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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 #116bis meeting, there were many agreements achieved [1], for example, for the different transmission modes of UE-initiated/event-driven (UEI/ED) beam report, trigger-event detection for beam report, the definition of current beam, UL signaling content(s) and formats of L1-RSRP report depending on Event-2, etc. However, some important issues and details of UEI/ED beam report are still not clear or are still FFS/TBD. In this paper, we will discuss the unsolved issues of UEI/ED beam management for reducing signaling overhead and latency, and further provide potential solutions for UEI/ED beam management, especially for UL signaling content(s) (and procedure(s) as required) for UEI/ED beam reporting facilitating fast beam switching, UL signaling contents/container considering the UEI/ED nature of the UL transmission for the purpose of beam reporting, as well as how to confirm/acknowledge, by gNB, reported beam(s) indicated by the UEI/ED beam report.

Discussion 
UE-initiated/event-driven beam management for reducing overhead and latency
Beam management is one of the key technologies to guarantee the performance and coverage for NR, especially for FR2 operation. To maximize system performance and coverage for NR, the “best” DL/UL beams for control channel and data channel should always be acquired and used by both UE and gNB. However, in legacy beam management procedures, only gNB configured L1 beam measurement/reporting is supported. That is, gNB may configure/activate frequent periodic or semi-persistent (P/SP) beam reporting or may trigger frequent aperiodic (AP) beam reporting to acquire the “best” beams for data/control channel transmissions/receptions. This frequent beam reporting configured by gNB will result in large UL reporting overhead and control signaling overhead. On the other hand, UEI/ED beam reporting may reduce reporting signaling overhead since beam reporting is performed only if certain event is fulfilled in UE side. Under such a procedure, if UE determines that the event is fulfilled, UE can trigger beam measurement reporting without waiting for the gNB to configure or trigger frequent beam measurement reporting. 
As per the scope of the work item, facilitating fast beam switching by UEI/ED beam reporting is one of the key tasks. To that end, the latency reduction, from legacy beam management, for beam switching supported by UEI/ED beam reporting is one of the most important issues to be solved. The latency of beam switching generally includes two parts: the first part involves the latency related to beam reporting itself; and the second part involves the latency for applying the new beam after the beam reporting. In our view, if only considering the UEI/ED beam reporting itself without considering enhancement on how to apply the new beam, the potential latency reduction is mainly from the first part and is very marginal, or even no latency gain compared to the legacy beam management procedure. More specifically, it seems that maximum reduction of latency from UEI/ED beam reporting itself only (i.e., latency reduction on the first part) is just only at a periodicity period level of P/SP beam reporting, compared with legacy P/SP beam reporting, as shown in Figure 1 (assuming UL resource available for beam reporting after DL RS). Additionally, the shorter periodicity period of the legacy P/SP beam reporting, the less latency reduction obtained for the first part latency reduction for UEI/ED beam reporting compared with legacy P/SP beam reporting. 
[image: ]
Figure 1: Periodic CSI report and UE-initiated/event-driven beam reporting
For instance, according to RRC configuration parameters [2], the periodicity periods of beam measurement RS and beam reporting in legacy P/SP beam reporting can be configured as below:
CSI-ReportPeriodicityAndOffset ::=  CHOICE {
slots4                              INTEGER(0..3),
slots5                              INTEGER(0..4),
slots8                              INTEGER(0..7),
slots10                             INTEGER(0..9),
slots16                             INTEGER(0..15),
slots20                             INTEGER(0..19),
slots40                             INTEGER(0..39),
slots80                             INTEGER(0..79),
slots160                            INTEGER(0..159),
slots320                            INTEGER(0..319)}
CSI-ResourcePeriodicityAndOffset ::=    CHOICE {
slots4                                  INTEGER (0..3),
slots5                                  INTEGER (0..4),
slots8                                  INTEGER (0..7),
slots10                                 INTEGER (0..9),
slots16                                 INTEGER (0..15),
slots20                                 INTEGER (0..19),
slots32                                 INTEGER (0..31),
slots40                                 INTEGER (0..39),
slots64                                 INTEGER (0..63),
slots80                                 INTEGER (0..79),
slots160                                INTEGER (0..159),
slots320                                INTEGER (0..319),
slots640                                INTEGER (0..639)}

To simplify the analysis, the periodicity period of beam measurement reporting can be configured with same values as that of beam measurement RS, and the minimum SCS for FR2, 60KHz, is used [3] as shown in below Table 1.
Table 1: Maximum latency reduction based on event triggered report only
	Slot length
	RS periodicity period
	Periodicity period of beam report 
	Maximum latency reduction based on event triggered report only

