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Introduction
1. 
In RAN1#116, the overall procedure of UE-initiated/event-driven beam report was discussed and the following agreement was reached [1]. In this paper, we share our views on different aspects of this procedure.
	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



Event definition
In RAN1#116, four trigger events were agreed to be studied while other events can also be considered. In this section, we provide our views on these candidate events and also propose a new event (Event-5) that can help to reduce the latency and overhead of beam switching.
	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



· Event-1
Use case: Event-1 occurs when UE finds the quality of current beam is lower than a threshold but it cannot find a qualified new beam for beam switching. Event-1 can provide an early warning on the quality degradation of the current beam to avoid a BFD/BFR procedure. Once Event-1 is reported, gNB can trigger/activate some AP/SP beam measurement to obtain a new beam and avoid the long latency of finding a new beam using a BFD/BFR procedure. Further, such report can also help to reduce RS overhead as, having Event-1 in place as an early warning for a beam degradation, gNB can configure UE to measure beams with a longer periodicity.
Procedure: A typical procedure corresponding to above use case is given below.
· UE is configured with a report associated with Event-1.
· UE measures the quality of current beam based on the QCL RS of the indicated TCI-state.
· When Event-1 occurs, UE sends beam report information to gNB, which at least include the event ID 
· gNB triggers/activates AP/SP beam measurement to obtain a new beam.
· gNB indicates UE to switch to a new beam.
Observation 1: Event-1 can provide an early warning on the current beam quality degradation to avoid BFR procedure and, therefore, can help to reduce the latency and overhead of beam switching/measurement.
· Event-2
Use case: Event-2 can be used to notify gNB a new beam for a fast beam switching. When multiple new beams meet Event-2 trigger condition, UE may report more than one beam to provide gNB with a more flexibility for the beam indication. Reporting multiple new beams that are all better than the current beam also helps gNB to decide to activate a new set of beams altogether. If only one new beam can be reported in Event-2 while multiple beams meet the trigger condition, the value of Event-2 would be limited.
Procedure: A typical procedure corresponding to above use case is given below.
· UE is configured with a report associated with Event-2.
· UE measures the quality of current beam based on the QCL RS of the indicated TCI-state, and measures the quality of other beams based on an explicitly configured resource set.
· When Event-2 occurs, UE sends beam report information to gNB, which at least includes the event ID and the RS ID(s) corresponding to the new beam(s).
· gNB indicates UE to switch to a new beam.
Observation 2: Event-2 can provide gNB with new candidate beam(s) and reduce the latency of beam switching.
· Event-3/4
If Event-2 is agreed, we do not see much additional use cases for Event-3 or Event-4. Therefore, we do not find the necessity to further support redundant Event-3 and Event-4.
Based on the above analysis, we have the following proposal.
Proposal 1: Among the four candidate events in RAN1#116 agreement, support Event-1 and Event-2.
· For Event-2, UE may report more than one beam if multiple beams meet the event trigger condition.
· New Event (Event-5)
[bookmark: _Hlk162520545]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-5 means that there is at least one beam whose quality (e.g., L1-RSRP) is close to that of the current beam. There are at least two use cases for this event depending on whether or not the reported new beam (Beam2) and the current serving beam (Beam1) are spatially adjacent. Note that, gNB knows its beams directions and, hence, their relative spatial distance.
Use case 1: If Beam2 and Beam1 are adjacent in the spatial domain, Event-5 implies that the UE is located between these two beams, i.e., it may not be located at the center of main lobe of the current serving Beam1 (Figure 1a). In fact, if the UE is located on or around the center of the main lobe of Beam1, the RSRP gap between Beam1 and its adjacent Beam2 is typically very large (e.g., >10dB).
With a typical basic DFT beam pattern, when UE is not located at the center of the serving beam main lobe, a large RSRP loss would be incurred compared to the case when the UE is located at the center of the serving beam main lobe. The blue curve in Figure1b illustrates the CDF of RSRP loss compared to the center of main lobe, where the CDF of RSRP loss is obtained by dropping UEs at different locations of a cell. It can be seen that up to 8dB RSRP loss may occur and the average loss is 2.5dB. In order to reduce the RSRP loss, gNB usually adopts oversampled beams as shown in Figure 1c. As can be observed from yellow and green curves of Figure 1b, beam oversampling can substantially reduce the average and the maximum RSRP loss in the cell. In particular, even a 2 by 2 beam oversampling in horizontal and vertical dimensions can reduce the average RSRP loss from 2.5 dB to only 0.5 dB. 
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Figure 1. RSRP loss for basic and oversampled DFT beams

