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1. [bookmark: _Ref31823][bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
In this contribution, we will discuss the following aspects:
· Whether the measurement event should be defined in Beam level or Cell level;
· Which Ax event needs to be supported;
· Which parameters used in L3 measurement design may be beneficial and reused in L1 measurement reporting; 
· What should be the content of L1 measurement reporting;
· Which layer should be responsible for triggering and reporting.  
2. Discussion
2.1 Beam/cell level measurement event 
For measurement event, in our understanding, to serve the purpose of inter-cell handover by LTM, at least A3/A4/A5-like events should be supported (which are called event-2, event-3 and event-4 in RAN1 discussion). However, it should be clarified whether these events should be beam level or cell level. Beam level means that we can simply compare the intended beam in e.g. neighbor cell with the beam in current serving cell for triggering L1 measurement reporting, and the cell level means that we should consider multiple beams in order to derive the proper cell quality to trigger L1 measurement reporting or perform LTM.
In our understanding, for L1 measurement reporting, beam level may be enough as anyway whether to trigger LTM is based on NW implementation and the NW can have the whole picture for all beams, while the cell level measurement event may be needed in some cases, e.g. in conditional LTM when the handover is triggered by UE itself and the event may need to consider measurement results for multiple beams to derive the cell quality.
[bookmark: _Ref166057148][bookmark: _Ref166253099]Observation 1: Measurement event defined in beam level may be enough for L1 measurement reporting, but measurement event defined in cell level (i.e. to consider multiple beams) may also be needed in some cases e.g. conditional LTM.
Considering RAN WG work for conditional LTM will not start before RAN #105[1], we think for now we may just need to focus on the beam level measurement event. Similar as in RAN1 discussion, we can simply use the phrase e.g. ‘at least one new beam is better than a threshold’ in our discussion. Therefore, we propose:
[bookmark: _Ref166253104]Proposal 1: At least measurement event defined in beam level is supported (i.e. compare the current serving beam in serving cell with a candidate beam in candidate cell), and FFS for measurement event defined in cell level. 
2.2 Support of Ax event 
There was a brief discussion about Ax event to be supported for measurement configuration for LTM in RAN2 #125bis[2]:
	Proposal 5: 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.

[LG]: Currently we have multiple beams (reference signals) to make cell level measured result. We may still mimic it with L1 level measurement. [Ericsson]: Consider it is also important to consider event triggered L1 LTM measurement report for the early sync purpose. Would like to have more time to think about each case (early sync purpose and switch execution purpose).


In our understanding, we think for A3/A4/A5-like events, they should be supported straightforwardly, as these events can be used for mobility in L1 measurement reporting scheme similarly as L3 case. For A1/A2-like events, we also think they are beneficial because it can give more information to NW so that the NW may adjust the beam-level measurement configuration based on the information, e.g. NW can configure the measurement for candidate beams only when the current beam is worse than a threshold. 
RAN1 also agreed event-2 (which is A3-like event) in RAN1 116bis meeting[3]:
	Agreement
On UE-initiated/event-driven beam reporting, regarding trigger-event detection for beam reporting, at least support Event-2: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam.


Therefore, we propose that all A1/A2/A3/A4/A5-like event can be supported in L1 beam measurement reporting.
[bookmark: _Ref166253150]Proposal 2: L3 A1/A2/A3/A4/A5-like event are all supported for event triggered L1 measurement reporting. 
2.3 Parameters for measurement event 
After the discussion for which type of events should be supported in section 2.2, we would like to go one step further for what parameters should also be introduced for event triggered L1 measurement reporting, based on the parameters that we have for L3 measurement.
a. Enter /leaving condition and hysteresis
The legacy L3 measurement events have both the entering and leaving conditions, e.g. for A4[4]:
	Inequality A4-1 (Entering condition)
Mn + Ofn + Ocn – Hys > Thresh
Inequality A4-2 (Leaving condition)
Mn + Ofn + Ocn + Hys < Thresh


As the intention of the entering and leaving conditions is for UE decision of which measurement results to be reported to network on each triggered measurement report and for the network to know whether the signal quality is good (entering condition) or bad enough (leaving condition), we understand the similar reason is also applied for L1 to support both entering and leaving conditions for L1 measurement event. And parameters like hysteresis can be reused as well so that one threshold with configurable hysteresis can make the entering and leaving conditions well workable. 
Meanwhile, if we consider conditional LTM case when there may be more than one event to trigger LTM, entering and leaving condition can also be helpful to judge whether both two events are satisfied.
[bookmark: _Ref165993557][bookmark: _Ref166253168]Proposal 3: Both the entering condition and leaving conditions for event triggered L1 measurement report are supported.
[bookmark: _Ref166253169]Proposal 4: If Proposal 3 is agreed, hysteresis is supported to be configured for use of entering condition and leaving conditions.
b. reportOnLeave
There is also a parameter related to leaving condition which is reportOnLeave, also take L3 A4 event as the example[4]:
	EventTriggerConfig::=                       SEQUENCE {
    eventId                                     CHOICE {
        eventA4                                     SEQUENCE {
            a4-Threshold                                MeasTriggerQuantity,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger,
            useAllowedCellList                          BOOLEAN
        },