	0.25ms
	4 slots
	4 slots
	Less than 1ms

	0.25ms
	5 slots
	5 slots
	Less than 1.25ms

	0.25ms
	8 slots
	8 slots
	Less than 2ms

	0.25ms
	10 slots
	10 slots
	Less than 2.5ms

	0.25ms
	16 slots
	16 slots
	Less than 4ms

	0.25ms
	20 slots
	20 slots
	Less than 5ms


From the above Table 1, we can see that the maximum latency reduction from UEI/ED beam reporting itself only (i.e., the first part latency reduction) is just only less than 1ms for event triggered report if the minimum periodicity periods (i.e., 4 slots) for beam reporting and measurement RS are configured for UE. If considering other SCSs for FR2, such as 120KHz, 480KHz, and 960KHz, the maximum latency reduction for event triggered report itself only will become smaller and may be negligible. Furthermore, if the triggering event is declared based on the measurements of RS over multiple periods, the event triggered report may even have no latency gain compared with the legacy P/SP beam reporting. Therefore, based on the above discussions and analysis, we have the following observation:
Observation 1: Latency reduction from UE-initiated/event-driven beam reporting itself only is very marginal compared with the legacy P/SP beam reporting, and even no latency gain if the triggering event is declared based on the measurements of RS over multiple periods.
From beam application perspective, after UEI/ED beam reporting, UE may still perform the legacy beam management procedure to apply a new candidate beam, such as receiving RRC reconfiguration, MAC CE activation and/or DCI indication, etc., which clearly further prolongs the beam application time of UE after the UEI/ED beam reporting and has no latency reduction for the second part compared with the legacy beam management procedure. However, if gNB can directly confirm/acknowledge the reported beam(s) indicated by UEI/ED beam reporting, a significant latency reduction on the second part can be obtained by UE via UEI/ED beam reporting. That is, UE can immediately apply the reported beam(s), indicated by the UEI/ED beam reporting, after confirmation/acknowledgement by gNB. Thus, the legacy beam management procedure for beam application, such as RRC reconfiguration, MAC CE activation, etc., can be replaced with just a confirmation/acknowledgement message from gNB after the event triggered beam reporting, which can significantly reduce latency and signaling overhead for beam application by UE after the UEI/ED beam reporting, meanwhile, facilitating fast beam switching and update by UE. On the other hand, if gNB still performs legacy beam application procedure after receiving beam reporting with the reported beam(s), such as transmitting RRC reconfiguration message, MAC CE activation and/or DCI indication for the beam(s) reported in UEI/ED beam reporting, it may result in both higher signaling overhead and significantly larger latency. Therefore, from both signaling overhead and latency perspective, legacy beam application procedure, including transmitting RRC reconfiguration message, MAC CE activation and/or DCI indication, needs to be enhanced. One way of enhancement is to use direct confirmation/acknowledgement from gNB for the reported beam(s) in UEI/ED beam reporting.
To illustrate the signaling overhead and the second part of latency reduction for beam application based on the UEI/ED beam management, Figure 2 shows the beam application procedures for: (a) UEI/ED beam management with legacy beam application procedure; and (b) UEI/ED beam management with direct confirmation/acknowledgement for the reported beam(s) from gNB (i.e., UE does not just autonomously switch beam). In Figure 2 (a), the assumption is that the candidate beam reported in the UEI/ED beam reporting is not in the original TCI state pool, so that gNB needs to perform RRC reconfiguration of the TCI state pool, which may result in a latency of about 10 ms. Furthermore, if the target TCI state is not in the active TCI state list for PDSCH, additional latency due to waiting for the first (1st) SSB transmission after MAC CE command is needed for UE [4], which is illustrated by the 1st SSB transmission as shown in Figure 2 (a).  This latency depends on the period of the SSB with a typical value of 20 ms. Comparing Figure 2 (a) and (b), we observe that the UEI/ED beam management, with direct confirmation/acknowledgement for the reported beam(s) from gNB, can reduce the latency by approximately more than 30 ms for the new beam application from the legacy beam management procedure. The saving in latency of about more than 30 ms by the UEI/ED beam management mainly comes from removing the RRC reconfiguration of TCI state pool (~10 ms), the SSB waiting time (~20 ms), as well as acknowledgement for MAC CE activation command. Furthermore, in the case that the candidate/new beam reported in the UEI/ED beam reporting is already in the original TCI state pool (i.e., no RRC Reconfiguration is needed) and the UEI/ED beam reporting is only used to update the active TCI state list, direct confirmation/acknowledgement for the reported beam(s) from gNB can still reduce the latency by approximately more than 20ms. With this latency and signaling overhead reduction, the UEI/ED beam management with direct confirmation/acknowledgement from gNB for the reported beam(s) can significantly improve the efficiency and timeliness for fast beam switching/update. 
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Figure 2: beam application procedures (a) UE-initiated/event-driven beam management with legacy beam application procedure (b) UE-initiated/event-driven beam management with direct confirmation/acknowledgement for the reported beam(s) from gNB (i.e., UE does not just autonomously switch beam)
Therefore, based on the above discussions and analysis, we have the following observation and proposal:
Observation 2: UE-initiated/event-driven beam reporting indicating reported beam(s) and direct confirmation/acknowledgement by gNB for the reported beam(s) can significantly reduce both signaling overhead and latency for fast beam switching/update.
Proposal 1: Support that UE-initiated/event-driven beam reporting includes reported beam(s) and UE can apply the reported beam(s) after confirmation/acknowledgement by gNB.