However, such beam oversampling substantially increases the RS overhead and UE measurement effort as the total number of measured beams becomes multiple times more than that of the basic DFT beam pattern. If Event-5 is supported, above problem can be ameliorated since if Event-5 triggers a report and the reported new Beam2 is adjacent to the current serving Beam1, it implies that the UE is located between Beam1 and Beam2. In this case, gNB can signal UE to measure one or only a limited number of oversampled beams between Beam1 and Beam2 to try to find a better new beam. This can achieve a similar performance as the conventional oversampled beam measurement which requires UE to measure many oversampled beams that span a large spatial continuum. At the same time, such restricted oversampled beam measurement has much less RS overhead and UE measurement effort since the total number of measured beams would be considerably less than that of the conventional oversampled beam measurement scheme.
Procedure: A typical procedure corresponding to above use case is given below.
· UE is configured with a report associated with Event-5.
· UE measures the quality of current beam based on the QCL RS of the indicated TCI-state and measures the quality of other beams based on an explicitly configured resource set.
· When Event-5 occurs, UE sends the beam report to gNB, which at least include the event ID and RS ID corresponding to the new beam(s).
· If the reported new beam(s) are adjacent to the current beam, gNB may configure CSI-RS resources for UE to measure the oversampled beams between the current beam and the new beam(s).
Use case 2: If the new beam(s) and the current beam are not adjacent, Event-5 implies that the wireless channel between the gNB and the UE contains multiple strong paths (Figure 2). Beams corresponding to different channel paths usually have low correlation. Therefore, the new beam(s) can be adopted as backup beam(s) in the case of blockage or failure of the current beam, as the current beam and the new beam(s) are unlikely to be blocked simultaneously. With the backup beam, beam switching latency can be reduced since the new candidate beam, i.e., the backup beam, is already known even before the current beam fails. When UE reports a beam failure, gNB can directly indicate the backup beam for DL transmission to avoid a long latency to re-obtain the new candidate beam.
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Figure 2. New beam corresponding to another main path
Procedure: A typical procedure of the above use case is given below.
A typical procedure corresponding to above use case is given below.
· UE is configured with a report associated with Event-5.
· UE measures the quality of current beam based on the QCL RS of the indicated TCI-state and measures the quality of other beams based on an explicitly configured resource set.
· When Event-5 occurs, UE sends the beam report to gNB, which at least include the event ID and RS ID corresponding to the new beam(s).
· If the reported new beam(s) are not adjacent to the current beam, gNB maintain the new beam(s) as backup beam.
· When UE reports BFRR, gNB indicates the backup beam until UE reports a new qualified beam.

