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Introduction
1. 
In RAN1#116-bis, some agreements pertaining to UE-initiated/event-driven beam management were achieved [1] while there are still remaining issues that need to be further discussed. In this paper, we provide our views on these issues.
Details of Event-2
In last meeting, issues relevant to Event-2 have been discussed and some agreements were achieved [1]. In this section, we discuss remaining issues related to Event-2.
New beams measurement resources 
	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.




Regarding the measurement resource of the new beams, three options were listed for down selection in the above agreement. Among the three options, Option-3b is too restrictive with which only the beams corresponding to the activate TCI-states can be measured. Option-3c has some problem as the configured TCI-states include: 1) TCI-state for data transmission whose QCL-D source RS is CSI-RS with repetition or trs-Info; and 2) TCI-state for CSI-RS whose QCL-D source RS could be SSB. Therefore, applying the QCL RS of the configured TCI-states as the measurement resource for new beams may lead to an unfair comparison between CSI-RS beam and SSB beam which have different beam width, number of ports, and transmission power. Option-3a provides the best flexibility and can be used for the measurement of CSI-RS or SSB based on the gNB request.
Proposal 1: Regarding measurement resources of the new beams, support Option-3a.
· Option-3a: The measurement resources of the new beams are explicitly configured by RRC (e.g., reusing legacy configuration of RS measurement or in TCI-State) or MAC-CE

As discussed above, for Event 2, comparing the beam quality of SSB and CSI-RS is meaningless as, in general, they have different beam width, number of ports, and transmission power. Hence, UE should not expect that the measurement resource of the current beam and the measurement resources of the new beams are different in RS type, i.e. one is SSB and the other is CSI-RS.
Proposal 2: UE expect that the measurement resource of the current beam and the measurement resources of the new beams have the same RS type, i.e., all measurement resources for new beams and the current beam should be either SSB or CSI-RS.
Current beam measurement resource 
	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



It was agreed in RAN1 116-bis that the measurement resource of the current beam can be implicitly derived from the QCL RS of the indicated TCI-state. As the QCL RS in the indicated TCI-state can only be CSI-RS with repetition or trs-Info, we think that such “implicit” derivation of the measurement resource should also include the SSB which is the QCL source of the QCL RS in the indicated TCI state, otherwise, Event-2 would not support beam reporting based on SSB. We believe it is important to support UE-initiated/event-driven beam reporting based on SSB due to at least the following two reasons: 
First, although a CSI-RS with repetition or trs-Info is the QCL RS of the indicated TCI-state, SSB is the QCL source in the QCL chain of that CSI-RS with repetition or trs-Info and UE needs to track the changes in the SSB and update the QCL RS of the CSI-RS with repetition or trs-Info when the best SSB changes. 
Second, in a typical two-level beam management mechanism that relies on the wide beam corresponding to SSB and narrow beams corresponding to CSI-RS resources, the configured CSI-RS resources for beam management usually correspond to the best SSB, i.e., UE only measures the narrow beams that are included in the best wide beam. Therefore, when the best SSB changes, gNB needs to update the CSI-RS resource set for beam management. 
If SSB measurement is not supported, UE-initiated/event-driven beam reporting cannot not support above two important features. In order to support UE initiated beam reporting based on SSB, the following options from the agreement in RAN1 116-bis can be considered.
1) Modified Option-2a: The measurement resource for current beam can be either the QCL RS in the indicated TCI state or the SSB QCLed with that QCL RS. There are two alternatives on how to select between the QCL RS in the indicated TCI state or the SSB QCLed with the QCL RS:

