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Introduction
In RAN #102, as a part of NR MIMO Phase 5, enhancement items for UE-initiated/event-driven beam management has been confirmed [1]:
	1. Specify enhancement to facilitate UE-initiated/event-driven beam management for reducing overhead and/or latency, assuming the unified TCI while leveraging (as much as possible) legacy CSI measurement and reporting configuration frameworks, targeting FR2 and sTRP with intra- and inter-cell beam management
a. UL signaling content(s) (and procedure(s) as required) for UE-initiated/event-driven beam reporting facilitating fast beam switching
b. UL signaling medium/container considering the UE-initiated/event-driven nature of the UL transmission, designed primarily for the purpose of beam reporting


In addition to the two aspects itemized above, i.e., UL signaling content(s) and UL signaling medium/container, in RAN1 #116, RAN1 has further agreed to discuss the triggering events and conditions for beam reporting. In this contribution, we continue the discussion by presenting our views on the UE-initiated/event-driven beam management enhancement, focusing on the definitions of events, UL signaling channels, UL signaling contents, and the associated procedures.
Discussion 
[bookmark: _Ref165823792][bookmark: _Ref92297796]Triggering events and measurement resources
In RAN1 #116-bis, among four candidate triggering events discussed in RAN1 #116, at least Event-2 has been agreed to be supported. In addition, new candidate events have been added in RAN1 #116bis:
	Agreement
On UE-initiated/event-driven beam reporting, regarding trigger-event detection for beam reporting, at least support Event-2: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam.
· At least L1-RSRP is supported as quality metrics used for Event-2 
· FFS: How the L1-RSRP is used to determine the triggering event (e.g. timer, counter, filter coefficient)
· FFS: Whether the network controls how the L1-RSRP is used to determine the triggering event 
· Regarding RS measurement for the new beam for Event-2, down-select one or more of the following:
· Option-3a (explicit manner): The RS(s) for new beam(s) are explicitly configured by RRC (e.g., reusing legacy configuration of RS measurement or in TCI-State) or MAC-CE
· Option-3b (implicit manner): The RS(s) for new beam(s) are implicitly derived from QCL RS(s) of activated TCI state(s).
· Option-3c (implicit manner): The RS(s) for new beam(s) are implicitly derived from QCL RS(s) of configured TCI state(s).
· Note-1: ‘New/current beam’ is for discussion purpose. 
· Note-2: Other trigger events/quality metrics (e.g., L1-SINR) are not precluded.
· Note-3: For above implicit manner(s), if there are two QCL RSs in a TCI state, the measurement RS is derived from RS w.r.t. QCL-TypeD, if applicable.
Agreement
On UE-initiated/event-driven beam reporting, further study the following trigger events: 
· Event-1: Quality of the current beam is worse than a certain threshold.
· Event-3: Quality of a new beam is better than a certain threshold. 
· Event-4: Quality of the current beam is worse than a threshold 1, and quality of at least one new beam is better than a threshold 2.
· Event-5: Absolute value of the difference between the quality of the current beam and the quality of at least one new beam is lower than a threshold.
· Event-6: When the current beam is not in the best K>1 beams (out of configured beams for measurement and reporting).
· Event-7a: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the RS derived from the activated TCI state with the worst quality.
· Event-7b: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the RS derived from the activated TCI state with the best quality.
· Event-8: Quality of M>1 new beams, such as L1-RSRP, become a threshold value better than the current beam.
· Event-9: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the configured reference RS (can be SSB or CSI-RS).


