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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: 
	Agreement
On UE-initiated/event-driven beam report, at least of following aspects should be included:
· Trigger-event detection for beam reporting by UE
· UE monitors RS to assess if a beam-reporting trigger condition has been met
· FFS: Trigger condition for declaring beam-reporting event
· Beam-report transmission by UE
· Signaling contents in the beam report
· Down-selection one or more options (strive for one) between the following options as signaling medium/container for beam report transmission
· MAC-CE
· UCI
· Others are not precluded.
On UE-initiated/event-driven beam report, the following aspects may be included:
· UE requesting UL resource(s) for the beam report
· UE notifying transmission of beam report
· gNB preconfigured resources
Other procedure(s) as required


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: _Ref92297796]Triggering events and measurement resources
In RAN1 #116, the following has been agreed:
	Agreement
On UE-initiated/event-driven beam reporting, regarding trigger-event detection for beam reporting, RAN1 further study at least the following aspects: quality metrics, event-definition and threshold.
· Further study trigger events, including the following example as a starting point
· Event-1: Quality of the current beam is worse than a certain threshold.
· Event-2: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam. 
· Event-3: Quality of a new beam is better than a certain threshold. 
· Event-4: Quality of the current beam is worse than a threshold 1, and quality of at least one new beam is better than a threshold 2.
· Others are not precluded.
· Note: Companies are encouraged to provide details on procedure (e.g. how it is used) related to their preferred event


As noted in [2], the four events captured in the agreement above are analogous to the legacy L3 events for mobility. There are a multitude of L3 event definitions in the current NR standard, which are motivated by different reasonings. Despite the difference in layers and time scales, the L1 beam mobility and L3 cell mobility share the same goal, i.e., maintaining the connection seamless and reliable with reduced measurement and reporting overheads. Hence, the same reasonings for the L3 events can be applied to L1 events. By supporting multiple different events rather than a one-size-fits-all event, different events can be relevant to different use cases and offer flexibility to maximize the gain of UE initiated/event-driven BM. Some of the examples of use cases and the corresponding UE and network procedures are described in Table 1.
[bookmark: O1]Observation 1: As in the event-triggered L3 mobility, supporting multiple different L1 events for UE-initiated beam reporting offers flexibility to further optimize the gain.
[bookmark: P1]Proposal 1: For UE-initiated/event-driven beam reporting, at least the following triggering events are supported:
· Event 1: Quality of the current beam is worse than a certain threshold,
· Event 2: Quality of at least one new beam becomes a threshold value better than the current beam, 
· 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: _Ref161942807]Table 1: Examples of use cases and procedures of L1 events.
	
	Use cases
	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 2/4
	· 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.


As for the beam quality metrics for the event detection, L1-RSRP has already been agreed to be supported in RAN1 #116.
	Agreement
On UE-initiated/event-driven beam reporting, at least support L1-RSRP as a measurement quantity on SSB for intra-cell and inter-cell, and periodic CSI-RS for beam management
· Notes: measurement results may be contained in the beam report and/or used as quality metric(s) to initiate/trigger the reporting. 
· FFS: Semi-persistent CSI-RS and aperiodic CSI-RS.
· FFS: Whether/how to support L1-SINR measurement, assuming legacy RS or RS combination (e.g., CMR only, CMR+ZP/NZP-IMR) for Rel-16 SINR is reused. 
· FFS: Whether/how to specify filtering operation for L1-RSRP.


As such, in view of leveraging the legacy CSI framework, it is sensible to support another beam management metric, i.e., L1-SINR, at least for the intra-cell case. 
[bookmark: _Ref162191581][bookmark: P2]Proposal 2: For UE-initiated/event-driven beam reporting, in addition to L1-RSRP, L1-SINR is supported as a quality metric for detecting events.
Likewise, as for the reference signal configuration for the measurement, in addition to the periodic CSI-RS, other types of measurement resources as supported in the legacy CSI framework 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: P3]Proposal 3: 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, both implicit and/or explicit manners can be further studied considering their pros and cons:
Implicit manner:
Among configured measurement RS(s), a RS corresponding to the current beam is implicitly selected based on its property shared with the currently indicated TCI state (unified TCI), and other RS(s) are used for monitoring new candidate beam(s). Desirably, “using the same beam” can be the property associating the RS and the indicated TCI state; although this property might be implied in the QCL relationship, care should be taken to avoid ambiguity. 
In Figure 1, examples of the implicit association based on the QCL relationship are shown. In Figure 1 (a), CSI-RS 1 and CSI-RS 2 among the measurement RSs have the same SSB as the QCL source and correspond to two refined beams of the SSB. Hence, although the QCL information of the indicated TCI state is tracked down to the same SSB, it is ambiguous which CSI-RS is using the same beam as the indicated TCI state, and the implicit association based on the QCL relationship may not work. On the other hand, in Figure 1 (b) and (c), the QCL information of the indicated TCI state is linked to only one CSI-RS without ambiguity.
With the implicit manner, the association does not need to be explicitly indicated whenever the serving beam changes, i.e., by a new TCI state indication, and the overhead can be further reduced. 
Explicit manner:
Among configured measurement RS(s), the RSs associated with the current and new candidate beams are explicitly indicate by the network. Thus, unlike the implicit case, there is no concern on the ambiguity in the explicit association. The indication can be done by dividing a single resource set in to two groups or by configuring two separate resource sets, e.g., one for the current beam and the other for the new beams. In particular, if two separate resource sets are configured, the two sets may be configured with different periodicities, bandwidths, resource types, etc., which offers enhanced flexibility to both the UE and the network.
The aforementioned advantages, however, are subjects to the higher signaling overhead for the indication. For instance, whenever the serving beam changes, another RS in the resource set would be signaled as the current beam, or the RS set(s) may need to be re-grouped or re-configured.
Based on the discussion above, it is deemed that the implicit manner better fulfills the objective of “reducing overhead and/or latency”, by not requiring any additional signaling. Although the explicit manner may provide higher flexibility, the benefit would be diluted by the higher signaling overhead. Hence, for UE-initiated/event-driven beam reporting, it is desirable to put a priority on specifying the implicit manner.
[bookmark: O2]Observation 2: The implicit association between the current/new beams and the measurement RSs can reduce the overhead and latency, by not requiring any signaling between the UE and the network.
[bookmark: P4]Proposal 4: For UE-initiated/event-driven beam reporting, implicit association between the current/new beams and the measurement resources is specified, focusing on
· QCL relationship between the measurement RS and the indicated/active TCI states,
· Conditions, requirements, and/or rules for unambiguous association.
	