Alt1) gNB-based selection: gNB configures an RRC parameter that selects the QCL RS in the indicated TCI state or the SSB QCLed with that QCL RS.
Alt2) UE-based selection: UE selects the measurement resource for current beam such that it has the same type as the measurement resources for the new beams: If the measurement resources for new beams are CSI-RS, the UE selects the measurement resource for the current beam as the QCL RS in the indicated TCI state. In turn, if the measurement resources for new beams are SSB, UE selects the measurement resource for the current beam as the SSB QCLed with the QCL RS. Note that Alt2 directly guarantees that the measurement resources for new beams and the current beam are of the same RS type to ensure an equitable beam comparison. 
2) Option-2c: The SSB or CSI-RS measurement resource for the current beam is explicitly configured by RRC or MAC-CE.
In our view, both above options have their own advantages. In modified Option-2a, similar to implicit BFD-RS determination, the measurement resource is implicitly derived from the current beam and there is no need for RRC (re-)configuration of the measurement resource when the current beam changes. In “Option-2c”, similar to explicit BFD-RS configuration, the measurement resource is explicitly configured and, therefore, it can also be used to measure a beam different from the beam corresponding to the indicated TCI-state, e.g., the beam associated with a CORESET#0 that does not follow unified TCI-state. 
Similar to the BFR procedure, supporting both above options in the specifications accommodates a full flexibility of UE initiated beam reporting. Therefore, we propose to support both options.
Proposal 3: Regarding measurement resource of the current beam for Event-2, support both the modified Option-2a and original Option-2c in the agreement in RAN1 116-bis:
· Modified Option-2a: The measurement resource for current beam can be either the QCL RS in the indicated TCI state or the SSB QCLed with the QCL RS. 
· Down-select one of the following two alternatives on how to select between the QCL RS in the indicated TCI state or the SSB QCLed with the QCL RS:

Alt1) gNB-based selection: An RRC parameter is configured that selects the QCL RS in the indicated TCI state or the SSB QCLed with the QCL RS.
Alt2) UE-based selection: UE selects the current beam measurement resource such that it has the same RS type as the new beam measurement resource (both SSB or both CSI-RS).
· Option-2c: The measurement resource for the current beam is explicitly configured by RRC or MAC-CE.

Event-triggered determination
In RAN1#116-bis, L1-RSRP was agreed as a quality metric for Event-2 determination while how L1-RSRP is used for event determination needs to be further studied. In order to avoid frequent event-driven beam reporting, mechanisms like filtering of L1-RSRP as well as counter and/or timer-based event triggering were discussed in the last meeting. In filtering mechanism, UE filters the measurement results of several measurement occasions to achieve a stable result. Similar to L3 RSRP filtering, how many occasions are needed to achieve a stable result is up to UE implementation. In counter and/or timer-based event triggering, counter and/or timer can be used to define the condition of beam reporting similar to BFD in BFR procedure. Comparing the two mechanisms, counter and/or timer-based solution is more controllable since the maximum value of the counter and the length of the timer can be configured by gNB which provides more flexibility in gNB implementation. Therefore, we suggest supporting counter and/or timer-based event triggering.
In BFR procedure, as shown in Figure 1, BFRQ (BFR request message) is transmitted by UE when the value of BFI_COUNTER is equal or larger than beamFailureInstanceMaxCount during the time duration set by BFD timer beamFailureDetectionTimer. The counter is used to count the number of beam failures whose value can increase by 1 when UE detect that the quality of all BFD-RS(s) is lower than a threshold. The timer is started/restarted when beam failure is detected. After BFRQ transmission, the counter will keep counting, and if beam failure is detected in the next measurement occasion of BFD-RS, BFRQ will be re-transmitted. The counter is reset when BFRR (BFR response message) is received by the UE. In other words, UE will keep transmitting BFRQ until it receives a BFRR. Such repetitive transmission is to the ensure a successful transmission of BFRQ due to the importance of the BFR procedure. For UE initiated beam report, such repetitive transmissions are not needed: First, there is no response message from the gNB in UE initiated beam reporting and, thus, there is no way to stop a repetitive beam report transmission. Second, in general, a successful reception of UE initiated beam report is less important than that of the BFRQ as, in the case of UE initiated beam report, the UE can still use the current beam and it is not justified to consume so much resources to repetitively transmit the beam report.
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Figure 1. Timer and counter operation in BFR
Observation 1: In BFR, BFRQ is repetitively transmitted until UE receives BFRR. This may result in a large resource consumption.
Observation 2: Unlike the BFRQ transmission, repetitive transmission of UE initiated beam report is not necessary as the current beam can still work and there is no response message from gNB to stop such repetitive transmission.
Proposal 4: Support timer and/or counter based triggering event determination mechanism similar to BFR.
· FFS: How to avoid repetitive beam reporting.

