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Introduction
During RAN#102, a new WID for Rel-19 MIMO evolution for DL and UL was agreed in RP-234007. One of the objectives agreed is as follows: 
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.

In this contribution, we discuss several design criteria for enhancing the UE-initiated/event-driven beam management procedure. The details of such design can be discussed at a further stage. 
Discussion
UE-initiated Beam Switching and Latency Reduction
From the WID, “reducing overhead and/or latency” is mentioned as the objective of this agenda item. We think that this agenda item is a valuable opportunity for RAN1 to focus on improving the latency of NR beam management procedures which is a critical factor for the deployment of 5G access networks in higher frequency ranges (FR2) where the EM waves suffer from high propagation loss, poor diffraction and penetration, and blockage. 
Specify enhancement to UE-initiated/event-driven beam management with the objective of reducing both overhead and latency. 
In the UE-initiated beam reporting, the UE might report a beam that is not in the activated TCI state pool, and this will induce some latency since the gNB needs to perform RRC reconfiguration of the TCI state pool. Additional latency is due to waiting for the first SSB transmission after MAC CE command for synchronization.
RAN1 should address reducing this latency, since unlike the case of NW-initiated beam reporting, the UE-initiated reporting should be designed and configured so that most beam reports lead to an updated TCI state, and therefore once the UE transmits such a beam report, it is quite likely that a TCI state activation will follow shortly after.  
However, there is no need to send synchronization information in the UE-initiated report. For example, after sending a UE-initiated beam report, the UE could store the QCL properties of the SSB associated with the reference signal reported in the beam report. Moreover, we think that some input from RAN4 could be needed on this issue. 
Study the feasibility, as a UE capability, of UE-initiated Beam switching after the UE identifies a favorable beam and it is reported successfully to the gNB.
Send an LS to RAN4 to inquire about reducing the beam switching latency due to SSB reception after NW TCI state activation command.



Triggering Conditions of the UE-initiated BM Reporting
The actual triggering condition itself is up to the network deployment but the mechanism to control triggering condition needs to be specified.
RAN1 needs to discuss the mechanism to control triggering condition. What value is set for the triggering condition itself is up to the network.
In an offline discussion before RAN1#116b, the following proposal below was discussed where at least Event 2 (Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam). 
[bookmark: OLE_LINK135][bookmark: _Hlk163174124]Proposal 1.1 (offline): 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.
· [bookmark: _Hlk163174923]At least RSRP is supported as quality metrics used for Event-2, and then further study and down-select the following options: 
· Option 1a: L1-RSRP
· Note: The corresponding filtering, if any, is up to UE implementation,
· FFS: a timer/counter can be defined for filtering the indication for event triggering (analogous to BFD procedure in TS 38.321).  
· Option 1b: NW-configured filtered RSRP/L1-RSRP
· Regarding RS measurement for the current beam for Event-2, down-select one or more of the following:
· Option-2a (implicit manner): The RS for current beam is implicitly derived from a QCL RS of indicated TCI state.
· Option-2b (implicit manner): The RS(s) for current beam(s) are implicitly derived from QCL RS(s) of activated TCI state(s). 
· Option-2c (explicit manner): The RS(s) for current beam(s) are explicitly configured by RRC or MAC-CE.
· 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 MAC-CE
· FFS: Additional restriction, e.g., excluding current beam from the configured RS set.
· 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).
· FFS: Whether/how to specify the combination between above RS measurement options for new and current beam(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.

On UE-initiated/event-driven beam reporting, regarding trigger-event detection for beam reporting, we support Event-2. However, we also think that supporting Event 1 (Quality of the current beam is worse than a certain threshold) should be supported. Event 1 based UE-initiated reporting could be designed to be simpler since the UE does not need to report a new beam, and the UE could only send the NW a flag (or flags or index) to trigger a NW-initiated BM procedure. 
On UE-initiated/event-driven beam reporting, regarding trigger-event detection for beam reporting, support both:
· Event-1: Quality of the current beam is worse than a certain threshold
· Event-2: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam.

