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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN Meeting #102, The WID of NR MIMO Phase 5 for Release 19 (Rel-19) was approved [1]. The Objective#1, which is related to overhead and/or latency reduction, is given as follows,
	1. [bookmark: _Hlk145555364][bookmark: _Hlk162626563]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 paper, we focus on the remaining issues of the UE-initiated/event-driven beam management after RAN 1#116 Meeting, including the definition of trigger event(s), UL signaling medium/container, UL signaling content(s) and beam application latency.

2 [bookmark: _Hlk159164697]Views on the definition of trigger event(s)
In RAN 1#116 meeting, the following 4 events were approved as a starting point [2].
	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


The above 4 events are analogous to L3 events defined in TS 38.331 [3]. However, L3 events support both intra-cell scenario and inter-cell scenarios, which is not clearly stated in the above agreement. Inter-cell beam report has already supported in the current specification, i.e., LTM defined in Rel-18. It is natural to extend it to UE-initiated/event-driven beam reporting. For example, to support inter-cell scenarios, the current beam and new beam may be associated with different PCIs.
	[bookmark: _Hlk162977451]Part of L3 event types defined in TS 38.331:
· Event A1: Serving becomes better than threshold.
· Event A2: Serving becomes worse than threshold.
· Event A3: Neighbour becomes offset better than SpCell. 
· Event A4: Neighbour becomes better than threshold.
· Event A5: SpCell becomes worse than threshold1 and neighbour becomes better than threshold2.
· Event A6: Neighbour becomes offset better than SCell.
· Event B1: Inter RAT neighbour becomes better than threshold.
· Event B2: PCell becomes worse than threshold1 and inter RAT neighbour becomes better than threshold2.


[bookmark: _Hlk163053091]Observation 1: The legacy L3 event types have already supported both intra-cell and inter-cell scenarios in TS 38.331, which can be extended to UE-initiated/event-driven beam reporting naturally.
In addition, current specifications support L1-based event reports for PHR (Power Head Room). A Power Headroom Report (PHR) shall be triggered if any of the following events occur [5]:
	-	phr-ProhibitTimer expires or has expired and the path loss has changed more than phr-Tx-PowerFactorChange dB for at least one RS used as pathloss reference for one activated Serving Cell of any MAC entity of which the active DL BWP is not dormant BWP since the last transmission of a PHR in this MAC entity when the MAC entity has UL resources for new transmission;
…
-	phr-ProhibitTimer expires or has expired, when the MAC entity has UL resources for new transmission, and the following is true for any of the activated Serving Cells of any MAC entity with configured uplink:
-	there are UL resources allocated for transmission or there is a PUCCH transmission on this cell, and the required power backoff due to power management (as allowed by P-MPRc as specified in TS 38.101-1, TS 38.101-2, and TS 38.101-3) for this cell has changed more than phr-Tx-PowerFactorChange dB since the last transmission of a PHR when the MAC entity had UL resources allocated for transmission or PUCCH transmission on this cell.


This kind of mechanism can also be extended to beam event reports. For example, when L1-RSRP changes in the first-time occasion and second-time occasion has exceeded a threshold. This event can somehow reflect the changing speed of channel conditions. Based on the event report, the network may consider whether to trigger beam reports more frequently to address the channel aging.
Observation 2: PHR report can be triggered by UE when the P-MPR has changed more than a threshold since the last transmission of a PHR.
Proposal 1: Study the event types for both intra-cell/inter-cell scenarios, support 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.
· Event-5: Beam quality change in first-time occasion and second-time occasion has exceeded a threshold.
· [bookmark: _Hlk162877560]Note: The current beam and new beam may be associated with different PCIs.

3 Views on UL signaling medium/container
Based on the RAN 1#116 meeting, there are 3 majority options considered as the potential UL signaling medium/container: MAC-CE, dynamically scheduling UCI and pre-configured UCI. The related proposal is given as following [3].
	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.
· Option-2 (dynamically scheduling UCI by gNB):
· Step 1: UE transmits a first UL channel (one-bit/multi-bit) to request a resource for a second UL channel to carry beam report
· Note: Resource(s) for first UL channel is dedicated to the UE.
· 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.
· Note: Whether the second UL channel is PUCCH, PUSCH or both. 
· Option-3 (UCI in pre-configured resource(s) for first and/or second UL channel):
· Step 1: UE transmits a first UL channel (one-bit/multi-bit) notifying a second UL channel to carry beam report
· Note: Resource(s) for first UL channel is dedicated to the UE.
· Step 2: UE transmits the beam report in the second UL channel. 
· Note: Whether the resource(s) for the second UL channel are dedicated to a UE or shared with other UEs.
· Option-3a: Pre-configured resource for the second UL channel dedicated for UEI beam report
· Option-3b: Pre-configured resource for the second UL channel not dedicated for UEI beam report
· Option-4a (UCI in pre-configured resource(s) only used for UEI beam report):
· Step 1: UE transmits the beam report in the pre-configured resource(s), if trigger event occurs or up to UE implementation. 
· Note: Whether the resource(s) are dedicated to a UE or shared with other UEs.
· Option-4b (UCI in pre-configured resource not dedicated for UEI beam report):
· Step 1: UE transmits the beam report in the pre-configured resource (e.g., notification is a part of beam report, like two-part UCI, where Part-1 is to indicate the information of Part-2, Part-2 is to carry beam report), if trigger event occurs. 
· Note: The two-part UCI is carried on a same PUCCH or on a same PUSCH.
Note: Whether UE receives acknowledge information with response to each step for all options. 