Reporting content
	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.
· [bookmark: _Hlk164870726]FFS: When current beam is reported, whether the current beam is counted in the N reported beams.  
The selected option shall satisfy Event-2.


Regarding the content of beam reporting, one basic issue is whether the payload size of beam report UCI is variable or fixed. we prefer fixed size due to following reasons.
First, it has a smaller spec impact as the legacy beam reporting mechanisms also have fixed payload size. With variable size, more specification effort would be required which includes two-part UCI design, dropping rules of the second part, etc.
Second, a fixed payload size requires a smaller processing complexity. With variable payload size, both UE and gNB need to conduct two-step processing for the two-part UCI which is more complicated than the legacy beam reporting.
Observation 3: Beam report UCI with variable size results in a larger spec impact and UE complexity than beam report UCI with fixed size.
Third, we fail to see any benefit of UCI with a variable size. Even with a variable payload size, beam reporting overhead cannot be reduced since gNB does not know how many beams UE will report. Therefore, it needs to schedule PUCCH/PUSCH (in mode A) or pre-configure PUCCH/PUSCH (in mode B) resources that are large enough to carry the maximum number of reported beams, otherwise, there is a risk that measurement results in part 2 UCI are dropped.
Observation 4: In UE-initiated/event-driven beam reporting Beam report UCI with variable size cannot reduce resource overhead comparing to beam report UCI with fixed size.
Among Options with fixed payload size (Option 1b, 2, 3), we prefer Option 3. Option 2 is too restrictive as it only allows reporting one beam. Option 1b and Option 3 are similar with the only difference that, when the number of beams that satisfy the condition is smaller than Nmax, Option 3 allows UE to report beams that do not satisfy the condition, while Option 1b may perform zero padding to keep a fixed UCI size. In Option 3, the reported beams that do not satisfy the condition can also be useful. For example, in Option 3, other than the beams that satisfy the condition, UE may additionally report the beams that, although not a configured threshold better than the current beam, still have a better than or a comparable quality to the current beam. If these beams are also reported, gNB may, for instance, activate the TCI-states corresponding to these beams and, subsequently, UE perform T/F synchronization for them. In later occasions, if one of these beams becomes the best beam and this beam is reported to the gNB, gNB can directly indicate UE to switch to this beam and there will not be any latency due to UE T/F synchronization for this beam. Therefore, we slightly prefer Option 3 although we are also supportive of Option 1b.
Proposal 5: Support Option-3 (fixed-size) in RAN1 116-bis agreement for beam reporting of Event-2.
For Option-3, the L1-RSRP report of the current beam may not always be necessary and gNB may only require the reports of the beams whose L1-RSRPs are configured threshold better than that of the current beam. To support the flexibility to report or not report the current beam, we propose the following: 
Proposal 6: Whether current beam is reported can be enabled or disabled by RRC. 
As for whether the current beam is counted in the N reported beams in Option-3, we think it is clearer to not count the current beam in the value of N.
Proposal 7: The current beam is not counted in the N reported beams.
Discussion on other Events
In last meeting, Event-2 has been supported for UE-initiated/event-driven beam reporting while others events still need to be further studied. In this section, we provide our views on these candidate events
	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).


