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1	Introduction
One of the objectives in the WID for Rel-19 mobility [1], is to specify the necessary enhancements to support event triggered L1 measurements:
	1. 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 discuss the use cases and event definitions for event triggered L1 measurement reporting for LTM.
[bookmark: _Ref178064866]2	Discussion
As described in the WID [1], one of the objectives is related to the support of the event triggered L1 measurements. Here below, we provide some initial considerations on the aspects which are important to anchor before to proceed with actual work.
2.1	Use cases to be supported
The main motivation for specifying the L1 event-triggered measurements is to reduce the number of L1 reports sent by the UE to the network. This is a particularly important aspect to address since in Rel-18, the L1 measurements have been enhanced for LTM in order to support intra- and inter-frequency measurements performed not only on the serving cell but also on one or more LTM candidate cells.
Considering that what has been specified in Rel-18 for LTM is the baseline also for Rel-19, it would be good to clarify what use cases (related to LTM) the event-triggered reporting of L1 measurements should be used for. While the LTM cell switch seems like an obvious case, a fundamental component introduced in Rel-18 is the early synchronization. This component is one of the major factors which help to reduce the latency of the overall LTM cell switch procedure and the network uses such component according to the L1 measurements reported by the UE.
[bookmark: _Toc163148016]In LTM Rel-18, both the triggering of the LTM cell switch and early synchronization procedures can be done based the L1 measurements reported by the UE.
According to this, as the early synchronization is also a fundamental component of LTM, it would be beneficial to design and specify the event triggered L1 measurements so that network can use this new feature to trigger both the early UL and DL synchronization procedures. A further use case that can also be covered is also load balancing, which is currently something that network can do with existing L3 events. According to this, we propose:
[bookmark: _Toc163148020]The event triggered L1 measurements shall support the following use cases related to LTM:
a. [bookmark: _Toc163148021]LTM cell switch procedure
b. [bookmark: _Toc163148022]Early synchronization (including both DL and UL early synchronization)
c. [bookmark: _Toc163148023]Load balancing
2.2	Dependency on this objective with the MIMO WI
In the MIMO WI, event triggered, or UE-initiated, L1 measurement reporting is also one of the objectives which RAN1 has the task to specify. However, there are several differences which need to be taken into account. For instance, in the MIMO WI:
Only L1 measurements on the serving cell(s) are considered
The main use case is the change of TCI state within the serving cell
Only L1 measurements on serving cells are considered
According to such aspects, it is clear that the work that is currently done within the MIMO WI may not be completely applicable to the work within the Mobility WI. While some aspects can be re-used, some aspects are only related to LTM and these will not be addressed in the MIMO WI. According to this, it would be good if MIMO WI and Mobility WI proceed independently to specify the event triggered L1 measurements and later on we can check what are the aspects which are common or can be re-used. Therefore, we propose:
[bookmark: _Toc163148024]The Mobility WI shall specify independently the event triggered L1 measurements without striving for a common design with the MIMO WI.
2.3	Work division between RAN1 and RAN2
According to what is stated in the WID, RAN2 will start first the work on this objective whereas RAN1 will start only after summer. Assuming that the existing principles we have in Rel-18 for the L1 measurements does not change, most of the work for this objective will be related to the definition of the events, the configuration of the events, and how the measurements are reported once that an event is fulfilled. Such aspects are more related to the RAN2 domain and this is also one of the motivations on why RAN1 will start its work only later on this year.
[bookmark: _Toc163148017]The aspects of event definition, event configurations, and reporting configurations can be discussed in RAN2 without waiting for RAN1.
On the other hand, how the measurements are reported, and the content of the report may need to be discussed at least partially in RAN1. While it is still not clear whether the event triggered L1 measurements will be reported by the UE via MAC CE or UCI, it is fair to assume that RAN1 will discuss this, of course based on the progress made by RAN2 until the work in RAN1 starts.
[bookmark: _Toc163148018]The aspects on how to report the measurements and the report format can be discussed in RAN1 based on the progresses made by RAN2.