As noted in [2], with the same reasonings for supporting a multitude of L3 events for mobility, multiple different L1 events for UE-initiated beam reporting can offer flexibility to maximize the gain.
[bookmark: _Ref165815497][bookmark: O1]Observation 1: As in the event-triggered L3 mobility, supporting multiple different L1 events for UE-initiated beam reporting offers flexibility and further optimizes the gain in different use cases.
As discussed in [3], we see convincing use cases at least for Events 1-4, which are described in Table 1. However, for Events 5-9, the use cases seem either redundant or not very clear:
· Event 5 can be covered by Event 2, if configuration of a negative offset value is allowed.
· Events 6 and 8 can be covered by Event 2, if the number of new beams better than the current beam to trigger the event is configurable.
· Event 7 can be covered by Event 2 with multi-beam reporting (also related to the discussion on the number of reported beams in Section 2.2).
· Event 9’s use case is not very clear compared to Event 2.
To avoid redundant designs, it is preferred to maintain only an essential set of events with clear use cases and benefits. However, for enhanced flexibility, configurability of the supported events may further be discussed. For example, for Event 2, it can be discussed whether the threshold can be a negative value to cover the Event 5 use case. Additionally, instead of the ‘at least one new beam’ condition, it can be discussed whether the number of new beams better than the current beam to trigger the event can be configurable to cover the use cases of Events 6 and 8.
[bookmark: P1]Proposal 1: For UE-initiated/event-driven beam reporting, in addition to Event 2, at least the following triggering events are supported:
· Event 1: Quality of the current beam is worse than a certain threshold,
· Event 3: Quality of a new beam becomes 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.
[bookmark: P2]Proposal 2: For Event 2 of UE-initiated/event-driven beam reporting, configurability of parameters, in addition to the threshold value, can be further discussed:
· Whether a negative threshold value can be configured,
· Whether the number of new beams, whose qualities are a threshold value better than the current beam, to trigger the event can be configurable.

[bookmark: _Ref161942807]Table 1: Examples of use cases and procedures of L1 events.
	
	Use cases / description
	Procedures

	Event 1
	· Triggering new beam monitoring and reporting when the current beam deteriorates
· New beam monitoring is performed on-demand to reduce RS overhead
	· UE indicates the network that the current beam has deteriorated.
· In response, network transmits aperiodic/semi-persistent CSI-RS for new beam measurement and reporting by UE. 

	Events 2
	· Finding new beam(s) better than the current beam and prompting beam switching to the new beam(s)
	· UE reports new beam(s) better than the current beam, along with the measured quality/qualities.
· In response, network indicates new TCI state(s) corresponding to the new beam(s).

	Events 3
	· Discovering new candidate beam(s) and updating a list of candidate beams
· List of measurement RS(s),
· List of active TCI states,
· TRS(s) to be monitored, etc.
	· UE reports new beam(s) better than a threshold, along with the measured quality/qualities.
· In response, network updates resource(s)/resource set(s) for new beam monitoring and/or the active TCI state list.

	Event 4
	· Similar to Event 2, but applicable for inter-cell beam discovery, e.g., for cell off-loading
	· UE reports new beam(s) in a non-serving cell, whose quality is better than a threshold, along with measured quality/qualities.
· In response, network indicates new TCI state(s) inducing inter-cell beam switching.


As for the beam quality metrics for the event detection, L1-RSRP has already been agreed to be supported in RAN1 #116. In view of leveraging the legacy CSI framework, it is sensible to support L1-SINR as well, at least for the intra-cell case. 
[bookmark: _Ref162191581][bookmark: P3]Proposal 3: For UE-initiated/event-driven beam reporting, in addition to L1-RSRP, L1-SINR is supported as a quality metric for detecting events.
Likewise, regarding the reference signal configuration for the measurement, in addition to the periodic CSI-RS, other types of measurement resources in the legacy CSI framework, i.e., semi-persistent and aperiodic CSI-RSs, can be supported. In particular, for the aperiodic CSI-RS, the use case for Event 1 described in Table 1 can be referred to.
[bookmark: P4]Proposal 4: For UE-initiated/event-driven beam reporting, in addition to periodic CSI-RS, semi-persistent and aperiodic CSI-RSs are supported as measurement resources.
For the association between the current/new beams and the measurement resources, the pros and cons of implicit and explicit manners were discussed in [3]. In RAN1 #116-bis, at least for the current beam, the implicit manner has been agreed:
	Agreement
On UE-initiated/event-driven beam reporting, regarding Event-2, ‘current beam’ is a beam corresponding to the indicated TCI state.
· Regarding RS measurement for the current beam for Event-2, Option-2a is supported:
· Option-2a (implicit manner): The RS for current beam is implicitly derived from a QCL RS of indicated TCI state.
· FFS: The RS for current beam can be either the QCL RS in the indicated TCI state or the SSB which is QCLed with the QCL RS in the indicated TCI state.
· FFS: Option-2c (explicit manner): The RS for current beam is explicitly configured by RRC or MAC-CE.
· Note: SSB or CSI-RS can be configured