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 may trigger/activate AP/SP beam measurement to obtain a new beam.
· gNB may indicate UE to switch to the new beam.
Observation 5: 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-5
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 2a). 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 Figure 2b 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 2c. As can be observed from yellow and green curves of Figure 2b, beam oversampling can substantially reduce the average and the maximum RSRP loss in the cell. In particular, even a 2x2 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 2. 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 3). 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 3. New beam corresponding to another main path
Procedure: A typical procedure of the 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 beam failure, gNB may indicate the backup beam until UE reports a new qualified beam.
Observation 6: Event-5 has two use cases in which the corresponding report can be used to reduce RS overhead and latency for beam switching, respectively.
Event-9
Use case 1: When the configured reference RS is the SSB that is the QCL source RS of the QCL RS of the indicated TCI state, Event-9 can be used to notify gNB that a new SSB is better than the current SSB. With the new SSB, gNB can update the QCL source RS of the QCL RS of the indicated TCI state and UE can do T/F synchronization based on the new SSB. In addition, with the new SSB, gNB can update the CSI-RS resources for beam management to measure a set of narrow beams that are included in the wide beam corresponding to the new SSB.
Procedure: A typical procedure corresponding to above use case is given below.
· UE is configured with a report associated with Event-9.
· UE measures the quality of current beam and new beams based on explicitly configured SSBs.
· When Event-9 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 may update the QCL source RS of the QCL RS of the indicated TCI state to the new SSB and/or configure a new set of CSI-RS resources for UE to measure beams corresponding to the new SSB.
Use case 2: When gNB wants UE to measure a beam corresponding to a signal/channel that does not follow the indicated TCI state, e.g., the beam corresponding to cell-specific CORESET#0 or a CSI-RS that does not follow the indicated TCI state, gNB can explicitly configure the measurement resource to measure the beam.
Procedure: A typical procedure corresponding to above use case is given below.
· UE is configured with a report associated with Event-9.
· UE measures the quality of current beam and new beams based on explicitly configured RSs.
· When Event-9 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).
· If the current beam corresponds to a channel/signal that does not follow the indicated TCI state, gNB may indicate UE to switch to the new beam for that channel/signal.

Proposal 8: Among the candidate events in RAN1#116-bis agreement, support Event-1, Event-5 and Event-9.

Beam report transmission procedure
	Agreement
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.
· Mode B (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. 
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.


