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Discussion and Decision
1 Introduction
R19 WI for enhancing further for mobility was agreed [1] in RAN#102, and the WI objective on measurement enhancements is copied below:
	4.1
Objective of SI or Core part WI or Testing part WI
· 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 RAN2#125bis, RAN2 had a preliminary discussion and made the following agreement:
	RAN2#125bis Agreements on measurements:

1.  L1 LTM measurement event configuration is associated with L1 measurement resource configuration provided in LTM configuration via RRC signaling.


This contribution provides our views on the event triggered L1 measurement reporting.   

2 Discussion

2.1 Use case
The motivation to introduce the event triggered L1 measurement mechanism is to reduce the signaling overhead for L1 measurement reporting during Rel-18 LTM procedure. In Rel-18, during the LTM procedure, network can trigger LTM execution and early synchronization based on the L1 measurement reported by UE. Therefore, the event triggered L1 measurement should be designed for the same purpose during LTM procedure.
Proposal 1: Event triggered L1 measurement should be designed for the following LTM purposes:
a) Select the candidate cell to trigger early synchronization.
b) Select the target cell and trigger LTM cell switch procedure.
2.2 Measurement configuration
In last meeting, RAN2 agreed the association between the resource configuration and the report configuration for L1 LTM measurement reporting. 
·   L1 LTM measurement event configuration is associated with L1 measurement resource configuration provided in LTM configuration via RRC signaling.
Furthermore, we should further discussion the resource configuration and report configuration in detail. 
<L1 measurement resource configuration>

According to RAN2 agreements, the resource configuration would be based on the L1 measurement resource configuration in LTM configuration, i.e. LTM-CSI-ResourceConfig.
According to current L1 measurement resource configuration structure (i.e. LTM-CSI-SSB-ResourceSet), it can explicitly indicate the cell and the beam to be measured.
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In Rel-18, it only refers to the candidate cell’s beam resource. For event triggered L1 measurement, L1 event may be also based on serving cell’s beam. 
For the event based on serving cell’s beam, assuming the meaurement is based on current serving beam, UE can derive the RS resource for current beam implicitly from a QCL RS of indicated TCI state. Therefore, for the RS resource for current beam in serving cell, we can assume UE can acquire the RS resource in implicit way, and the explicit L1 measurement resource configuration for serving cell is not needed. 
In addition, regarding to the beam type, other than SSB index, we also need to consider the support of CSI-RS in Rel-19.
Proposal 2: For event triggered L1 measurement, the L1 measurement resource configuration doesnot include the resource of serving cell. 
Proposal 2a: UE derives the RS resource for current beam of serving cell implicitly from a QCL RS of indicated TCI state.
Proposal 3: Support the beam config of both SSB and CSI-RS in L1 measurement resource configuration in LTM config.
<L1 measurement report configuration>

According to the main parameters in legacy L3 event triggered measurement report configuration, we provide our view on the applicability to L1 report configuration in Table-1.
Table-1. The applicability of the parameters in L3 event report config to L1 report configuration

	Parameters in legacy L3 event report config
	Applicability in L1 event triggered report config
	NOTE

	eventId
	Yes
	It’s needed when mulitple events are introduced. 

	rsType (ssb, csirs)
	Yes
	It’s needed when both CSI-RS and SSB are configured in resource config. 

	reportInterval, reportAmount
	Yes
	It’s useful for event triggered periodical reporting, which may be used by NW to identify the best cell/best beam change. 

	reportQuantityCell (rsrp,rsrq, sinr)
	NOTE
	The beam level quantlity for beam reporting is needed.

	maxReportCells
	NOTE
	The max number of beam reporting is needed. 

	reportAddNeighMeas
	No
	It’s just the best effort informaiton for L3 reporting. 

Assuming the payload size for L1 reporting is not so bit, we can try to avoid it.  


According to Table-1, it is proposed that
Proposal 4: The L1 event triggered report configuration includes the following parameters:
· EventID, rsType, reportInterval, reportAmount, reportQuantityBeam, and maxReportBeams. 
2.3 Beam level or Cell level measurement?
L3 measurement framework is cell level measurement framework. UE performs the measurement and derives the cell quality from multiple beam result provided by L1, and uses the cell quality to evaluate the event trigger criteria. Beam level measurement report is also supported, but the result is not used for event criteria evaluation and trigger measurement report, but only as part of the RRC measurement report information. 
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Figure-1. L3 RRM measurement model 
Observation 1: L3 based measurement event and report is based on cell quality.

