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Introduction 
In RAN1#116 [1], the followings were agreed to clarify the working scope for UE-initiated/event-driven beam management:
	[bookmark: _Hlk146642115][bookmark: OLE_LINK11]Agreement
[bookmark: OLE_LINK140]On UE-initiated/event-driven beam report, at least of following aspects should be included:
· [bookmark: OLE_LINK137]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
· [bookmark: OLE_LINK138]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


[bookmark: OLE_LINK30]According to the above agreement and the objectives in WID [2], we show our view for the following aspects in this contribution:   
· [bookmark: OLE_LINK144][bookmark: OLE_LINK141][bookmark: OLE_LINK142][bookmark: OLE_LINK13][bookmark: OLE_LINK139][bookmark: OLE_LINK143]Trigger-event detection of UE-initiated/event-driven (UEI/ED) beam reporting
· [bookmark: OLE_LINK180]Measurement RS determination for Event-2
· Quality metric for event evaluation
· Trigger event other than Event-2
· [bookmark: OLE_LINK146][bookmark: OLE_LINK97]Signalling content in UE-initiated/event-driven (UEI/ED) beam report
· Transmission procedure for UE-initiated/event-driven (UEI/ED) beam reporting
· Configuration of Mode A and Mode B 
· [bookmark: OLE_LINK182]Details of Mode A
· Details of Mode B
· [bookmark: OLE_LINK184]Cross-carrier UEI beam reporting
· [bookmark: OLE_LINK147]Enhancement for other procedure(s)
· UE-assisted TCI state activation


Discussion
[bookmark: OLE_LINK119][bookmark: OLE_LINK160][bookmark: OLE_LINK20][bookmark: OLE_LINK15]Trigger-event detection of UEI/ED beam reporting
[bookmark: OLE_LINK177][bookmark: OLE_LINK8][bookmark: OLE_LINK24]Measurement RS determination for Event-2
[bookmark: OLE_LINK31]RAN1 has agreed on support of Event-2 and the corresponding details of quality metric, threshold, and measurement RS for the current beam, in RAN1#116bis [2]: 
	[bookmark: OLE_LINK49]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

[bookmark: OLE_LINK17]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.
· [bookmark: OLE_LINK74]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


[bookmark: OLE_LINK9][bookmark: OLE_LINK66][bookmark: OLE_LINK61][bookmark: OLE_LINK65]On how to determine the measurement RS(s) for new beam(s), there are three options to be down selected in RAN1#117. Considering that the purpose of Event-2 is for TCI state switching, the UE should directly select new beam from a set of TCI states based on Option-3c, instead of selection from a set of RS resources without any knowledge that the set of RS resources correspond to which TCI states when the UE performs the evaluation for Event-2. The TCI state(s) for new beam(s) should be the candidate TCI state(s) which can be used as the indicated TCI state, such that the TCI state(s) for new beam could be determined as either the TCI states in the legacy TCI state list (configured in PDSCH-Config or UL BWP) or a new list including a sub-set of the legacy TCI state list.
[bookmark: OLE_LINK259]Observation 1: Since Event-2 is used for TCI state switching, UE should directly select the new beam(s) from a set of TCI states instead of a set of RS resources w/o any knowledge that the set of RS resources correspond to which TCI states when the UE performs the evaluation for Event-2.
In consideration of that NW may not always transmit CSI-RS(s) for all the new beam(s), we think two RS types (SSB or CSI-RS) could be considered, regardless of the measurement RS(s) is implicitly or explicitly provided. For Option-3c, the measurement RS(s) for new beam(s) can be either CSI-RS(s) which is the QCL RS(s) of the TCI state(s) or SSB(s) which is QCLed with the QCL RS(s). And how to determine the RS type for new beam(s) can be further discussed.
[bookmark: OLE_LINK245][bookmark: OLE_LINK67][bookmark: OLE_LINK68]Proposal 1: Regarding RS measurement determination for new beam(s) of Event-2, support the RS(s) for new beam(s) are implicitly derived from QCL RS(s) of a set of TCI state(s) that can be used as the indicated TCI state (Option-3c)
· The RS(s) for new beam(s) can be either CSI-RS(s) as QCL-RS(s) of the TCI state(s) or SSB(s) QCL-ed with the QCL-RS(s) of the TCI state(s)
· FFS: How to determine whether RS(s) for new beam(s) is CSI-RS(s) or SSB(s)
· [bookmark: OLE_LINK52][bookmark: OLE_LINK69]FFS: The set of TCI state(s) for new beam(s) are determined from the legacy RRC-configured TCI state list or a new list including a subset of the legacy RRC-configured TCI state list.
[bookmark: OLE_LINK16][bookmark: OLE_LINK14][bookmark: OLE_LINK18]Besides, whether to restrict the same type of measurement RS for new beam and current beam should be discussed. According to NW antenna setting for beam management, a SSB and a CSI-RS may have different beamwidths. For instance, the set of SSB(s) is served as coarse beams for P-1 procedure and the set of CSI-RS(s) is used to P-2 procedure to further refine the finer Tx beam. Given on such antenna setting, comparison between different types of measurement RS may be not reasonable. On the other hand, if NW antenna setting achieves comparable beamwidths for SSB(s) and CSI-RS(s), comparison between different types of measurement RS could be allowed. Hence, we further consider two cases for event-2 evaluation: 
· [bookmark: OLE_LINK21]Case 1: The types of measurement RS for new beam(s) and the current beam should be the same
Considering that the measurement RS for new beam(s) could be a set of SSB(s), the measurement RS for the current beam should be the SSB which is QCLed with the QCL RS in the indicated TCI state instead of the CSI-RS which is the QCL RS in the indicated state. Hence, to support the SSB as measurement RS for current beam is needed if types of measurement RS for new beam and current beam should be the same.
· [bookmark: OLE_LINK22]Case 2: The types of measurement RS for new beam(s) and the current beam could be different
The type of measurement RS for the current beam doesn’t need to align with the type of measurement RS(s) for new beam(s). The measurement RS for the current beam could be always the CSI-RS derived from the indicated TCI state, such that there is no need to further support SSB as the measurement RS for the current beam. In addition, considering NW may apply different transmitter power for different RS types, such that an RRC-configured power offset and should be further considered
[bookmark: OLE_LINK35]Observation 2: Different measurement RS types (SSB vs. CSI-RS) may have different beamwidths, according to NW antenna setting for beam management. 
[bookmark: OLE_LINK264]Observation 3: If different measurement RS types apply different beamwidths, it is reasonable to restrict the same type of measurement RSs for new beam and the current beam. On the other hand, if different measurement RS types have comparable beamwidths, the types of measurement RS for new beam(s) and the current beam could be different.
[bookmark: OLE_LINK288][bookmark: OLE_LINK73][bookmark: OLE_LINK53][bookmark: OLE_LINK70]Proposal 2: Regarding RS measurement determination for the current beam, further support SSB which is QCLed with QCL RS in the indicated TCI state, if the types of measurement RS for new beam(s) and the current beam shall be the same.
· Whether RS types for new beam(s) and current beam should be the same is configurable by RRC
[bookmark: OLE_LINK42]Another remaining issue for current beam measurement is whether to additionally support explicit manner. During RAN1#116bis meeting, RAN1 reached the consensus on that the current beam for Event-2 evaluation should be referred to the indicated TCI state on top of unified TCI framework. Therefore, the measurement RS for current beam can be implicitly derived from the QCL RS of the indicated TCI state, and explicit configuration/signaling for measurement RS of the current beam is not needed. In that case, the measurement RS will be naturally kept updated once NW switches the indicated TCI state. 
Proposal 3: Regarding RS measurement determination for the current beam of Event-2, do not support the explicit configuration via RRC or MAC-CE (Option-2c). 
For the measurement RS for the new/current beam(s) which is derived from the QCL RS of a TCI state (e.g., the indicated TCI state as the current beam, or a configured TCI state as a new beam), RAN1 reached the consensus that the QCL RS should be the source RS regarding QCL Type-D for the measurement RS determination, if there are two QCL RSs in a TCI state. However, according to RAN1#116 agreements, it is applied to measurement RS determination for new beam(s) only but not for measurement RS determination for the current beam. From our understanding, that should be applicable for any case that a measurement RS which is derived from the QCL RS of a TCI state, for both new beam(s) and the current bean. Hence, we suggest having a general agreement for clarification.
[bookmark: OLE_LINK37][bookmark: OLE_LINK289]Proposal 4: Regarding RS measurement determination for a new beam or the current beam of Event-2, if the measurement RS for a new beam or the current beam is derived from the QCL RS of a TCI state and there are two QCL RS(s) in the TCI state, the measurement RS is derived from RS w.r.t. QCL-TypeD, if applicable.

