UCI is missed, it is lost. However, it is important that an event triggered L1 measurement report reaches the NW and in order to support this, there are essentially two alternatives to achieve the desired reliability: i) the retransmissions of UCI are polled explicitly by the NW or ii) the UE repeats the procedure as long as the event is fulfilled. Of these solutions, alternative 1 seems more attractive, the main issue is that it becomes complicated to define when the UE should disregard of a measurement report. 
[bookmark: _Toc166068358]The reliability of reports via UCI is questionable as the UE does not understand whether a report has been (correctly) received by the network
On top of this, what is clear is that UCI reporting has very little flexibility. The NW knows the format of the UCI that it receives in a certain UL resource, since the UE is mandated to follow the RRC configuration provided in the CSI report configuration. The only exception to this rule is the CSI part 1 and part 2 that are used for large UCI reports, where the content of CSI part 1 impacts the size of CSI part 2. To achieve the desired flexibility of the UE-initiated reporting, a new UCI design philosophy is needed: to allow for varying UCI size, the CSI part 1 and part 2 paradigm could be reused, and some fields in UCI could determine how the NW should interpret the content, for example by indicating which event was triggered.
[bookmark: _Toc166068359]Reports via UCI provide much less flexibility than reports via MAC CE.
2.5.3	Summary
Based on the selection criteria flexibility, reliability, overhead and timing, it is our understanding reporting the event triggered L1 measurement via a MAC CE is the most efficient and reasonable option.
[bookmark: _Toc166068376]Event-triggered L1-measurements are reported by the UE to the network via a MAC CE. 
2.6	Need for filtering and timer to trigger
The legacy L3 measurements use a tuneable filter which is configured explicitly by the network. Filtering is done to remove the effect of fast fading and measurement noise to avoid spurious triggering of the L1 measurement reporting. Though L1 may collect measurements more often, the L3 measurements might be reported with a larger configured periodicity. Thus, L3 measurements consider a longer-term view of channel conditions. In addition to this, as a further defence to fast fading and short-term variation the network has also the possibility to configure a time to trigger (TTT) for each L3 event with which the UE is configured. This time to trigger is the time during which specific criteria for the event needs to be met in order for the UE to send a measurement report to the network.
[bookmark: _Toc163148019][bookmark: _Toc166068360]In L3 events, filter, and timer to trigger (TTT) are configured by the network and used to remove the effect of fast fading and ignore short-term variations.
Since it sounds reasonable to adopt the same configurations also for the L1 events, RAN2 should agree these also in the context of event triggered L1 measurements. Thus, we propose:
[bookmark: _Toc163148036][bookmark: _Toc166068377]RAN2 to agree to have a configurable filter and time to trigger (TTT) for the Event-triggered L1-measurements.
2.7	Which layer evaluates the L1 events
So far there has been a clear separation when it comes to performing measurements (on L1 and L3) and evaluating events (on L3). The L1 measurements are performed and measured on the physical layer while the L3 measurements are the competence of the RRC layer. When it comes to the event triggered L1 measurements, RAN2 would need to make a decision on which layer the criteria for each configured event are evaluated, and this may be done either on the RRC layer, MAC layer, or physical layer. Either way, this is something that needs to be discussed and decided by RAN2. Thus, we propose:
[bookmark: _Toc163148037][bookmark: _Toc166068378]RAN2 shall be the WG to decide which layer shall evaluate the criteria for each L1 event configured.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Both the early synchronization and LTM cell switch procedures in Rel-18 LTM are performed based on the L1 measurements reported by the UE.
Observation 2	If the event triggered L1 measurements are carried by a MAC CE, there is no need to pro-actively send the report multiple times as the HARQ retransmissions ensure that the report reaches the NW.
Observation 3	Event triggered L1 measurements carried by a MAC CE may benefit of increased flexibility with respect to a report via UCI.
Observation 4	The scheduling of a MAC CE is simpler than scheduling a UCI.
Observation 5	The reliability of reports via UCI is questionable as the UE does not understand whether a report has been (correctly) received by the network
Observation 6	Reports via UCI provide much less flexibility than reports via MAC CE.
Observation 7	In L3 events, filter, and timer to trigger (TTT) are configured by the network and used to remove the effect of fast fading and ignore short-term variations.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The event triggered L1 measurement reporting shall support the following use-cases in LTM:
a)	LTM cell switch procedure.
b)	Early synchronization (including both the DL and UL early synchronization).
Proposal 2	Event triggered L1 measurements are based on the beam-level measurement quantities, and these are performed on serving cell and LTM candidate cell(s).
Proposal 3	Existing L3 events can be used as a reference but not as a baseline for the work on event triggered L1 measurements.
Proposal 4	RAN2 to agree on the following L1 events to be specified:
1)	Beam of serving cell becomes better than absolute threshold.
2)	Beam of serving cell becomes worse than absolute threshold.
3)	Beam of candidate cell becomes offset better than beam of serving cell.
4)	Beam of candidate cell becomes better than absolute threshold.
5)	Beam of serving cell becomes worse than absolute threshold1 AND Beam of candidate cell becomes better than another absolute threshold2.
6)	Beam of candidate cell becomes offset worse than beam of serving cell.
7)	Beam of candidate cell becomes worse than absolute threshold.
8)	Beam of candidate cell becomes offset better than pre-activated beam of candidate cell.
Proposal 5	RAN2 to assume that the Event-triggered L1-measurement and reporting can be done on both SSB and CSI-RS reference signals.
Proposal 6	Event-triggered L1-measurements are reported by the UE to the network via a MAC CE.
Proposal 7	RAN2 to agree to have a configurable filter and time to trigger (TTT) for the Event-triggered L1-measurements.
Proposal 8	RAN2 shall be the WG to decide which layer shall evaluate the criteria for each L1 event configured.
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