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1 Introduction
NR MIMO evolution enters Phase 5 in Rel-19 [1] and finally UE-initiated/event-driven beam report will be specified as one of beam management method targeting overhead/latency reduction. In the last meeting, the following agreements have been achieved [2]. In this contribution, we provide our views on UE-initiated/event-driven beam management.
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On UE-initiated/event-driven beam report, at least of following aspects should be included:
· Trigger-event detection for beam reporting by UE
· UE monitors RS to assess if a beam-reporting trigger condition has been met
· FFS: Trigger condition for declaring beam-reporting event
· Beam-report transmission by UE
· Signaling contents in the beam report
· Down-selection one or more options (strive for one) between the following options as signaling medium/container for beam report transmission
· MAC-CE
· UCI
· Others are not precluded.
On UE-initiated/event-driven beam report, the following aspects may be included:
· UE requesting UL resource(s) for the beam report
· UE notifying transmission of beam report
· gNB preconfigured resources
Other procedure(s) as required
Agreement
On UE-initiated/event-driven beam reporting, regarding trigger-event detection for beam reporting, RAN1 further study at least the following aspects: quality metrics, event-definition and threshold.
· Further study trigger events, including the following example as a starting point
· 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. 
· 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.
· Others are not precluded.
· Note: Companies are encouraged to provide details on procedure (e.g. how it is used) related to their preferred event
Agreement
On UE-initiated/event-driven beam reporting, at least support L1-RSRP as a measurement quantity on SSB for intra-cell and inter-cell, and periodic CSI-RS for beam management
· Notes: measurement results may be contained in the beam report and/or used as quality metric(s) to initiate/trigger the reporting. 
· FFS: Semi-persistent CSI-RS and aperiodic CSI-RS.
· FFS: Whether/how to support L1-SINR measurement, assuming legacy RS or RS combination (e.g., CMR only, CMR+ZP/NZP-IMR) for Rel-16 SINR is reused. 
· FFS: Whether/how to specify filtering operation for L1-RSRP.
Agreement
On UE-initiated/event-driven beam reporting, regarding signaling content(s), at least support DL RS resource indicator and L1-RSRP 
· FFS: Study and decide whether additional contents can be supported.
· FFS: L1-RSRP format, e.g., absolute and/or differential value.
· Note: Above does not imply to preclude discussion on L1-RSRP filtering.
· The actual reported content depends on the triggering event
Support of one or multiple events will be discussed separately



2 Discussion
2.1 Event design
In the last meeting, the following events have been discussed:
· 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. 
· 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.
Clearly those L1 events mimic L3 events design, however, unlike the L3-filtering and time to trigger consideration applied for L3 event, if only based on one-time measurement is considered, the L1-events as their current forms would cause severe ping-pong and very frequent triggering of the report, which cannot achieve any overhead reduction. As discussed in the next section, some timer/counter based mechanism may be used to control the report occurrences.
[bookmark: _Toc162856582][bookmark: _Toc162857009][bookmark: _Toc162857229][bookmark: _Toc162857815][bookmark: _Toc162857885][bookmark: _Toc162875903][bookmark: _Toc162876038][bookmark: _Toc162876074][bookmark: _Toc162876110][bookmark: _Toc162876164][bookmark: _Toc162876381][bookmark: _Toc162876520][bookmark: _Toc162876551][bookmark: _Toc162876895][bookmark: _Toc162876924][bookmark: _Toc162878301][bookmark: _Toc162878334][bookmark: _Toc162878374][bookmark: _Toc163052434][bookmark: _Toc163052467]L1-events based on one-time measurement only may cause severe ping-pong and too-frequent triggering of the report.
Event-2 can be considered as starting point, which involved quality of both current beam and new beam. In addition, there can be multiple new beams identified and included in the report, which can provide more information for network scheduling flexibility. While in this case, if network doesn’t update the current beam with the largest reported beam (for example, network select a second beam to update, and the difference between the second beam and the largest reported beam may exceed the threshold for event), it may lead the event continued to be triggered, as the largest measured beam still satisfy the event (e.g. a threshold value better than updated “current” beam). Some additional condition can be considered, such as whether largest beam is different from previous report. 