[bookmark: OLE_LINK178][bookmark: OLE_LINK90]Quality metric for event evaluation 
[bookmark: OLE_LINK187][bookmark: OLE_LINK41]Regarding the quality metric for event evaluation, the following agreement for further study is made:
	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


[bookmark: OLE_LINK87][bookmark: OLE_LINK76]The intension of post-processing on L1 measurements for triggering evaluation (e.g., timer, counter, or filtering) is to prevent error reporting or ping-pong reporting caused by measurement error or fast-fading channel fluctuation. Referring to legacy event-driven reporting(s), there is no NW-configured filtering for L1 measurements, and it is always up to UE implementation on how to derive L1 measurement results. Note that UE typically applies filtering or running average for the L1 measurements, which is transparent to NW. 
[bookmark: OLE_LINK91][bookmark: OLE_LINK28]Observation 4: NW-configured/controlled filtering for L1 measurement is not needed, because it could be well handled by UE implementation as legacy.
[bookmark: OLE_LINK29][bookmark: OLE_LINK109]Proposal 5: On quality metric of trigger event detection for UE-initiated/event driven beam reporting, do not support NW-configured filtering operation. 
However, a timer or counter can be considered. For instance, a prohibit timer is used for power headroom reporting to avoid too frequent reporting, while beam failure detection procedure applies a counter to calculate the beam failure instance(s) from PHY layer. For event-driven beam reporting, even we think there is no need of NW-configured filtering, we are open to discuss whether to have timer/counter to avoid frequent but unnecessary UEI/ED beam reporting. 
[bookmark: OLE_LINK278][bookmark: OLE_LINK78]Observation 5: A timer or a counter can be considered to avoid frequent but unnecessary UEI/ED beam reporting.

[bookmark: OLE_LINK179][bookmark: OLE_LINK285][bookmark: OLE_LINK284]Trigger event other than Event-2
In RAN1#116bis [2], more candidates for study were added, such as Event-5 to Event-9, according to companies’ input:
	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).
· [bookmark: OLE_LINK312]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).


[bookmark: OLE_LINK306]In RAN1#116bis, Event-2 was agreed for detecting the candidate beam(s) for TCI state switching, and the other event(s) were still under the discussion. Among the events other than Event-2, Event-7a and Event-7b are the most useful, which can identify the new beam for active TCI state list updating. The timely detection of the new beam(s) for active TCI state list is essential for fast beam switching since active TCI states are those beams to be used for beam switching. With timely updating on active TCI state list, the latency of beam switching based on active TCI state list can be shorten.
[bookmark: OLE_LINK308][bookmark: OLE_LINK307]Generally, the triggering conditions of Even-7a and Event-7b are analogous to Event-2, but they consider the activated TCI state with worst/best quality as baseline for comparison. When Event-7a based on the activated TCI state with the worst quality is triggered, at least one activated TCI state should be updated. Frequent reporting may happen if NW doesn’t replace the activated TCI state with the worst quality accordingly, after receiving the UEI/ED beam reporting for Event-7a. However, the frequent reporting can be eliminated by applying the prohibit timer from our view. Due to the consideration of too-frequent reporting in Event-7a, Event-7b is proposed. When Event-7b based on the activated TCI state with the best quality is triggered, all the activated TCI state should be replaced. Using activated TCI state with the best quality as reference may be too restricted, which may cause too-late updating. With different configuration of Event-7a and Event-7b, we are supportive with Event-7a and Event-7b. 
[bookmark: OLE_LINK290]Proposal 6: On trigger event detection for UE-initiated/event-driven beam reporting, support Event-7a or Event-7b for usage of active TCI state list updating:
· 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.

[bookmark: OLE_LINK121][bookmark: OLE_LINK114][bookmark: OLE_LINK26]Signalling content of UEI/ED beam report
[bookmark: OLE_LINK50][bookmark: OLE_LINK186]In RAN1#116bis [2], the following was agreed for signalling content for Event-2: 
	[bookmark: OLE_LINK23]Agreement
On UE-initiated/event-driven beam reporting, regarding UL signalling 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
· [bookmark: OLE_LINK102]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
· [bookmark: OLE_LINK164]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.
· [bookmark: OLE_LINK111]FFS: When current beam is reported, whether the current beam is counted in the N reported beams.  
· The selected option shall satisfy Event-2.


