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1. Introduction
The WID of NR MIMO enhancements for Rel-19 related to UE-initiated/event-driven beam management is [1]: 
	1. [bookmark: _Hlk145555364]Specify enhancement to facilitate UE-initiated/event-driven beam management for reducing overhead and/or latency, assuming the unified TCI while leveraging (as much as possible) legacy CSI measurement and reporting configuration frameworks, targeting FR2 and sTRP with intra- and inter-cell beam management
a. UL signaling content(s) (and procedure(s) as required) for UE-initiated/event-driven beam reporting facilitating fast beam switching 
b. UL signaling medium/container considering the UE-initiated/event-driven nature of the UL transmission, designed primarily for the purpose of beam reporting


In this contribution, we will discuss UL signaling content(s) and UL signaling medium/container for UE-initiated/event-driven beam reporting.
2. Trigger-event detection
In RAN1#116 meeting [2], the agreements related to trigger-event detection are listed below.
	[116] Agreement
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

[116] Agreement
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

[116] Agreement
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.


In current beam management procedure, network transmits multiple SSBs with different wide beams, and UE accesses the network through one of the SSB. Most of time, the QCL RSs of activated TCI states are CSI-RSs transmitted by different narrow beams among the wide beam of SSB. As shown in Fig.1, UE accesses the network through SSB-1. CSI-RS-1 and CSI-RS-2 are transmitted by different narrow beams among the wide beam of SSB-1. If at the beginning CSI-RS-1 is the QCL RS of indicated TCI state, due to UE movement, the quality of CSI-RS-2 becomes a threshold value better than the current beam CSI-RS-1. Then, UE triggers beam reporting to report CSI-RS-2 is better than CSI-RS-1 and request TCI state update. For this use case, event-2 (quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam) could be used as the trigger event. The RS for current beam could be implicitly derived from a QCL RS of indicated TCI state, which is directly to assess the quality of current beam and reduce additional RS configuration signaling overhead. The RSs for new beams could be explicitly configured by RRC or implicitly derived from QCL RSs of activated TCI states. Since the QCL source RS of joint TCI state or DL TCI can be only CSI-RS for beam management or TRS, so, only CSI-RS can be used as RSs for new beams. 
Additionally, UE may move to the locations covered by other SSBs, then UE could trigger beam reporting to request active TCI states list update or legacy measurement RSs list update. As shown in Fig.1, when UE moves to the location covered by SSB-2, and the quality of CSI-RS-3 becomes a threshold value better than the current beam CSI-RS-1, however, CSI-RS-3 is not in the active TCI states list or not in the legacy measurement RSs list. Then, UE could trigger beam reporting to report CSI-RS-3 is better than CSI-RS-1 and request active TCI states list update or legacy measurement RSs list update. For this use case, event-2 (quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam) could be also used as the trigger event. The RS for current beam could be also implicitly derived from a QCL RS of indicated TCI state. However, the RSs for new beams could be only explicitly configured by RRC, which could not be implicitly derived from QCL RSs of activated TCI states. In this case, both SSB for intra-cell and inter-cell and periodic CSI-RS for beam management can be configured as RSs for new beams.
From our perspective, whether the UE initiated beam management is used to request TCI state update or active TCI states list update or legacy measurement RSs list update can be left to gNB implementation. A unified solution including event triggering definition, quality metrics, threshold, and RS configuration can be used for all the above use cases. In summary, event-2 (quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam) is used as trigger event. The RS for current beam is implicitly derived from a QCL RS of indicated TCI state. The RSs for new beams are explicitly configured by RRC.
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Fig.1 Beam switching due to UE movement.
Proposal 1: Event-2 (quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam) is used as trigger event. 
Proposal 2: The RS for current beam is implicitly derived from a QCL RS of indicated TCI state. 
Proposal 3: The RSs for new beams are explicitly configured by RRC.

Additionally, whether the beam reporting is triggered once the event is satisfied, or when Lmax consecutive events are satisfied? To consider the accidental changes of channel, it is possible that due to an instantaneous blockage, UE assesses the radio link quality according to the specific resources worse than the threshold at one moment, then the radio link quality is recovered better than the threshold at next moment. To improve the reliability of beam reporting and reduce the frequent beam reporting overhead, Lmax is introduced as a counter, when Lmax consecutive events are satisfied, then UE will initiate a beam reporting.
Proposal 4: Lmax is introduced as a counter, when Lmax consecutive events are satisfied, then UE will initiate a beam reporting.

