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Introduction
In the WID of NR mobility enhancements Phase 4 [1], the main objective is to support the enhanced measurement mainly for the event triggered L1 measurement report and the detail scenario and features are provided in below.
	· 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 provide the view to support the event triggered L1 measurement reporting.
Discussion
Introduction
In RAN2#125bis meeting, RAN2 started to discuss supporting the event triggered L1 measurement reporting and made following agreements [2].
Agreements on measurements:
1. L1 LTM measurement event configuration is associated with L1 measurement resource configuration provided in LTM configuration via RRC signaling.

The detail discussion including beam based event definition (the number of reported beams, beam specific offset, etc.) cell level measurement reporting and L1 filtering (e.g. hysteresis, time-to-trigger) are postponed to the next meeting. In addition, we think it would be better to discuss how this L1 measurement is reported is. Since the RAN1 Rel-19 MIMO made lots of agreements related to this aspect, RAN2 should consider the RAN1 agreements to discuss the Rel-19 LTM solutions.

First, the event triggered L1 measurement reporting is the work scope in both Rel-19 MIMO and mobility enhancement WIs and RAN1 made good progress to support event based L1 measurement reporting in Rel-19 MIMO WI (see Appendix the RAN1#116bis agreements on UE initiated beam reporting).
The main agreements impacting on RAN2 issues on the LTM are provided below. 

1. Issue 1: UCI is used for the event based L1 measurement reporting
· Mode A (dynamically scheduling UCI by gNB):
· Mode B (UCI in pre-configured resource(s) for second UL channel

2. Issue 2: Define the L1 measurement event
· Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam.

3. Issue 3: Signalling contents
· Includes at least support DL RS resource indicator and L1-RSRP

Based on above summary of RAN1 agreements, we think it is good starting point to support the event based L1 measurement reporting for LTM because most of discussion point and main goal to support are very similar between two WIs. It is better to align the high-level solution to support the event based L1 measurement reporting for both WIs, if not, there will be redundant solutions to support same features. 

Proposal 1: RAN2 confirm the RAN1 agreements to align supporting the event based L1 measurement reporting, if not, there will be redundant solutions to support same features.

In this contribution, we provide the view on the main issues considering the above RAN1 agreements.

Signalling method
From our understanding, the current L1 measurement report is handled by PHY layer and measurement reports (periodic, semi-persistent, aperiodic reports) are reported by PUCCH/PUSCH resources. In addition, there are no measurement evaluation functionality in MAC. We think the simple approach is that PHY layer handles the evaluation of events triggered L1 measurement report as we used before. 
Based on Rel-19 MIMO agreements, RAN1 assumed at least the best beam reporting using L1-RSRP is the main contents in the event based L1 measurement reporting when the event is met (i.e. “at least support L1-RSRP as a measurement quantity on SSB for intra-cell and inter-cell, and periodic CSI-RS for beam management” from the RAN1 agreements). This is the same in LTM and it would be the basic logic to support event based L1 measurement reporting for LTM.
Further questions to enhance the event based L1 measurement reporting would be introducing following features in the event based L1 measurement reporting.
· Multiple beam measurement report
· Cell level measurement report
· Multiple L1 quantities (e.g. RSRP and RSRQ, etc.)
· Additional information (FFS)

From our understanding, all of those enhancements are not really needed to improve the reliability of LTM decision by NW because we already have Rel-18 L1 measurement report with only including the best beam level L1 measurement report. This L1 measurement report is also work to trigger the LTM and we think the purpose of the event based L1 measurement is to reduce the signalling overhead compared with the legacy L1 measurement reporting (i.e. periodic, semi-static L1 measurement reporting). In addition, aligning the reporting contents of L1 measurement reporting between legacy and the event based way is preferred from implementation and operation perspective.
RAN2 will not introduce the enhancements of the reporting contents unless the clear request is received. So, L1 measurement reporting by MAC CE is not needed.
Proposal 2: The best beam measurement report (L1-RSRP) using UCI is the baseline for the event based L1 measurement reporting to align with the RAN1 agreements.