[bookmark: OLE_LINK99]Legacy CSI beam reporting always reports a certain number of beam(s) according to NW configuration, and it is up to UE decision to select which beam(s) should be reported in a beam reporting instance. Typically, the UE selects the best  beam(s) for reporting. For UEI/ED beam reporting, it is controversial whether beam selection for reporting is still fully up to UE decision, or some beam(s) must be reported, and that also is relevant to whether to support variable payload size. 
[bookmark: OLE_LINK115][bookmark: OLE_LINK112][bookmark: OLE_LINK101][bookmark: OLE_LINK108][bookmark: OLE_LINK110]For analyzing the options listed in the agreement, there are two considerations in our mind. Firstly, event-2 is designed to identify the qualified/satisfied beam(s) for beam switching, such that at least one satisfied beam(s) should be reported. Besides, additionally reporting more information of the non-satisfied beam(s) is also beneficial for NW scheduling or interference control. Among five options, Option-1a and Option-3 can provide the flexibility to further report the non-satisfied beam(s), while Option-1b is also acceptable for us if reporting of the non-satisfied beam(s) is allowed when N is less than Nmax. Secondly, we have strong concern on variable payload size for UCI-based reporting, since it will require signaling enhancement for dynamically indicating the actual number of reported beam(s). Although the options with variable payload size may save more bits for reporting, compared to options with fixed payload size, we think the benefit of overall reporting overhead reduction is quite marginal since we don’t expect the UEI/ED beam report will be triggered frequently. Hence, we are supportive with Option-3, and we can be fine with Option-1b if reporting of the non-satisfied beam(s) is allowed when N is less than Nmax.
[bookmark: OLE_LINK125]Observation 6: Additionally reporting more information of the non-satisfied beam(s) is beneficial for NW scheduling or interference control.
[bookmark: OLE_LINK154]Meanwhile, whether to always report the current beam is still under the discussion. In our view, it is beneficial for NW to report the current beam in each reporting instance. According to triggering condition of Event-2, there is hard decision, based on relative quality difference between new beam and the current beam(s), to determine a new beam is either satisfied or non-satisfied. Without the quality of the current beam, NW may not appropriately determine how necessary it is to perform the beam switching. For example, if the quality of the current beam is still acceptable, NW may not need to switch the serving beam, even there is a new beam satisfying the Event-2. Hence, we think the current beam should be always reported, or it can be enabled/disabled by RRC configuration. If NW doesn’t enable the reporting of the current beam, then it is up to UE decision to report the current beam or rot. For Option-3, it should be noticed that the number of reported beam(s) should remain constant, even it is up to UE decision on whether to report the current beam. In that case, no matter that the current beam is included or not, there are still  reported beam(s) in a reporting instance.
[bookmark: OLE_LINK310][bookmark: OLE_LINK208][bookmark: OLE_LINK279]Observation 7: Without the quality of the current beam, NW may not appropriately determine how necessary it is to perform the beam switching after it receives the UEI/ED beam report
[bookmark: OLE_LINK167]Observation 8: For Option-3, no matter that the current beam is included or not, there are still  reported beam(s) in a reporting instance.
[bookmark: OLE_LINK2][bookmark: OLE_LINK168][bookmark: OLE_LINK171][bookmark: OLE_LINK176][bookmark: OLE_LINK169]We also identify that reporting of RS ID for the current beam is necessary if differential based reporting is applied. For CSI fields for differential based reporting as shown in Figure 1, the beam with the largest L1-RSRP value will be indicated in the first CRI/SSBRI field and the first RSRP field. For the other reported beam(s), it is up to UE to indicate the beam(s) in which field(s). That means there is no certain field which is always reserved for the current beam. Hence, RS ID is needed to identify which differential L1-RSRP field is corresponding to the current beam. 
[bookmark: OLE_LINK1]Observation 9: Reporting of RS ID along with the quality for the current beam is necessary if differential based reporting for L1-RSRP is applied.
[image: ]
Figure 1. Mapping order of CSI fields of one report for legacy CRI/RSRP or SSBRI/RSRP reporting
[bookmark: OLE_LINK220][bookmark: OLE_LINK80][bookmark: OLE_LINK44][bookmark: OLE_LINK116][bookmark: OLE_LINK51][bookmark: OLE_LINK75]Proposal 7: On signalling content for UE-initiated/event driven beam reporting associated with Event-2, support Option-3 with  reported beams in a reporting instance, where  is configured by RRC in the corresponding reporting configuration
· [bookmark: OLE_LINK72][bookmark: OLE_LINK71]The  reported beams shall contain the current beam and at least one new beam satisfying the event condition
· For each reported beam, the corresponding DL RS source ID (or TCI state ID) and the corresponding absolute/differential L1-RSRP value are reported

[bookmark: OLE_LINK57][bookmark: OLE_LINK96][bookmark: OLE_LINK27][bookmark: OLE_LINK47]Transmission procedure for UEI/ED beam reporting
Two transmission modes for UCI-based reporting were agreed in RAN1#116bis [2] as follows:  
	[bookmark: OLE_LINK3]Agreement
[bookmark: OLE_LINK222][bookmark: OLE_LINK221][bookmark: OLE_LINK38]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. 
[bookmark: OLE_LINK88]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.


[bookmark: OLE_LINK181][bookmark: OLE_LINK81][bookmark: OLE_LINK36][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK230]In Mode A, NW dynamically schedules the resource(s) for UEI/ED beam reporting only when receiving the UE request via the first channel. Mode A achieves higher NW scheduling flexibility but has longer reporting latency due to waiting for the NW scheduling. Generally, it is analogous to legacy aperiodic CSI reporting procedure, but it is triggered from the UE side.
[bookmark: OLE_LINK7]In Mode B, NW provides the periodic pre-configured resources for UEI/ED beam reporting, and the UE sends the first channel to notify that UEI/ED beam report(s) will be transmitted using the upcoming pre-configured resource(s). Mode B gets lower reporting latency but may have lower reliability due to uncertainty on the missing of the reporting. Pre-notification is introduced for reducing UE reporting overhead and alleviating NW decoding/receiving effort on the second channel. In that sense, the UE doesn’t need to always transmit on each pre-configured resource, while the NW doesn’t need to always receive/decode the transmission on each pre-configured resource. 

