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1. Introduction
In RAN#102 meeting, a new Rel-19 WID of ‘NR MIMO Phase 5’ was approved [1]. The detailed objectives for RAN1 are as follows. In this contribution, we mainly discuss the enhancements for UE-initiated/event-driven beam management. 
	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
0. UL signaling content(s) (and procedure(s) as required) for UE-initiated/event-driven beam reporting facilitating fast beam switching 
0. UL signaling medium/container considering the UE-initiated/event-driven nature of the UL transmission, designed primarily for the purpose of beam reporting


2. Discussion
[bookmark: _Hlk126670112]Condition to trigger UE-initiated/event-driven beam report

In the last meeting, the following agreement and offline proposal was made.
	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
Proposal 1.1 (offline): 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 RSRP is supported as quality metrics used for Event-2, and then further study and down-select the following options: 
· Option 1a: L1-RSRP
· Note: The corresponding filtering, if any, is up to UE implementation,
· FFS: a timer/counter can be defined for filtering the indication for event triggering (analogous to BFD procedure in TS 38.321).  
· Option 1b: NW-configured filtered RSRP/L1-RSRP
· Regarding RS measurement for the current beam for Event-2, down-select one or more of the following:
· 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). 
· Option-2c (explicit manner): The RS(s) for current beam(s) are explicitly configured by RRC or MAC-CE.
· 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 MAC-CE
· FFS: Additional restriction, e.g., excluding current beam from the configured RS set.
· 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).
· FFS: Whether/how to specify the combination between above RS measurement options for new and current beam(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.



First, we think that there are various use cases for facilitating fast beam management (e.g., beam switching, TCI state activation, etc.), which have different requirements for the event. Therefore, we believe it would be beneficial to specify multiple events as well as L3 events configured by the NW to achieve each use case.

[bookmark: _Hlk163164157]Observation 1
· It would be beneficial to specify multiple events configured by NW to achieve each use case.

On top of that, we think facilitating fast beam switching should be first focused. In the use case, it should be confirmed that there is at least one target beam to switch for sure and that the situation requires a beam switch. With this sense, Event-1/3 would not be useful at least for the use case because beam switching is not always needed in the situation. Generally, Event-2/4 would be reasonable to achieve that. But in practical, it is difficult to optimize absolute value of thresholds in Event-3/4. Rather than Event-4, we should further consider new event of multiple events for a report.  For example, combination of Event-1 and Event-2 has similar effect of Event-4, and gNB does not need to configure the absolute value of thresholds, which makes easier to operate. For quality metrics of trigger event, we think it would be beneficial to configure the same quality (e.g., L1-RSRP/SINR, filtered L1-RSRP/SINR, etc.) as that included in beam reporting. Thus, we prefer to discuss this with reporting contents. Regarding filtering operation, it would be beneficial to avoid frequent beam reporting due to the fast fading channel. We think there are following two alternatives as filtering operation.

· Opt1: Filtered/averaged quality is used as metric of trigger event.
· Opt2: Condition itself is filtered (e.g., TTT-like).

In our view, at least Alt1 should be supported because NW cannot know the exact situation if it is up to UE implementation as in legacy. Also, if we support Opt2, it should be on top of Opt1 because NW cannot configure the proper TTT value without Opt1. But we think whether Opt2 is needed or not would depends on the detailed design of Opt1. Thus, we should discuss Opt2 after Opt1 is completed. Regarding RS configuration for the event, for new beam, legacy CSI measurement configuration framework can be considered as starting point based on WID. On the other hand, for current beam, it would be beneficial to update it without RRC reconfiguration considering beam switch subsequently happens. Thus, for current beam, QCL -type D source RS for the indicated TCI state could be reasonable. Thus, we propose

Proposal 1
· For facilitating fast beam switching, 
· Event: 
· Support at least Event-2: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam.
· For Event-4, the following updates should be considered.
· New event of combination of multiple events (e.g., combination of Event-1 and Event-2)
· Quality metrics of trigger event:
· Support to discuss this with reporting contents to configure same quality as that included in beam reporting.
· For filtering operation, support Option-1b.
Option-1b: NW-configured filtered RSRP/L1-RSRP 
· RS configuration of measurement:
· For current beam, support Option-2a: The RS for current beam is implicitly derived from a QCL RS of indicated TCI state.
· QCL-type D source RS for the indicated TCI state.
· For new beam, support Option-3a: The RS(s) for new beam(s) are explicitly configured by RRC (e.g., reusing legacy configuration of RS measurement) or MAC-CE.

· For other use cases, event should be discussed after facilitating fast beam switching is completed.

Report contents

In the last meeting, the following agreement was made.
	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 


Based on WID, we should consider report contents 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. Thus, as in legacy gNB configured beam report, at least pairs of SSBRI/CRI as measurement RS and L1-RSRP/L1-SINR as measurement quantity should be included. But we do not think semi-persistent CSI-RS and aperiodic CSI-RS would be needed at least for UE-initiated beam report. Regarding RS combination of L1-SINR, legacy RS combination should be reused. Please note that cell ID information could be conveyed by SSBRI/CRI so that explicit cell ID reporting is not needed.