And on the other hand, if it’s required for the network updating with the largest beam, it seems there is no need of more than one beam in the report, while for network flexibility, multiple beams can provide more information, to achieve a good trade-off, there can be multiple beams in one report, and the reported beams can be within a limited range, which can avoid unnecessary event triggered (even the network doesn’t update current beam with the largest reported beam) and provide flexibility for network scheduling.
[bookmark: _Toc162875906][bookmark: _Toc162876041][bookmark: _Toc162876077][bookmark: _Toc162876113][bookmark: _Toc162876167][bookmark: _Toc162876384][bookmark: _Toc162876523][bookmark: _Toc162876554][bookmark: _Toc162876898][bookmark: _Toc162876927][bookmark: _Toc162878304][bookmark: _Toc162878337][bookmark: _Toc162878377][bookmark: _Toc163052437][bookmark: _Toc163052470]At least Event-2 (Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam) can be supported.
[bookmark: _Toc162875907][bookmark: _Toc162876042][bookmark: _Toc162876078][bookmark: _Toc162876114][bookmark: _Toc162876168][bookmark: _Toc162876385][bookmark: _Toc162876524][bookmark: _Toc162876555][bookmark: _Toc162876899][bookmark: _Toc162876928][bookmark: _Toc162878305][bookmark: _Toc162878338][bookmark: _Toc162878378][bookmark: _Toc163052438][bookmark: _Toc163052471]Support additional condition related to previous report to event, for example, whether the largest measured beam is different from previous report.
Regarding the threshold for event, it can be configured by the network device or reported by the UE, and for different measurement resources (e.g. SSB and CSI-RS), the beamforming gain is different, such as beam of SSB is typically wide and beam of CSI-RS is typically narrow for finer beam sweeping, so at least for different measurement resources, the threshold for event should be different.
[bookmark: _Toc162875908][bookmark: _Toc162876043][bookmark: _Toc162876079][bookmark: _Toc162876115][bookmark: _Toc162876169][bookmark: _Toc162876388][bookmark: _Toc162876525][bookmark: _Toc162876556][bookmark: _Toc162876900][bookmark: _Toc162876929][bookmark: _Toc162878306][bookmark: _Toc162878339][bookmark: _Toc162878379][bookmark: _Toc163052439][bookmark: _Toc163052472]The threshold for event can be configured by network device or reported by UE, and at least for different measurement resources, the threshold for event can be different.
In addition, there may be several timings related to one event occasion, such as timing of event satisfied/triggered, timing for beam report transmission, especially in case of two steps UCI based reporting. As the feature is based on unified TCI framework, in different slots, the current beam (indicated TCI state or activated TCI states) can be different, the definition or timing of current beam should be clarified. There may be interval between event satisfied/triggered and beam reporting, or interval between two steps UCI based reporting, during the interval, the indicated TCI state can be changed, if current beam is based on indicated TCI state, the reporting contents prepared based on previous indicated TCI state may be out of date. Whether to update the measurement results based on new current beam or dropped the reporting should be discussed. And also, the measurement results within the interval can also be updated, so whether the reporting contents can be updated (with CSI computation time satisfied) after event triggered or even after the first step in case of UCI based reporting should be further discussion. 
[bookmark: _Toc162875909][bookmark: _Toc162876044][bookmark: _Toc162876080][bookmark: _Toc162876116][bookmark: _Toc162876170][bookmark: _Toc162876389][bookmark: _Toc162876526][bookmark: _Toc162876557][bookmark: _Toc162876901][bookmark: _Toc162876930][bookmark: _Toc162878307][bookmark: _Toc162878340][bookmark: _Toc162878380][bookmark: _Toc163052440][bookmark: _Toc163052473]Definition or timing for current beam should be clarified. And FFS whether to update reporting contents after the event is triggered.