Configuration of Mode A and Mode B
Mode A and Mode B enjoys the benefits from different aspects. In this section, we would like to discuss the potential use case(s) to enable Mode A and/or Mode B, according to different NW considerations on UEI/ED beam reporting: 
· [bookmark: OLE_LINK209][bookmark: OLE_LINK297][bookmark: OLE_LINK34][bookmark: OLE_LINK32][bookmark: OLE_LINK210][bookmark: OLE_LINK10][bookmark: OLE_LINK19][bookmark: OLE_LINK12][bookmark: OLE_LINK191][bookmark: OLE_LINK271][bookmark: OLE_LINK193][bookmark: OLE_LINK192]Case 1: Mode A only for both new transmission and re-transmission
NW scheduling flexibility and no uncertainty of identifying reporting failure are main consideration. The resource for UEI/ED beam reporting is scheduled on demand, and NW provides the resource any time after receiving the first channel. Since NW can always identify the failure of the beam reporting if NW doesn’t successfully receive the UEI/ED beam report in the resource NW scheduled, the re-transmission can be well handled by the NW via the Mode A without the first channel. After detecting the failure of the new transmission for the UEI/ED beam report, NW sends the other DCI to schedule one more resource for carrying the UEI/ED beam report again. Note that the first channel in Mode A for re-transmission is not needed if the NW can be aware of the new transmission for the UEI/ED beam report. 
· [bookmark: OLE_LINK215][bookmark: OLE_LINK165][bookmark: OLE_LINK189][bookmark: OLE_LINK190][bookmark: OLE_LINK170][bookmark: OLE_LINK217][bookmark: OLE_LINK216]Case 2: Mode B only for both new transmission and re-transmission
Fast reporting without NW scheduling is main consideration. NW provides the periodic resource(s) after each measurement instance, to minimize the reporting latency. Once UE detects the UEI/ED beam reporting(s) is triggered, the UE sequentially sends the first channel and the second channel carrying the UEI/ED beam report(s). When the new transmission for the UEI/ED beam report is fail, the UE needs to wait for next occasion(s) to perform Mode B again. Even NW can be aware of the new transmission by Mode B, but the UEI/ED beam reporting is allowed to be transmitted on the pre-configured resource(s) only. That means NW cannot dynamically provides resource for re-transmission, and the UE must wait for the next pre-configured resource(s). Then, long reporting latency is expected if the re-transmission on the UEI/ED beam report happens. 
· [bookmark: OLE_LINK214][bookmark: OLE_LINK270][bookmark: OLE_LINK198][bookmark: OLE_LINK197]Case 3: Mode B for new transmission and Mode A for re-transmission
Based on the above two cases, we can see that Mode B is beneficial for new transmission and Mode A is suitable for re-transmission. Hence, one use case is to have Mode B for new transmission and Mode A for re-transmission. If the NW identifies that the new transmission for the UEI/ED beam report via Mode B is fail, NW sends a DCI to schedule one dynamic resource for carrying the UEI/ED beam report. In the other example, if the NW doesn’t realize the new transmission due to missing of the first channel in Mode B, then the UE needs to send the first channel to request the resource via Mode A when preforming re-transmission. 
· [bookmark: OLE_LINK195][bookmark: OLE_LINK196]Case 4: Mode A and B for new transmission and Mode A for re-transmission
Moreover, Mode A is also a good solution to handle the multi-UE reporting in Mode B. The pre-configured resource for UEI/ED beam reporting could be shared with multiple UEs for further improving resource efficiency. When pre-configured resource(s) are shared among multiple UEs, NW may need to address the collision/contention once there are multiple UEs sending the first channels to notify the same pre-configured resource. In the case, Mode A can be regarded as a fallback solution, NW additionally allocates dynamic scheduling resources if the UE is not allowed to transmit the UEI/ED beam report on the pre-configured resource due to contention. In principle, after receiving the first channel, NW can either dynamically schedule a resource or let the UE use the pre-configured resource(s) for the new transmission. On re-transmission, similar to Case 3, additional resource is scheduled by NW to transmit the UEI/ED beam report again. 
[bookmark: OLE_LINK211][bookmark: OLE_LINK199][bookmark: OLE_LINK200][bookmark: OLE_LINK203][bookmark: OLE_LINK201]To enable Mode and Mode B simultaneously is a reasonable configuration. Basically, new transmission for UEI/ED beam report can use dynamically scheduled resource allocation or pre-configured resource, while re-transmission for UEI/ED beam report should use dynamic resource allocation. Regarding whether/how to re-transmit the UEI/ED beam report in Mode A and Mode B is discussed on the following sections.
[bookmark: OLE_LINK227][bookmark: OLE_LINK280]Observation 10: Mode B only for both new transmission and re-transmission may lead to long reporting latency since UE needs to wait for next occasion(s) to perform Mode B again.
[bookmark: OLE_LINK213][bookmark: OLE_LINK218][bookmark: OLE_LINK212]Observation 11: New transmission for UEI/ED beam report can use either dynamically scheduled resource allocation (e.g., Mode A) or pre-configured resource (e.g., Mode B), while re-transmission for UEI/ED beam report should use dynamic resource allocation (e.g., Mode B).
[bookmark: OLE_LINK219]Observation 12: Enabling Mode A and Mode B simultaneously is a valid configuration for better NW scheduling flexibility on re-transmission (referring to Case 3) or handling multi-UE reporting (referring to Case 4).
[bookmark: OLE_LINK228][bookmark: OLE_LINK303]Proposal 8: On beam report transmission procedure for UE-initiated/event-driven beam reporting, support to enable Mode A only, Mode B only or Mode A and Mode B simultaneously by RRC configuration, subject to UE capability.

[bookmark: OLE_LINK82]Details of Mode A
[bookmark: OLE_LINK45][bookmark: OLE_LINK223][bookmark: OLE_LINK46][bookmark: OLE_LINK224][bookmark: OLE_LINK250][bookmark: OLE_LINK58][bookmark: OLE_LINK229][bookmark: OLE_LINK293]Regarding to the design of the first channel, we prefer a unified design for the first channel in Mode A and Mode B. In our understanding, the intention of the first channel in either Mode A or Mode B is the same, which is used to inform NW that UEI/ED beam reporting is triggered. The difference between two modes is how the NW allocate the resource for UEI/ED beam reporting. Hence, we think the first channel could be one-bit UCI signalling using PUCCH format 0/1, and a periodic PUCCH resource(s) is configured for the first channel. Once UEI/ED beam report(s) is triggered, the first channel informs that there is UEI/ED beam report(s) to be transmitted, as positive indication. When transmission failure of the first PUCCH happens, the UE could send the first channel again on the next Tx occasion. Moreover, a prohibit timer can be applied for the first channel to avoid too-frequent reporting, similar to legacy SR In principle, when the prohibit timer is running, the UE is not allowed to send the first channel. 
[bookmark: OLE_LINK281]Observation 13: Unified design can be used for the first channel in Mode A and Mode B, which informs that UEI/ED beam reporting is triggered to request/notify a second channel.
[bookmark: OLE_LINK100][bookmark: OLE_LINK225]One PUCCH resource for the first channel could be shared among multiple carriers and multiple UEI/ED beam reporting configurations, analogous to the legacy SR configuration. It means the first channel will be sent if any of the associated UEI/ED beam reporting in any carrier is triggered.
[bookmark: OLE_LINK238][bookmark: OLE_LINK313][bookmark: OLE_LINK83]Proposal 9: On beam report transmission procedure for UE-initiated/event-driven beam reporting, support one-bit UCI signalling on a dedicated periodic PUCCH resource using PUCCH format 0/1 for the first PUCCH in Mode A and Mode B.
· The same dedicated periodic PUCCH resource can be shared by multiple UEI/ED beam reporting configurations in multiple CCs
· FFS: When a NW-configured prohibit timer for the first channel is running, UE is not allowed to send the first channel
[bookmark: OLE_LINK240][bookmark: OLE_LINK234][bookmark: OLE_LINK232][bookmark: OLE_LINK237][bookmark: OLE_LINK239][bookmark: OLE_LINK235][bookmark: OLE_LINK85][bookmark: OLE_LINK249][bookmark: OLE_LINK248][bookmark: OLE_LINK236][bookmark: OLE_LINK247]Mode A is like legacy aperiodic CSI reporting procedure, where uplink grant is indicated by a DCI format. Thus, it is reasonable to regard the second channel as a DG-PUSCH. Furthermore, we also need to discuss the design of the DCI about how to differentiate a DG-PUSCH scheduled by the DCI format is for UEI/ED beam reporting or the other purpose. To leverage the DCI design for aperiodic CSI reporting as much as possible, we prefer to use the ‘CSI request’ field in the DCI format. If the ‘CSI request’ field in the DCI format indicates a trigger state which associates with the UEI/ED beam reporting configuration(s), the DG-PUSCH scheduled by the DCI format is used for the associated UEI/ED beam reporting, if triggered by the event(s). Considering that the aperiodic CSI reporting and UEI/ED beam reporting can co-exist, NW can schedule a DG-PUSCH by a DCI format for both aperiodic CSI reporting and UEI/ED beam reporting. In that case, a trigger state indicated by ‘CSI request field’ can associates both with UEI/ED beam reporting configuration(s) and aperiodic CSI reporting configuration(s). 
[bookmark: OLE_LINK55][bookmark: OLE_LINK244][bookmark: OLE_LINK84]Proposal 10: On Mode A for UE-initiated/event-driven beam reporting, the second channel is a PUSCH scheduled by a DCI format with a CSI request field
· [bookmark: OLE_LINK243][bookmark: OLE_LINK86]If the CSI request field in a DCI format initiates a trigger state that associates with UEI/ED beam reporting configuration(s), the UE carry the UEI/ED beam report(s) corresponding to the UEI/ED beam reporting configuration(s) on the PUSCH transmission scheduled by the DCI format, if tiggered by the event(s)
[bookmark: OLE_LINK261][bookmark: OLE_LINK282]Observation 14: Considering that the aperiodic CSI reporting and UEI/ED beam reporting can co-exist, NW can schedule a DG-PUSCH by a DCI format for both aperiodic CSI reporting and UEI/ED beam reporting.
[bookmark: OLE_LINK262][bookmark: OLE_LINK268]Step-2 in Mode A can be regarded as the NW response of the first channel, such that there is no need to introduce NW response for the second channel in Mode A. The transmission failure of the second channel can be naturally identified by the NW, if NW doesn’t successfully receive the second channel on the DG-PUSCH, and one more DG-PUSCH for UEI/ED beam reporting can be provided again for re-transmission. 
Observation 15: Step-2 in Mode A can be regarded as the NW response of the first channel.
[bookmark: OLE_LINK291]Proposal 11: On Mode A for UE-initiated/event-driven beam reporting, acknowledge information with response to the second channel is not needed