Regarding using RSRP as a quality metric for Events 1 and 2, the filtering can follow an analogous procedure to BFD procedure in TS 38.321, where a timer/counter can be defined for filtering the indication for event triggering. 
Use RSRP as a quality metric for Events 1 and 2, and the filtering can follow an analogous procedure to BFD procedure in TS 38.321. 
Moreover Event 1 and Event 2 would share the same design regarding RS measurement for the current beam. Both an implicit and explicit determination of the measurement RS should be supported. 
Event 1 and Event 2 share the same design regarding RS measurement for the current beam. Moreover, the RS for the current beam is determined as follows: 
· Option-2a (implicit manner): The RS for current beam is implicitly derived from a QCL RS of indicated TCI state.
· Option-2c (explicit manner): The RS(s) for current beam(s) are explicitly configured by RRC or MAC-CE.
Regarding RS measurement for the new beam for Event-2, an explicit determination of the measurement RS should be supported. 
Regarding RS measurement for the new beam for Event-2, the RS(s) for new beam(s) are explicitly configured by RRC (e.g., reusing legacy configuration of RS measurement)
UL Signalling Content
There are multiple ways of the reporting for UE-initiated beam management. One is that the UE sends to the NW, in the UE-initiated BM report, information about the quality of all configured beam. Second approach is that the UE sends the NW measurement results about a few candidate beams among the configured and measured beams. Here, a few would be selected based on the quality of the measurement. Third approach is that the UE sends a flag to the NW to trigger a NW-initiated BM procedure, where the flag is indicating a deterioration of some configured and measured beams. Instead of a flag, it can be flags or index of the deteriorated beams. Among three options, in order to save the uplink reporting overhead with more numbers of measurement configurations, 2nd and 3rd options should be further studied. 
Study the following alternatives for UE-initiated beam management report:
1. UE sends the NW a few candidate beams measurement results among the configured and measured beams.
2. UE sends the NW a flag (or flags or index) to trigger a NW-initiated BM procedure, where the flag indicates a deterioration of some configured and measured beams.
Finally, in either of above options, panel switching information should be also reported if the UE needs to switch panels and if the UE supports multiple panel architecture. 
Panel switching information should be also reported when useful. 
Finally, during RAN1#116, it was discussed that reporting beam index alone without the corresponding RSRP is not useful. However, in the case that the UE and NW agree on an RSRP threshold, and every beam above a threshold could be reported, then in this case the RSRP information is not needed and not reporting it will reduce overhead. 
In the UE-initiated beam reporting, reporting beam index alone without the corresponding RSRP is useful for reducing the reporting overhead. 
UL Signalling Medium of the UE-initiated BM Reporting
The UL channel resources used by the UE to transmit the UE-initiated BM report first depends on the size of the report. The information carried by the report should depend on the UE’s processing capability. Therefore, we propose that RAN1 should consider two UL reporting mechanisms to accommodate both a flag-bit report and a more advanced reporting that contains information about candidate transmission beams, for the UE to send the BM report on the UL channel. A flag bit report can be sent on PUCCH resource of format 0 or 1. A longer report can be sent on long PUCCH or even sent on an UL grant on PUSCH. 
UL reporting mechanisms of the UE-initiated BM report should consider varying sizes of the report, i.e. a flag-bit report and a more advanced reporting. 
Moreover, the UL channel resources chosen by the UE to transmit the UE-initiated BM report depends on the time sensitivity of the reported information. The report for example can be sent directly on PUCCH resources which has low latency. The report can be a flag or a report with smaller payload. On the other hand, the UE can send a UL transmission request first and afterwards send the beam report on PUSCH. The payload for the latter can be even bigger but this approach incurs higher latency. 
Discuss an UL reporting target latency and discuss UL reporting mechanisms of the UE-initiated BM report that achieves the target latency.
Finally, a key component in the UE-initiated beam management is to ensure that the UE is informed either directly or indirectly whether the gNB successfully received the beam report. Unlike CSI reporting for example, where the gNB just waits for the next report if the current report was not received successfully, the UE-initiated beam report has a critical nature to it, and any UL reporting mechanism should ensure that the UE will re-transmit the report once it is aware that it was not received successfully by the gNB.  
The UL reporting mechanism for the UE-initiated BM report should ensure that the UE will re-transmit the report once it is aware that it was not received successfully by the gNB.  
In an offline discussion before RAN1#116b, the following proposal below was discussed:
Proposal 3.1: On beam report transmission procedure for UE-initiated/event-driven beam reporting, further study at least of the following aspects for beam report transmission:
· Option-1 (MAC-CE): 
· Step 1: UE transmits a SR for requesting UL-SCH resources, if trigger event occurs.
· Step 2: UE detects the DCI format for UL grant. 
· Step 3: The beam report is carried by MAC CE in a new transmission of PUSCH.
· Note: Step-1 and Step-2 can be skipped if UL-SCH resource is available for new transmission, and above do NOT imply to update the legacy procedure of MAC-CE. 
· Note: The MAC-CE can be carried in dynamically scheduled or semi-static configured resource.
· [bookmark: OLE_LINK26][bookmark: OLE_LINK25]Option-2 (dynamically scheduling UCI by gNB):
· Step 1: UE transmits a first PUCCH (one-bit/multi-bit) to request a resource for a second UL channel to carry beam report
· FFS: Request format, e.g., SR or a new UCI type.
· Step 2: UE detects the DCI format to indicate a resource for a second UL channel to carry beam report. 
· Step 3: Beam report is transmitted in second UL channel.
· FFS: Details on the second UL channel, e.g., whether the second UL channel is PUCCH, PUSCH or both
· Option-3 (UCI in pre-configured resource(s) for second UL channel):
· Step 1: UE transmits a first PUCCH (one-bit/multi-bit) notifying a second UL channel to carry beam report
· FFS: Notification format, e.g., SR or a new UCI type.
· Step 2: UE transmits the beam report in the second UL channel. 
· FFS: Details on the second UL channel, e.g., whether the second UL channel is PUCCH, PUSCH or both
· The notification in Step1 is in a separate reporting instance from the beam report in Step 2. 
· Option-4b (UCI in pre-configured resource not dedicated for UEI beam report):
· Step 1: UE transmits the beam report in the pre-configured resource (e.g., notification is a part of beam report, like two-part UCI, where Part-1 is to indicate the information of Part-2, Part-2 is to carry beam report), if trigger event occurs. 
· Note: The two-part UCI is carried on a same PUCCH or on a same PUSCH.
Note: Whether UE receives acknowledge information with response to each step for all options. 