Note that the legacy CSI configuration framework includes Resource Settings and Report Settings. The Resource Setting explicitly configures a set of resources the UE should monitor; for beam management, the Resource Setting can include either a CSI-RS resource set or a SS/PBCH block resource set, for L1-RSRP or L1-SINR measurements.
Leveraging the legacy CSI configuration framework, explicit configuration of measurement resources, i.e., Resource Setting, can be considered. The Resource Setting may contain resources corresponding both the current and new beams. Within the resource set, an RS corresponding to the current beam is implicitly derived from a QCL RS of the indicated TCI state (RAN1 #116-bis agreement), while the rest are regarded as RS(s) for new beam(s).
[bookmark: P5]Proposal 5: For UE-initiated/event-driven beam reporting, a Resource Setting is explicitly provided, which includes candidate resources for both current and new beams:
· The resource for the current beam is implicitly derived from a QCL RS of the indicated TCI state,
· The rest are regarded as resource(s) for new beam(s).
First of all, for the ease of discussion henceforth, it seems necessary to concretize the meaning of “implicit derivation” of the RS, because it was observed that the views on the implicit derivation diverged across companies in RAN1 #116-bis. In our view, when an RS is said to be implicitly associated with the current beam, it implies that, when we track down the QCL-TypeD chains of the RS and the QCL RS of the indicate TCI state, they meet at a common source RS or SSB. That is, it is not necessary that the RS is the direct QCL RS (i.e., provided in the QCL-Info) of the indicated TCI state. 
Note that this is slightly different from the implicit derivation rule for BFD RSs, where only the direct QCL RSs of the TCI states of CORESETs are utilized. Hence, the implicit BFD RS can either be TRS or CSI-RS for BM. On the other hand, we always expect CSI-RS for BM or SSB as the measurement RS for UE-initiated beam reporting, and thus we cannot directly apply the implicit BFD RS rule for the implicit current beam RS derivation.
[bookmark: _Ref165816747][bookmark: P6]Proposal 6: “An RS is implicitly associated with the current beam” implies that the RS and the QCL RS of the indicated TCI state are tracked down along the QCL-TypeD chain to a common source resource. It is not necessary that the RS is the direct QCL RS configured in the QCL-Info of the indicated TCI state.
There can be many different cases for the implicit current beam RS, and some examples are illustrated in Figure 1. In Figure 1 (b), (c), and (d), among resources in the Resource Setting (either a CSI-RS or SSB resource set), based on the implicit derivation rule in Proposal 6, a single resource (either a CSI-RS or SSB resource) is implicitly identified as the current beam RS without ambiguity. However, in Figure 1 (a), there are two RSs, CSI-RS 1 and CSI-RS 2, found to be implicitly associated with the current beam; CSI-RS 1 and CSI-RS 2 in the Resource Setting have the same SSB as the QCL source and may correspond to two different refined beams of the SSB. Hence, to avoid any ambiguity, additional rules or conditions should be considered. For instance, when there are more than one RS implicitly associated with the current beam in the Resource Setting, the UE may choose the one with the lowest resource ID. Alternatively, the UE may not expect such an ambiguous situation and regard it as an error case (i.e., network configuration restriction).
	

(a)
	

(b)

	

(c)
	

(d)

	[bookmark: _Ref166182448]Figure 1: Examples of implicit association between the current beam (indicated TCI state) and the measurement resources. (a) Ambiguous association; (b), (c) and (d) unambiguous association.


In RAN1 #116, it was discussed whether RAN1 needs to specify any L1 filtering for the measured beam quality metrics. As noted in [2], filtering will help improving the stability (e.g., reduced ping-pong), and reduce unnecessary or premature beam reporting. However, in the legacy CSI framework, at least for the reported beam quality metrics, the details of L1 filtering (e.g., filter coefficients) are left up to UE, except the enablement of filtering (i.e., timeRestrictionForChannelMeasurements and timeRestrictionForInterferenceMeasurements). The same would desirably be assumed for UE-initiated beam reporting.
[bookmark: P7]Proposal 7: For UE-initiated/event-driven beam reporting, both for event detection and beam reporting, L1 filtering of the measured beam qualities is up to UE implementation.
Note that this does not prevent specifying any L2 filtering, e.g., similar to the one for the beam failure detection (based on counters/timers), if any details of the events would be discussed in RAN2 later.