[bookmark: _Ref129681832]UL signaling content(s) (and procedure(s) as required) for UE-initiated/event-driven beam reporting
Regarding UL signaling content(s) (and procedure(s) as required) for UEI/ED beam reporting, the below agreement was achieved, and the FL Proposals 2.2 and 2.3 were discussed in RAN1 #116bis meeting:
	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.
· FFS: When current beam is reported, whether the current beam is counted in the N reported beams.  
· The selected option shall satisfy Event-2.

Proposal 2.2: On UE-initiated/event-driven beam reporting, support semi-persistent CSI-RS for L1-RSRP measurement.
· There is no RAN1 consensus on supporting aperiodic CSI-RS for L1-RSRP measurement.
· Note: in RAN1#116, supporting periodic CSI-RS RS for L1-RSRP measurement on UE-initiated/event-driven beam reporting has already been agreed.

Proposal 2.3: On UE-initiated/event-driven beam reporting, at least support L1-SINR as a measurement quantity on SSB for intra-cell, and periodic CSI-RS for beam management, assuming legacy RS or RS combination (e.g., CMR only, CMR+ZP/NZP-IMR) for Rel-16 SINR.
· FFS: Report format and trigger event, e.g., Event-2 as in L1-RSRP measurement/report
· FFS: Semi-persistent CSI-RS and aperiodic CSI-RS for channel measurement
· FFS on L1-SINR to identify the best pairs of beams
· FFS discuss if Rel-17 group-based beam report (GBBR) is applicable to sTRP with 2 CSI Resource Sets (S=2)
· Note-1: Measurement results may be contained in the beam report and/or used as quality metric(s) to initiate/trigger the reporting. 
· Note-2: ZP/NZP-IMR, if configured, should have the same time-domain behavior as CMR. 


In terms of UL signaling content(s) of L1-RSRP report depending on Event-2 (i.e., Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam.) in a report instance, different options were provided for down-selection. In our view, Option-1 and Option-1a with variable size may increase transmission complexity in UE side and detection complexity in gNB side. In addition, the payload size of beam reporting may also need to be indicated by the beam reporting if variable size beam report is supported, which further increases the signaling overhead. Hence, in our view, Option-1 and Option-1a with variable size are not preferred. 
To give more flexibility to network, beam reporting by UE in a report instance may include multiple beams, and whether all the reported beams should satisfy the condition of Event-2 may depend on whether it is gNB or UE who makes the final decision on beam selection. If the final beam selection is decided by the UE, all the beams in a report instance should satisfy the condition of Event-2, which has much less signaling overhead. Instead, if the final beam selection is decided by the gNB, some beams in a report instance may not satisfy the condition of Event-2, which may have larger signaling overhead, but give gNB more flexibility to select the final beam. 
Regarding Option-1b, it may have fixed payload size, but zero-padding may introduce more signaling overhead. Regarding Option-2, it is a special case of Option-3 and Option-1b when N=1, except for the zero-padding in Option-1b. In our view, Option-2 is too restrictive. Regarding Option-3, it gives more flexibility to the gNB for final beam selection. We are open to both Option-1b and Option-3 for further discussion. Therefore, based on the above discussions and analysis, we have the following observation and proposals: 
Observation 3: Option-1 and Option-1a with variable size may increase transmission and detection complexity in UE side and gNB side, respectively, meanwhile, the payload size indication of beam reporting may increase signaling overhead.
Proposal 2: DO NOT support Option-1 and Option-1a with variable size for UE-initiated/event-driven beam reporting.
Proposal 3: Both Option-1b and Option-3 can be considered for UE-initiated/event-driven beam reporting.
Regarding the UL signaling content of UEI/ED beam reporting, in our view, the UL signaling contents of legacy beam measurement report, such as L1-RSRP/L1-SINR value(s) and the corresponding CSI-RS resource index(es) or SSB index(es), still need to be kept and included in the UEI/ED beam reporting. According to agreements in previous RAN1 meetings, at least L1-RSRP value(s) and the corresponding periodic CSI-RS resource index(es) or SSB index(es) can be included in the UEI/ED beam reporting. Meanwhile, as L1-SINR was already supported in legacy beam measurement report, it is beneficial for UEI/ED beam reporting to also support reporting the L1- SINR value(s) for the reported periodic CSI-RS resource index(es) or SSB index(es) if configured/enabled. Furthermore, if group-based beam reporting is configured/enabled, the same mechanism with differential L1-RSRP/SINR based reporting as legacy beam measurement report can also be supported in UEI/ED beam reporting. 
In terms of which type of CSI-RS should be supported for the measurements, semi-persistent CSI-RS can also be considered, whereas aperiodic CSI-RS may not be an appropriate candidate for Event-2 since the event can’t be predicted by both UE and gNB before scheduling the corresponding aperiodic CSI-RS. Therefore, based on the above discussions and analysis, we have the following proposals: 
Proposal 4: UE-initiated/event-driven beam reporting can include the corresponding L1-SINR value(s) for the reported periodic CSI-RS resource index(es) or SSB index(es).
Proposal 5: At least semi-persistent CSI-RS can be considered for beam measurement for UE-initiated/event-driven beam reporting.