If reportOnLeave is set to true, then the measurement reporting procedure will be initiated by the UE when the leaving condition applicable for this event is fulfilled. In this way, the network can know timely when the channel quality deteriorates. For L1 measurement report, the motivation for reportOnLeave seems less valid because the signalling strength can change more rapidly and reporting may be triggered more frequently already. However, as this parameter is configurable in legacy L3, we can also make it configurable so the network can decide whether to enable this reporting to have more information on L1 measurement results. Therefore,
[bookmark: _Ref166253170]Proposal 5: reportOnLeave is supported (i.e. UE may initiate L1 measurement reporting when leaving condition is satisfied) and is configurable by gNB.
c. timeToTrigger
Another parameter would be the timeToTrigger(TTT), also take L3 A4 event as the example[4]:
	EventTriggerConfig::=                       SEQUENCE {
    eventId                                     CHOICE {
        eventA4                                     SEQUENCE {
            a4-Threshold                                MeasTriggerQuantity,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger,
            useAllowedCellList                          BOOLEAN
        },


TTT defines the time during which specific criteria for the event need to be met in order to trigger a measurement report. Similarly, TTT can also be helpful in cases where the signalling strength can change more rapidly, and it can also avoid unnecessary measurement report. As there may be concern for the delay by introducing TTT for L1 measurement report, we understand TTT can be anyway configured to be 0 so that the network can control whether the measurement report needs to be more sensitive or not. Therefore,
[bookmark: _Ref166253172]Proposal 6: TTT (timeToTrigger) for event triggered L1 measurement report is supported and can be configured to 0.
d. reportAmount
In the legacy L3 measurement, reportAmount and reportInterval are also supported. A UE can repeat to send the measurement several times based on the configured reporting amount after the event is triggered. 
[bookmark: _Hlk166164750]In our understanding, as we mentioned before, for L1 measurement report, the signalling strength can change more rapidly so there may be such cases when the UE needs to report many times for a single event. Therefore, we think there is less motivation to support this reportAmount.
[bookmark: _Ref166253173]Proposal 7: ReportAmount for event triggered L1 measurement report is not supported.
2.4 Content for L1 measurement report 
	Possible options
	Status of RAN1 discussion

	· Measurement results (L1-RSRP and/or L1-SINR)
· Beam ID (RS index)
· Number of beams
· Whether measurement result of current beam should be included
	RAN1 agreed to support at least beam ID + L1-RSRP
RAN1 discussed how to decide the number of the reported beam(s) but with no agreement 


In RAN1 MIMO session, they have discussed this issue and almost all companies agreed that L1-RSRP and beam ID should be included in the measurement report[5]. In our understanding, this is reasonable and is also aligned with legacy reporting framework. 
Meanwhile, as in RAN2 mobility discussion, the LTM L1 measurement and reporting are mainly for mobility between cells and the UE may measure beams from multiple cells, we understand cell ID is also needed. In Rel18, the cell ID is signaled in an implicit way, as following:
LTM-CSI-ResourceConfig information element
-- ASN1START
-- TAG-LTM-CSI-RESOURCECONFIG-START

LTM-CSI-ResourceConfig-r18 ::=      SEQUENCE {
    ltm-CSI-ResourceConfigId-r18        LTM-CSI-ResourceConfigId-r18,
    ltm-CSI-SSB-ResourceSet-r18         LTM-CSI-SSB-ResourceSet-r18,
    ...
}

LTM-CSI-SSB-ResourceSet-r18 ::=     SEQUENCE {
    ltm-CSI-SSB-ResourceList-r18        SEQUENCE (SIZE (1..maxNrofLTM-CSI-SSB-ResourcesPerSet-r18)) OF SSB-Index,
    ltm-CandidateIdList-r18             SEQUENCE (SIZE (1..maxNrofLTM-CSI-SSB-ResourcesPerSet-r18)) OF LTM-CandidateId-r18,
    ...
}

-- TAG-LTM-CSI-RESOURCECONFIG-STOP
-- ASN1STOP
That is, LTM candidate cell IDs will be associated to the SSBs in the ltm-CSI-SSB-ResourceList. We understand whether the cell ID in L1 measurement report is explicit or implicit can be FFS.
At last, according to the agreements from RAN2 #125bis meeting:
	Agreements on measurements:
1. L1 LTM measurement event configuration is associated with L1 measurement resource configuration provided in LTM configuration via RRC signaling.