Proposal 3: No enhancements on the number of reporting contents (e.g. more than two beam reporting) unless the clear request is received.
L1 Event and L1 filtering
We think the event type and definition of L1 event triggered measurement reporting could refer the current L3 event triggered measurement reporting mechanism (e.g. Ax-like events). As we mentioned in our above proposals, the entering conditions are evaluated based on the best beam of serving cell and the candidate cells.
· 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 4: A best beam based L1 events referring the legacy Ax-events are introduced.
· 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.

For the L1 filtering, we think the legacy L3 filtering parameters can be reused by setting the value of some configurable parameters, one or more thresholds, an offset, and a hysteresis. The entry condition must be met for at least a duration corresponding to a timeToTrigger parameter configured by the NW in order for avoiding ping-pong problems during LTM. Since the evaluation of L1 events are based on the best beam, above L1 filtering parameters need to be applied to the beam level evaluation for entering/leaving condition of L1 events. No further enhancements regarding L1 filtering are required from our understanding.
Proposal 5: L1 filtering methods (threshold(s), offset, hysteresis and timeToTrigger) per event to avoid ping-pong problem are introduced.
CSI-RS resource for L1 measurement
Another work scope handled by RAN1 is supporting CSI-RS measurement in LTM. We think at least intra-CU LTM could support CSI-RS measurement across the candidate cells but supporting it for inter-CU LTM is complex and has less benefit. However, we think the decision will be made by RAN1 and RAN2 can support the signalling manner.
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Conclusion
Based on the discussion, we have the following proposals.

Proposal 1: RAN2 confirm the RAN1 agreements to align supporting the event based L1 measurement reporting, if not, there will be redundant solutions to support same features.

Proposal 2: The best beam measurement report (L1-RSRP) using UCI is the baseline for the event based L1 measurement reporting to align with the RAN1 agreements.

Proposal 3: No enhancements on the number of reporting contents (e.g. more than two beam reporting) unless the clear request is received.

Proposal 4: A best beam based L1 events referring the legacy Ax-events are introduced.
· 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 5: L1 filtering methods (threshold(s), offset, hysteresis and timeToTrigger) per event to avoid ping-pong problem are introduced.

Proposal 6: RAN2 wait for the RAN1 progress to support CSI-RS measurement in LTM.
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Appendix
Rel-19: Agreement on 9.2.1 UE initiated beam reporting
Title: NR MIMO Phase 5 
Acronym: NR_MIMO_Ph5

General

Agreement in RAN1#116
On UE-initiated/event-driven beam report, at least of following aspects should be included:
· Trigger-event detection for beam reporting by UE
· UE monitors RS to assess if a beam-reporting trigger condition has been met
· FFS: Trigger condition for declaring beam-reporting event
· Beam-report transmission by UE
· Signaling contents in the beam report
· Down-selection one or more options (strive for one) between the following options as signaling medium/container for beam report transmission
· MAC-CE
· UCI
· Others are not precluded.
On UE-initiated/event-driven beam report, the following aspects may be included:
· UE requesting UL resource(s) for the beam report
· UE notifying transmission of beam report
· gNB preconfigured resources
Other procedure(s) as required


Agreement in RAN1#116bis
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
· 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.


Event

Agreement in RAN1#116
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.
· Event-2: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam. 
· Event-3: Quality of a new beam is better than a certain threshold. 
· 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.
· Others are not precluded.
· Note: Companies are encouraged to provide details on procedure (e.g. how it is used) related to their preferred event


