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1. Introduction
In RAN#102[1], a new WID for Rel-19 MIMO evolution was approved[1], with the objectives to enhance UE-initiated/event-driven beam management. In this contribution, we discuss enhancements for UE-initiated/event-driven beam management.
[bookmark: OLE_LINK8][bookmark: OLE_LINK27][bookmark: OLE_LINK26]2 Discussion
2.1 Event for UE-initiated Beam Reporting
In RAN1#116b meeting, the following agreements on UE-initiated/event-driven beam reporting have been achieved [2]: 
	Agreement (updated as shown in red in Thursday session)
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, 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).


Regarding RS measurement for the new beam for Event-2, three alternatives are achieved in the last meeting. Regarding Option-3a, the RS(s) for new beam(s) are explicitly configured by RRC or MAC-CE, which allows UE to measure different candidate RSs that are not limited to QCL RS(s) of activated/configured TCI state(s). Regarding Option-3b, the RSs for new beam(s) are limited to QCL RS(s) of activated TCI state(s), which can not find new beam outside activated TCI states. Regarding Option-3c, it is similar to Option-3b. In addition, the scope of configured TCI state(s) is not clear. Therefore, regarding RS measurement for the new beam for Event-2, we support Option-3a.
Proposal 1: Regarding RS measurement for the new beam for Event-2, support Option-3a:
· 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.
Regarding RS measurement for the current beam for Event-2, Option-2a (implicit manner) is agreed in the last meeting. Regarding Option-2c (explicit manner), for the channel/RSs do not follow the indicated TCI state, e.g., PDCCH/PDSCH associated with CORESET#0, the RS for current beam explicitly configured by RRC or MAC-CE can provide a set of current beams to support the trigger-event detection of Event-2 in UE-initiated/event-driven beam management.
Proposal 2: Regarding Event-2, support Option-2c to explicitly provide current beam:
· Option-2c (explicit manner): The RS for current beam is explicitly configured by RRC or MAC-CE.
In RAN1#116b meeting, nine trigger events are agreed to further study. Event-7a, Event-7b, Event-8 and Event-9 are similar to the agreed Event-2. Regarding Event-5, Event-5 is detected if one beam has similar beam quality as the current beam and then this beam can be switched to current beam, which may lead to frequent beam switching between this beam and the previous current beam since these two beams still satisfy the condition. Regarding Event-6, the use case is not clear. Event-7a and Event-7b are the special cases of Event-2 when the current beam is the RS derived from the activated TCI state with the worst quality or the RS derived from the activated TCI state with the best quality. Event-8 is the special cases of Event-2 when the number of new beam is larger than 1. Regarding Event-9, when the current beam is configured by reference RS (e.g., SSB or CSI-RS), it is the same as Event-2. therefore, to limit the number of trigger events, we do not support to further study the similar trigger events and support to further study Event-1, Event-3 and Event-4.
Proposal 3: Support to further study Event-1, Event-3 and Event-4.
2.2 Contents for UE-initiated Beam Reporting
In RAN1#116b meeting, the following agreements on UE-initiated/event-driven beam reporting have been achieved [2]: 
	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.


Regarding UL signaling content(s) of L1-RSRP report depending on Event-2, five alternatives are achieved in the last meeting. Regarding Option-1b and Option-3, fixed payload size is not beneficial to CSI report overhead reduction. Regarding Option-1a and Option-3, since at least one of N reported beam(s) should satisfy the condition of Event-2, the reported beam(s) may not satisfy the condition and additional indicator is needed in the beam report to distinguish which reported beam(s) really satisfy the condition of Event-2. Regarding Option-2, the number of satisfied beam may not be constant in different triggering instances and limiting the number of reported beam(s) to 1 is not preferred. Therefore, we support Option-1 as it is more aligned with the principle of UE-initiated/event-driven beam reporting.
Proposal 4: Regarding UL signaling content(s) of L1-RSRP report depending on Event-2, support Option-1:
· 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.
In the last meeting, whether the measurement results for current beam is reported is FFS. The measurement results of current beam can be reported to make comparisons between the new beams and current beam, which is helpful for network to decide whether to preform TCI state updating. Therefore, the report of the measurement results for current beam can be enabled by RRC.
Proposal 5: The report of the measurement results for current beam can be enabled by RRC.
In the current specification, the signaling contents of beam management include the following: up to 4 DL RS resource indicators, an absolute L1-RSRP with largest measured value, up to 3 differential RSRPs and up to 4 CapabilityIndexes. To provide more beams for gNB’s scheduling, more than one beam is desirable, which means that more than one DL RS resource indicator and more than one L1-RSRP are reported. Regarding the more than one L1-RSRP, legacy principle can be reused to reduce overhead, i.e., an absolute L1-RSRP with largest measured value and several differential RSRPs.
Proposal 6: Regarding L1-RSRP format, an absolute L1-RSRP with largest measured value and several differential RSRPs are reported.
2.3 Container for UE-initiated beam report
In RAN1#116b meeting, the following agreements on UE-initiated/event-driven beam reporting have been achieved [2]: 
	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.