We understand that one report configuration can be enough to differentiate event configuration, and the report configuration or event configuration ID should also be informed to network so that the network can know e.g. this measurement reporting is for which event, what is the related configured threshold, etc. In our understanding, one L1 measurement resource configuration can be associated to multiple reporting configuration, while it is not possible that multiple L1 measurement resource configurations are associated to a single reporting configuration.
Therefore, we propose:
[bookmark: _Ref166253216]Proposal 8: The contents in measurement report for event triggered L1 measurement reporting at least include:
-	L1-RSRP;
-	Beam ID;
-	Cell ID, FFS whether explicit or implicit way;
-	Reporting configuration ID (indicates e.g. event type, threshold, etc);
Another issue is how to decide the number of beams of measurement results to be included in the measurement report. Actually, RAN1 has also discussed about this and various proposals were raised, e.g. whether variable number of reported beams are supported, whether the reported beams should all satisfy the triggering condition, etc[6].
In Rel-18, how many cells and how many RSs per cell are reported within a single L1 measurement report instance are defined as follows:
LTM-ReportContent-r18 ::=     SEQUENCE {
    nrOfReportedCells-r18                          ENUMERATED {n1,n2,n3,n4},
    nrOfReportedRS-PerCell-r18                     ENUMERATED {n1,n2,n3,n4},
    spCellInclusion-r18                            ENUMERATED {true}                                          OPTIONAL -- Need R
}
So, we could first decide the max number of beams(s) to be reported. It would be simple to take Rel-18 as the baseline, so the total number of beams to be included can be restricted to 16. As for how to decide the actual number, we could wait for more RAN1 progress, as they already have some kinds of proposals like[6]:
	Proposal 2.1: On UE-initiated/event-driven beam reporting, regarding UL signaling content(s) of L1-RSRP report depending on Event-2, in a report instance, down-select the following in RAN1#117
· Option-1 (variable size): N beam(s) are reported in the report instance, where N  {1, 2, ..., Nmax}
· Option-1a (fixed size): N beam(s) are reported in the report instance, where N  {1, 2, ..., Nmax}
· Option-2a (fixed size): Only N=1 beam is reported in the report instance 
· Option-3 (fixed size): N ≥ 1 beam(s) are reported in the report instance 


Therefore,
[bookmark: _Ref166253230]Proposal 9: Taking R18 LTM as the baseline, the max number of beam(s) to be reported in the L1 measurement reporting is 16. FFS how to decide the actual number of beams to be reported.
Moreover, it is not clear whether measurement result of serving cell should be included. In L3 measurement reporting, as servingCellMO is configured, the UE would report serving cell measurements result to gNB. For L1 measurement reporting, we understand it is also beneficial to report the measurement results of current beam to gNB for better decision to trigger LTM. Here the current beam, according to RAN1’s agreement, can be understood as a beam corresponding to the indicated TCI state[3]. 
In Rel-18, spCellInclusion is introduced to control whether the UE shall include a L1 measurement report associated to the current SpCell. Similarly, network can also control whether L1 measurement results of current beam (i.e. a beam corresponding to the indicated TCI state) in SpCell should be included in the measurement report.
[bookmark: _Ref166253240]Therefore, we propose:
Proposal 10: For event triggered L1 measurement reporting, network can configure whether the L1 measurement results of current beam (i.e. a beam corresponding to the indicated TCI state) in SpCell should be included in the measurement report. 
2.5 Which MAC/PHY layer for triggering and reporting  
	Components for event trigger L1 measurement reporting 
	Possible options
	Status of RAN1 discussion

	Which layer to trigger L1 measurement reporting and which layer’s signalling to convey the measurement report
	· MAC layer (MAC CE)
· PHY layer (UCI)
	RAN1 agreed to use UCI for beam report transmission 