2.2 Procedure and the relationship with other procedures
From Rel-15 to Rel-18, beam measurement and report is NW-configured or NW-triggered, while the beam failure recovery (BFR) can be considered as UE-initiated. At least some of the steps in the BFD/BFR procedure may be considered as references for UE-initiated beam management. Motivated by BFD/BFR design, the following aspects may be needed to support UE-initiated/event-driven beam reporting. 
· Criteria, or condition that can trigger the reporting needs to defined carefully
· UE physical layer may need to provide some indication to UE higher layer if the instance that satisfies the defined condition occurs
· A timer and a counter may be used by UE higher layer to count the consecutive number of instances
· When the first instance indication is received, UE may initialize the counter and start the timer
· While the timer is running, 
· When UE higher layer receives the indication from PHY layer, UE higher layer may increase the counter by 1 and restart the timer;
· If the counter reaches a max value, UE higher layer can trigger the UE initiated beam reporting;
· When the timer expires, the counter is set to 0.
[bookmark: _Toc162855783][bookmark: _Toc162856583][bookmark: _Toc162857010][bookmark: _Toc162857230][bookmark: _Toc162857816][bookmark: _Toc162857886][bookmark: _Toc162875904][bookmark: _Toc162876039][bookmark: _Toc162876075][bookmark: _Toc162876111][bookmark: _Toc162876165][bookmark: _Toc162876382][bookmark: _Toc162876521][bookmark: _Toc162876552][bookmark: _Toc162876896][bookmark: _Toc162876925][bookmark: _Toc162878302][bookmark: _Toc162878335][bookmark: _Toc162878375][bookmark: _Toc163052435][bookmark: _Toc163052468]Beam failure recovery (BFR) can be considered as UE-initiated. At least some similar mechanisms as in BFD/BFR procedure may be reused for UE-initiated beam management.
[bookmark: _Toc162855788][bookmark: _Toc162856586][bookmark: _Toc162857012][bookmark: _Toc162857232][bookmark: _Toc162857818][bookmark: _Toc162857888][bookmark: _Toc162875910][bookmark: _Toc162876045][bookmark: _Toc162876081][bookmark: _Toc162876117][bookmark: _Toc162876171][bookmark: _Toc162876390][bookmark: _Toc162876527][bookmark: _Toc162876558][bookmark: _Toc162876902][bookmark: _Toc162876931][bookmark: _Toc162878308][bookmark: _Toc162878341][bookmark: _Toc162878381][bookmark: _Toc163052441][bookmark: _Toc163052474]Support to introduce a timer and a counter at least for MAC based UE initiated/event-driven beam report.
[bookmark: _Toc162855789]In addition, BFD/BFR and legacy NW-configured/triggered beam report may have impacts on the UE-initiated/event-driven beam report, if they can be configured simultaneously. Considering that BFD/BFR and legacy NW-configured/triggered beam report are mandatory for FR2 UEs and UE-initiated/event-driven beam reporting may be an optional feature, it is nature to assume a lower priority of UE-initiated/event-driven beam report compared to BFD/BFR or legacy NW-configured/triggered beam report. Then, UE-initiated/event-driven beam report could be restricted considering the triggered BFD/BFR procedure and the configured legacy beam report, or the triggered UE-initiated/event-driven beam report may be cancelled or dropped if colliding with other procedures. In following figures, we show several scenarios that UE behaviour needs further considerations of the relationships between different procedures. For example,
· In Figure 1, between the time point of beam failure detected and the time point of successful recovery, UE-initiated/event-driven beam report is restricted. This is because that BFD/BFR procedure is dealing with current channel conditions or potential blockage and there is less chance for UE to find some better beam to report other than the one determined in BFD/BFR procedure.
· In Figure 2, around a time window before and after a NW configured beam report, UE-initiated/event-driven beam report is restricted. This is because NW configured beam report can provide sufficient and timely beam information to NW in this time window and there is no need for UE to send another beam report.
· In Figure 3, even UE-initiated/event-driven beam report has been triggered and in pending status, it shall be cancelled if BFD/BFR or legacy beam report is triggered. The reason behind this design is similar as above that the necessity of transmitting UE-initiated/event-driven beam report is not justified if BFD/BFR or legacy BM is already triggered or to be triggered in a near future.