In the last meeting, regarding beam report transmission procedure for UE-initiated/event-driven beam reporting, two modes are supported. For the Step 1 of Mode A and Mode B, the request format is still FFS. Regarding SR, only one-bit is indicated. The one-bit information is only used to notify the resource allocation or the existence of the second UL channel and other information(e.g., beam related information) can be conveyed on the second UL channel. In addition, if payload size of the request format is large, more PUCCH resources are needed. Therefore, regarding the first PUCCH to request a resource for a second UL channel to carry beam report or notify a second UL channel to carry beam report, one-bit only (i.e., SR-like) is included.
Proposal 7: Regarding the first PUCCH to request a resource for a second UL channel to carry beam report or notify a second UL channel to carry beam report, one-bit only (i.e., SR-like) is included.
For the Step 3 of Mode A, details on the second UL channel is still FFS. Regarding the second UL channel, PUCCH, PUSCH or both can be supported. For PUCCH, beam report transmitted on PUCCH can achieve more timely report. However, since the payload on PUCCH may be limited, the report information of beam report should be very limited. For PUSCH, the report overhead of beam report should not be limited. In addition, since the report would be sent only in response to an event, if beam report is not received by the gNB, the report can be retransmitted to make sure that gNB can receive information. Therefore, regarding second UL channel, support to transmit the beam report in both PUCCH and PUSCH.
[bookmark: _GoBack]Proposal 8: Regarding second UL channel, support to transmit the beam report in both PUCCH and PUSCH.
2.4 Beam application time
In unified TCI framework, the indicated TCI-State(s) and/or TCI-UL-State(s) should be applied starting from the first slot that is at least beamAppTime symbols after the last symbol of the PUCCH or the PUSCH with positive HARQ-ACK corresponding to the DCI carrying the TCI State indication.
To further reduce the application time of indicated TCI-State(s) and/or TCI-UL-State(s), following two alternatives can be considered. Firstly, the indicated TCI-State(s) and/or TCI-UL-State(s) can be applied starting from the first slot that is at least X symbols after the last symbol of PDCCH reception with a DCI format carrying the TCI State indication. By this way, the new TCI-State(s) and/or TCI-UL-State(s) can be indicated by gNB and the latency of HARQ-ACK feedback time can be reduced. Secondly, the indicated TCI-State(s) and/or TCI-UL-State(s) can be applied starting from the first slot that is at least Y symbols after the last symbol of PUCCH/PUSCH, which carries the measurement results of UE-initiated/event-driven beam management. By this way, the latency of TCI State indication time and the corresponding HARQ-ACK feedback time can be reduced.
Proposal 9: Regarding beam application time, following two alternatives can be considered:
· Alt-1: The indicated TCI-State(s) and/or TCI-UL-State(s) can be applied starting from the first slot that is at least X symbols after the last symbol of PDCCH reception with a DCI format carrying the TCI State indication.
· Alt-2: The indicated TCI-State(s) and/or TCI-UL-State(s) can be applied starting from the first slot that is at least Y symbols after the last symbol of PUCCH/PUSCH, which carries the measurement results of UE-initiated/event-driven beam management.
3 Conclusion
[bookmark: OLE_LINK3][bookmark: OLE_LINK6][bookmark: OLE_LINK40][bookmark: OLE_LINK5][bookmark: OLE_LINK4][bookmark: OLE_LINK39]In this contribution, we discuss potential enhancements on UE-initiated/event-driven beam management. Based on the discussion above, we provide the following proposals:
Proposal 1: Regarding RS measurement for the new beam for Event-2, support Option-3a:
· 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.
Proposal 2: Regarding Event-2, support Option-2c to explicitly provide current beam:
· Option-2c (explicit manner): The RS for current beam is explicitly configured by RRC or MAC-CE.
Proposal 3: Support to further study Event-1, Event-3 and Event-4.
Proposal 4: Regarding UL signaling content(s) of L1-RSRP report depending on Event-2, support:
· 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.
Proposal 5: The report of the measurement results for current beam can be enabled by RRC.
Proposal 6: Regarding L1-RSRP format, an absolute L1-RSRP with largest measured value and several differential RSRPs are reported.
Proposal 7: Regarding the first PUCCH to request a resource for a second UL channel to carry beam report or notify a second UL channel to carry beam report, one-bit only (i.e., SR-like) is included.
Proposal 8: Regarding second UL channel, support to transmit the beam report in both PUCCH and PUSCH.
Proposal 9: Regarding beam application time, following two alternatives can be considered:
· Alt-1: The indicated TCI-State(s) and/or TCI-UL-State(s) can be applied starting from the first slot that is at least X symbols after the last symbol of PDCCH reception with a DCI format carrying the TCI State indication.
· Alt-2: The indicated TCI-State(s) and/or TCI-UL-State(s) can be applied starting from the first slot that is at least Y symbols after the last symbol of PUCCH/PUSCH, which carries the measurement results of UE-initiated/event-driven beam management.
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