The last issue (but not least) we would like to discuss is which layer should be responsible to determine whether the measurement report should be triggered and send the reporting to NW.
In Rel-18 intra-CU LTM, we agreed with MAC CE to carry the LTM L1 measurement results. In order to be aligned with legacy design, it seems natural to make MAC layer responsible to determine whether the measurement report should be triggered. Also, similar as the discussion in Observation 1, if we are going to support conditional LTM, where the measurement results of multiple beams are considered by the UE itself, MAC layer is also more appropriate to make the decision for the final LTM triggering. Therefore, the L1 measurement report should firstly be known by the MAC layer with cross-layer interaction between PHY layer, and then MAC layer can trigger the measurement report or trigger LTM execution in conditional LTM case. As the conditional LTM would be further evaluated after RAN #105, for now we only focus on the measurement report.
[bookmark: _Ref166253297]Observation 2: In Rel-18 LTM, MAC layer on UE side is responsible to trigger the LTM based on LTM Cell Switch Command MAC CE from NW.
[bookmark: _Ref166253303]Proposal 11: MAC layer is responsible to determine whether the measurement report should be triggered based on L1 measurement results.
Naturally, we think MAC CE should also be the UL signalling to convey the measurement report. Generally speaking, as the physical-layer uplink resource to carry the MAC CE is not pre-allocated or fixed, MAC CE-based reporting would not cause any wastage of resource and can have more/flexible payload than L1 signaling. 
RAN1 has also discussed the basic steps for using MAC CE[5]:
	Proposal 3.1(new): On beam report transmission procedure for UE-initiated/event-driven beam reporting, further study at least of the following aspects for beam report transmission:
· Option-1 (MAC-CE): 
· Step 1: UE transmits a SR for requesting UL-SCH resources, if trigger event occurs.
· Step 2: UE detects the DCI format for UL grant. 
· Step 3: The beam report is carried by MAC CE in a new transmission of PUSCH.
· Note: Step-1 and Step-2 can be skipped if UL-SCH resource is available for new transmission, and above do NOT imply to update the legacy procedure of MAC-CE. 
· Note: The MAC-CE can be carried in dynamically scheduled or semi-static configured resource.


Although RAN1 agreed in RAN1 #116bis that Mode A (dynamically scheduling UCI by gNB) and Mode B (UCI in pre-configured resource(s) for second UL channel) are supported for UE-initiated/event-driven beam reporting, considering the objective of Rel-19 Mobility targeting for mobility between cells and also conditional LTM, it is still preferred to use MAC CE. Therefore, we have the observation and proposal as follows:
[bookmark: _Ref166253298]Observation 3: MAC CE to serve as the UL signalling to transmit measurement report can have high resource utilization efficiency more payload. 
[bookmark: _Ref166253304][bookmark: _Ref162533931]Proposal 12: MAC CE is used to transmit L1 measurement report for Rel-19 mobility. If this is agreed, send an LS to RAN1.
3. Conclusion
In this contribution, we discussed the measurements related enhancements for LTM, and we have the following observations and proposals: 
Beam/cell level measurement event
Observation 1: Measurement event defined in beam level may be enough for L1 measurement reporting, but measurement event defined in cell level (i.e. to consider multiple beams) may also be needed in some cases e.g. conditional LTM.
Proposal 1: At least measurement event defined in beam level is supported (i.e. compare the current serving beam in serving cell with a candidate beam in candidate cell), and FFS for measurement event defined in cell level.

Support of Ax event
Proposal 2: L3 A1/A2/A3/A4/A5-like event are all supported for event triggered L1 measurement reporting.

Parameters for measurement event
Proposal 3: Both the entering condition and leaving conditions for event triggered L1 measurement report are supported.
Proposal 4: If Proposal 3 is agreed, hysteresis is supported to be configured for use of entering condition and leaving conditions.
Proposal 5: reportOnLeave is supported (i.e. UE may initiate L1 measurement reporting when leaving condition is satisfied) and is configurable by gNB.
Proposal 6: TTT (timeToTrigger) for event triggered L1 measurement report is supported and can be configured to 0.
Proposal 7: ReportAmount for event triggered L1 measurement report is not supported.

Content for L1 measurement report
Proposal 8: The contents in measurement report for event triggered L1 measurement reporting at least include:
-	L1-RSRP;
-	Beam ID;
-	Cell ID, FFS whether explicit or implicit way;
-	Reporting configuration ID (indicates e.g. event type, threshold, etc);
Proposal 9: Taking R18 LTM as the baseline, the max number of beam(s) to be reported in the L1 measurement reporting is 16. FFS how to decide the actual number of beams to be reported.
Proposal 10: For event triggered L1 measurement reporting, network can configure whether the L1 measurement results of current beam (i.e. a beam corresponding to the indicated TCI state) in SpCell should be included in the measurement report.

Which MAC/PHY layer for triggering and reporting  
Observation 2: In Rel-18 LTM, MAC layer on UE side is responsible to trigger the LTM based on LTM Cell Switch Command MAC CE from NW.
Observation 3: MAC CE to serve as the UL signalling to transmit measurement report can have high resource utilization efficiency more payload.
Proposal 11: MAC layer is responsible to determine whether the measurement report should be triggered based on L1 measurement results.
Proposal 12: MAC CE is used to transmit L1 measurement report for Rel-19 mobility. If this is agreed, send an LS to RAN1.
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