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Figure 1 restrict UE initiated beam report during BFD/BFR procedure
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Figure 2 restrict UE initiated beam report around NW-triggered/configured beam report
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Figure 3 triggered beam report is cancelled due to BFD/BFR/legacy beam report
[bookmark: _Toc162854670][bookmark: _Toc162854686][bookmark: _Toc162854754][bookmark: _Toc162855030][bookmark: _Toc162855790][bookmark: _Toc162856587][bookmark: _Toc162857013][bookmark: _Toc162857233][bookmark: _Toc162857819][bookmark: _Toc162857889][bookmark: _Toc162875911][bookmark: _Toc162876046][bookmark: _Toc162876082][bookmark: _Toc162876118][bookmark: _Toc162876172][bookmark: _Toc162876391][bookmark: _Toc162876528][bookmark: _Toc162876559][bookmark: _Toc162876903][bookmark: _Toc162876932][bookmark: _Toc162878309][bookmark: _Toc162878342][bookmark: _Toc162878382][bookmark: _Toc163052442][bookmark: _Toc163052475]Study the relationship between UE-initiated/event-driven beam management procedure and other procedures like BFD/BFR and legacy NW-configured/triggered beam measurement and report.
[bookmark: _Toc162854671][bookmark: _Toc162854687][bookmark: _Toc162854755][bookmark: _Toc162855031][bookmark: _Toc162855791][bookmark: _Toc162856588][bookmark: _Toc162857014][bookmark: _Toc162857234][bookmark: _Toc162857820][bookmark: _Toc162857890][bookmark: _Toc162875912][bookmark: _Toc162876047][bookmark: _Toc162876083][bookmark: _Toc162876119][bookmark: _Toc162876173][bookmark: _Toc162876392][bookmark: _Toc162876529][bookmark: _Toc162876560][bookmark: _Toc162876904][bookmark: _Toc162876933][bookmark: _Toc162878310][bookmark: _Toc162878343][bookmark: _Toc162878383][bookmark: _Toc163052443][bookmark: _Toc163052476]The triggered UE-initiated/event-driven beam report may be cancelled or dropped if colliding with other procedures.
To avoid frequent beam report, in addition to the considerations that other legacy BM/BFR procedures may restrict/cancel the UE initiated beam report as discussed above, a prohibit timer may be needed and an UE initiated beam report shall only be triggered if this timer expires or has expired. With this prohibit timer, at least some time gap can be guaranteed between two reports and both NW/UE can reduce some complexity in RS transmission and measurement, as well as beam report transmission and reception.
[image: ]
Figure 4 prohibit timer for UE-initiated/event-driven beam report
[bookmark: _Toc162854672][bookmark: _Toc162854688][bookmark: _Toc162854756][bookmark: _Toc162855032][bookmark: _Toc162855792][bookmark: _Toc162856589][bookmark: _Toc162857015][bookmark: _Toc162857235][bookmark: _Toc162857821][bookmark: _Toc162857891][bookmark: _Toc162875913][bookmark: _Toc162876048][bookmark: _Toc162876084][bookmark: _Toc162876120][bookmark: _Toc162876174][bookmark: _Toc162876393][bookmark: _Toc162876530][bookmark: _Toc162876561][bookmark: _Toc162876905][bookmark: _Toc162876934][bookmark: _Toc162878311][bookmark: _Toc162878344][bookmark: _Toc162878384][bookmark: _Toc163052444][bookmark: _Toc163052477]Support a prohibit timer for UE-initiated/event-driven beam report to avoid frequent report.
2.3 Signaling contents
As stated in the last section, the first issue to solve is to define the “event”, and signaling content(s) is also directly related to the criterion that triggers the UE-initiated/event-driven beam report. But the basic information of the beam report may be the information about the recommended beam and restricted beam, w.r.t. the currently applied beam as indicated in unified TCI states and also the associated beam quality (e.g. L1-RSRP or L1-SINR). Besides, the beam quality of currently applied beam may still need to be reported to NW for better reflecting the current status.
