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1. Introduction
In this contribution, we discuss some aspects related to enhancements for UE-initiated/event-driven beam management. In RAN#102 meeting, RAN Plenary has agreed to a working item for MIMO phase 5 as shown in Rel-19 MIMO WID [1]. In previous RAN1 meeting(s), RAN1 has agreed some agreements related to enhancements for UE-initiated/event-driven beam management as shown below [2]. In the following sections, we provide some thinking and observations from our side on enhancements for UE-initiated/event-driven beam management. 
	
RAN1 #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

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

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.

Agreement
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 




2. Discussion
In Rel-19 MIMO, RAN1 is going to specify UE-initiated/event-driven beam management, especially for beam reporting. In legacy, if NW would like to closely monitor link or beam quality to a UE, NW needs to configure frequent or multiple time/frequency resources for UE to report periodic or semi-persistent beam report. However, it not only requires higher resources overhead for P/SP beam report, it also consumes more power assumption from UE side. Even for aperiodic beam report, NW may not realize when to trigger the aperiodic beam report in a perfect timing, since it is UE who best understands the beam quality variation. Therefore, the introduction of UE-initiated/event-driven beam reporting (UEI beam reporting) can relieve the awkward situation. With the assistance UEI beam reporting, NW can update the link/beam quality for communication between the UE in a timely manner, without consuming too many resources and power consumption. 
However, we notice that UEI beam reporting provides very similar effect as beam failure recovery (BFR) procedure. In legacy, a BFR procedure or BFRQ transmission is triggered when quality of current beam becomes worse. Furthermore, UE would measure candidate/new beam, and report the candidate/new beam implicitly/explicitly by BFRQ transmission. We observer that BFR can achieve more powerful effect than UEI beam reporting, since the new/candidate beam reporting via BFRQ becomes a serving beam after BFR is completed. This actually achieves the purpose of UE triggered beam switching. Therefore, if a BFR or BFRQ transmission is triggered, we do not think it is reasonable to trigger an UEI beam reporting, which provides similar or fewer benefits. 
Proposal 1: Regardless of definition of triggering event, UE initiated beam reporting can be triggered only when BFR/BFRQ transmission is not performed. 
Regarding UEI beam reporting itself, the first step to achieve the UE-initiated/event-driven beam reporting is to define when and/or how to trigger UE to transmit a beam report. Firstly, it should be related to variation level of beam quality. In previous RAN1 meeting(s), RAN1 has agreed to study the following events: 
· 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
Among these events, we can support Event 2, which was supported by super majority in previous meeting(s). Other than that, we also support Event 1 and Event 4. Event 1 allows network to realize current beam is not reliable and possibly going to have beam failure. Under such situation, network could trigger aperiodic CSI-RS reporting and/or indicate UE to switch to other active TCI state. Event 4 is similar to Event 1, but meanwhile also provides the opportunity of indicating network candidate beam. This reduces the latency of CSI-RS measurement and reporting. 
Proposal 2: On trigger-event detection for UE initiated beam reporting, at least support the following triggering event when BFR/BFRQ transmission is not performed: 
· 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-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 
Regarding RS measurement for the current beam, the following options have been discussed offline: 
· Option-2a (implicit manner): The RS for current beam is implicitly derived from a QCL RS of indicated TCI state.
· Option-2b (implicit manner): The RS(s) for current beam(s) are implicitly derived from QCL RS(s) of activated TCI state(s). 
We have concerns on both Option-2a and Option-2b. For now, only L1-RSRP is agreed to be the measurement unit for UEI beam reporting. However, it is more likely that QCL source RS of indicated TCI is TRS, which is not appropriate for L1-RSRP measuring. HefHence, we suggest using an explicit manner to configure a RS in each configured TCI state. The RS configured in TCI state can be used for measuring the L1-RSRP value for current beam, which may not be TRS. With that said, we suggest the following option: 
· Option-2c (explicit manner): The RS(s) for current beam(s) are explicitly configured in each configured TCI state. UE uses the RS for current beam configured in indicated TCI state to measure current beam quality
Proposal 3: On RS configuration for measuring quality of current beam, support the following option: 
· The RS(s) for current beam(s) are explicitly configured in each configured TCI state. UE uses the RS for current beam configured in indicated TCI state to measure current beam quality. 
Regarding RS measurement for the new beam, the following options have been discussed offline: 
· 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 MAC-CE
· FFS: Additional restriction.
· Option-3b (explicit implicit manner): The RS(s) for new beam(s) are implicitly derived from QCL RS(s) of activated TCI state(s).
· Option-3c (explicit implicit manner): The RS(s) for new beam(s) are implicitly derived from QCL RS(s) of configured TCI state(s).
The above options are either incomplete or having some drawbacks. Option-3a has drawbacks since there could be some candidate RSs impossible to become new beam, given that UE is communicating with gNB in certain direction. Option-3b excludes the possibility to find new beam outside of activated TCI states. Option-3c is incomplete, given that it is unclear which configured TCI states to derive new beam. Having said that, we propose the following option, which provides more flexibility and aligns more with real practice, since UE can measure different candidate RS when using different indicated TCI state. 
· Option-3d: The RS(s) for new beam(s) are explicitly configured in each configured TCI state. UE uses the RS for new beams configured in indicated TCI state to measure new beam quality. 
Proposal 4: On RS configuration for measuring quality of new beam, support the following option: 
· The RS(s) for new beam(s) are explicitly configured in each configured TCI state. UE uses the RS for new beams configured in indicated TCI state to measure new beam quality. 