UL signaling medium/container considering the UE-initiated/event-driven UL transmission for beam reporting
In terms of UL signaling medium/container for UEI/ED beam reporting, the below agreement was achieved in RAN1 #116bis meeting:
	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 option 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 options
For above procedures, cross-CC beam reporting is supported for both options.
· FFS: Details. 


For Mode A, UE needs to transmit a first PUCCH to request resource(s) for a second UL channel to carry beam report. In legacy UL transmission for transport block(s), UE needs to send an SR to request UL resource(s) for PUSCH channel to carry the transport block(s). Upon receiving an uplink grant, UE needs to transmit a buffer status report (BSR) MAC CE to inform the network about the status of data buffers (e.g., buffer size) in UE side. After that, UE may detect another uplink grant to schedule resource(s) for PUSCH channel to carry the transport block(s) and then transmits the transport block(s) via the scheduled resource(s) for PUSCH channel. If the beam report has variable size as discussed in last RAN1 meeting, the size of the beam report needs to be informed to network. In that sense, the transmission of BSR MAC CE may still be needed if the first PUCCH is SR as legacy transmission of transport block(s), which may introduce more latency for beam report and is not preferred. On the other hand, if the first PUCCH has multiple bits and new UCI type, the first PUCCH can explicitly indicate the exact size of uplink resources required for the beam report and thereby the transmission of BSR MAC CE may not be needed, which can reduce the latency for beam report. 
On the other hand, if the beam report has fixed size (e.g., as in Option-1b and Option-3 discussed in Section 2.2), the size of beam report can be preconfigured to UE and thereby the size of the beam report doesn’t need to be informed to network. In this case, the first PUCCH can be SR and the transmission of BSR MAC CE is not needed, which can further reduce latency for beam report. For all the three steps in Mode A, we prefer reusing the legacy dynamically scheduling procedures as much as possible to avoid unnecessary standard efforts. To that end, it is preferred that the second UL channel is PUSCH channel, which can fully reuse legacy dynamically scheduling procedures of UL transmission for transport block(s). If the second UL channel is PUCCH channel, significant standard efforts are expected since in legacy specs, UCI (except for ACK/NACK) can only be transmitted via preconfigured PUCCH resources rather than dynamically scheduled PUCCH resources for PUCCH channel. Even for aperiodic CSI trigger state, UE performs aperiodic CSI reporting still using PUSCH channel in legacy specs. In addition, the PUSCH channel has more capacity flexibility than PUCCH channel and is easier to accommodate different alternatives/configurations of beam report with different sizes.
For Mode B, UE needs to transmit a first PUCCH notifying a second UL channel to carry beam report.  The resources of the second UL channel are preconfigured to UE. If the first PUCCH is only used to indicate whether the preconfigured resources of the second channel are used or not for beam report, it is sufficient to use an SR for the first PUCCH. However, to further improve resource efficiency by reallocation of the unused resources by gNB, it is preferred to use multi-bit or new UCI type for the first PUCCH if the first PUCCH is used to indicate exactly how many resources of the preconfigured resources of the second channel can be used for beam report. Upon receiving the first PUCCH, gNB could determine whether to reallocate the resources of the second UL channel for other usage. To guarantee the performance of the reallocation of resources of the second channel by gNB, the time gap between the first PUCCH and the second channel needs to be set large enough. Similarly, if the beam report has variable size, the exact size of the beam report needs to be informed to network to further improve resource usage efficiency. In that sense, it is preferred that the first PUCCH has multiple-bit or new UCI type. More specifically, if the first PUCCH has multiple bits and new UCI type, the first PUCCH can explicitly indicate the exact size of uplink resources required for the beam report with variable size, but higher standard efforts are expected as well. 
On the other hand, if the beam report has fixed size (e.g., as in Option-3 and Option 1-b discussed in Section 2.2), the size of beam report can be preconfigured to UE and thereby the size of the beam report doesn’t need to be informed to network. In this case, the first PUCCH can be SR. 
Similarly, as discussed above, for both steps of Mode B, we prefer reusing the legacy procedures as much as possible to avoid unnecessary standard efforts. In our understanding, the preconfigured resources of the second channel may be periodic UL resources. In terms of channel types for the second channel, in our view, the second channel can be PUCCH since UCI transmissions over pre-configured periodic PUCCH resources were already specified in legacy standards. In addition, although the PUSCH channel has more capacity flexibility than PUCCH channel, in legacy standards, PUSCH channel can only support aperiodic and semi-persistent UCI transmission rather than periodic UCI transmission. 
Regarding whether UE should receive acknowledge information with response to each step for all options, we support acknowledgment by gNB responding at least to the step of beam report (e.g., Step 3 in Mode A and Step 2 in Mode B). As we analyzed in section 2.1, the acknowledgement/confirmation by gNB for the beam report can significantly reduce signaling overhead and latency especially for beam application. 
Based on the above discussions and analysis, we have the following proposals:
Proposal 6: Support that for Mode A, the first PUCCH has one bit (e.g., SR-like), and the beam report is transmitted via PUSCH by UE.
Proposal 7: Support that for Mode B, the first PUCCH has one bit (e.g., SR-like), and the beam report is transmitted via PUCCH by UE.
Proposal 8: Support that UE receives acknowledge information with response at least to the step of beam report for all options (e.g., Step 3 in Mode A and Step 2 in Mode B).