[bookmark: _Toc162878303][bookmark: _Toc162878336][bookmark: _Toc162878376][bookmark: _Toc163052436][bookmark: _Toc163052469]Signaling content(s) depends on the criterion that triggers the UE-initiated/event-driven beam report but the basic information may be recommended beam and restricted beam.
One of the reasons we need UE-initiated/event-driven beam report in addition to NW-configured/triggered legacy beam report, is that the former may be based on a wider range of measurement resources, in addition to the resources configured for legacy beam report. For example, SSB/CSI-RS which are configured for L1-RSRP/L1-SINR report and for other purposes, like for candidate beam determination, or for tracking, or from other cells, or for channel acquisition, can all be used for UE-initiated/event-driven beam report. TCI states, at least those activated, can also provide measurement resources (i.e., the reference signals configured in a TCI state) for UE-initiated/event-driven beam report. As one target for this feature is to reduce latency for beam reporting based on unified TCI framework, it’s better to associate the current beam for event with applied TCI state (e.g. indicated TCI state or activated TCI states), so regarding RS measurement for current beam, implicit manner to derive from indicated TCI state or activated TCI states should be supported. Considering the reported RS/beams, one case is UE select another TCI state from the activated TCI states, and another case is UE can select one or more RS from a configured RS set. In our understanding, both two cases are typical and useful to reduce beam reporting overhead and latency. So for RS measurement for new beam, the RS can be combined of those derived from activated TCI states and explicitly configured RS set(s).
Therefore, UE-initiated/event-driven beam report may also include the type of information used as an recommended or a restricted beam indication, for example, assuming MAC CE, UE can indicate that in a (8-bit) beam indication field, CSI-RS resource index is indicated, SSB index is indicated, or TCI state ID is indicated.
[bookmark: _Toc162878312][bookmark: _Toc162878345][bookmark: _Toc162878385][bookmark: _Toc163052445][bookmark: _Toc163052478]Support RS measurement for current beam implicitly from indicated TCI state or activated TCI states.
[bookmark: _Toc162878313][bookmark: _Toc162878346][bookmark: _Toc162878386][bookmark: _Toc163052446][bookmark: _Toc163052479]Regarding RS measurement for new beam, support both explicitly configured in RS set(s) and implicitly derived from activated TCI states. And also, the RS can be a combination of those configured in RS set(s) and those derived from activated TCI states.
[bookmark: _Toc162878314][bookmark: _Toc162878347][bookmark: _Toc162878387][bookmark: _Toc163052447][bookmark: _Toc163052480]Support to use the measurement resources in addition to the resources configured for legacy beam report for UE-initiated/event-driven beam report, including SSB/CSI-RS for other purposes (e.g., candidate beam determination, tracking, channel acquisition).
Other information that can be considered in the UE-initiated/event-driven beam report includes the BWP/CC information, which is always needed if cross-BWP/CC measurement and report is supported, and the cell information, if inter-cell beam report is supported. Meanwhile, for the channels/signals that not configured to follow unified TCI state, UE may also provide in the report the applied channels/signals of the recommended/restricted beams.