[bookmark: _Hlk162528732]In our view, MAC-CE-based is 1st priority as it has already been applied to the SCell BFR procedure in Rel-16. The MAC-CE can be flexible to report beam information of current component carriers and other component carriers. We believe that the UL signaling medium/container should adopt a unified solution because the SCell BFR is highly possible to be categorized as one kind of trigger event type. For Option 1, to reduce beam report latency, the timeline between the UL container and trigger event detection should be clarified. For example, the first dynamic PUSCH or CG PUSCH after the trigger event occurs.
For dynamically scheduling UCI by gNB in Option 2, UE can transmit a first UL channel, e.g., PUCCH/PRACH, to request a resource for beam report. The first UL channel may be associated with a specific trigger event and/or report config ID for the beam report, and UE may continue to send the first channel if UE does not detect the DCI format in Step 2. UE only notifies the network of the occurrence of the event, whether and how to report the beam report may be up to network implementation.
For UCI in the pre-configured resource in Option 3 and 4, it may have a benefit on beam report latency over Option 2. However, firstly, the resource overhead on the pre-configured resources should be studied further. Secondly, additional specification impacts are expected to notify available occasions of pre-configured resources should be used for beam reports. Lastly, the pre-configured may be UE-specific to avoid beam report collision. Therefore, UCI in pre-configured resources should be deprioritized in Rel-19. 
[bookmark: _Hlk163214897]Proposal 2: On beam report transmission procedure for UE-initiated/event-driven beam reporting, further study the following two options 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 new transmission of PUSCH is a first dynamic PUSCH or CG PUSCH after the triggering event.
· Option-2 (dynamically scheduling UCI by gNB):
· Step 1: UE transmits a first UL channel (one-bit/multi-bit) to request a resource for a second UL channel to carry beam report
· Note: Resource(s) for first UL channel is dedicated to the UE.
· Note: The first UL channel may be associated with a specific triggering event and/or report config ID for beam report.
· 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). 
· Note: The beam report should correspond to the associated triggering event and/or report config ID for a beam report requested in the first channel.
· Step 3: Beam report is transmitted in second UL channel.
Proposal 3: UCI in pre-configured resource should be deprioritized in Rel-19

4 [bookmark: _Hlk162443505]Views on UL signaling content(s)
	Agreement：
[bookmark: _Hlk163131876]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 


[bookmark: _Hlk158108963]Additional content(s)
Regarding UE-initiated/event-driven signaling content(s), DL RS resource indicator and L1-RSRP have already been supported. 
The current specification supports beam reports based on multi-panels at the UE side, e.g., indicate ‘CapabilityIndex’ in the beam report. However, there are no enhancements on BFR dedicated to multi-panel scenarios in specifications. Therefore, it is suggested to further study the necessity to support UE-initiated/event-driven beam reporting for multi-panel scenarios.
While for ‘trigger event type/ID’, it should be supported as we may need to differentiate different event types discussed in Section 2. In general, it can be reported to the network implicitly or explicitly:
• Implicitly: an event can be associated with a specific PRACH/PUCCH/report config ID.
• Explicitly: triggering event ID is included in the beam report.
Proposal 4: Study the necessity to support UE-initiated/event-driven beam reporting for multi-panel scenarios.
Proposal 5: Support UE to report trigger event type/ID implicitly or explicitly.

L1-RSRP format and L1-filtering
When UE reports K>1 information, K-1 of RSRP differential values are reported with one absolute RSRP value, e.g., Table 6.3.1.1.2-8 defined in TS 38.212 [7].
	Table 6.3.1.1.2-8: Mapping order of CSI fields of one report for CRI/RSRP or SSBRI/RSRP or CRI/RSRP/CapabilityIndex or SSBRI/RSRP/CapabilityIndex reporting, or mapping order of CSI fields of one report for inter-cell SSBRI/RSRP reporting
	CSI report number
	CSI fields