We generally support Option 1, but we think this proposal involves too much second-level details for each option, which are supposed to be discussed after we have determined/down-select the option. Moreover, as mentioned above, we propose that RAN1 should consider two UL reporting mechanisms to accommodate both a flag-bit report and a more advanced reporting that contains information about candidate transmission beams. We suggest the following proposal instead: 
On beam report transmission procedure for UE-initiated/event-driven beam reporting, further study at least of the following aspects for beam report transmission:
· Option 1: beam report is transmitted in MAC CE.
· Option 2: beam report is transmitted in a UCI in dynamically allocated UL resource.
· Option 3: beam report is transmitted in a UCI in pre-configured UL resources.
Conclusions
Based on the discussion above, we propose the following:
1. Specify enhancement to UE-initiated/event-driven beam management with the objective of reducing both overhead and latency. 
1. Study the feasibility, as a UE capability, of UE-initiated Beam switching after the UE identifies a favorable beam and it is reported successfully to the gNB.
1. Send an LS to RAN4 to inquire about reducing the beam switching latency due to SSB reception after NW TCI state activation command.
1. RAN1 needs to discuss the mechanism to control triggering condition. What value is set for the triggering condition itself is up to the network.
1. On UE-initiated/event-driven beam reporting, regarding trigger-event detection for beam reporting, support both:
1. Event-1: Quality of the current beam is worse than a certain threshold
1. Event-2: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam.
1. Use RSRP as a quality metric for Events 1 and 2, and the filtering can follow an analogous procedure to BFD procedure in TS 38.321. 
1. Event 1 and Event 2 share the same design regarding RS measurement for the current beam. Moreover, the RS for the current beam is determined as follows: 
1. Option-2a (implicit manner): The RS for current beam is implicitly derived from a QCL RS of indicated TCI state.
1. Option-2c (explicit manner): The RS(s) for current beam(s) are explicitly configured by RRC or MAC-CE.
1. Regarding RS measurement for the new beam for Event-2, the RS(s) for new beam(s) are explicitly configured by RRC (e.g., reusing legacy configuration of RS measurement)
Study the following alternatives for UE-initiated beam management report:
3. UE sends the NW a few candidate beams measurement results among the configured and measured beams.
4. UE sends the NW a flag (or flags or index) to trigger a NW-initiated BM procedure, where the flag indicates a deterioration of some configured and measured beams.
Panel switching information should be also reported when useful. 
1. In the UE-initiated beam reporting, reporting beam index alone without the   corresponding RSRP is useful for reducing the reporting overhead. 

UL reporting mechanisms of the UE-initiated BM report should consider varying sizes of the report, i.e. a flag-bit report and a more advanced reporting. 
Discuss an UL reporting target latency and discuss UL reporting mechanisms of the UE-initiated BM report that achieves the target latency.
The UL reporting mechanism for the UE-initiated BM report should ensure that the UE will re-transmit the report once it is aware that it was not received successfully by the gNB.  
On beam report transmission procedure for UE-initiated/event-driven beam reporting, further study at least of the following aspects for beam report transmission:
· Option 1: beam report is transmitted in MAC CE.
· Option 2: beam report is transmitted in a UCI in dynamically allocated UL resource.
· Option 3: beam report is transmitted in a UCI in pre-configured UL resources.
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