Proposal 2
· Support both SSB and CSI-RS based measurement/report for both intra-cell/inter-cell scenario. 
· Support L1-SINR based measurement/report.
· For L1-SINR, legacy RS combination is reused.
· NOT support semi-persistent CSI-RS and aperiodic CSI-RS for UE-initiated beam report.
· UE-initiated/event-driven beam report should contain at least pairs of SSBRI/CRI as measurement RS and L1-RSRP/L1-SINR as measurement quantity.
· cell ID information can be conveyed by SSBRI/CRI so that explicit cell ID reporting is not needed.

For NW, it would be beneficial to be able to know the measurement result of current beam even though the current beam is worse than neighbour beam since NW needs to optimize resource utilization depending on the situation of all UEs. Thus, as in Rel-18 LTM, we propose

Proposal 3
· For UE-initiated/event-driven beam report, whether serving beam is always included or not can be configurable.

For UE-initiated/event-driven beam report, it should be discussed whether the number of the report contents (i.e, pairs of SSBRI/CRI and L1-RSRP/SINR) in one report is fixed or variable. Assuming one event is configured for one CSI report configuration, different number of beams would meet the configured event depending on the situation. In the case, fixed value would lead to waste of resource or insufficient information for the network to properly determine the beam switch. For example, when one event is configured with eight beams for measurement and four beams to be reported, and it turns out three beams meet the event, it leads to waste of resource for one beam, else if one is set as the number of beams to be reported, it leads to insufficient information for the network because NW cannot know the correct situation (e.g., how many/which beams meet the event). Thus, we propose

Proposal 4
· [bookmark: _Hlk157884039]For UE-initiated/event-driven beam report, the number of beams to be reported can be variable and decided/reported by UE.

Report container

In the last meeting, we discussed report container and FL raised some options as follows.
	Proposal 3.1: 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.
· [bookmark: OLE_LINK26][bookmark: OLE_LINK25]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 
· 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
· 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. 
· 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. 
· 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. 


Our analysis for each option is shown in Table1.

Table1: Analysis on each option.
[image: ]
Here, the premise is that at least reporting latency should be considered together with efficiency use of UL resources since it is a trade-off, and reporting overhead is related to the flexibility of reporting contents, so it should be considered together. Regarding the overhead by frequent reporting, it is not related to a container but trigger event, so that is excluded. Also, in the analysis, Option-4a and option-4b are excluded because they are clearly contention-based methods and cannot meet the requirements. 
First, regarding reporting latency and efficiency use of UL resource, we think the key point for Option- 3a/3b would be whether to configure a dedicated UL resource for beam report. If a dedicated UL resource is configured, it would not be used when beam report is not transmitted, resulting in wasted resources. On the other hand, if a dedicated UL resource is not configured and is shared among UEs, collisions need to be avoided and an ACK from the NW is required after the first UL signalling is sent. In addition, the time gap between first step and second step should be long enough so that gNB can reschedule the unused resource of second step to avoid waste of resource. Considering the time required between first step and second step due to analysis above, the periodicity of UL resources in Option-3a/3b needs to be large enough to cover the time duration between first step and second step, which should be larger than the periodicity of legacy SR resource. Companies may argue that gNB could configure the periodicity of UL resources to be shorter than the time duration between first step and second step but we don’t think this is a typical configuration and it may lead to collision of UL resources of first step and second step from different pairs of first step and second step resources, which make the configuration or UE behavior more complicated. In that case, we think the delay could be similar as in Option-2.  On the other hand, for Option-1, as long as the UE has UL grant available, it can be sent without a UL resource request. We believe this is the method with the shortest latency and no UL resource collisions. Some companies have said that CG-PUSCH also causes collisions, but UE should also have DG-PUSCH, so using that would not cause UL resource collisions among UEs Even if the UE does not have UL grant available, beam report by DG-PUSCH with scheduling request would not be a problem because the latency is almost the same as Option-2 and Option-3a/3b with ACK. Second, regarding reporting overhead and flexibility of reporting contents, we think option-1 is superior. We also think it is not impossible to do this with Option-2/3a/3b, but it obviously requires too many spec. impacts. Third, regarding reporting reliability, we think this would be also important for event-triggered beam report. For this, by Oprtion-1, HARQ retransmission can be used, but for option-2/3a/3b, there is no HARQ retransmission and reliability of UCI depends on UCI size. Even if same procedure is repeated to succeed, it would lead to more latency and it would not increase reliability. Thus, we propose


Proposal 5
· For container of UE-initiated/event-driven beam report, MAC CE should be used as baseline.

Then, we should consider how to request UL grant for MAC CE of UE-initiated/event-driven beam report if there is no sufficient UL resource to carry the MAC CE for beam report. There could be following two alternatives.