[bookmark: _Ref165738936]UL signaling contents and procedures
Regarding the reporting contents, the following has been agreed in RAN1 #116-bis:
	Agreement
On UE-initiated/event-driven beam reporting, regarding UL signaling content(s) of L1-RSRP report depending on Event-2, in a report instance, the following options are provided for down-selection (other options are not precluded) in RAN1#117
· Option-1 (variable size): N beam(s) are reported in the report instance, where N  {1, 2, ..., Nmax}
· The N beam(s) should satisfy the condition of Event-2
· Nmax is configured by gNB 
· FFS: Whether the indication of payload size should be provided additionally.
· Option-1a (variable size): N beam(s) are reported in the report instance, where N  {1, 2, ..., Nmax}
· At least one of N reported beam(s) should satisfy the condition of Event-2
· Nmax is configured by gNB 
· FFS: Whether the indication of payload size should be provided additionally.
· FFS: Details on how value of N is determined by the UE
· Option-1b: N beam(s) are reported in the report instance, where N  {1, 2, ..., Nmax}
· The N beam(s) should satisfy the condition of Event-2
· Nmax is configured by gNB 
· Payload size does not vary as a function of N
· FFS: Zero-padding can be provided if N is less than Nmax.
· Option-2: Only N=1 beam is reported in the report instance 
· The reported beam should satisfy the condition of Event-2
· Option-3: N ≥ 1 beam(s) are reported in the report instance,  
· At least one of N reported beam(s) should satisfy the condition of Event-2
· N is configured by gNB 
· Other options are not precluded.
· FFS: Whether the measurement results for current beam is always reported or can be enabled by RRC.
· FFS: When current beam is reported, whether the current beam is counted in the N reported beams.  
· The selected option shall satisfy Event-2.


As UCI-based based reporting is supported for UE-initiated beam reporting, there are a few requirements to be taken into account. First, the assumption on the UCI payload size should be aligned between the UE and the network, to avoid the necessity of blind decoding at the network. Second, to minimize the signaling overhead (e.g., through the first UL channel), the number of different UCI payload size candidates should be kept as small as possible. In fact, the legacy beam reporting UCI satisfies these requirements, as the UCI size, i.e., the number of reported beams, is fixed by RRC configuration. Hence, the legacy CSI UCI design, i.e., Option-3, can be leveraged for UE-initiated beam reporting. The other fixed payload size options, i.e., Option-1b and Option-2, do not seem to hold any benefits over Option-3.
[bookmark: P8]Proposal 8: For UE-initiated/event-driven beam reporting, a fixed UCI payload size is supported:
· The number of reported beam(s) in a report is fixed by RRC configuration (Option-3 for Event-2),
· At least one of the reported beam(s) should satisfy the event triggering condition.
In RAN1 #116-bis, it was also discussed whether the measurement result for the current beam should always be included in the UE-initiated beam report. It is generally understood that having the measurement results for the current beam, as well as those for new beams, is beneficial to make a better beam management decision. If the UE is configured to report the best  beams based on the legacy multi-beam reporting framework, the measured quality of the current beam would likely be included in the best  beams according to the Event-2 definition. However, this does not guarantee that the current beam measurement is always included in the report. Also, in the Rel-18 LTM CSI configuration, the inclusion of SpCell measurement results in the report is configurable. Thus, for the unified design, the inclusion of the current beam measurement could also be configurable.
[bookmark: P9]Proposal 9: For UE-initiated/event-driven beam reporting, whether the UE should always include the current beam measurement in the report is configured by RRC.
Lastly, in the previous meetings, reported beam quality metrics other than L1-RSRP was discussed. Leveraging the legacy CSI framework, it is sensible to support L1-SINR as another beam reporting metric.
[bookmark: P10]Proposal 10: For UE-initiated/event-driven beam reporting, in addition to L1-RSRP, L1-SINR is supported as a quality metric for beam reporting.