Trigger-event detection for UE-initiated/event-driven beam reporting
Definition of events
On the definition of event to drive UEI/ED beam reporting, the below agreement was achieved in RAN1 #116bis meeting:
	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).


According to the agreement in the above, different events were proposed for further study except for the agreed Event-2, such as Event-1, Event-3, Event-4, Event-5, Event-6, Event-7a, Event-7b, Event-8, and Event-9. Event-1, Event-3, and Event-4 were redefined for beam measurement reporting based on the corresponding L3 Events specified for handover mobility in legacy standard. Other additional events were defined to be used only for beam measurement reporting, such as Event-5, Event-6, Event-7a, Event-7b, Event-8, and Event-9. Hence, the first question that needs to be answered is whether the additional events are really needed for intra/inter-cell beam management/measurement and/or inter-cell handover mobility case, such as LTM. To that end, we analyze the functionalities of each of the proposed events except for the agreed Event-2 to help to determine whether additional event is really needed or not, as listed below:
Event-1: According to the definition, Event-1 can be triggered if quality of the current beam is worse than a certain threshold. Event-1 is redefined for beam measurement based on L3 Event A2, where serving cell becomes worse than a threshold. Event A2 is typically used to trigger a mobility procedure when a UE moves towards cell edge. Event A2 does not involve any neighbor cell measurements, so it may be used to triggers neighbor cell measurements for UE which can then be used for a measurement-based mobility procedure. In addition, the gNB may configure measurement gaps for inter/intra-frequency or inter-system measurements after Event A2 has been triggered and received. For inter-cell mobility handover, such as LTM, the same principle of Event A2 can be reused for Event-1 and pre-configuration of measurement-based mobility parameters based on Event-1 can also be considered. Similarly, for intra-cell/inter-cell beam management/measurement, Event-1 can also be used to trigger gNB to configure/activate/schedule an RS set for beam measurement and reporting based on another event, such as Event-2. In that regard, Event-1 can reduce UE power consumption for beam monitoring and measurement and thereby can also be considered. Another potential usage for Event-1 (if supported) may be triggering downlink beam refinement procedure. But based on the discussion in previous RAN1 meetings, triggering downlink beam refinement procedure by event may be less preferred given the fact that downlink beam refinement is already supported through legacy P/SP measurement reporting. In addition, the legacy standard already specified beam failure recovery procedure, which can be used to recover from beam failure if beam qualities of all serving beams are worse than a certain threshold. If Event-1 is used to trigger downlink beam management/refinement, the threshold for the event should be higher than the threshold configured for beam failure recovery procedure to avoid defining a new event that is overlapped with that for beam failure recovery procedure. 
Event-3: Based on the definition, Event-3 can be triggered if the quality of a new beam is better than a certain threshold. Event-3 is redefined for beam measurement based on L3 Event A4, where neighbor cell becomes better than threshold. Event A4 can be used for triggering handover procedures which does not depend upon the coverage of the serving cell. For instance, in load balancing feature, gNB can take the decision to handover a UE away from the current serving cell due to load conditions rather than radio conditions. In this case, the UE only needs to verify that the target cell is better than certain signal level threshold and can provides adequate coverage. For inter-cell mobility handover, such as LTM, the same principle of Event A4 can be reused for Event-3 and cell/beam level load balance can also be considered. However, for Event-3, if it is defined for intra-cell/inter-cell beam management, it seems that beam level load balance is not necessary, since UE is always trying to utilize the “best” beam to guarantee the transmission and reception performance. In addition, even if Event-3 can be triggered, i.e., the new beam is better than a certain threshold, the new beam may be still worse than current beam, and thereby triggering UEI/ED beam reporting may be not needed for intra-cell/inter-cell beam management. Similarly, a potential functionality of Event-3 may be used to trigger UE to perform beam measurement for current beam. However, this kind of UE behavior could be based on UE implementation without the need to configure a certain threshold and define a dedicated event.