· Alt1: Reuse regular PUCCH-SR resource (No enhancement)
· Alt2: Configure dedicated PUCCH-SR resource for UE-initiated/event-driven beam report

Difference between two alternatives is whether PUCCH-SR resource is configured only for UE-initiated/event-driven beam report. If PUCCH-SR resource is configured only for UE-initiated/event-driven beam report, the transmission of this SR could notify gNB of the purpose. However, PUCCH-SR resources are limited per UE and regular PUCCH-SR resource can work well. In Rel-16 BFR and Rel-17 MTRP BFR, even though dedicated PUCCH-SR is proposed by RAN1, RAN2 agrees to make one SR configuration be shared by multiple logical channels and different purposes such as BFD, MTRP BFD, LBT failure recovery, and positioning measurement gap activation/deactivation, which makes the dedicated PUCCH-SR configuration useless. Thus, we think it is not necessary to specify another dedicated PUCCH-SR resource just for UE-initiated/event-driven beam report which has to be further shared with other purposes finally. Even if such dedicated PUCCH-SR resource configuration is supported, we think it should allow NW to decide whether to configure it or not. Thus, we propose

Proposal 6
· For request UL grant for MAC CE of UE-initiated/event-driven beam report, no matter dedicated PUCCH-SR resource configuration is supported or not, support the case that NW does not configure dedicated PUCCH-SR resource and reuses regular PUCCH-SR resource.

Other procedure

In the last meeting, FL announced cross-carrier transmission of signalling related to UE-initiated beam report (e.g., UL resource request, gNB response, and beam report) as the high priority topic in the list below.
	
	Issue
	Topics

	1
	Trigger-event detection
	Down-selection from candidate trigger event(s), e.g., from Event 1~4, etc. 

	2
	
	Quality metrics, e.g., L1-RSRP, and whether/how to specify filtering operation.

	3
	
	RS configuration, e.g., implicit/explicit manner under a given trigger event

	4
	UL signaling content(s)
	Details on report format of ‘DL RS resource indicator and L1-RSRP’, e.g., #. beam(s) to be reported and L1-RSRP format, depend on the trigger event.

	5
	
	Additional content(s), e.g., L1-SINR

	6
	UL signaling medium/container
	Clarify and harmonize the procedure of ‘MAC-CE vs UCI ’ + ‘UL resource request/notification/pre-configuration’

	7
	Other procedure as required
	Cross-carrier, activation-latency reduction, etc


We think it would be reasonable to support that considering the situation in which UE-initiated beam report is needed. This is because in such situation, the transmission of the UL resource request and the following gNB response and beam report may fail due to the bad quality of the serving beam, and the reliability of beam report should be ensured. Note that MAC CE container could naturally support CA scenario well as MAC CE can be transmitted in any CC based on gNB scheduling. Thus, we propose

Proposal 7
· For UE-initiated/event-driven beam report, at least UL resource request, gNB response and beam report can be transmitted on different CC from the CC performing RS measurement.
· MAC CE container naturally supports above.
3. Conclusion
In this contribution, we discussed the enhancements for UE-initiated/event-driven beam management. Based on the discussion, we made following observations and proposals.
Observation 1
· It would be beneficial to specify multiple events configured by NW to achieve each use case.

Proposal 1
· For facilitating fast beam switching, 
· Event: 
· Support at least Event-2: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam.
· For Event-4, the following updates should be considered.
· New event or multiple events for a report (e.g., combination of Event-1 and Event-2, etc.)
· Quality metrics of trigger event:
· Support to discuss this with reporting contents to configure same quality as that included in beam reporting.
· For filtering operation, support Option-1b.
Option-1b: NW-configured filtered RSRP/L1-RSRP 
· RS configuration of measurement:
· For current beam, support Option-2a: The RS for current beam is implicitly derived from a QCL RS of indicated TCI state.
· QCL-type D source RS for the indicated TCI state.
· For new beam, support Option-3a: The RS(s) for new beam(s) are explicitly configured by RRC (e.g., reusing legacy configuration of RS measurement) or MAC-CE.

· For other use cases, event should be discussed after facilitating fast beam switching is completed.

Proposal 2
· Support both SSB and CSI-RS based measurement/report for both intra-cell/inter-cell scenario. Support L1-SINR based measurement/report.
· For L1-SINR, legacy RS combination is reused.
· NOT support semi-persistent CSI-RS and aperiodic CSI-RS for UE-initiated beam report.
· UE-initiated/event-driven beam report should contain at least pairs of SSBRI/CRI as measurement RS and L1-RSRP/L1-SINR as measurement quantity.
· cell ID information can be conveyed by SSBRI/CRI so that explicit cell ID reporting is not needed.

Proposal 3
· For UE-initiated/event-driven beam report, whether serving beam is always included or not can be configurable.

Proposal 4
· For UE-initiated/event-driven beam report, the number of beams to be reported can be variable and decided/reported by UE.

Proposal 5
· For container of UE-initiated/event-driven beam report, MAC CE should be used as baseline.

Proposal 6
· For request UL grant for MAC CE of UE-initiated/event-driven beam report, no matter dedicated PUCCH-SR resource configuration is supported or not, support the case that NW does not configure dedicated PUCCH-SR resource and reuses regular PUCCH-SR resource.

Proposal 7
· For UE-initiated/event-driven beam report, at least UL resource request, gNB response and beam report can be transmitted on different CC from the CC performing RS measurement.
· MAC CE container naturally supports above.
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