[bookmark: _Ref162258076]UL signaling resources
In RAN1 #116-bis, two modes of UCI-based UE-initiated beam reporting were agreed:
	Agreement
On beam report transmission procedure for UE-initiated/event-driven beam reporting, following modes are supported:
· Mode A (dynamically scheduling UCI by gNB):
· Step 1: UE transmits a first PUCCH (one-bit/multi-bit) to request a resource for a second UL channel to carry beam report
· FFS: Request format, e.g., SR or a new UCI type.
· Step 2: UE detects the DCI format to indicate a resource for a second UL channel to carry beam report. 
· Step 3: Beam report is transmitted in second UL channel.
· FFS: Details on the second UL channel, e.g., whether the second UL channel is PUCCH, PUSCH or both
· This mode is basic UE capability (i.e. all UE supporting UE-initiated/event-driven beam reporting should support this feature).
· No new DCI format is introduced.
· Mode B (UCI in pre-configured resource(s) for second UL channel):
· Step 1: UE transmits a first PUCCH (one-bit/multi-bit) notifying a second UL channel to carry beam report
· FFS: Notification format, e.g., SR or a new UCI type.
· Step 2: UE transmits the beam report in the second UL channel. 
· FFS: Details on the second UL channel, e.g., whether the second UL channel is PUCCH, PUSCH or both
· The notification in Step1 is in a separate reporting instance from the beam report in Step 2. 
FFS: Whether UE receives acknowledge information with response to each step for all modes
For above procedures, cross-CC beam reporting is supported for both modes.
· FFS: Details.


To save the workload and maintain the specification succinct, it is always beneficial to strive for a unified design for both Modes A and B. For example, with a common design of the first UL channel, Modes A and B behaviors for beam reporting may be selected by RRC configuration.
As a relevant issue for the first UL channel (PUCCH) transmission, there are two options:
	
	Option 1
	Option 2

	UE behavior
	· UE always transmits the first UL channel on the configured transmission occasions, irrespective of the event triggering status:
· When the event has been triggered, the UE transmits a positive indication through the channel. 
· Otherwise, the UE transmits a negative indication.
	· UE transmits the first UL channel only when the event has been triggered:
· When the event has NOT been triggered, the UE does not transmit the channel (DTX).
· If the first UL channel occasion overlaps with other UL transmissions, the UCI for the first UL channel may always be multiplexed, i.e., with positive/negative indications.

	Pros
	· No blind decoding required at gNB:
· Missed detection is regarded as an error, e.g., decoding failure due to poor UL link quality.
	· Reduced UL signaling overhead

	Cons
	· Increased UL signaling overhead
	· Blind decoding required at gNB:
· Missed detection cannot be distinguished between DTX (no event) and decoding failure.


According to the WI objectives in [1], the overhead reduction should be prioritized and, thus, Option 2 above seems to be the right way to go. It is also noted that Option 2 is similar to the legacy SR transmission. 
When it comes to the payload size of the first UL channel, a multi-bit design will offer enhanced flexibility, e.g., in indicating the Event ID (if multiple events are supported) and/or the payload size of the second UL channel (if variable payload size is supported). However, assuming Option 2 above, the multi-bit design will increase the burden of blind decoding at the gNB. On the contrary, if a one-bit design is adopted, the legacy gNB-side SR PUCCH blind detection mechanism can be reused.
[bookmark: P11]Proposal 11: For the first UL channel of UE-initiated/event-driven beam reporting, for both Modes A and B, a one-bit payload design is supported.
For the DCI format in Step 2 of Mode A, as agreed in RAN1 #116-bis, a legacy DCI format can be reused. To leverage the legacy CSI framework, the legacy UL DCI formats, i.e., DCI Format 0_1/0_2 with the “CSI request” field for aperiodic CSI reporting can be considered. For instance, a “triggering state” value is assigned for the UE-initiated beam reporting configuration. Once the network receives the first UL channel from the UE, it can dynamically schedule a UL resource, and indicate that it is for the UE-initiated beam reporting by setting the CSI request field to the corresponding triggering state value. 
[bookmark: P12]Proposal 12: For Mode A of UE-initiated/event-driven beam reporting, legacy UL DCI format 0_1 and 0_2 is used to schedule the second UL channel.
· CSI request field may be reused to indicate the DCI format is for UE-initiated beam reporting.
Due to the difference in the mechanism of assigning resources, the types of the second UL channel should be different for Modes A and B. Since Mode A relies on dynamic scheduling, DG-PUSCH would be the right choice. On the other hand, for Mode B, pre-configured resources, e.g., periodic PUCCH or CG-PUSCH can be employed. Additionally, based on the legacy UCI multiplexing rule, when the pre-configured resource for Mode B overlap in time with a dynamically scheduled PUSCH, it can also be reported through the DG-PUSCH.
[bookmark: P13]Proposal 13: For the second UL channel of UE-initiated/event-driven beam reporting, the resources in the following table are supported:
	UL resource
	Mode A
	Mode B