Event-4: The definition of Event-4 is that 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-4 is redefined for beam measurement based on L3 Event A5, where special cell (SpCell) becomes worse than threshold1 and neighbor cell becomes better than threshold2. Event A5 provides a handover triggering mechanism based upon absolute measurement results. It can be used to trigger a time critical handover when a current SpCell becomes weak, and it is necessary to change towards another cell which may not satisfy the criteria for an Event A3 handover. For inter-cell mobility handover, such as LTM, the same principle of Event A5 can be reused for Event-4 and handover based on Event-4. However, for intra-cell/inter-cell beam management upon Event-4, it seems that beam switching based on Event-4 is not necessary, since UE is always trying to utilize the relatively “best” beam to guarantee the transmission and reception performance. Even if Event-4 can be triggered (i.e., 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), the new beam may be still worse than current beam, triggering UEI/ED beam reporting may be not needed for intra-cell/inter-cell beam management. In addition, the exact threshold 1 and 2 values may be difficult to decide in practical deployment scenario.
Event-5: The definition of Event-5 is that the 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. Similarly, even if Event-5 can be triggered (i.e., the 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), the new beam may still be worse than current beam, triggering UEI/ED beam reporting based on Event-5 may be not needed for intra-cell/inter-cell beam management since UE is always trying to utilize the relatively “best” beam to guarantee the transmission and reception performance. 
Event-6: The definition of Event-6 is that when the current beam is not in the best K>1 beams (out of configured beams for measurement and reporting). This event also means that the current beam may have lower beam quality (i.e., not in the best K>1 beams). In that sense, some usages as discussed for Event-1 may also be applicable to Event-6. For instance, Event-6 can also be used to trigger gNB to configure/activate/schedule an RS set for beam measurement and reporting based on another event, such as Event-2. In that regard, Event-6 can reduce UE power consumption for beam monitoring and measurement and thereby can also be considered. However, if Event-1 is supported, all the usages of Event-6 can also be supported by Event-1, and it is unnecessary to support both Event-1 and Event-6. Compared with Event-1, in our view, Event-1 is preferred for its lower complexity.
Event-7a: The definition of Event-7a is that 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. This event can be used to update active TCI state list. For instance, the event can be used to replace the activated TCI state having the worst quality with a new TCI state where the associated QCL RS is the new beam. In our view, the usage of Event-7a to update activated TCI state list is useful and can potentially reduce the overall beam management latency and therefore the event can be supported. However, some issues need FFS for Event-7a, i.e., when multiple new beams satisfy the condition of Event-7a, how the UE performs beam report and how the activated TCI state list is updated when multiple beams are indicated by the beam report. 
Event-7b: The definition of Event-7b is that 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. In general, the activated TCI state with the best quality may be used as the “current beam” as defined in agreed Event-2. In that regard, Event-7b and agreed Event-2 may have the same outcome in most of cases/scenarios. Since Event-2 has already been agreed, we do not see the need to additionally support Event-7b with almost the same usages or functionality as Event-2.
Event-8: The definition of Event-8 is that quality of M>1 new beams, such as L1-RSRP, become a threshold value better than the current beam. However, definition of agreed Event-2 is that quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam. In our understanding, the usages of Event-2 already cover the cases where M>1 new beams, such as L1-RSRP, become a threshold value better than the current beam. Therefore, we do not see the need to additionally support Event-8 since it is just a specific case/scenario of agreed Event-2.
Event-9: The definition of Event-9 is that the 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). However, definition of agreed Event-2 is that the quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam. If the current beam is redefined as the configured reference RS of Event-9, all the usages of Event-9 can also be covered by that of agreed Event-2. The benefits of Event-9 are introducing more flexibility for triggering the event compared with Event-2, but this kind of functionality can already be realized partially by Event-2 with Option-2c (i.e., (explicit manner): The RS for current beam is explicitly configured by RRC or MAC-CE.)
Based on the above discussions and analysis, we have the following observation and proposal:
Observation 4: Event-1 can reduce UE power consumption for beam monitoring and measurement, and Event-7a can be used to update active TCI state list by replacing the TCI state with worst quality. 
Proposal 9: Event-1 and Event-7a can be considered if multiple events for UE-initiated/event-driven beam report are supported.

Quality metrics and RS configuration
On quality metrics and RS configuration for UEI/ED beam reporting, the below agreement was achieved in RAN1 #116bis meeting:
	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.