Agreement in RAN1#116bis
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.
· At least L1-RSRP is supported as quality metrics used for Event-2 
· FFS: How the L1-RSRP is used to determine the triggering event (e.g. timer, counter, filter coefficient)
· FFS: Whether the network controls how the L1-RSRP is used to determine the triggering event 
· Regarding RS measurement for the new beam for Event-2, down-select one or more of the following:
· Option-3a (explicit manner): The RS(s) for new beam(s) are explicitly configured by RRC (e.g., reusing legacy configuration of RS measurement or in TCI-State) or MAC-CE
· Option-3b (implicit manner): The RS(s) for new beam(s) are implicitly derived from QCL RS(s) of activated TCI state(s).
· Option-3c (implicit manner): The RS(s) for new beam(s) are implicitly derived from QCL RS(s) of configured TCI state(s).
· Note-1: ‘New/current beam’ is for discussion purpose. 
· Note-2: Other trigger events/quality metrics (e.g., L1-SINR) are not precluded.
· Note-3: For above implicit manner(s), if there are two QCL RSs in a TCI state, the measurement RS is derived from RS w.r.t. QCL-TypeD, if applicable.


Agreement in RAN1#116bis
On UE-initiated/event-driven beam reporting, regarding Event-2, the threshold value is RRC configured  


Agreement in RAN1#116bis
On UE-initiated/event-driven beam reporting, further study the following trigger events: 
· Event-1: Quality of the current beam is worse than a certain threshold.
· Event-3: Quality of a new beam is better than a certain threshold. 
· 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.
· Event-5: Absolute value of the difference between the quality of the current beam and the quality of at least one new beam is lower than a threshold.
· Event-6: When the current beam is not in the best K>1 beams (out of configured beams for measurement and reporting).
· Event-7a: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the RS derived from the activated TCI state with the worst quality.
· Event-7b: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the RS derived from the activated TCI state with the best quality.
· Event-8: Quality of M>1 new beams, such as L1-RSRP, become a threshold value better than the current beam.
· Event-9: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the configured reference RS (can be SSB or CSI-RS).

Quality metric

Agreement in RAN1#116
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 in RAN1#116bis
On UE-initiated/event-driven beam reporting, regarding Event-2, ‘current beam’ is a beam corresponding to the indicated TCI state.
· Regarding RS measurement for the current beam for Event-2, Option-2a is supported:
· Option-2a (implicit manner): The RS for current beam is implicitly derived from a QCL RS of indicated TCI state.
· FFS: The RS for current beam can be either the QCL RS in the indicated TCI state or the SSB which is QCLed with the QCL RS in the indicated TCI state.
· FFS: Option-2c (explicit manner): The RS for current beam is explicitly configured by RRC or MAC-CE.
· Note: SSB or CSI-RS can be configured



Signalling content(s)

Agreement in RAN1#116
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
· Support of one or multiple events will be discussed separately 


Agreement in RAN1#116bis
On UE-initiated/event-driven beam reporting, regarding UL signaling content(s) of L1-RSRP report depending on Event-2, in a report instance, the following options are provided for down-selection (other options are not precluded) in RAN1#117
· Option-1 (variable size): N beam(s) are reported in the report instance, where N  {1, 2, ..., Nmax}
· The N beam(s) should satisfy the condition of Event-2
· Nmax is configured by gNB 
· FFS: Whether the indication of payload size should be provided additionally.
· Option-1a (variable size): N beam(s) are reported in the report instance, where N  {1, 2, ..., Nmax}
· At least one of N reported beam(s) should satisfy the condition of Event-2
· Nmax is configured by gNB 
· FFS: Whether the indication of payload size should be provided additionally.
· FFS: Details on how value of N is determined by the UE
· Option-1b: N beam(s) are reported in the report instance, where N  {1, 2, ..., Nmax}
· The N beam(s) should satisfy the condition of Event-2
· Nmax is configured by gNB 
· Payload size does not vary as a function of N
· FFS: Zero-padding can be provided if N is less than Nmax.
· Option-2: Only N=1 beam is reported in the report instance 
· The reported beam should satisfy the condition of Event-2
· Option-3: N ≥ 1 beam(s) are reported in the report instance,  
· At least one of N reported beam(s) should satisfy the condition of Event-2
· N is configured by gNB 
· Other options are not precluded.
· FFS: Whether the measurement results for current beam is always reported or can be enabled by RRC.
· FFS: When current beam is reported, whether the current beam is counted in the N reported beams.  
· The selected option shall satisfy Event-2.