Observation 3: Event-5 has two use cases in which the corresponding report can be used to reduce RS overhead and latency for beam switching, respectively.
Proposal 2: Support Event-5 in addition to Event-1 and Event-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. 
UL signaling content
	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 


[bookmark: _Hlk162864895]In has been agreed in RAN1#116 that the actual reported content depends on the triggering event. For example, in Event-1 based reporting, RS ID is not needed, while in Event-2 based reporting, RS IDs corresponding to the new beam(s) are needed. However, in our view, cell ID corresponding to the cell where beam measurement is conducted should be reported for all supported events. This is to support cross-cell beam reporting, e.g., to facilitate beam reporting of a FR2 cell to be transmitted via a FR1 cell. Cross-cell beam reporting is essential for UE initiated/event driven beam reporting, as it can improve reliability and reduce latency of beam reporting as explained below:
First, UE-initiated/event-driven beam reporting is usually performed when the quality of the current beam is not good enough. For example, in Event-1, the quality of the current beam is lower than a threshold. In such situation, beam reporting via current beam may fail due to a bad quality of the current beam. In this case, it is better to transmit beam reporting via another CC, e.g., a FR1 CC, to ensure the reliability of beam reporting. Note that, such principle has already been adopted in Rel-16 SCell BFR and Rel-17 mTRP BFR and has a straightforward design.
Observation 4: Cross-cell beam reporting can improve the reliability of beam reporting.
Second, UE needs to send a first UL message on a configured PUCCH resource to request an UL resource for the report or to notify gNB about the configured resource that it uses to send the report. On a FR2 cell, configured PUCCH resources for different UEs are TDMed as gNB needs to loop its Rx beam to receive the UL transmissions of different UEs. In turn, on a FR1 cell, configured PUCCH resources for different UEs can be FDMed since gNB can use an omnidirectional Rx beam. Therefore, due to the availability of FDMed PUCCH resources, there tends to be less latency in FR1 between the time that the event triggers the report to the time that the first UL message can be sent. A similar observation can be made for the actual report as the configured/dynamically scheduled resources for different UEs need to be TDMed in FR2 while these resources may be FDMed in FR1. Therefore, to reduce the overall latency of UE-initiated/event-driven beam reporting, it makes sense to send the report on a FR1 cell even if the measurements are conducted on a FR2 cell.
Observation 5: Cross-cell beam reporting can reduce the latency of beam reporting. 
Based on the above analysis and to enable cross-cell beam reporting, we suggest to support cell ID as a part of report content for all agreed events. 
Proposal 3: Cross-cell beam reporting, e.g., beam reporting transmission of a FR2 cell on a FR1 cell, should be supported to ensure the reliability and reduce the latency of UE initiated/event driven beam reporting.
Proposal 4: In order to support cross-cell beam reporting, include cell ID as a part of report content of all agreed events.
For Event-1, besides cell ID, at least event ID should be reported for the gNB to know that the report is triggered by Event-1. Since gNB knows the current beam, RS ID does not need to be reported. L1-RSRP of the current beam can be reported as Event-1 just implies that the quality of the current beam is poor but does not inform the exact quality value. Other reporting content, if necessary, can also be discussed.
Proposal 5: For Event-1 triggered beam reporting, at least cell ID, event ID and L1-RSRP of the current beam should be included in the report content.
Similar to Event-1, for Event-2 and Event-5, event ID is also needed besides cell ID. In addition, RS ID(s) corresponding to the new beam(s), as well as L1-RSRP of the current beam and the new beam(s) should be reported. Reporting multiple new beams should be allowed as discussed in Section 2.
Proposal 6: For Event-2 and Event-5 triggered beam reporting, at least cell ID, event ID, RS ID(s) corresponding to the new beam(s), as well as L1-RSRP of the current beam and the new beam(s) should be included in the report content. 

Beam report transmission procedure
As an outcome of an offline discussion during RAN1#116, a proposal listing some potential alternatives for UE-initiated/event-driven beam reporting procedure was included in the FL summary [2]. This was used in further offline discussions prior to RAN1#116-bis which, at the time of providing this t-doc, has resulted in the following updated proposal [3].
	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. 