In RAN1#116-bis, both Mode A and Mode B were agreed for UE initiated beam reporting. Several issues under these two Modes are still open for discussion.
[bookmark: _Hlk165965750]For Mode A, to facilitate gNB to correctly interpret the beam report UCI, the first PUCCH should be a dedicated PUCCH configured for UE initiated beam reporting. In particular, the dedicated PUCCH can be a dedicated SR for UL scheduling. As for the second UL channel, it can be PUSCH. Although a PUCCH can be indicated by DCI that schedules PDSCH, we do not think such PUCCH should be supported as the second UL channel since it is not straightforward to use a PUCCH for HARQ ACK of PDSCH to also carry a beam report and such design requires addressing how to handle beam report multiplexing with HARQ ACK of PDSCH in the same PUCCH.
Proposal 9: For Mode A, the first PUCCH is a dedicated SR and the second UL channel is PUSCH.
For Mode B, the first PUCCH should also be a dedicated PUCCH. However, whether it can be a dedicated SR should be further discussed since the first PUCCH in Mode B is not for scheduling request. We can accept to have a unified design for the first PUCCH for Mode A and Mode B if a dedicated SR is also workable for Mode B. As for the second UL channel, it can be a pre-configured PUCCH or type 1 CG-PUSCH. 
Proposal 10: For Mode B, the first PUCCH is a dedicated PUCCH and the second UL channel can be either PUCCH or type 1 CG-PUSCH.
For the first PUCCH of Mode A and B, another issue is whether it is one-bit or multi-bit. We think both choices are functional choices but slightly prefer multiple bit PUCCH which can be used to inform gNB the event that triggers the beam report. Considering that the beam report can correspond to any event, any cell (in cross-cell reporting) and any number of beams, the design of beam report UCI is both flexible and complicated. Using the first PUCCH to at least inform the triggering event can reduce the design complexity of UCI that carries the actual beam report. In addition, such event information can help gNB to schedule an appropriate UL resource to carry the subsequent beam report in Mode A.
Proposal 11: The first UL channel of both Mode A and Mode B can be a multi-bit PUCCH (first preference) or a 1-bit PUCCH (second preference).
Cross-cell beam reporting
In legacy CSI framework, for P/SP beam reporting on PUCCH, measurement result is reported via a PUCCH of the cell on which the report configuration CSI-ReportConfig is configured. Therefore, if the CSI-ReportConfig is configured on one cell, UE cannot report beam via PUCCH of another cell. The only way to support cross-cell beam reporting based on PUCCH is to configure CSI-ReportConfig and its measurement resource indicated by resourcesForChannelMeasurement on different cells. To accommodate this, carrier field in CSI-ReportConfig is used to indicate the cell on which the measurement resource is configured. To support UE initiated cross-cell beam reporting, a similar mechanism can be considered as a starting point.
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Figure 4. An example of cross cell beam reporting configuration in legacy CSI framework
Proposal 12: To support UE initiated cross-cell beam reporting, configuring report configuration and corresponding measurement resource on different cells can be considered as a starting point.
To support UE initiated cross-cell beam reporting, at least the following issues should also be studied.
Determining the measurement resource
As discussed, in legacy CSI framework, carrier in CSI-ReportConfig is used to indicate the cell on which the associated measurement resource is configured and resourcesForChannelMeasurement field in CSI-ReportConfig is used to indicate the measurement resource on the cell indicated by carrier. In UE initiated beam reporting, based on the agreement in RAN1 116-bis, the measurement resource for the current beam is implicitly derived from the indicated TCI-state, rather than being explicitly configured. Therefore, resourcesForChannelMeasurement field should not be used to indicate the measurement resource for the current beam. Instead, UE should adopt the QCL RS of the indicated TCI-state or the SSB QCLed with the QCL RS in the cell indicated by carrier field as the measurement resource for the current beam.
Proposal 13: To support UE initiated cross-cell beam reporting, the measurement resource of the current beam is the QCL RS of the indicated TCI-state or the SSB QCLed with the QCL RS of the indicated TCI-state in the cell indicated by the ‘carrier’ field provided in the report configuration.
Indication of the cell corresponding to the beam report
In legacy beam reporting, in the case of periodic or semi-persistent report on PUCCH, the UL resources for beam reporting of each cell is pre-configured. In turn, in the case of semi-persistent or aperiodic report on PUSCH, the same DCI that triggers beam reporting of the cell also schedules the UL resources for the report. Therefore, in either case, gNB can know the beam for each cell is reported in which UL resource. However, in the UE initiated beam reporting framework, as beam report is initiated by the UE, such association between the beam report of each cell and the corresponding reporting resource is not clear. Let us consider the typical case that multiple CSI-ReportConfig each associated with a different carrier C2,…,Cn are configured on a single carrier C1. Since there is no pre-configured PUCCH resources dedicated to the beam report of each carrier or triggering DCI for beam report that ties the scheduled PUSCH resources to the beam report, an additional mechanism should be devised to inform gNB that the beam report on C1 is associated with which of the carriers C2,…,Cn. We think the simplest solution is to include cell ID in the beam report.
Proposal 14: For UE-initiated cross-cell beam reporting, introduce cell ID in the beam report to indicate the cell on which the beam measurements are carried out.
Reports of multiple cells multiplexing
Another issue to consider is how gNB can correctly interpret the beam report when event-driven beam reports of multiple cells are associated with one UL resource. In legacy CSI reporting framework, when multiple reports of multiple cells are associated with the same UL resource, gNB can interpret the reporting content correctly since they are sorted according to the CSI reports priority rule. However, for event-driven beam reporting, reports of some cells may not be transmitted since events may not occur in all configured cells. Hence, the reporting content cannot be interpreted using the legacy priority rules considering that gNB cannot know events occur on which cells.
Proposal 15: For UE-initiated cross-cell beam reporting, the mechanism to report beams corresponding to multiple cells on the same UL reporting resource should be studied.
RS configurations and quality metrics of Events
Regarding the measurement RS for UE-initiated/event-driven beam reporting, the following agreement was achieved in RAN1#116 [2]:
	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 measurement resource, SP CSI-RS and AP CSI-RS should also be supported. Supporting SP/AP CSI-RS provides a better flexibility for beam measurement. For example, when UE report that the quality of the current beam is lower than a threshold in Event-1, gNB can trigger/activate AP/SP CSI-RS to quickly find a new beam e.g., using Event-2, and prevent the UE to go into beam failure. If such mechanism is not devised, gNB needs to rely on periodic CSI-RS transmission and UE needs to measure all occasions of the periodic CSI-RS to see when Event-2 triggers a report. This would result in an unnecessary RS transmission overhead and UE complexity. In addition, as the QCL RS of the TCI state can be SP/AP CSI-RS, if SP/AP CSI-RS is not supported, there are scenarios that UE-initiated beam reporting cannot work. For example, if the QCL RS of indicated TCI state is an AP/SP CSI-RS, UE cannot monitor the quality of current beam when they are not supported.
Proposal 16: Support SP CSI-RS and AP CSI-RS for beam measurement in UE initiated beam reporting. 
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 17: Do not support L1-SINR as a quality metric for event detection.
 