Current L1 LTM measurement is based on ICBM framework, which is to provide the beam level measurement result. For L1 LTM measurement, UE performs the measurement based on the beam configuration. 
Observation 2: Current L1 LTM measurement report is based on beam quality. 
Regarding whether the L1 event evaluation is based on beam level measurement or cell level measurement results, we understand that it should be based on beam level measurement results, with the following reasons:
·  From the purpose of the event triggered L1 measurement report perspective, the purpose of the event triggered L1 report is to reduce the signalling overhead of current L1 measurement reporting, not to change the measurement metric. 
·  From the usage of the L1 measurement report perspective, network uses it to obtain good beam information in candidate cells of UE, thereby triggering early synchronization or LTM cell switch procedure via that beam. Beam level inforamtion is particular important. 
·  According to the usage of the cell level meaurement reporting, typically network uses it to maintain the candidate cell set in LTM preparation phase, and for this usage, the legacy L3 RRM measurement reporting mechanism is sufficient. 
·  If the cell level measurement result is used for L1 event evaluation, it means the L3 beam consolidation and cell quality derivation function will be duplicated in lower layers. This is unnecessary and complicates the mechanism.
Therefore, we should still adhere to using the current L1 beam level measurement results for L1 event evaluation.

Proposal 5: For event triggered L1 measurement, the L1 event evaluation is based beam level measurement result. 
2.4 Event definition
In L3 measurement framework, multiple measurement events are defined to trigger L3 measurement report for different purposes and for different deployments. In typical deployment, the following Ax measurement events are specified for the mobility purpose (i.e.PCell/PSCell change). 

· 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;
In RAN1 discussion on R19 MIMO WI, the measurement events similar as Ax events are considered for further study. 
	<RAN1#116 agreements on event-driven beam reporting>

On UE-initiated/event-driven beam reporting, regarding trigger-event detection for beam reporting, RAN1 further study at least the following aspects: quality metrics, event-definition and threshold.

· Further study trigger events, including the following example as a starting point

· Event-1: Quality of the current beam is worse than a certain threshold. (Similar as event A2)
· Event-2: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam. (Similar as event A3)
· Event-3: Quality of a new beam is better than a certain threshold. (Similar as event A4)
· Event-4: Quality of the current beam is worse than a threshold 1, and quality of at least one new beam is better than a threshold 2. (Similar as event A5)
· Others are not precluded.


For LTM mobility purpose, the motivation for the event criteria is same as L3 measurement event for mobility purpose, and just the event evaluation is based on beam quality of the serving cell and candidate cell. 

Therefore, the beam specific Ax events can be considered for the L1 LTM measurement event. For the beam specific Ax event, we only select the beam level result of one beam from one cell to perform the L1 event evaluation. The high-level definition of the beam specific Ax event is provided as below. 
· Event A1beam: Beam of serving cell becomes better than absolute threshold;

· Event A2beam: Beam of serving cell becomes worse than absolute threshold;

· Event A3beam: Beam of candidate cell becomes amount of offset better than beam of PCell/PSCell;

· Event A4beam: Beam of candidate cell becomes better than absolute threshold;

· Event A5beam: Beam of serving cell becomes worse than absolute threshold1 AND beam of candidate cell becomes better than another absolute threshold2.
For the beam of a candidate cell used in the definition and for the event evaluation, the beam could be the best beam or any beam UE detected amongst the L1 measurement resource configuration of that candidate cell, and details can be further studied.

For the beam of serving beam used in the definition and for the event evaluation, the beam is the current beam. The term of “current beam” is used in RAN1 MIMO discussion, which means the current serving beam as indicated by TCI state in latest scheduling DCI and using for the current transmission. 
Proposal 6: Support the following Ax events based on beam specific quality of serving cell and candidate cells as the L1 LTM measurement events. 

·  Event A1beam: Beam of serving cell becomes better than absolute threshold;

·  Event A2beam: Beam of serving cell becomes worse than absolute threshold;

·  Event A3beam: Beam of candidate cell becomes amount of offset better than beam of serving cell;

·  Event A4beam: Beam of candidate cell becomes better than absolute threshold;

·  Event A5beam: Beam of serving cell becomes worse than absolute threshold1 AND Beam of candidate cell becomes better than another absolute threshold2.
Proposal 7: For beam specific Ax events in P6, which beam of candidate cell amongst the L1 measurement resource configuration is used for the event evaluation can be further studied. 