As mentioned above, only L1-RSRP is agreed to be the measurement unit for UEI beam reporting currently. However, in legacy NW-indicated beam reporting, L1-SINR can be configured to report as well, which allows network to evaluate the interference status. Considering UEI beam reporting is an evolvement form NW-indicated beam reporting, we propose to support L1-SINR UEI beam reporting. 
Proposal 5: Support L1-SINR as the unit of the threshold for triggering UE-initiated/event-driven beam reporting, in addition to L1-RSRP.  
Another one essential part to complete UE-initiated/event-driven beam reporting is which container to accommodate the UE-initiated/event-driven beam reporting. There are three major Options on the table now: 
· 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.
· Option-2 (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 (e.g., similar to AP-CSI request). 
· Step 3: Beam report is transmitted in second UL channel.
· FFS: Details on the first/second UL channel, e.g., whether the first/second UL channel is PUCCH, PUSCH or both
· Option-3 (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. 
· The notification in Step1 is in a separate reporting instance from the beam report in Step 2. 
We support Option-2 and Option-3 in principle. Since UEI beam reporting is a layer 1 based procedure, involvement with MAC CE (Option-1) could induce extra delay. On Option-3, we believe gNB should also send a response to the first PUCCH, otherwise there could be collision issues with other UEs. In addition, we also need to consider the risk of the first PUCCH missing at gNB side. Hence, in Option-3, UE should transmit the UEI report after detecting a gNB response corresponding to the first PUCCH. 
Proposal 6: On UE-initiated/event-driven beam reporting, for beam reporting container, down-select one or both of the following options: 
· Option-2 (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 (e.g., similar to AP-CSI request). 
· Step 3: Beam report is transmitted in second UL channel.
· FFS: Details on the first/second UL channel, e.g., whether the first/second UL channel is PUCCH, PUSCH or both
· Option-3 (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 1a: UE detects a gNB response corresponding to the first PUCCH
· Step 2: UE transmits the beam report in the second UL channel. 
· The notification in Step1 is in a separate reporting instance from the beam report in Step 2. 
On the first PUCCH, one debate is on whether it should convey one bit or multiple bits. We propose the first PUCCH can indicate multiple bits, which allows network to receive some information earlier, e.g., event ID (in case multiple event is supported). 
Proposal 7: On a first PUCCH for requesting or notifying a resource for a second UL channel to carry beam report, multiple bits can be conveyed by the first PUCCH.  
In addition to triggering condition and reporting container, the contents in UE-initiated/event-driven beam reporting is also crucial and possibly complicated. The following options could be possible.
· Option 1: Only indicating variation of beam quality satisfies certain condition;  
· Option 2: Indicating beam variation and recommended candidate beam;  
· Option 3: Indicating beam variation, recommended candidate beam and other information (e.g., corresponding quality of recommended candidate beam). 
Option 1 could be basic and simple. However, it may not provide enough information for NW to determine further actions, for example, whether to indicate one new beam or trigger other signalling for beam measurement. Option 2 or 3 can provide more fertile information. Nonetheless, it requires additional RRC configuration for a pre-configured RS list. We would suggest discussing the contents in UE-initiated/event-driven beam report by using these options as baseline. 
Proposal 8: Decision of contents carried in UE-initiated/event-driven beam reporting can start from below options: 
· Option 1: Only indicating variation of beam quality satisfies certain condition; 
· Option 2: Indicating beam variation and recommended candidate beam; 
· Option 3: Indicating beam variation, recommended candidate beam and other information (e.g., corresponding quality of recommended candidate beam). 
3. Conclusion
According to the above discussion(s), we have the following observation(s) and/or proposal(s). 
Proposal 1: Regardless of definition of triggering event, UE initiated beam reporting can be triggered only when BFR/BFRQ transmission is not performed. 
Proposal 2: On trigger-event detection for UE initiated beam reporting, at least support the following triggering event when BFR/BFRQ transmission is not performed: 
· 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-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 
Proposal 3: On RS configuration for measuring quality of current beam, support the following option: 
· The RS(s) for current beam(s) are explicitly configured in each configured TCI state. UE uses the RS for current beam configured in indicated TCI state to measure current beam quality. 
Proposal 4: On RS configuration for measuring quality of new beam, support the following option: 
· The RS(s) for new beam(s) are explicitly configured in each configured TCI state. UE uses the RS for new beams configured in indicated TCI state to measure new beam quality. 
Proposal 5: Support L1-SINR as the unit of the threshold for triggering UE-initiated/event-driven beam reporting, in addition to L1-RSRP.  
Proposal 6: On UE-initiated/event-driven beam reporting, for beam reporting container, down-select one or both of the following options: 
· Option-2 (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 (e.g., similar to AP-CSI request). 
· Step 3: Beam report is transmitted in second UL channel.
· FFS: Details on the first/second UL channel, e.g., whether the first/second UL channel is PUCCH, PUSCH or both
· Option-3 (UCI in pre-configured resource(s) for second UL channel):
· [bookmark: _GoBack]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 1a: UE detects a gNB response corresponding to the first PUCCH
· Step 2: UE transmits the beam report in the second UL channel. 
· The notification in Step1 is in a separate reporting instance from the beam report in Step 2. 
Proposal 7: On a first PUCCH for requesting or notifying a resource for a second UL channel to carry beam report, multiple bits can be conveyed by the first PUCCH.  
Proposal 8: Decision of contents carried in UE-initiated/event-driven beam reporting can start from below options: 
· Option 1: Only indicating variation of beam quality satisfies certain condition; 
· Option 2: Indicating beam variation and recommended candidate beam; 
· Option 3: Indicating beam variation, recommended candidate beam and other information (e.g., corresponding quality of recommended candidate beam). 
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