Details of Mode B
As mentioned in the previous section, we prefer a unified design for the first channel in Mode A and Mode B, where the first channel is one-bit UCI signalling on a dedicated periodic PUCCH resource using PUCCH format 0/1. 
[bookmark: OLE_LINK253][bookmark: OLE_LINK254][bookmark: OLE_LINK194][bookmark: OLE_LINK202][bookmark: OLE_LINK256]Besides, the second channel in Mode B can be either a PUCCH or a PUSCH, and it should be dedicated to UEI/ED beam reporting. In principle, Mode B with pre-notification is designed to break the trade-off between reporting latency and resource efficiency for the semi-static resource allocation (e.g., pre-configured resource(s)). To save the unused resource(s), if a pre-configured resource is not notified for UEI/ED beam reporting, the UE is not allowed to transmit the other signalling which is not for UEI/ED beam reporting (e.g., UL-SCH or UCI for HARQ-ACK/SR/CSI) on the pre-configured resource. That it, additionally including the other signalling is acceptable only when the pre-configured resource(s) is used to transmit UEI/ED beam reporting. 
[bookmark: OLE_LINK255][bookmark: OLE_LINK93]Proposal 12: If the UE doesn’t notify a pre-configured resource for the second channel for UEI/ED beam reporting, the UE is not allowed to transmit UCI/data other than UEI/ED beam reporting (e.g., UL-SCH or UCI for HARQ-ACK/SR/CSI) on the pre-configured resource.
Proposal 13: If the UE has notified a pre-configured resource for the second channel for UEI/ED beam reporting, UCI/data other than UEI/ED beam reporting (e.g., UL-SCH or UCI for HARQ-ACK/SR/CSI) can be multiplexed on the pre-configured resource.
[bookmark: OLE_LINK258][bookmark: OLE_LINK252][bookmark: OLE_LINK226][bookmark: OLE_LINK241][bookmark: OLE_LINK207][bookmark: OLE_LINK231][bookmark: OLE_LINK204][bookmark: OLE_LINK233][bookmark: OLE_LINK251][bookmark: OLE_LINK274]If PUCCH is used as the second channel, we except the less spec effort, since PUCCH which must be dedicated to one purpose meets the requirement of the second channel. However, using PUCCH may lead to the waste of unused UCI field(s). Considering the UL resource for the second channel could be shared among multiple UEI/ED beam reporting configurations (in multiple carriers), NW should assume the UCI payload to carry all UEI/ED beam reporting associated with the UL resource, taking account into all associated reporting configuration(s) (in multiple carriers). Typically, there will be some unused RBs for the second channel since not all the UEI/ED beam reporting configuration(s) (in multiple carriers) are triggered when the UL resource for the second channel is used by the UE. 
[bookmark: OLE_LINK260][bookmark: OLE_LINK283][bookmark: OLE_LINK273]Observation 16: Less spec effort is expected if supporting PUCCH as the second channel, but it may cause the waste of unused RB(s) if the UL resource for the second channel could be shared among multiple UEI/ED beam reporting configurations (in multiple carriers).
[bookmark: OLE_LINK242][bookmark: OLE_LINK275]If PUSCH analogous to Type-1 CG-PUSCH is used as the second channel, we see an advantage of PUSCH over PUCCH is that the unused RBs for the second channel can be used for data transmission. 
[bookmark: OLE_LINK263][bookmark: OLE_LINK56][bookmark: OLE_LINK276]Observation 17: A PUSCH as the second channel could avoid the waste of unused RBs for the second channel by transmitting data on the unused RBs
[bookmark: OLE_LINK265][bookmark: OLE_LINK292]Proposal 14: On Mode B for UE-initiated/event-driven beam reporting, support either PUCCH or PUSCH as the second channel.
[bookmark: OLE_LINK269][bookmark: OLE_LINK277][bookmark: OLE_LINK63][bookmark: OLE_LINK62][bookmark: OLE_LINK64]Regarding whether/how to re-transmit the first/second channel in Mode B, we think there is no need to specify. The missing of the first and/or second channel can be aware by UE itself or handled by the NW, and a certain NW response corresponding to the first/second channel is unnecessary. After sending the UEI/ED beam report(s), the UE resets the triggering event evaluation and considers the UEI/ED beam reporting is completed. If the UE doesn’t receive any NW action within a duration after sending the UEI/ED beam reporting (e.g., TCI state switching), it could perform the transmission again in next occasion(s). Alternatively, if NW identifies the first channel from the UE but not successfully receives the second channel, NW can send the DCI to schedule for the second channel to carry the UEI/ED beam report based on Mode A.  
Proposal 15: On Mode B for UE-initiated/event-driven beam reporting, not support to introduce NW response for the first/second channel.
[bookmark: OLE_LINK77][bookmark: OLE_LINK33][bookmark: OLE_LINK60][bookmark: OLE_LINK267][bookmark: OLE_LINK206][bookmark: OLE_LINK54][bookmark: OLE_LINK89][bookmark: OLE_LINK205][bookmark: OLE_LINK266]Timeline between the first channel and the second channel should be clarified. When receiving the first channel from the UE, it is unclear which pre-configured resource will be used for the second channel. A straightforward solution is the first upcoming pre-configured resource after the first channel is sent is used for the second channel, and a time offset/gap between the first and the second channel should be considered to have the enough preparation time for both UE and NW. That is, when the latest symbol of the first channel is sent at time , the second channel will be transmitted on the first pre-configured resource whose earliest symbol starts after a time . And the value of the time offset/gap between the first and the second channel can be configured by NW subject to UE capability.
[bookmark: OLE_LINK286]Observation 18: Timeline between the first channel and the second channel should be clarified. When receiving the first channel from the UE, it is unclear which pre-configured resource will be used for the second channel.
Proposal 16: On Mode B for UE-initiated/event-driven beam reporting, the second channel will be transmitted on the first pre-configured resource whose earliest symbol starts after a time , if the latest symbol of the first channel is sent at time .
·  is configured by NW subject to UE capability

