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Introduction
In this contribution, we discuss enhancements for UE-initiated/event-driven beam management, described in the WID as follows [1].
	1. [bookmark: _Hlk145555364][bookmark: _Hlk146642115]Specify enhancement to facilitate UE-initiated/event-driven beam management for reducing overhead and/or latency, assuming the unified TCI while leveraging (as much as possible) legacy CSI measurement and reporting configuration frameworks, targeting FR2 and sTRP with intra- and inter-cell beam management
a. UL signaling content(s) (and procedure(s) as required) for UE-initiated/event-driven beam reporting facilitating fast beam switching 
b. UL signaling medium/container considering the UE-initiated/event-driven nature of the UL transmission, designed primarily for the purpose of beam reporting



Discussion
Definition of ‘event’
On this topic, RAN1 made the following agreements in RAN1#116bis.
	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.

Agreement
On UE-initiated/event-driven beam reporting, regarding Event-2, the threshold value is RRC configured  


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

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.

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).



Triggering condition for Event-2 
Since the L1-RSRP measurement based on one CSI-RS/SSB measurement is likely vulnerable to measurement error, the UE may report a first PUCCH when not actually necessary or report incorrect information if we strictly re-use the current definition of L1-RSRP of a serving/current beam for the triggering condition. Thus, technique(s) to improve reliability/stability of the measurement needs to be considered, e.g. based on counter/timer of the L1-RSRP samples like BFD. For this enhancement, gNB Tx beam consistency should be guaranteed for UE to improve measurement accuracy. Reporting of measurement accuracy related information can also be considered for gNB to check the accuracy of the reporting. 
Proposal#1: The triggering condition for the first PUCCH for Event-2 needs to consider reliability/stability of the L1-RSRP measurements, e.g. via counter/timer, reporting of accuracy related information.

Current and new beam RS determination for Event-2 
In RAN1#116bis, it was agreed that indicated TCI is used for determining current beam and whether to support another mechanism, i.e. explicit configuration of current beam RS (Option-2c) is FFS. One motivation of Option-2c may be to use SSB measurements for measuring current beam. In our view, an SSB can be a QCL source of an indicated TCI state, e.g. a TRS, thus UE can still use the SSB by implementation. Thus, additional necessity for Option-2c seems not strong. 
On the RS measurement for the new beam for Event-2, three options were listed in RAN1#116bis. Like BFR, Option-3a seems straight-forward and flexible, and additional benefit of Option-3b and Option-3c is minor (i.e. reducing higher layer signaling). Thus, Option 3-a seems sufficient. 
Proposal#2: On current beam determination, Option-2c(explicit configuration) is not supported.
Proposal#3: On new beam determination, support Option-3a(explicit configuration).

Additional event(s) to be supported
In the previous agreement, additional events were listed to be further considered. Event-1 and Event-4 are similar to BFD thus their difference on usage need to be clarified before agreeing on these events. Event-5 and Event-9 are same or similar to Event-2 so its necessity is unclear. Other events may be considerable, i.e., Event-3, Event-6, Event-7a/7b, and Event-8. Especially, Event-7a/7b will be useful for gNB to update activated TCI state list by MAC-CE. Event-7a can be used to replace one of the activated TCI states(i.e. the worst one), and Event-7b to replace all the activated TCI states. Between these two, Event-7a may consume UE power/battery too much due to frequent UL transmission, therefore, Event-7b would be better. Alternatively, Event-7b may be revised such that ‘best quality’ to be changed into ‘n-th best quality’. In this way, some middle point between 7a and 7b can be achieved. 
Proposal#4: Support Event-7b or modified Event-7b (best quality  n-th best quality) for supporting a middle point between Event-7a and Event-7b.

UL signaling procedure 
On this topic, RAN1 made the following agreements in RAN1#116bis.
	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.



Mode A
For Step 1 of Mode A, SR PUCCH format can be re-used to minimize spec impact. On the other hand, unlike legacy SR, this SR is not triggered from higher layer but from physical layer, i.e. UCI. Thus, there are two ways to support this.
· Alt1. Re-use legacy SR
· Alt2. Define a new UCI parameter
[bookmark: _GoBack]Based on current agreement, L1 event, e.g. Event-2, triggers a UCI for beam report and the UCI shall trigger Step1 UL transmission. Note that there is no such case supported in TS38.321 that a UCI triggers an SR. Therefore, Alt1 would require a new SR triggering mechanism, i.e. UCI triggers SR, that likely have quite a big impact on RAN2 specification. Therefore, Alt2 seems a better way where specification impact is confined within RAN1, i.e. the UCI triggers another UCI transmission for Step 1, which is analogous to SR but not the same one. This triggering behavior can be specified in RAN1 for Alt2. This new UCI may be handled similarly to LRR because its encoding/RE mapping is same as SR. But different parameter name needs to be used instead, e.g. ‘L1 event occurrence’, ‘UCI request’, etc. UCI priority of this parameter can be in-between SR and LRR. In addition, it is desirable to apply a common design for both Mode A and Mode B for Step 1. 
Proposal#5: Define a new UCI parameter for Step 1 of Mode A and Mode B, where its encoding/RE mapping/multiplexing and PUCCH format are same as them for SR and LRR.
For Step2 and Step3, they can be same as AP beam report supported in legacy, and there is no reason to support other UL channel formats.
Proposal#6: Step 2 and Step3 of Mode A are same as them for legacy AP beam report on PUSCH. 