A further high-level summary of above options are provided below and depicted in Figure 4a-4d：
· Option-1. UE-initiated/event-driven beam reporting is contained in MAC CE.
· Option-2. UE-initiated/event-driven beam reporting is contained in dynamically scheduled UCI.
· Option-3. UE-initiated/event-driven beam reporting is contained in preconfigured UCI with an advanced indication.
· Option-4b. UE-initiated/event-driven beam reporting is contained in preconfigured UCI without an advanced indication.
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(a) Option 1: MAC CE
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(b) Option 2: dynamically scheduled UCI
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(c) Option 3: preconfigured UCI with an advanced indication
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(d) Option 4b: preconfigured UCI without an advanced indication
Figure 4. Beam report transmission procedure
In Option1, UE-initiated/event-driven beam reporting is contained in MAC CE. If PUSCH resource is not available, UE needs to send SR to request UL resource. The spec impact of this option is small since it just needs a new MAC-CE design. Further, it does not need to use a dedicated SR since gNB can distinguish the particular MAC-CE based on the LCID of the MAC-CE carried in MAC PDU header. However, the latency of this option may be the least among all four candidate options if UL resource is not available as UE needs to transmit SR and wait for the UL grant.
Observation 6: Option 1 has a small spec impact and does not rely on a dedicated SR.
In Option2, UE-initiated/event-driven beam reporting is contained in a dynamically scheduled UCI. When an event occurs, UE needs to transmit a SR to request an UL resource and then wait for an UL grant to schedule a UE-initiated/event-driven beam report. This option may result in a relatively large spec impact: First, UCI design is complicated considering different events require different reporting content. Second, in order to correctly interpret the UCI by gNB, a dedicated SR should be designed for UE-initiated/event-driven beam reporting. Third, the latency of this option is not necessarily lower that Option 1, since it needs to wait for a dedicated SR, while in Option 1, the MAC-CE can be transmitted along with any PUSCH and does not need a dedicated SR.
Observation 7: Option 2 has a relatively large spec impact and relies on a dedicated SR for beam reporting. The latency of Option 2 is not necessarily lower than Option 1 since UE need to wait for a dedicated SR, while in Option 1, the MAC-CE can be transmitted along with any PUSCH.
In Option3, UE-initiated/event-driven beam reporting is contained in preconfigured UCI with an advanced indication. When an event occurs, UE transmits an indication towards gNB on a first UL resource, and then transmits corresponding beam reporting on a second UL resource. Similar to Option 2, it has a large spec impact and relies on a dedicated SR for UE initiated/event driven beam reporting, and has a long latency to wait for the dedicated SR. Nevertheless, the latency of this option can be a little bit lower than Option 2 if the second UL resource is configured close to the dedicated SR in time domain.
Observation 8: Option 3 has a relatively large spec impact and relies on dedicated SR for beam reporting. Similar to Option 2, the latency of Option 3 is not necessarily lower than Option 1 since UE need to wait for a dedicated SR. However, the latency of Option 3 can be a bit lower than Option 2 if the second UL resource is configured close to the dedicated SR in time domain.
[bookmark: _Hlk163030781]In Option 4, UE-initiated/event-driven beam reporting is contained in pre-configured UCI. This solution is simple since UE directly transmits beam reporting on preconfigured UL resource. However, since there is no advanced notification, gNB needs to monitor all pre-configured resources for UE-initiated/event-driven beam report and, while some resources may be unused, UE reports on other resources may collide if the pre-configured resources are cell-specific.  
Observation 9: Relative to Option 1, Option 4 causes a large spec impact. Also, the contention-based transmission on pre-configured resources is not resource efficient and the UL resource overhead of Option4 can be excessively large.   
Base on above analysis, the comparison among the four options are given in Table 1.
Table 1. Comparison of candidate options for UE-initiated/event-driven beam reporting procedures
	Options
	Spec impact
	Latency
	Resource overhead

	Option 1
	Small
	Medium
	Low

	Option 2
	Large
	Long
	Low

	Option 3
	Large
	Long (shorter than Option 2)
	Low

	Option 4
	Medium
	Short
	Large


Considering the spec impact, latency and resource overhead of all options, we suggest to support Option 1.
Proposal 7: For UE-initiated/event-driven beam reporting procedure, support Option1.
RS configurations and quality metrics of Events
	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. 
· [bookmark: _Hlk162977090]FFS: Semi-persistent CSI-RS and aperiodic CSI-RS.
· [bookmark: _Hlk162970604]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.