Proposal 8: For beam specific Ax events in P6, the current beam of serving cell is used for the event evaluation, and the current beam refers to the beam which is used for the current PDSCH reception.
One example is provided in Figure-2. The measurement event A3beam is configured for the candidate cell. When UE moves from PCell to candidate cell and is at the overlapped coverage between PCell and candidate cell, due to the beam#3 of candidate cell is better than the current beam#1 of serving cell by more than the threshold, UE will trigger the L1 LTM measurement report and include the candidate cell and beam info.
[image: image3.png]



Figure-2. Example of the beam specific Ax event  
2.5 L1 filtering and timeToTrigger
According to current measurement model, L3 filtering is applied for L3 cell specific measurement and L3 beam specific measurement in RRC layer, and the purpose is to avoid the ping-pong issue. To ensure the L1 LTM measurement report does not cause ping-pong effect, the filtering function cannot be avoided. 
There is one L1 filtering function supported in PHY which is used to filter the L1 beam specific quality, but the filtering is implementation dependent. 

Due to the fact that the existing L1 filtering design is not specifically designed for mobility purpose and different UE implementations vary, further study in RAN1 and RAN4 is needed to determine whether it is possible to rely on existing filtering to achieve the stable and reliable LTM mobility performance.
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·      Layer 1 filtering: internal layer 1 filtering of the inputs measured at point A. Exact filtering is implementation dependent. How the measurements are actually executed in the physical layer by an implementation (inputs A and Layer 1 filtering) is not constrained by the standard.

Proposal 9: L1 measurement filtering is required to provide the L1 LTM measurement report. Details on this (i.e. rely on existing L1 filtering or introduce new one) would depend on RAN1 and RAN4.

In addition, to improve the robustness of L1 measurement reporting for mobility purpose, and to avoid the reporting due to the instant fluctuation, for each event, we should also consider introducing TTT. For the L1 measurement events, only when the criteria are met for TTT time length, the report can be triggered.  
Proposal 10: Support the TTT mechanism for event triggered L1 measurement, in which that UE triggers L1 event reporting only when the event criteria is met within TTT time length.
2.6 L1 LTM measurement reporting 
For the L1 LTM measurement report, there are two issues for discussion:

1) The information in the L1 LTM measurement report. 

In L3 event triggered measurement report, it carries the cell quality and beam quality (optional) of the triggered cell and serving cell. 

For L1 LTM measurement, since only beam specific measurement is supported, but the association between the beam and cell is known, UE can include the cell info (e.g. candidate cell index or config ID for candidate cell) and beam information (beam index and beam quality) of the triggered cell and serving cell in the measurement report. 

Proposal 11: For L1 LTM measurement report, it includes the measurement result together with cell info and beam info of the triggered cell and serving cell (optional).

2) The signalling to carry the L1 LTM measurement report. 
For L3 RRM measurement, the measurement report is carried in RRC signalling and delivered from UE to gNB/CU, and gNB/CU made the HO decision based on L3 measurement report. 

For L1 LTM measurement, it serves for the LTM purpose, and the LTM decision is made in DU. Since the content of the RRC signalling is invisible in DU, for the L1 LTM measurement report, it should be carried in L1 or L2 signalling, e.g. L1 UCI or L2 MAC CE.  

Proposal 12: L1 LTM measurement report is not carried through RRC signalling, but whether it is carried via L1 UCI or L2 MAC CE can be discussed further.
In last RAN1 meeting, RAN1 made the following agreements on the signalling used for MIMO L1 measurement reporting, and RAN1 decided to use L1 UCI signalling to carry the measurement report.  
	Agreement

On beam report transmission procedure for UE-initiated/event-driven beam reporting, following modes are supported:
· Mode A (dynamically scheduling UCI by gNB):

· Step 1: UE transmits a first PUCCH (one-bit/multi-bit) to request a resource for a second UL channel to carry beam report
· FFS: Request format, e.g., SR or a new UCI type.
· Step 2: UE detects the DCI format to indicate a resource for a second UL channel to carry beam report. 
· Step 3: Beam report is transmitted in second UL channel.

· FFS: Details on the second UL channel, e.g., whether the second UL channel is PUCCH, PUSCH or both

· UCI OV ER PUCCH

· UCI OVER PUSCH

· DATA OVER PUSCH 

· UCI payload size?? 

· This mode is basic UE capability (i.e. all UE supporting UE-initiated/event-driven beam reporting should support this feature).

