
3GPP TSG RAN WG1 #117		   		 	         	    	         R1-2405111
Fukuoka City, Fukuoka, Japan, May 20th – 24th, 2024
Agenda Item:  9.2.1
Source:	ITRI
Title:	Discussion on UE-initiated/event-driven beam management
Document for:	Discussion and Decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 meeting #106bis, the following agreements were approved:
	Agreement
[bookmark: _Hlk166148085]On beam report transmission procedure for UE-initiated/event-driven beam reporting, following modes are supported:
· [bookmark: OLE_LINK25]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.
· [bookmark: _Hlk166148897]Mode B (UCI in pre-configured resource(s) for second UL channel):
· [bookmark: _Hlk166148803]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.

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.
· 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
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

Agreement
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).

Agreement
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.



In this contribution, we provide our views on the UE-initiated beam reporting.
Triggering condition
[bookmark: _Hlk166171619]Event-2 has been established as the consensus mechanism for initiating UE beam reporting when the candidate beam's quality is larger than that of the current beam. To mitigate the ping-pong effect and the associated overhead of frequent beam updates, it is recommended that the UE assesses the triggering event based on an aggregation of measurement results pertaining to both candidate and current beams. Specifically, a counter is employed to accumulate measurement results, and upon reaching a pre-configured threshold within a designated timer, the UE may assert the occurrence of Event-2, thereby initiating beam reporting. It is to note that the counter's threshold may be configured to a singular count, which is advantageous in high-speed scenarios, ensuring prompt and efficient beam switching, thus maintaining the integrity of the communication link. 
Proposal 1: To trigger UE-initial beam reporting based on event-2, a counter is employed to count instances where the quality of the candidate beam exceeds that of the current beam. When the counter upon reaching a pre-configured threshold within a designated timer, UE triggers UE-initial beam reporting.
Event-2 is contingent upon the identification of a candidate beam with superior quality compared to the current beam.  However, if no such candidate beam exists and the quality of the current beam deteriorates, Event-2 may not be declared, thus precluding the initiation of UE beam reporting. Consequently, one of the triggering events should only evaluate the quality of the current beam as a basic triggering condition. Besides, to curtail the overhead associated with RS resources for candidate beams, the gNB can trigger A-CSI reporting based on A-CSI-RS measurement once the UE reports that the quality of the current beam has fallen below a predefined threshold. 
Proposal 2: Support Event-1. If the quality of the current beam is less than a threshold, the UE-initiated beam reporting is triggered.
RS set of current beam configuration
It has been concurred that the quality of the current beam Reference Signal (RS) can be implicitly associated with the indicated TCI state, thereby reducing signaling overhead. However, this implicit association is not universally applicable, as not all CORESET configurations apply the indicated TCI state. Specifically, if the 'followUnifiedTCI-State' attribute of a CORESET is not enabled, the implicit method may fail to accurately represent the quality of all current beams. Consequently, to ensure a comprehensive reflection of beam quality, the gNB retains the capability to explicitly configure the RS set for current beams.
Proposal 3: Support explicit RS set configuration for monitoring the quality of current beams.
RS set of candidate beam configuration
Regarding the candidate beam RSs, it is essential to support explicit configuration of candidate beam RSs, which enables the gNB to efficiently manage potential beams, such as the neighboring beams of the current beam. UE is not necessary to monitor the quality of the candidate beam RSs associated with the configured TCI states for saving the UE's power.
Proposal 4: Support explicit RS set configuration for monitoring the quality of candidate beams. 
Reporting medium
[bookmark: _Hlk166149324]The agreed transmission procedure mode B can also save UL resource overhead. UE can transmit a first PUCCH notifying whether the UCI in pre-configured resource(s) for second UL channel carries beam report. However, diverging from the periodic UCI reporting on each reserved UL resource, it is imperative to ensure that the gNB reliably receives beam reporting initiated by the UE. Absent this assurance, the UE is left uncertain whether the gNB has missed the UCI or has simply chosen not to update the current beams. Under such circumstances, if the triggering conditions are met, the UE is obliged to persistently transmit UCI until either a new unified beam is applied by the UE or an acknowledgment is received from the gNB.
Proposal 5: For the agreed transmission procedure mode B, if triggering condition is met, UE persistently transmits UCI until either a new unified beam is applied by the UE or an acknowledgment is received from the gNB.
Reporting contents
UE may not be configured with only one UE-initiated beam reporting, e.g., reporting L1-RSRP for monitoring receiving power of the serving beam, and reporting L1-SINR for determining whether to co-schedule a pair of UEs. In this case, gNB needs to know the reporting is associated with which measurement object and corresponding measurement quantity. Therefore, trigger event ID can also be reported in a reporting instance in addition to the current reporting quantity. 
Proposal 6: Support reporting trigger event ID in a reporting instance in addition to SSBRI/CRI and corresponding L1-RSRP/L1-SINR.
[bookmark: _Ref129681832]Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we have the following proposals:
Proposal 1: To trigger UE-initial beam reporting based on event-2, a counter is employed to count instances where the quality of the candidate beam exceeds that of the current beam. When the counter upon reaching a pre-configured threshold within a designated timer, UE triggers UE-initial beam reporting.
Proposal 2: Support Event-1. If the quality of the current beam is less than a threshold, the UE-initiated beam reporting is triggered.
Proposal 3: Support explicit RS set configuration for monitoring the quality of current beams.
Proposal 4: Support explicit RS set configuration for monitoring the quality of candidate beams.
Proposal 5: For the agreed transmission procedure mode B, if triggering condition is met, UE persistently transmits UCI until either a new unified beam is applied by the UE or an acknowledgment is received from the gNB.
Proposal 6: Support reporting trigger event ID in a reporting instance in addition to SSBRI/CRI and corresponding L1-RSRP/L1-SINR.