[bookmark: OLE_LINK106][bookmark: OLE_LINK79]Cross-carrier UEI beam reporting
[bookmark: OLE_LINK124]Based on the RAN1#116bis agreement, cross-carrier beam reporting should be supported for both Mode A and Mode B.
[bookmark: OLE_LINK103][bookmark: OLE_LINK95][bookmark: OLE_LINK134][bookmark: OLE_LINK158][bookmark: OLE_LINK104][bookmark: OLE_LINK98][bookmark: OLE_LINK105][bookmark: OLE_LINK113][bookmark: OLE_LINK107]In Mode A, the second channel carrying beam report(s) is scheduled by the DCI, we see legacy aperiodic CSI trigger state framework can be used. For the UEI beam report configuration(s) associated with an aperiodic CSI trigger state (through associatedReportConfigInfoList), if the aperiodic CSI trigger state is initiated by the CSI request field in DCI, the UE can provide the beam report(s) corresponding to the associated UEI/ED beam report configuration(s), if triggered by the associated event(s), on the PUSCH scheduled by the DCI. However, legacy aperiodic CSI trigger state framework can only trigger the report configuration(s) configured in the serving cell in which the DCI with the CSI request field is detected. To achieve cross-carrier beam reporting by Mode A, two options can be considered, as shown in Figure 2:
[bookmark: OLE_LINK157][image: ]
[bookmark: OLE_LINK188]Figure 2. Two options to support cross-carrier beam reporting in Mode A
· [bookmark: OLE_LINK145][bookmark: OLE_LINK152]Option 1
· Report configuration(s) configured in the serving cell(s) same as or different from serving cell  can be reported on the PUSCH scheduled in serving cell  (scheduled by the DCI with the CSI request field)
· Each report configuration configured in serving cell  can only associate with measurement RS for current/new beam configured in serving cell c.
· Option 2
· Only report configuration(s) configured in serving cell c can be reported on the PUSCH scheduled in serving cell c (scheduled by the DCI with the CSI request field). 
· Each report configuration configured in serving cell c can associate with measurement RS for current/new beam configured in the serving cell(s) same as or different from serving cell c.
[bookmark: OLE_LINK151][bookmark: OLE_LINK126][bookmark: OLE_LINK123][bookmark: OLE_LINK117][bookmark: OLE_LINK163][bookmark: OLE_LINK159][bookmark: OLE_LINK161][bookmark: OLE_LINK162]To enable Option 1, association between an aperiodic CSI trigger state and a report configuration on any serving cell should be supported, which additional serving cell index should be provided along with reportConfigId in CSI-AssociatedReportConfigInfo. Meanwhile, UEI beam report configurations configured in multiple serving cells may be multiplexed in the same PUSCH based on Option 1, however, NW cannot know UEI beam report configuration(s) on which serving cell(s) is triggered and reported on the PUSCH. Thus, serving cell index of each triggered/reported UEI beam report should be provided as a part of reporting content. To enable Option 2, serving cell index should be provided in each report configuration for determining which serving cell the measurement RS is located. In our view, both options can be considered. However, Option 2 is more aligned with current NR CSI framework.
[bookmark: OLE_LINK153]Proposal 17: To support cross-carrier UEI beam reporting by Mode A, the following options can be considered:
· [bookmark: OLE_LINK133][bookmark: OLE_LINK127]Option 1
· Report configuration(s) configured in the serving cell(s) same as or different from serving cell c can be reported on the PUSCH scheduled in serving cell c (scheduled by the DCI with the CSI request field)
· [bookmark: OLE_LINK132][bookmark: OLE_LINK131][bookmark: OLE_LINK129]Each report configuration configured in serving cell c can only associate with measurement RS for current/new beam configured in serving cell c.
· Option 2
· [bookmark: OLE_LINK136][bookmark: OLE_LINK128]Only report configuration(s) configured in serving cell c can be reported on the PUSCH scheduled in serving cell c (scheduled by the DCI with the CSI request field). 
· Each report configuration configured in serving cell c can associate with measurement RS for current/new beam configured in the serving cell(s) same as or different from serving cell c.
[bookmark: OLE_LINK148]In Mode B, UL resources for the second channel could be provided in each UEI beam report configuration. Similar to Mode A, there could be two options depending on whether pre-configured UL resources for the second channel can be shared with report configuration(s) configured in multiple serving cells.
· [bookmark: OLE_LINK156]Option 1
· [bookmark: OLE_LINK155][bookmark: OLE_LINK150]Report configuration(s) configured in the serving cell(s) same as or different from serving cell c can be reported on the pre-configured UL resources in serving cell c
· Each report configuration configured in serving cell c can only associate with measurement RS for current/new beam configured in serving cell c.
· Option 2
· Only report configuration(s) configured in serving cell c can be reported on the pre-configured UL resources in serving cell c
· Each report configuration configured in serving cell c can associate with measurement RS for current/new beam configured in the serving cell(s) same as or different from serving cell c.
To enable Option 1, serving cell index should be provided along with the pre-configured UL resources. Meanwhile, UEI beam report configurations configured in multiple serving cells may be multiplexed in the same PUSCH based on Option 1, however, NW cannot know UEI beam report configuration(s) on which serving cell(s) is triggered and reported on the PUSCH. Thus, serving cell index of each triggered/reported UEI beam report should be provided as a part of reporting content. To enable Option 2, serving cell index should be provided in each report configuration for determining which serving cell the measurement RS is located. In our view, both options can be considered. However, Option 2 is more aligned with current NR CSI framework.
[bookmark: OLE_LINK294]Proposal 18: To support cross-carrier UEI beam reporting by Mode B, the following options can be considered:
· Option 1
· Report configuration(s) configured in the serving cell(s) same as or different from serving cell c can be reported on the pre-configured UL resources in serving cell c
· Each report configuration configured in serving cell c can only associate with measurement RS for current/new beam configured in serving cell c.
· Option 2
· Only report configuration(s) configured in serving cell c can be reported on the pre-configured UL resources in serving cell c
· Each report configuration configured in serving cell c can associate with measurement RS for current/new beam configured in the serving cell(s) same as or different from serving cell c.