· No new DCI format is introduced.

· Mode B (UCI in pre-configured resource(s) for second UL channel):

· Step 1: UE transmits a first PUCCH (one-bit/multi-bit) notifying a second UL channel to carry beam report
· FFS: Notification format, e.g., SR or a new UCI type.
· Step 2: UE transmits the beam report in the second UL channel. 

· FFS: Details on the second UL channel, e.g., whether the second UL channel is PUCCH, PUSCH or both

· The notification in Step1 is in a separate reporting instance from the beam report in Step 2. 

FFS: Whether UE receives acknowledge information with response to each step for all modes

For above procedures, cross-CC beam reporting is supported for both modes.
· FFS: Details.


From the unified signaling design perspective, RAN2 is proposed to give priority to carrying measurement reports via L1 UCI siganling.
Proposal 13: RAN2 is proposed to prioritize considering the event triggered L1 measurement reporting carried in L1 UCI signaling.
2.7 Condition to initiate neighbor measurement  

The measurement on candidate/neighbour cell is not necessary if UE’s current serving cell quality is good enough (i.e. in cell center) and there is no need for cell switching. UE should avoid performing neighbour measurement in such cases which could help UE power saving. 
Observation 3: Measurement on non-serving cell is not necessary if current serving cell quality is good enough.  

In current L3 RRM measurement framework, if serving cell quality > S-measure, UE is not required to perform the neighbour measurement. Therefore, the same design should be performed in L1 LTM measurement. 

Proposal 14: UE is not required to perform the L1 LTM measurement on candidate cells if the current beam of serving cell is good enough.
3 Conclusion
According to the analysis in section 2, we propose that:
< General >
Proposal 1: Event triggered L1 measurement should be designed for the following LTM purposes:

a) Select the candidate cell to trigger early synchronization.
b) Select the target cell and trigger LTM cell switch procedure.

< Measurement confguration >
Proposal 2: For event triggered L1 measurement, the L1 measurement resource configuration doesnot include the resource of serving cell. 

Proposal 2a: UE derives the RS resource for current beam of serving cell implicitly from a QCL RS of indicated TCI state.
Proposal 3: Support the beam config of both SSB and CSI-RS in L1 measurement resource configuration in LTM config.

Proposal 4: The L1 event triggered report configuration includes the following parameters:
· EventID, rsType, reportInterval, reportAmount, reportQuantityBeam, and maxReportBeams. 
< Beam level or Cell level measurement >
Proposal 5: For event triggered L1 measurement, the L1 event evaluation is based beam level measurement result. 
< Event definition >
Proposal 6: Support the following Ax events based on beam specific quality of serving cell and candidate cells as the L1 LTM measurement events. 

·  Event A1beam: Beam of serving cell becomes better than absolute threshold;

·  Event A2beam: Beam of serving cell becomes worse than absolute threshold;

·  Event A3beam: Beam of candidate cell becomes amount of offset better than beam of serving cell;

·  Event A4beam: Beam of candidate cell becomes better than absolute threshold;

·  Event A5beam: Beam of serving cell becomes worse than absolute threshold1 AND Beam of candidate cell becomes better than another absolute threshold2.
Proposal 7: For beam specific Ax events in P6, which beam of candidate cell amongst the L1 measurement resource configuration is used for the event evaluation can be further studied. 

Proposal 8: For beam specific Ax events in P6, the current beam of serving cell is used for the event evaluation, and the current beam refers to the beam which is used for the current PDSCH reception.
< L1 filtering and timeToTrigger>
Proposal 9: L1 measurement filtering is required to provide the L1 LTM measurement report. Details on this (i.e. rely on existing L1 filtering or introduce new one) would depend on RAN1 and RAN4.

Proposal 10: Support the TTT mechanism for event triggered L1 measurement, in which that UE triggers L1 event reporting only when the event criteria is met within TTT time length.
< L1 LTM measurement reporting >

Proposal 11: For L1 LTM measurement report, it includes the measurement result together with cell info and beam info of the triggered cell and serving cell (optional).

Proposal 12: L1 LTM measurement report is not carried through RRC signalling, but whether it is carried via L1 UCI or L2 MAC CE can be discussed further.
Proposal 13: RAN2 is proposed to prioritize considering the event triggered L1 measurement reporting carried in L1 UCI signaling.
< Condition to initiate neighbor measurement >
Proposal 14: UE is not required to perform the L1 LTM measurement on candidate cells if the current beam of serving cell is good enough.
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