In terms of how the L1-RSRP is used to determine the triggering event, in our view, at least two options in legacy standard can be considered. The first option is based on Beam Failure Detection (BFD) mechanism, where a timer and a counter are defined and configured to UE. Before the timer expires, UE transmits preamble to gNB to trigger beam failure recovery procedure if the number of beam failure instances, incremented by the counter, from PHY layer are greater than a threshold. In our view, the event mechanism defined in MAC layer for BFD is much complicated for triggering UE-initiated beam reporting in PHY layer and at the same time may introduce much more latency because of both timer and counter used for counting the number of beam failure instances and triggering the BFR procedure.  Therefore, this option is not preferred as reference design for triggering UEI/ED beam reporting in PHY layer.
The second option is based on event mechanism for UE based reporting/notification defined in both MAC layer and PHY layer for power headroom reporting [5] in legacy standard, where the UE transmits a Power Headroom Report (PHR) to gNB if the phr-ProhibitTimer has expired and the path loss reference has changed more than a threshold, as below:
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5.4.6	Power Headroom Reporting
…
“A Power Headroom Report (PHR) shall be triggered if any of the following events occur:
-	phr-ProhibitTimer expires or has expired and the path loss has changed more than phr-Tx-PowerFactorChange dB for at least one RS used as pathloss reference for one activated Serving Cell of any MAC entity of which the active DL BWP is not dormant BWP since the last transmission of a PHR in this MAC entity when the MAC entity has UL resources for new transmission;
NOTE 1:	The path loss variation for one cell assessed above is between the pathloss measured at present time on the current pathloss reference and the pathloss measured at the transmission time of the last transmission of PHR on the pathloss reference in use at that time, irrespective of whether the pathloss reference has changed in between. The current pathloss reference for this purpose does not include any pathloss reference configured using pathlossReferenceRS-Pos in TS 38.331 [5].”


In our view, the event trigger mechanism, i.e., Event-2, for UEI/ED beam reporting can be leveraged based on the event trigger mechanism for power headroom reporting for simplification and efficiency reasons. That is, to further reduce signalling overhead of uplink beam report, a prohibit timer (like phr-ProhibitTimer) can also be used, and only when the prohibit timer expires, the beam report can be transmitted by UE, which could reduce repeated transmissions for the same event and signalling overhead for the uplink beam report. Therefore, based on the above discussions and analysis, we have the following observation and proposal:
Observation 5: The event defined for Beam Failure Detection (BFD) is much complicated for triggering UE-initiated/event-driven beam report and may introduce much more latency because of both timer and counter used in the process. 
Proposal 10: The event trigger mechanism for UE-initiated/event-driven beam reporting can be leveraged based on the event trigger mechanism for power headroom reporting. 

Regarding RS measurement for new beam(s) for Event-2, different options were proposed, such as, Option-3a, Option-3b, and Option-3c. According to the scope of the work item, UEI/ED beam management needs to leverage legacy CSI measurement and reporting configuration frameworks as much as possible. In legacy CSI measurement and reporting configuration frameworks, the RS(s) used for new beam measurement are configured within an RS resource set, i.e., CSI reference signal resource set, which is separated from the quasi-co-located RSs associated with the configured TCI state(s) for UE. In addition, UE performs CSI beam measurement based on the CSI reference signal resource set and then reports the CSI beam measurement results to gNB. After that, gNB may perform beam indication to UE via multi-stage indications for QCL among RS ports, which joints higher layer signaling and physical layer signaling (e.g., RRC message, MAC CE and/or DCI indications) to reduce the overhead while maintaining the flexibility of beam indications. In our view, to give network more flexibility, the new beam configuration for UEI/ED beam management can still reuse the same configuration frameworks as legacy CSI measurement report, such as a CSI reference signal resource set separated from the quasi-co-located RSs associated with the configured TCI state(s) for UE. On the other hand, if the new beam(s) for UEI/ED beam management are implicitly derived from QCL RS(s) of configured TCI state(s) (e.g., Option-3c), the UEI/ED beam reporting (UEIBR) cannot provide any new information to add/update new TCI state(s)/beam(s) for the configured TCI state pool, which may reduce the flexibility of TCI state configurations compared with legacy CSI reporting. In that sense, Option-3a is preferred. 
Regarding Option-3b, where the RS(s) for new beam(s) are implicitly derived from QCL RS(s) of activated TCI state(s). In our view, this option is too restrictive and the UEIBR cannot even be used to update active TCI state list. Therefore, our view is that Option-3b should not be supported. 

Regarding Option-3c, as we mentioned above, even though the UEIBR can be used to update active TCI state list, it still cannot be used to add/update new TCI state(s)/beam(s) for the configured TCI state pool, which may reduce the flexibility of TCI state configurations. 

Based on the above discussions and analysis, we have the following observation and proposal:

Observation 6: Option-3b is too restrictive and the UEI/ED beam reporting cannot even be used to update active TCI state list and should not be supported. 
Proposal 11: Support that the new beam configuration for UEI/ED beam reporting uses the same configuration frameworks as legacy CSI measurement report, i.e., Option-3a. 