Legacy periodic beam measurement and reporting and UE initiated beam reporting may be used together to facilitate reliable and timely beam management. With UE initiated beam reporting, legacy beam measurement and reporting could be configured with less frequently to reduce the overhead. Currently, both L1-RSRP and L1-SINR are supported for beam measurement and reporting. If the QCL RS of indicated TCI state is derived based on the L1-SINR beam reporting, while UE initiated beam reporting is based on L1-RSRP, it is possible that the best beam for L1-RSRP is different from the best beam for L1-SINR, which will cause frequently beam reporting and ping-pang beam switching. The L1-SINR for current beam can be measured based on CMR only, where CMR is implicitly derived from a QCL RS of indicated TCI state. The L1-SINR for new beams are based CMR only or CMR+ZP/NZP-IMR, which are explicitly configured by RRC.
Proposal 5: Support L1-SINR as a measurement quantity. The L1-SINR for current beam can be measured based on CMR only, where CMR is implicitly derived from a QCL RS of indicated TCI state. The L1-SINR for new beams are measured based on CMR only or CMR+ZP/NZP-IMR, which are explicitly configured by RRC.

3. UL signaling medium/container
In RAN1#116 meeting [2], the agreement related to UL signaling medium/container is below.
	[116] Agreement
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


The UL signaling medium/container for UE-initiated/event-driven beam reporting can be MAC CE similar as SCell beam failure recovery procedure, or two-steps UCI similar as SR with CSI reporting procedure.
UE-initiated/event-driven beam reporting is carried by MAC CE: As shown in Fig.2, step 1 can be carried by a dedicated or normal SR to schedule a PUSCH transmission. When the SR is a dedicated SR, it can be configured by either one of PUCCH format 0 and PUCCH format 1. It should further discuss the priority, dropping and multiplexing rule with other channels or PUCCH for other purposes, e.g., this dedicated SR may have a higher priority than normal SR to ensure the reliability and timeliness of UE-initiated/event-driven beam reporting but have a lower priority than SR for SCell beam failure recovery. If there is PUSCH transmission or if there is a normal SR scheduled a PUSCH that can be used for UE-initiated/event-driven beam reporting, then UE does not need to transmit the dedicated SR. Step 2 can be carried by MAC CE on PUSCH for beam reporting. Step 3 can be carried by DCI for TCI state update. Since the PUSCH for UE-initiated/event-driven beam reporting is scheduled when the event condition is satisfied, none of pre-configured resources are needed. 
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Fig.2 UE-initiated/event-driven beam reporting is carried by MAC CE
Proposal 6: Support MAC CE for UE-initiated/event-driven beam reporting.

UE-initiated/event-driven beam reporting is carried by two-steps UCI: As shown in Fig.3, in step 1, UE transmits a first PUCCH to notify a second UL channel to carry beam report when the trigger event is satisfied. In step 2, UE transmits the beam report in the second UL channel. A first PUCCH should be always configured before each second UL channel, to ensure for each beam reporting there is a first PUCCH to be used for indication. The first PUCCH can be configured as a dedicated SR in PUCCH format 0 to reduce the overhead. The second UL channel can be configured with a pre-configured PUCCH/PUSCH, and UE transmits the UCI in the second PUCCH/PUSCH only when the dedicated SR has been transmitted. It should further discuss the priority, dropping and multiplexing rule for both first step SR and second step PUCCH with other channels or PUCCH for other purposes. Since the PUCCH for UE-initiated/event-driven beam reporting are pre-configured resources to share with other UEs, it is possible that multiple UEs may use the PUCCH/PUSCH simultaneously. How to improve the reliability of beam reporting may need further discussion.
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Fig.3 UE-initiated/event-driven beam reporting is carried by two-steps UCI
Proposal 7: Support two-steps UCI for UE-initiated/event-driven beam reporting, SR as first indication channel and pre-configured PUCCH/PUSCH as second beam reporting channel.

4. Conclusion
Based on the above discussions, the proposals are as follows:
Proposal 1: Event-2 (quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam) is used as trigger event. 
Proposal 2: The RS for current beam is implicitly derived from a QCL RS of indicated TCI state. 
Proposal 3: The RSs for new beams are explicitly configured by RRC.
Proposal 4: Lmax is introduced as a counter, when Lmax consecutive events are satisfied, then UE will initiate a beam reporting.
Proposal 5: Support L1-SINR as a measurement quantity. The L1-SINR for current beam can be measured based on CMR only, where CMR is implicitly derived from a QCL RS of indicated TCI state. The L1-SINR for new beams are measured based on CMR only or CMR+ZP/NZP-IMR, which are explicitly configured by RRC.
Proposal 6: Support MAC CE for UE-initiated/event-driven beam reporting.
Proposal 7: Support two-steps UCI for UE-initiated/event-driven beam reporting, SR as first indication channel and pre-configured PUCCH/PUSCH as second beam reporting channel.
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