In line with this, we propose to have the following work division for this objective:
[bookmark: _Toc163148025]For the event triggered L1 measurements in the Mobility WI: 
d. [bookmark: _Toc163148026]RAN2 to discuss:
i. [bookmark: _Toc163148027]Events definition
ii. [bookmark: _Toc163148028]Events configuration
iii. [bookmark: _Toc163148029]How to report the measurements (MAC CE, UCI, other options?)
e. [bookmark: _Toc163148030]RAN1 to discuss:
i. [bookmark: _Toc163148031]How to report the measurement (according to progress of RAN2)
ii. [bookmark: _Toc163148032]Format of the report
2.4	Other aspects to be considered about event triggered L1 measurements 
2.4.1	Relation with L3 measurement events
Event triggered measurement is 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 need to take into account when considering this 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]Existing L3 events can be used as a reference but not as a baseline for the work on event triggered L1 measurements.
2.4.2	Events configuration
Based on what has been specified in Rel-18 for LTM, all the L1 measurements are based on SSB reference signals, while the support of CSI-RS will be introduced only during Rel-19. Because of this, we can assume that also the event triggered L1 measurements will be based on both reference signals, as this may not have an impact on the work that RAN2 will be done.
[bookmark: _Toc163148034]RAN2 to assume that the event triggered L1 measurements are done on both SSB and CSI-RS reference signals.
2.4.3	Events evaluation granularity
The events defined for L3 measurement are very much reliant on the entire cell quality which is derived from measurements performed on the individual beams within the cell. Since the LTM cell switch execution is based on L1 measurements, these are based on a granularity which is per-beam, as in general are the legacy CSI measurements. Assuming that the per-beam granularity will be supported for the evaluation of the L1 events, a question is whether there is a need to support also a per-cell granularity, similar to what we have for the L3 events. Since the benefits are not yet clear on why we need to support a per-cell granularity, we can leave this discussion to further study. Therefore, we propose:
[bookmark: _Toc163148035]RAN2 to assume that a UE considers beam-level results of the serving cell and one or more LTM candidate cell to evaluate a L1 event. FFS whether the UE may also consider cell-level results.
2.4.4	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 ignore short-term variations (i.e., avoid spurious triggering of the L1 measurement results). Though L1 lmay 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 timer to trigger for each L3 event with which the UE is configured. This time to trigger (TTT) 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]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.
While it may sound reasonable to adopt the same configurations also for the L1 events, RAN2 should still study whether these are really beneficial in the context of event triggered L1 measurements. Thus, we propose:
[bookmark: _Toc163148036]RAN2 to consider whether filter and timer to trigger (TTT) are beneficial for the event triggered L1 measurements.
2.4.5	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]RAN2 shall be the WG to decide which layer shall evaluate the criteria for each L1 event configured.
Conclusion
In the previous sections we made the following observations: 
Observation 1	In LTM Rel-18, both the triggering of the LTM cell switch and early synchronization procedures can be done based the L1 measurements reported by the UE.
Observation 2	The aspects of event definition, event configurations, and reporting configurations can be discussed in RAN2 without waiting for RAN1.
Observation 3	The aspects on how to report the measurements and the report format can be discussed in RAN1 based on the progresses made by RAN2.
Observation 4	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 measurements shall support the following use cases related to LTM:
a.	LTM cell switch procedure
b.	Early synchronization (including both DL and UL early synchronization)
c.	Load balancing
Proposal 2	The Mobility WI shall specify independently the event triggered L1 measurements without striving for a common design with the MIMO WI.
Proposal 3	For the event triggered L1 measurements in the Mobility WI:
a.	RAN2 to discuss:
i.	Events definition
ii.	Events configuration
iii.	How to report the measurements (MAC CE, UCI, other options?)
b.	RAN1 to discuss:
i.	How to report the measurement (according to progress of RAN2)
ii.	Format of the report
Proposal 4	Existing L3 events can be used as a reference but not as a baseline for the work on event triggered L1 measurements.
Proposal 5	RAN2 to assume that the event triggered L1 measurements are done on both SSB and CSI-RS reference signals.
Proposal 6	RAN2 to assume that a UE considers beam-level results of the serving cell and one or more LTM candidate cell to evaluate a L1 event. FFS whether the UE may also consider cell-level results.
Proposal 7	RAN2 to consider whether filter and timer to trigger (TTT) are beneficial 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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