Confirmation procedures for UE-initiated/event-driven beam reporting
As aforementioned, UEI/ED beam reporting indicating reported beam(s) and direct confirmation/acknowledgement by gNB for the reported beam(s) can significantly reduce both signalling overhead and latency for fast beam switching/update by UE. For instance, as discussed in Section 2.1, if UEI/ED beam reporting can be used to add/update new TCI state(s)/beam(s) for the configured TCI state pool (i.e., for the case where TCI state indication with RRC reconfiguration is needed in legacy beam management procedure), direct confirmation/acknowledgement for the reported beam(s) from gNB can reduce latency by approximately more than 30ms. Even if UEI/ED beam reporting can only be used to update active TCI state list (i.e., based on Option-3c discussed above and no RRC reconfiguration is needed), direct confirmation/acknowledgement from gNB for the reported beam(s) can still reduce latency by approximately more than 20ms. Regarding how to confirm/acknowledge UEI/ED beam reporting indicating reported beam(s) by UE for switching/update, the confirmation/acknowledgement procedure for beam failure recovery procedure of SpCell in current standard can be taken as a design reference/baseline. For instance, in current standard, if the contention-free Random-Access Preamble for beam failure recovery request was transmitted by UE for beam failure recovery procedure of SpCell, UE may monitor for a PDCCH transmission, on a dedicated search space indicated by “recoverySearchSpaceId” of the SpCell, identified by the C-RNTI. If notification of a reception of a PDCCH transmission on the dedicated search space indicated by “recoverySearchSpaceId” is received from lower layers on the Serving Cell where the preamble was transmitted and PDCCH transmission is addressed to the C-RNTI, UE may consider the Random-Access procedure/beam failure recovery procedure is successfully completed for the SpCell. In our view, the confirmation/acknowledgement procedure for UEI/ED beam reporting, indicating the reported beam(s) by UE for switching/update, can be leveraged based on the confirmation/acknowledgement procedure for beam failure recovery procedure for SpCell, in particular for aspects such as, a dedicated search space can be defined and used for the confirmation/acknowledgement for the UEI/ED beam reporting indicating the reported beam(s) by UE for switching/update, which is illustrated as below in Figure 3. 
[image: ]
Figure 3: Confirmation/acknowledgement procedure for the UE-initiated/event-driven beam reporting indicating reported beam(s) by UE for switching/update
Therefore, based on the above discussions and analysis, we have the following proposal:
Proposal 12: The confirmation/acknowledgement procedure for UE-initiated/event-driven beam reporting, indicating reported beam(s) by UE for beam switching/update, can be leveraged based on the confirmation procedure for beam failure recovery procedure of SpCell. 

Conclusions
Based on above discussions, we have the following observations and proposals:
Observation 1: Latency reduction from UE-initiated/event-driven beam reporting itself only is very marginal compared with the legacy P/SP beam reporting, and even no latency gain if the triggering event is declared based on the measurements of RS over multiple periods.
Observation 2: UE-initiated/event-driven beam reporting indicating reported beam(s) and direct confirmation/acknowledgement by gNB for the reported beam(s) can significantly reduce both signaling overhead and latency for fast beam switching/update.
Proposal 1: Support that UE-initiated/event-driven beam reporting includes reported beam(s) and UE can apply the reported beam(s) after confirmation/acknowledgement by gNB.
Observation 3: Option-1 and Option-1a with variable size may increase transmission and detection complexity in UE side and gNB side, respectively, meanwhile, the payload size indication of beam reporting may increase signaling overhead.
Proposal 2: DO NOT support Option-1 and Option-1a with variable size for UE-initiated/event-driven beam reporting.
Proposal 3: Both Option-1b and Option-3 can be considered for UE-initiated/event-driven beam reporting.
Proposal 4: UE-initiated/event-driven beam reporting can include the corresponding L1-SINR value(s) for the reported periodic CSI-RS resource index(es) or SSB index(es).
Proposal 5: At least semi-persistent CSI-RS can be considered for beam measurement for UE-initiated/event-driven beam reporting. 
Proposal 6: Support that for Mode A, the first PUCCH has one bit (e.g., SR-like), and the beam report is transmitted via PUSCH by UE.
Proposal 7: Support that for Mode B, the first PUCCH has one bit (e.g., SR-like), and the beam report is transmitted via PUCCH by UE.
Proposal 8: Support that UE receives acknowledge information with response at least to the step of beam report for all options (e.g., Step 3 in Mode A and Step 2 in Mode B).
Observation 4: Event-1 can reduce UE power consumption for beam monitoring and measurement, and Event-7a can be used to update active TCI state list by replacing the TCI state with worst quality. 
Proposal 9: Event-1 and Event-7a can be considered if multiple events for UE-initiated/event-driven beam report are supported.
Observation 5: The event defined for Beam Failure Detection (BFD) is much complicated for triggering UE-initiated/event-driven beam report and may introduce much more latency because of both timer and counter used in the process. 
Proposal 10: The event trigger mechanism for UE-initiated/event-driven beam reporting can be leveraged based on the event trigger mechanism for power headroom reporting.
Observation 6: Option-3b is too restrictive and the UEI/ED beam reporting cannot even be used to update active TCI state list and should not be supported. 
Proposal 11: Support that the new beam configuration for UEI/ED beam reporting uses the same configuration frameworks as legacy CSI measurement report, i.e., Option-3a.
Proposal 12: The confirmation/acknowledgement procedure for UE-initiated/event-driven beam reporting, indicating reported beam(s) by UE for beam switching/update, can be leveraged based on the confirmation procedure for beam failure recovery procedure of SpCell.
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