[bookmark: OLE_LINK4][bookmark: OLE_LINK122][bookmark: OLE_LINK118]Enhancement for other procedure(s)
[bookmark: OLE_LINK185][bookmark: OLE_LINK183]UE-assisted TCI state activation
[bookmark: OLE_LINK94][bookmark: OLE_LINK59]In our contribution for RAN1#116 [1], we show the analysis of beam switch legacy and realize that activation latency can be further improved by UE reporting of which beam/TCI state has been synchronized. Referring to legacy requirement of TCI state activation for known TCI state, defined in RAN4 specification (TS38.133), the UE is required to receive the first SSB corresponding to a target TCI state after NW activation command if the target TCI state is not in the active TCI state list. In fact, for activating the TCI state which the UE has synchronized with, the additional SSB reception after activation command is unnecessary.
[bookmark: OLE_LINK166]The timeline for activating a synchronized TCI state is illustrated in Figure 3. Once the UE sends a UEI/ED reporting to report a beam/TCI state is synchronized, UE would keep the TCI state synchronized until it sends another UE-initiated beam report. Then, if NW decides to activate the TCI state which has been reported as “synchronized”, the TCI state activation will be completed without SSB reportion after activation command. Compared to the legacy procedure, UE reporting of synchronized beam(s)/TCI state(s) is beneficial for activation latency reduction to save at most 20ms latency. 
[bookmark: OLE_LINK48]Observation 19: If UE could report which beam/TCI state has been synchronized in a beam report, that is beneficial for beam activation delay reduction to let NW be aware of that those synchronized TCI state will be applicable immediately after NW activation command take effects without the additional SSB reception.
[image: ]
[bookmark: OLE_LINK43]Figure 3. Illustration of timeline for activating a synchronized TCI state in proposed procedure and in legacy procedure
Regarding how to provide NW which beam/TCI state(s) is synchronized via UEI/ED beam reporting, there are two potential solutions. Alternative-1 is that the UE explicitly indicates one-bit indicator (e.g., synchronization state) for each reported beam, and Alternative-2 is that NW considers that the satisfied beam(s) reported in UEI/ED reporting is “synchronized”. Alternative-1 provides more information to report synchronized or unsynchronized beam/TCI state but needs the additional field for indication, while Alternative-2 doesn’t require the additional field in beam reporting but just allow to report the satisfied beam which is also synchronized. In our view, two alternatives are feasible and fine with us. 
[bookmark: OLE_LINK295][bookmark: OLE_LINK175][bookmark: OLE_LINK174][bookmark: OLE_LINK173]Proposal 19: On UE-initiated/event-driven beam management, if the RS in a target TCI state or QCLed to the target TCI state is reported as synchronized in a UEI/ED beam reporting, after receiving the activation command to activate the target TCI state, the UE can receive PDCCH/PDSCH with the target TCI state without the first SSB reception for the target TCI state after the activation command 
· [bookmark: OLE_LINK172]On how to inform a reported RS is synchronized via UEI/ED beam reporting, down select one of the following alternatives:
· Alt 1: UE indicates one-bit indicator for each reported RS in the beam report
· Alt 2: The reported RS satisfying the event condition of the UEI/ED beam reporting should be “synchronized”