Regarding RS measurement of events, we think semi-persistent CSI-RS and aperiodic CSI-RS can also be supported since gNB can quickly switch on/off the event monitoring without RRC reconfiguration.
Proposal 8: Support semi-persistent CSI-RS and aperiodic CSI-RS for event detection. 
As for the quality metric, we think L1-SINR is not needed as the measurement of L1-SINR is too restrictive in current spec. In particular, each CMR (i.e., channel measurement resource) is associated with only one IMR (i.e., interference measurement resource) for L1-SINR measurement. However, due to the flexibility of MU scheduling, the possible interference beam that affects the serving beam is not fixed. Since L1-SINR based on a particular IMR is too restrictive and cannot provide any useful information for MU scheduling, it is not necessary to be supported for UE initiated/event driven beam reporting.
Proposal 9: Do not support L1-SINR as a quality metric for event detection.
Summary and conclusion
In this contribution, we have the following observations and proposals:
Observation 1: Event-1 can provide an early warning on the current beam quality degradation to avoid BFR procedure and, therefore, can help to reduce the latency and overhead of beam switching/measurement.
Observation 2: Event-2 can provide gNB with new candidate beam(s) and reduce the latency of beam switching.
Observation 3: Event-5 has two use cases in which the corresponding report can be used to reduce RS overhead and latency for beam switching, respectively.
Observation 4: Cross-cell beam reporting can improve the reliability of beam reporting.
Observation 5: Cross-cell beam reporting can reduce the latency of beam reporting.
Observation 6: Option 1 has a small spec impact and does not rely on a dedicated SR.
Observation 7: Option 2 has a relatively large spec impact and relies on a dedicated SR for beam reporting. The latency of Option 2 is not necessarily lower than Option 1 since UE need to wait for a dedicated SR, while in Option 1, the MAC-CE can be transmitted along with any PUSCH.
Observation 8: Option 3 has a relatively large spec impact and relies on dedicated SR for beam reporting. Similar to Option 2, the latency of Option 3 is not necessarily lower than Option 1 since UE need to wait for a dedicated SR. However, the latency of Option 3 can be a bit lower than Option 2 if the second UL resource is configured close to the dedicated SR in time domain.
Observation 9: Relative to Option 1, Option 4 causes a large spec impact. Also, the contention-based transmission on pre-configured resources is not resource efficient and the UL resource overhead of Option4 can be excessively large.   
Proposal 1: Among the four candidate events in RAN1#116 agreement, support Event-1 and Event-2.
· For Event-2, UE may report more than one beam if multiple beams meet the event trigger condition.
Proposal 2: Support Event-5 in addition to Event-1 and Event-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.

Proposal 3: Cross-cell beam reporting, e.g., beam reporting transmission of a FR2 cell on a FR1 cell, should be supported to ensure the reliability and reduce the latency of UE initiated/event driven beam reporting.
Proposal 4: In order to support cross-cell beam reporting, include cell ID as a part of report content of all agreed events.
Proposal 5: For Event-1 triggered beam reporting, at least cell ID, event ID and L1-RSRP of the current beam should be included in the report content.
Proposal 6: For Event-2 and Event-5 triggered beam reporting, at least cell ID, event ID, RS ID(s) corresponding to the new beam(s), as well as L1-RSRP of the current beam and the new beam(s) should be included in the report content. 
Proposal 7: For UE-initiated/event-driven beam reporting procedure, support Option1.
Proposal 8: Support semi-persistent CSI-RS and aperiodic CSI-RS for event detection. 
Proposal 9: Do not support L1-SINR as a quality metric for event detection.
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