	CSI report #n
	CRI or SSBRI #1 as in Table 6.3.1.1.2-6, if reported

	
	CRI or SSBRI #2 as in Table 6.3.1.1.2-6, if reported

	
	CRI or SSBRI #3 as in Table 6.3.1.1.2-6, if reported

	
	CRI or SSBRI #4 as in Table 6.3.1.1.2-6, if reported

	
	RSRP #1 as in Table 6.3.1.1.2-6, if reported

	
	Differential RSRP #2 as in Table 6.3.1.1.2-6, if reported

	
	Differential RSRP #3 as in Table 6.3.1.1.2-6, if reported

	
	Differential RSRP #4 as in Table 6.3.1.1.2-6, if reported

	
	CapabilityIndex #1 as in Table 6.3.1.1.2-6, if reported

	
	CapabilityIndex #2 as in Table 6.3.1.1.2-6, if reported

	
	CapabilityIndex #3 as in Table 6.3.1.1.2-6, if reported

	
	CapabilityIndex #4 as in Table 6.3.1.1.2-6, if reported





In our view, reusing the legacy L1-RSRP format is enough to support beam report in this Objective.
Proposal 6: Reusing the legacy L1-RSRP format of CSI report defined in 38.212 to support event-based beam report.
Additionally, to avoid vast invalid beam reports (e.g., caused by the impact of ping-pong), the constraints on the L1-filtering need to be considered to improve the effectiveness of beam report.
	Layer 1 filtering: internal layer 1 filtering of the inputs measured at point A. Exact filtering is implementation dependent. How the measurements are actually executed in the physical layer by an implementation (inputs A and Layer 1 filtering) is not constrained by the standard.


[bookmark: _Hlk162528763][bookmark: _Hlk163132110][bookmark: _Hlk163132359]According to TS 38.300 [6], currently whether Layer 1 filtering has been made on L1-RSRP or not is up to UE implementation. Further study on Layer 1 is needed, for example, a window-based filtering can be considered. How UE conducts the Layer 1 filtering within the window can be up to UE implementation so that RAN1 does not need to further discuss the filtering formula as defined in TS 38.331 for RRM measurement.
Observation 3: In current NR specification, whether Layer 1 filtering has been made on L1-RSRP or not is not constrained by the standard up to UE implementation.
Proposal 7: Support window-based layer 1 filtering. How UE conducts the Layer 1 filtering within the window can be up to UE implementation so that RAN1 does not need to further discuss the filtering formula as defined in TS 38.331 for RRM measurement.

Content(s) assoiciated with triggering event(s)
In our view, how many/which events would be applied is on higher priority. It is still early to discuss this issue in the coming meeting. The differences among reported contents and/or medium/container should yield to the discussion of event types. 
Proposal 8: Study the association between content(s) and triggering event(s) after the definition of event types is determined.

5 Views on beam application latency
To facilitate UE-initiated/event-driven beam management for reducing latency, it is important to consider the optimization of beam application latency, which covers the timing from the beam report instance to new beam application time. Most of the waiting latency in this procedure is due to the synchronization latency, new TCI state can be applied until the target source RS in the TCI state is synchronized by the UE side.
In our view, QCL properties associated with the RS(s), including QCL type(s), can be stored at the UE side after measurement. In the meantime, the active period or valid time of the stored QCL properties after the beam report should be defined to avoid channel aging.
Proposal 9: Support UE to store QCL properties of the reported RSs to reduce beam application latency.
6 Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this paper, our views on the UE-initiated/event-driven beam management for Rel-19 are discussed. Based on the discussion we list the following observations and proposals:

Observation 1: The legacy L3 event types have already supported both intra-cell and inter-cell scenarios in TS 38.331, which can be extended to UE-initiated/event-driven beam reporting naturally.
Observation 2: PHR report can be triggered by UE when the P-MPR has changed more than a threshold since the last transmission of a PHR.
Observation 3: In current NR specification, whether Layer 1 filtering has been made on L1-RSRP or not is not constrained by the standard up to UE implementation.

Proposal 1: Study the event types for both intra-cell/inter-cell scenarios, support 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.
· Event-5: Beam quality change in first-time occasion and second-time occasion has exceeded a threshold.
· Note: The current beam and new beam may be associated with different PCIs.
Proposal 2: On beam report transmission procedure for UE-initiated/event-driven beam reporting, further study the following two options 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 new transmission of PUSCH is a first dynamic PUSCH or CG PUSCH after the triggering event.
· Option-2 (dynamically scheduling UCI by gNB):
· Step 1: UE transmits a first UL channel (one-bit/multi-bit) to request a resource for a second UL channel to carry beam report
· Note: Resource(s) for first UL channel is dedicated to the UE.
· Note: The first UL channel may be associated with a specific triggering event and/or report config ID for beam report.
· 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). 
· Note: The beam report should correspond to the associated triggering event and/or report config ID for a beam report requested in the first channel.
· Step 3: Beam report is transmitted in second UL channel.
Proposal 3: UCI in pre-configured resource should be deprioritized in Rel-19
Proposal 4: Study the necessity to support UE-initiated/event-driven beam reporting for multi-panel scenarios.
Proposal 5: Support UE to report trigger event type/ID implicitly or explicitly.
Proposal 6: Reusing the legacy L1-RSRP format of CSI report defined in 38.212 to support event-based beam report.
Proposal 7: Support window-based layer 1 filtering. How UE conducts the Layer 1 filtering within the window can be up to UE implementation so that RAN1 does not need to further discuss the filtering formula as defined in TS 38.331 for RRM measurement.
Proposal 8: Study the association between content(s) and triggering event(s) after the definition of event types is determined.
Proposal 9: Support UE to store QCL properties of the reported RSs to reduce beam application latency.
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