Mode B
Main concern on Mode B may be UL resource utilization for Step 2 UL resource but this concern can be alleviated if gNB can still use the UL resource for Step 2 for other purposes, e.g. other UL channel/signal transmission for the same or different UE. In this way, its resource utilization efficiency is comparable to Mode A. For the full use of Step 2 resource REs, the pre-requisite is that Step1 should be delivered to gNB without an error. If not, unexpected UL interference would be incurred from the UL transmission in Step2 since UE would transmit Step 2 but gNB is not aware of the transmission. Therefore, reliable reception of Step 1 should be ensured by gNB, e.g. via repetition of Step 1 UL transmission, ACK/confirmation from gNB to UE, etc.
Proposal#7: For Mode B, reliable reception of Step 1 needs to be ensured by gNB, e.g. via repetition of Step 1 UL transmission, ACK/confirmation from gNB to UE, etc.
For Step 2, both PUCCH and SPS PUSCH can be considered. For example, gNB may configure/activate UL resource for CSI/beam report by using legacy P/SP CSI report on PUCCH or SP CSI report on PUSCH mechanisms. Once configured/activated, UE may consider this PUCCH/PUSCH is available for Step 2 transmission.  
Proposal#8: Step2 resource for Mode B can be configured/activated by gNB by using legacy P/SP CSI on PUSCH/PUCCH(format 2/3/4). 
Details on UCI handling for Step 3 of Mode A and Step 2 of Mode B
For Step 3 of Mode A and Step 2 of Mode B, CSI reporting priority of this CSI could be set higher than normal CSI/beam due to its event-driven nature. If multiple events can be configured to a UE, CSI priority may be set differently per event. UCI multiplexing needs to be considered especially when the event is not occurred, i.e. information to be occupied in the allocated UCI bits for the event-based beam report. In addition, CPU occupancy rule needs to be clarified because normal CSI occupies until the report is transmitted but the event-based report may not be transmitted unless the event occurs. CSI processing time (e.g. Z/Z’ values) needs also be clarified. 
Proposal#9: For Step 3 of Mode A and Step 2 of Mode B, UCI/CSI handling details such as UCI multiplexing, CSI priority, CPU occupancy, and CSI processing time need to be decided.

UL signaling contents
The exact beam information may be dependent on UL container. If we use PUSCH, a relatively large number of beams and/or beam quality information with fine granularity may be reported, but some information reduction/compression would be required if we use PUCCH. 
In addition, UL signaling contents for the UE-initiated beam report can include information about ‘the occurrence of event’ and/or ‘which event is occurred’. Depending on the reporting mechanism, this information may be delivered in an implicit manner or in an explicit manner.
Besides above information, some other information may also be reported such as report/event ID for multiple event scenario. For Mode B, reporting time/resource related information for Step 2 may need to be reported in Step 1 if multiple UL resources are available for Step2 and event cancellation information may be reported in Step 2 for the case when the status of the event is updated in-between Step1 and Step2. The UL signaling contents would likely be dependent on target beam reporting mode/usage. For ICBM, for example, UE may report preferred PCI(s) to gNB so that gNB can update the RS configuration for ICBM accordingly. In this way, UE power consumption for the RS measurements and/or for beam reporting can be reduced. 
For the reporting contents of new beam(s) in Event-2, the following agreement was made in RAN1#116bis.
	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.



As discussed earlier, these options may have dependency on UL container (e.g. PUSCH or PUCCH) and reporting mode, i.e. Mode A or Mode B. For Mode A, we think that Option-3 can be the baseline as it is based on legacy AP beam report on PUSCH mechanism. For Mode B, minimizing overall UCI payload size seems critical as UL resource for Step 2 can be considered as a reserved resource for a dedicated UE. As the most important information from gNB perspective would be the strongest new beam like BFR, Option-2 could be beneficial for Mode B. For Mode B, in addition, reducing payload for L1-RSRP can also be considered, e.g. via coarser/differential L1-RSRP.
Proposal#10: For UL signaling content(s) of L1-RSRP report, support Option-3 for Mode A and Option-2 for Mode B.

Conclusion
In this contribution, the following proposals and observations are provided.
Proposal#1: The triggering condition for the first PUCCH for Event-2 needs to consider reliability/stability of the L1-RSRP measurements, e.g. via counter/timer, reporting of accuracy related information.
Proposal#2: On current beam determination, Option-2c(explicit configuration) is not supported.
Proposal#3: On new beam determination, support Option-3a(explicit configuration).
Proposal#4: Support Event-7b or modified Event-7b (best quality  n-th best quality) for supporting a middle point between Event-7a and Event-7b.
Proposal#5: Define a new UCI parameter for Step 1 of Mode A and Mode B, where its encoding/RE mapping/multiplexing and PUCCH format are same as them for SR and LRR.
Proposal#6: Step 2 and Step3 of Mode A are same as them for legacy AP beam report on PUSCH. 
Proposal#7: For Mode B, reliable reception of Step 1 needs to be ensured by gNB, e.g. via repetition of Step 1 UL transmission, ACK/confirmation from gNB to UE, etc.
Proposal#8: Step2 resource for Mode B can be configured/activated by gNB by using legacy P/SP CSI on PUSCH/PUCCH(format 2/3/4). 
Proposal#9: For Step 3 of Mode A and Step 2 of Mode B, UCI/CSI handling details such as UCI multiplexing, CSI priority, CPU occupancy, and CSI processing time need to be decided.
Proposal#10: For UL signaling content(s) of L1-RSRP report, support Option-3 for Mode A and Option-2 for Mode B.
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