Summary and conclusion
Proposals:
Proposal 1: Regarding measurement resources of the new beams, support Option-3a.
· Option-3a: The measurement resources of the new beams are explicitly configured by RRC (e.g., reusing legacy configuration of RS measurement or in TCI-State) or MAC-CE
Proposal 2: UE expect that the measurement resource of the current beam and the measurement resources of the new beams have the same RS type, i.e., all measurement resources for new beams and the current beam should be either SSB or CSI-RS.
Proposal 3: Regarding measurement resource of the current beam for Event-2, support both the modified Option-2a and original Option-2c in the agreement in RAN1 116-bis:
· Modified Option-2a: The measurement resource for current beam can be either the QCL RS in the indicated TCI state or the SSB QCLed with the QCL RS. 
· Down-select one of the following two alternatives on how to select between the QCL RS in the indicated TCI state or the SSB QCLed with the QCL RS:
Alt1) gNB-based selection: An RRC parameter is configured that selects the QCL RS in the indicated TCI state or the SSB QCLed with the QCL RS.
Alt2) UE-based selection: UE selects the current beam measurement resource such that it has the same RS type as the new beam measurement resource (both SSB or both CSI-RS).
· Option-2c: The measurement resource for the current beam is explicitly configured by RRC or MAC-CE.
Proposal 4: Support timer and/or counter based triggering event determination mechanism similar to BFR.
· FFS: How to avoid repetitive beam reporting.
Proposal 5: Support Option-3 (fixed-size) in RAN1 116-bis agreement for beam reporting of Event-2.
Proposal 6: Whether current beam is reported can be enabled or disabled by RRC.
Proposal 7: The current beam is not counted in the N reported beams.
Proposal 8: Among the candidate events in RAN1#116-bis agreement, support Event-1, Event-5 and Event-9.
Proposal 9: For Mode A, the first PUCCH is a dedicated SR and the second UL channel is PUSCH.
Proposal 10: For Mode B, the first PUCCH is a dedicated PUCCH and the second UL channel can be either PUCCH or type 1 CG-PUSCH.
Proposal 11: The first UL channel of both Mode A and Mode B can be a multi-bit PUCCH (first preference) or a 1-bit PUCCH (second preference).
Proposal 12: To support UE initiated cross-cell beam reporting, configuring report configuration and corresponding measurement resource on different cells can be considered as a starting point.
Proposal 13: To support UE initiated cross-cell beam reporting, the measurement resource of the current beam is the QCL RS of the indicated TCI-state or the SSB QCLed with the QCL RS of the indicated TCI-state in the cell indicated by the ‘carrier’ field provided in the report configuration.
Proposal 14: For UE-initiated cross-cell beam reporting, introduce cell ID in the beam report to indicate the cell on which the beam measurements are carried out.
Proposal 15: For UE-initiated cross-cell beam reporting, the mechanism to report beams corresponding to multiple cells on the same UL reporting resource should be studied.
Proposal 16: Support SP CSI-RS and AP CSI-RS for beam measurement in UE initiated beam reporting. 
Proposal 17: Do not support L1-SINR as a quality metric for event detection.
Observations:
Observation 1: In BFR, BFRQ is repetitively transmitted until UE receives BFRR. This may result in a large resource consumption.
Observation 2: Unlike the BFRQ transmission, repetitive transmission of UE initiated beam report is not necessary as the current beam can still work and there is no response message from gNB to stop such repetitive transmission.
Observation 3: Beam report UCI with variable size results in a larger spec impact and UE complexity than beam report UCI with fixed size.
Observation 4: In UE-initiated/event-driven beam reporting Beam report UCI with variable size cannot reduce resource overhead comparing to beam report UCI with fixed size.
Observation 5: 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 6: Event-5 has two use cases in which the corresponding report can be used to reduce RS overhead and latency for beam switching, respectively.
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