[bookmark: _Toc162878316][bookmark: _Toc162878349][bookmark: _Toc162878389][bookmark: _Toc163052449][bookmark: _Toc162854675][bookmark: _Toc162854691][bookmark: _Toc162854759][bookmark: _Toc162855035][bookmark: _Toc162855793][bookmark: _Toc162856590][bookmark: _Toc162857017][bookmark: _Toc162857237][bookmark: _Toc162857823][bookmark: _Toc162857893][bookmark: _Toc162875917][bookmark: _Toc162876052][bookmark: _Toc162876088][bookmark: _Toc162876124][bookmark: _Toc162876178][bookmark: _Toc162876397][bookmark: _Toc162876534][bookmark: _Toc162876565][bookmark: _Toc162876907][bookmark: _Toc162876936][bookmark: _Toc162878317][bookmark: _Toc162878350][bookmark: _Toc162878390][bookmark: _Toc163052450][bookmark: _Toc163052481]Support UE-initiated/event-driven beam report to include 
[bookmark: _Toc162854676][bookmark: _Toc162854692][bookmark: _Toc162854760][bookmark: _Toc162855036][bookmark: _Toc162855794][bookmark: _Toc162856591][bookmark: _Toc162857018][bookmark: _Toc162857238][bookmark: _Toc162857824][bookmark: _Toc162857894][bookmark: _Toc162875918][bookmark: _Toc162876053][bookmark: _Toc162876089][bookmark: _Toc162876125][bookmark: _Toc162876179][bookmark: _Toc162876398][bookmark: _Toc162876535][bookmark: _Toc162876566][bookmark: _Toc162876908][bookmark: _Toc162876937][bookmark: _Toc162878318][bookmark: _Toc162878351][bookmark: _Toc162878391][bookmark: _Toc163052451][bookmark: _Toc163052482]Recommended beam and/or restricted beam indication
[bookmark: _Toc162854677][bookmark: _Toc162854693][bookmark: _Toc162854761][bookmark: _Toc162855037][bookmark: _Toc162855795][bookmark: _Toc162856592][bookmark: _Toc162857019][bookmark: _Toc162857239][bookmark: _Toc162857825][bookmark: _Toc162857895][bookmark: _Toc162875919][bookmark: _Toc162876054][bookmark: _Toc162876090][bookmark: _Toc162876126][bookmark: _Toc162876180][bookmark: _Toc162876399][bookmark: _Toc162876536][bookmark: _Toc162876567][bookmark: _Toc162876909][bookmark: _Toc162876938][bookmark: _Toc162878319][bookmark: _Toc162878352][bookmark: _Toc162878392][bookmark: _Toc163052452][bookmark: _Toc163052483]The type of information used as a recommended or a restricted beam indication
[bookmark: _Toc162854678][bookmark: _Toc162854694][bookmark: _Toc162854762][bookmark: _Toc162855038][bookmark: _Toc162855796][bookmark: _Toc162856593][bookmark: _Toc162857020][bookmark: _Toc162857240][bookmark: _Toc162857826][bookmark: _Toc162857896][bookmark: _Toc162875920][bookmark: _Toc162876055][bookmark: _Toc162876091][bookmark: _Toc162876127][bookmark: _Toc162876181][bookmark: _Toc162876400][bookmark: _Toc162876537][bookmark: _Toc162876568][bookmark: _Toc162876910][bookmark: _Toc162876939][bookmark: _Toc162878320][bookmark: _Toc162878353][bookmark: _Toc162878393][bookmark: _Toc163052453][bookmark: _Toc163052484]Beam quality of the recommended beam and/or restricted beam and type of metric used as a beam quality
[bookmark: _Toc162875921][bookmark: _Toc162876056][bookmark: _Toc162876092][bookmark: _Toc162876128][bookmark: _Toc162876182][bookmark: _Toc162876401][bookmark: _Toc162876538][bookmark: _Toc162876569][bookmark: _Toc162876911][bookmark: _Toc162876940][bookmark: _Toc162878321][bookmark: _Toc162878354][bookmark: _Toc162878394][bookmark: _Toc162854679][bookmark: _Toc162854695][bookmark: _Toc162854763][bookmark: _Toc162855039][bookmark: _Toc162855797][bookmark: _Toc162856594][bookmark: _Toc162857021][bookmark: _Toc162857241][bookmark: _Toc162857827][bookmark: _Toc162857897][bookmark: _Toc163052454][bookmark: _Toc163052485]Beam quality for current beam
[bookmark: _Toc162875922][bookmark: _Toc162876057][bookmark: _Toc162876093][bookmark: _Toc162876129][bookmark: _Toc162876183][bookmark: _Toc162876402][bookmark: _Toc162876539][bookmark: _Toc162876570][bookmark: _Toc162876912][bookmark: _Toc162876941][bookmark: _Toc162878322][bookmark: _Toc162878355][bookmark: _Toc162878395][bookmark: _Toc163052455][bookmark: _Toc163052486]Associated channels/signals that the restricted/recommended beam applies