	Pre-configured PUCCH
	Not supported
	Supported

	CG-PUSCH
	Not supported
	Supported (when multiplexed with UL-SCH)

	DG-PUSCH
	Supported
	Supported (when multiplexed with UL-SCH)




Conclusions
Observation 1: As in the event-triggered L3 mobility, supporting multiple different L1 events for UE-initiated beam reporting offers flexibility and further optimizes the gain in different use cases.
Proposal 1: For UE-initiated/event-driven beam reporting, in addition to Event 2, at least the following triggering events are supported:
· Event 1: Quality of the current beam is worse than a certain threshold,
· Event 3: Quality of a new beam becomes 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.
Proposal 2: For Event 2 of UE-initiated/event-driven beam reporting, configurability of parameters, in addition to the threshold value, can be further discussed:
· Whether a negative threshold value can be configured,
· Whether the number of new beams, whose qualities are a threshold value better than the current beam, to trigger the event can be configurable.
Proposal 3: For UE-initiated/event-driven beam reporting, in addition to L1-RSRP, L1-SINR is supported as a quality metric for detecting events.
Proposal 4: For UE-initiated/event-driven beam reporting, in addition to periodic CSI-RS, semi-persistent and aperiodic CSI-RSs are supported as measurement resources.
Proposal 5: For UE-initiated/event-driven beam reporting, a Resource Setting is explicitly provided, which includes candidate resources for both current and new beams:
· The resource for the current beam is implicitly derived from a QCL RS of the indicated TCI state,
· The rest are regarded as resource(s) for new beam(s).
Proposal 6: “An RS is implicitly associated with the current beam” implies that the RS and the QCL RS of the indicated TCI state are tracked down along the QCL-TypeD chain to a common source resource. It is not necessary that the RS is the direct QCL RS configured in the QCL-Info of the indicated TCI state.
Proposal 7: For UE-initiated/event-driven beam reporting, both for event detection and beam reporting, L1 filtering of the measured beam qualities is up to UE implementation.
Proposal 8: For UE-initiated/event-driven beam reporting, a fixed UCI payload size is supported:
· The number of reported beam(s) in a report is fixed by RRC configuration (Option-3 for Event-2),
· At least one of the reported beam(s) should satisfy the event triggering condition.
Proposal 9: For UE-initiated/event-driven beam reporting, whether the UE should always include the current beam measurement in the report is configured by RRC.
Proposal 10: For UE-initiated/event-driven beam reporting, in addition to L1-RSRP, L1-SINR is supported as a quality metric for beam reporting.
Proposal 11: For the first UL channel of UE-initiated/event-driven beam reporting, for both Modes A and B, a one-bit payload design is supported.
Proposal 12: For Mode A of UE-initiated/event-driven beam reporting, legacy UL DCI format 0_1 and 0_2 is used to schedule the second UL channel.
· CSI request field may be reused to indicate the DCI format is for UE-initiated beam reporting.
Proposal 13: For the second UL channel of UE-initiated/event-driven beam reporting, the resources in the following table are supported:
	UL resource
	Mode A
	Mode B

	Pre-configured PUCCH
	Not supported
	Supported

	CG-PUSCH
	Not supported
	Supported (when multiplexed with UL-SCH)

	DG-PUSCH
	Supported
	Supported (when multiplexed with UL-SCH)
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