Conclusion
Based on the discussion in the previous sections, we made the following proposals and observations:
Trigger-event detection of UEI/ED beam reporting
Observation 1: Since Event-2 is used for TCI state switching, UE should directly select the new beam(s) from a set of TCI states instead of a set of RS resources w/o any knowledge that the set of RS resources correspond to which TCI states when the UE performs the evaluation for Event-2.
Observation 2: Different measurement RS types (SSB vs. CSI-RS) may have different beamwidths, according to NW antenna setting for beam management. 
Observation 3: If different measurement RS types apply different beamwidths, it is reasonable to restrict the same type of measurement RSs for new beam and the current beam. On the other hand, if different measurement RS types have comparable beamwidths, the types of measurement RS for new beam(s) and the current beam could be different.
Observation 4: NW-configured/controlled filtering for L1 measurement is not needed, because it could be well handled by UE implementation as legacy.
Observation 5: A timer or a counter can be considered to avoid frequent but unnecessary UEI/ED beam reporting.
Proposal 1: Regarding RS measurement determination for new beam(s) of Event-2, support the RS(s) for new beam(s) are implicitly derived from QCL RS(s) of a set of TCI state(s) that can be used as the indicated TCI state (Option-3c)
7. The RS(s) for new beam(s) can be either CSI-RS(s) as QCL-RS(s) of the TCI state(s) or SSB(s) QCL-ed with the QCL-RS(s) of the TCI state(s)
0. FFS: How to determine whether RS(s) for new beam(s) is CSI-RS(s) or SSB(s)
7. FFS: The set of TCI state(s) for new beam(s) are determined from the legacy RRC-configured TCI state list or a new list including a subset of the legacy RRC-configured TCI state list.
Proposal 2: Regarding RS measurement determination for the current beam, further support SSB which is QCLed with QCL RS in the indicated TCI state, if the types of measurement RS for new beam(s) and the current beam shall be the same.
7. Whether RS types for new beam(s) and current beam should be the same is configurable by RRC 
Proposal 3: Regarding RS measurement determination for the current beam of Event-2, do not support the explicit configuration via RRC or MAC-CE (Option-2c). 
Proposal 4: Regarding RS measurement determination for a new beam or the current beam of Event-2, if the measurement RS for a new beam or the current beam is derived from the QCL RS of a TCI state and there are two QCL RS(s) in the TCI state, the measurement RS is derived from RS w.r.t. QCL-TypeD, if applicable.
Proposal 5: On quality metric of trigger event detection for UE-initiated/event driven beam reporting, do not support NW-configured filtering operation. 
Proposal 6: On trigger event detection for UE-initiated/event-driven beam reporting, support Event-7a or Event-7b for usage of active TCI state list updating:
1. 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.
1. 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.
Signaling content of UEI/ED beam report
Observation 6: Additionally reporting more information of the non-satisfied beam(s) is beneficial for NW scheduling or interference control.
Observation 7: Without the quality of the current beam, NW may not appropriately determine how necessary it is to perform the beam switching after it receives the UEI/ED beam report
Observation 8: For Option-3, no matter that the current beam is included or not, there are still  reported beam(s) in a reporting instance.
Observation 9: Reporting of RS ID along with the quality for the current beam is necessary if differential based reporting for L1-RSRP is applied.
Proposal 7: On signalling content for UE-initiated/event driven beam reporting associated with Event-2, support Option-3 with  reported beams in a reporting instance, where  is configured by RRC in the corresponding reporting configuration
1. The  reported beams shall contain the current beam and at least one new beam satisfying the event condition
1. For each reported beam, the corresponding DL RS source ID (or TCI state ID) and the corresponding absolute/differential L1-RSRP value are reported
Transmission procedure for UE-initiated/event-driven beam reporting
Observation 10: Mode B only for both new transmission and re-transmission may lead to long reporting latency since UE needs to wait for next occasion(s) to perform Mode B again.
Observation 11: New transmission for UEI/ED beam report can use either dynamically scheduled resource allocation (e.g., Mode A) or pre-configured resource (e.g., Mode B), while re-transmission for UEI/ED beam report should use dynamic resource allocation (e.g., Mode B).
Observation 12: Enabling Mode A and Mode B simultaneously is a valid configuration for better NW scheduling flexibility on re-transmission (referring to Case 3) or handling multi-UE reporting (referring to Case 4).
Observation 13: Unified design can be used for the first channel in Mode A and Mode B, which informs that UEI/ED beam reporting is triggered to request/notify a second channel.
Observation 14: Considering that the aperiodic CSI reporting and UEI/ED beam reporting can co-exist, NW can schedule a DG-PUSCH by a DCI format for both aperiodic CSI reporting and UEI/ED beam reporting.
Observation 15: Step-2 in Mode A can be regarded as the NW response of the first channel.
Observation 16: Less spec effort is expected if supporting PUCCH as the second channel, but it may cause the waste of unused RB(s) if the UL resource for the second channel could be shared among multiple UEI/ED beam reporting configurations (in multiple carriers).
Observation 17: A PUSCH as the second channel could avoid the waste of unused RBs for the second channel by transmitting data on the unused RBs
Observation 18: Timeline between the first channel and the second channel should be clarified. When receiving the first channel from the UE, it is unclear which pre-configured resource will be used for the second channel.
Proposal 8: On beam report transmission procedure for UE-initiated/event-driven beam reporting, support to enable Mode A only, Mode B only or Mode A and Mode B simultaneously by RRC configuration, subject to UE capability.
Proposal 9: On beam report transmission procedure for UE-initiated/event-driven beam reporting, support one-bit UCI signalling on a dedicated periodic PUCCH resource using PUCCH format 0/1 for the first PUCCH in Mode A and Mode B.
1. The same dedicated periodic PUCCH resource can be shared by multiple UEI/ED beam reporting configurations in multiple CCs
1. FFS: When a NW-configured prohibit timer for the first channel is running, UE is not allowed to send the first channel
Proposal 10: On Mode A for UE-initiated/event-driven beam reporting, the second channel is a PUSCH scheduled by a DCI format with a CSI request field
1. If the CSI request field in a DCI format initiates a trigger state that associates with UEI/ED beam reporting configuration(s), the UE carry the UEI/ED beam report(s) corresponding to the UEI/ED beam reporting configuration(s) on the PUSCH transmission scheduled by the DCI format, if tiggered by the event(s)
Proposal 11: On Mode A for UE-initiated/event-driven beam reporting, acknowledge information with response to the second channel is not needed
Proposal 12: If the UE doesn’t notify a pre-configured resource for the second channel for UEI/ED beam reporting, the UE is not allowed to transmit UCI/data other than UEI/ED beam reporting (e.g., UL-SCH or UCI for HARQ-ACK/SR/CSI) on the pre-configured resource.
Proposal 13: If the UE has notified a pre-configured resource for the second channel for UEI/ED beam reporting, UCI/data other than UEI/ED beam reporting (e.g., UL-SCH or UCI for HARQ-ACK/SR/CSI) can be multiplexed on the pre-configured resource.
Proposal 14: On Mode B for UE-initiated/event-driven beam reporting, support either PUCCH or PUSCH as the second channel.
Proposal 15: On Mode B for UE-initiated/event-driven beam reporting, not support to introduce NW response for the first/second channel.
Proposal 16: On Mode B for UE-initiated/event-driven beam reporting, the second channel will be transmitted on the first pre-configured resource whose earliest symbol starts after a time , if the latest symbol of the first channel is sent at time .
·  is configured by NW subject to UE capability
Proposal 17: To support cross-carrier UEI beam reporting by Mode A, the following options can be considered:
7. Option 1
3. Report configuration(s) configured in the serving cell(s) same as or different from serving cell c can be reported on the PUSCH scheduled in serving cell c (scheduled by the DCI with the CSI request field)
3. Each report configuration configured in serving cell c can only associate with measurement RS for current/new beam configured in serving cell c.
7. Option 2
4. Only report configuration(s) configured in serving cell c can be reported on the PUSCH scheduled in serving cell c (scheduled by the DCI with the CSI request field). 
4. Each report configuration configured in serving cell c can associate with measurement RS for current/new beam configured in the serving cell(s) same as or different from serving cell c.
Proposal 18: To support cross-carrier UEI beam reporting by Mode B, the following options can be considered:
1. Option 1
1. Report configuration(s) configured in the serving cell(s) same as or different from serving cell c can be reported on the pre-configured UL resources in serving cell c
1. Each report configuration configured in serving cell c can only associate with measurement RS for current/new beam configured in serving cell c.
1. Option 2
1. Only report configuration(s) configured in serving cell c can be reported on the pre-configured UL resources in serving cell c
1. Each report configuration configured in serving cell c can associate with measurement RS for current/new beam configured in the serving cell(s) same as or different from serving cell c.
Enhancement for other procedure(s)
[bookmark: OLE_LINK287]Observation 19: If UE could report which beam/TCI state has been synchronized in a beam report, that is beneficial for beam activation delay reduction to let NW be aware of that those synchronized TCI state will be applicable immediately after NW activation command take effects without the additional SSB reception.
Proposal 19: On UE-initiated/event-driven beam management, if the RS in a target TCI state or QCLed to the target TCI state is reported as synchronized in a UEI/ED beam reporting, after receiving the activation command to activate the target TCI state, the UE can receive PDCCH/PDSCH with the target TCI state without the first SSB reception for the target TCI state after the activation command 
1. On how to inform a reported RS is synchronized via UEI/ED beam reporting, down select one of the following alternatives:
18. Alt 1: UE indicates one-bit indicator for each reported RS in the beam report
18. Alt 2: The reported RS satisfying the event condition of the UEI/ED beam reporting should be “synchronized”

[bookmark: OLE_LINK120]Reference
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1. “Chairman’s Notes RAN1 #116bis”, 3GPP RAN1 #116bis, April 2024
1. [bookmark: OLE_LINK39]“Enhancements for UE-initiated/event-driven beam management”, R1-2400507, February 2024
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