[bookmark: _Toc162854680][bookmark: _Toc162854696][bookmark: _Toc162854764][bookmark: _Toc162855040][bookmark: _Toc162855798][bookmark: _Toc162856595][bookmark: _Toc162857022][bookmark: _Toc162857242][bookmark: _Toc162857828][bookmark: _Toc162857898][bookmark: _Toc162875923][bookmark: _Toc162876058][bookmark: _Toc162876094][bookmark: _Toc162876130][bookmark: _Toc162876184][bookmark: _Toc162876403][bookmark: _Toc162876540][bookmark: _Toc162876571][bookmark: _Toc162876913][bookmark: _Toc162876942][bookmark: _Toc162878323][bookmark: _Toc162878356][bookmark: _Toc162878396][bookmark: _Toc163052456][bookmark: _Toc163052487]Associated cells information
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2.4 Signaling medium
UE-initiated/event-driven beam report can only be enabled by NW configuration, like other BM procedures. Considering the purpose of reducing overhead and latency, L1/L2 reporting is needed for UE-initiated/event-driven beam report, and further optimizations, for example, UE applies the reported beam without further RRC reconfiguration, can also be discussed. In the last meeting [2], at least 5 different options for UE-initiated/event-driven beam report have been proposed, as follows. 
Table 1 different options for UEI beam report
	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.
· Option-2 (dynamically scheduling UCI by gNB):
· Step 1: UE transmits a first UL channel (one-bit/multi-bit) to request a resource for a second UL channel to carry beam report
· Note: Resource(s) for first UL channel is dedicated to the UE.
· Step 2: UE detects the DCI format to indicate a resource for a second UL channel to carry beam report (e.g., similar to AP-CSI request). 
· Step 3: Beam report is transmitted in second UL channel.
· Note: Whether the second UL channel is PUCCH, PUSCH or both. 
· Option-3 (UCI in pre-configured resource(s) for first and/or second UL channel):
· Step 1: UE transmits a first UL channel (one-bit/multi-bit) notifying a second UL channel to carry beam report
· Note: Resource(s) for first UL channel is dedicated to the UE.
· Step 2: UE transmits the beam report in the second UL channel. 
· Note: Whether the resource(s) for the second UL channel are dedicated to a UE or shared with other UEs.
· Option-3a: Pre-configured resource for the second UL channel dedicated for UEI beam report
· Option-3b: Pre-configured resource for the second UL channel not dedicated for UEI beam report
· Option-4a (UCI in pre-configured resource(s) only used for UEI beam report):
· Step 1: UE transmits the beam report in the pre-configured resource(s), if trigger event occurs or up to UE implementation. 
· Note: Whether the resource(s) are dedicated to a UE or shared with other UEs.
· 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. 


The listed options can be generally classified into MAC CE based (option 1) and UCI based (options 2/3/4), before going into details for the channels, maybe a better way to avoid stuck discussion is to determine general level signalling medium from MAC CE and/or UCI, then further work can be done. MAC CE based reporting can be supported as a complementary based on BFR procedure, and UCI based reporting should be supported with more reduced latency, and we can firstly agree on the general framework for UCI based reporting. And to improve resource utilization, a first channel for notifying beam reporting in a second channel can be applied, the first channel can be designed based on similar scheme as SR, but it should be different from SR resource. As SR only indicates whether scheduling is needed or not, and SR will not be multiplexed on PUSCH, while for UE-initiated/event-driven beam report, there may be more information indicated by the first channel, such as event ID. And the notification in the first channel can be regarded as a UCI to be multiplexed on PUSCH in case of overlapping. Based on the discussion, among UCI based reporting options, the basic framework for option 3 is preferred to be a starting point. In addition, the knowledge of new beam(s) is well known at UE side, a variable reporting size is more suitable for reporting, the beam report in second channel can reuse two-part CSI reporting structure, which can be more flexible.
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The listed options can be also classified into one step and two step report, as in the following table. To directly apply one step MAC CE for the beam report, as used for SCell BFR, is the most straightforward method. Two step report like SR + MAC CE is also an established method. Two step report with first channel and second channel or with part 1 and part 2 may provide extra benefits such as overhead/latency reduction, especially when the trigger condition is related to the event that “current beam becomes worse”, which means the current UL beam may be not suitable for transmitting the UEI beam report in one step.
Table 2 different options for UEI beam report
	
	First step report if two-step
	Second step report if two-step

	One step
	UCI, or MAC CE

	Two step
	SR for requesting UL-SCH resources
	UL-SCH, PUSCH, MAC CE

	Two step
	First channel (one-bit/multi-bit) to request a resource for a second UL channel
	Second channel to carry beam report

	Two step
	First channel (one-bit/multi-bit) to notifying a second UL channel (pre-configured resource(s) for first and/or second UL channel)
	Second channel to carry beam report

	Two step
	Part 1, indicate the information of Part-2
	Part 2
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3 Conclusion
In this contribution, we provided our views on Rel-19 MIMO work on enhancements for UE-initiated/event-driven beam management, and we have the following observations and proposals:
Observation 1:	L1-events based on one-time measurement only may cause severe ping-pong and too-frequent triggering of the report.
Observation 2:	Beam failure recovery (BFR) can be considered as UE-initiated. At least some similar mechanisms as in BFD/BFR procedure may be reused for UE-initiated beam management.
Observation 3:	Signaling content(s) depends on the criterion that triggers the UE-initiated/event-driven beam report but the basic information may be recommended beam and restricted beam.
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Proposal 1:	At least Event-2 (Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam) can be supported.
Proposal 2:	Support additional condition related to previous report to event, for example, whether the largest measured beam is different from previous report.
Proposal 3:	The threshold for event can be configured by network device or reported by UE, and at least for different measurement resources, the threshold for event can be different.
Proposal 4:	Definition or timing for current beam should be clarified. And FFS whether to update reporting contents after the event is triggered.
Proposal 5:	Support to introduce a timer and a counter at least for MAC based UE initiated/event-driven beam report.
Proposal 6:	Study the relationship between UE-initiated/event-driven beam management procedure and other procedures like BFD/BFR and legacy NW-configured/triggered beam measurement and report.
Proposal 7:	The triggered UE-initiated/event-driven beam report may be cancelled or dropped if colliding with other procedures.
Proposal 8:	Support a prohibit timer for UE-initiated/event-driven beam report to avoid frequent report.
Proposal 9:	Support RS measurement for current beam implicitly from indicated TCI state or activated TCI states.
Proposal 10:	Regarding RS measurement for new beam, support both explicitly configured in RS set(s) and implicitly derived from activated TCI states. And also, the RS can be a combination of those configured in RS set(s) and those derived from activated TCI states.
Proposal 11:	Support to use the measurement resources in addition to the resources configured for legacy beam report for UE-initiated/event-driven beam report, including SSB/CSI-RS for other purposes (e.g., candidate beam determination, tracking, channel acquisition).
Proposal 12:	Support UE-initiated/event-driven beam report to include
−	Recommended beam and/or restricted beam indication
−	The type of information used as a recommended or a restricted beam indication
−	Beam quality of the recommended beam and/or restricted beam and type of metric used as a beam quality
−	Beam quality for current beam
−	Associated channels/signals that the restricted/recommended beam applies
−	Associated cells information
−	Event ID
Proposal 13:	Support UCI based beam reporting for UE-initiated/event-driven beam management. Among the UCI based solutions, discussion can be started on basic signaling framework based on option 3:
	Support UCI based beam reporting with first and/or second UL channel
−	Step 1: UE transmits a first UL channel (one-bit/multi-bit) notifying a second UL channel to carry beam report
−	Step 2: UE transmits the beam report in the second UL channel.
	The beam report in the second channel can be as one-part CSI or two-part CSI.
Proposal 14:	Consider to support one step or two step method for UEI beam report based on the trigger event.
Proposal 15:	Consider to support that UE applies the reported beam without further RRC reconfiguration
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