(a)
	

(b)
	

(c)

	[bookmark: _Ref162102806]Figure 1: Examples of implicit association between the current beam (indicated TCI state) and the measurement resources. (a) Ambiguous association; (b) and (c) unambiguous association.


In RAN1 #116, it was discussed whether to specify any L1 filtering for the measured beam quality metrics. As noted in [2], filtering will help improve 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: P5]Proposal 5: 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, particularly for MAC CE-based reporting), if any details of the events would be discussed in RAN2 later.

UL signaling contents and procedures
As agreed in RAN1 #116, once an event for UE-initiated beam reporting is detected, the UE may first send a request/indication to the network. The role of this request/indication is to notify the network to take required actions for the beam reporting that follows. The actions may include provisioning of additional measurement resources (e.g., Event 1 in Table 1) and/or scheduling UL resources for beam reporting. Since the network-side action may differ depending on the detected events, the network should be able to identify the event, if there are multiple potential events.
[bookmark: P6]Proposal 6: For UE-initiated/event-driven beam reporting, the network should be able to identify each detected event, if there are multiple events defined, based on the UE request/indication.
Following the request/indication, beam reporting carries the information for a new beam to assist the network to switch the serving beam or update list of active TCI states and/or measurement resources. Regarding the reporting contents, the following has been agreed in RAN1 #116:
	Agreement
On UE-initiated/event-driven beam reporting, regarding signaling content(s), at least support DL RS resource indicator and L1-RSRP 
· FFS: Study and decide whether additional contents can be supported.
· FFS: L1-RSRP format, e.g., absolute and/or differential value.
· Note: Above does not imply to preclude discussion on L1-RSRP filtering.
· The actual reported content depends on the triggering event
· Support of one or multiple events will be discussed separately 


As suggested in the work item description, for the design of the reporting contents, we can keep a consistent stance of leveraging the legacy CSI framework. Hence, the “DL RS resource indicator” should map to a resource in the configured measurement resources (i.e., resource setting) and, thus, the CRI and SSBRI can be adopted.
[bookmark: P7]Proposal 7: As the DL RS resource indicator included in the UE-initiated/event-driven beam report, CRI and SSBRI in the configured measurement resources are used.
Likewise, leveraging the legacy CSI framework, it is sensible to support L1-SINR as another beam reporting metric.
[bookmark: P8]Proposal 8: For UE-initiated/event-driven beam reporting, in addition to L1-RSRP, L1-SINR is supported as a quality metric for beam reporting.
In RAN1 #116, it was also discussed whether the number of reported beams in a single report should be fixed (i.e., RRC configured) or variable (i.e., UE decided). Since the payload size of reporting is determined by the number of reported beams, this discussion is conditional to the decision on the UL signaling medium in Section 2.3. If MAC CE is adopted as the UL signaling medium, it could readily accommodate variable payload sizes, while a fixed payload size would be preferred for UCI-based reporting to avoid any ambiguity. 
[bookmark: O3]Observation 3: Conditioned on the outcome of the discussion on UL signaling medium for UE-initiated/event-driven beam reporting, the preferred number of reported beams per reporting may vary:
· MAC CE-based reporting: variable within a (configured) range,
· UCI-based reporting: fixed (configured).

[bookmark: _Ref162258076]UL signaling resources
Once an event is detected and the reporting content is determined, the UE reports it to the network through UL resources/channels provided by the network. As discussed in the previous section, since the UL signaling can be divided into the UE request/indication and beam reporting, the UL resources/channels for both of them should be provided as a pair.
Unlike the legacy periodic/semi-persistent CSI reporting, as UE-initiated/event-driven beam reporting is aperiodic and opportunistic, the network does not know when and how often the event would be triggered. Hence, provisioning a right number of resources for UL signing that minimize both the overhead and the latency is challenging and a trade-off between them should be considered in the practical design. It is also noted that the consideration on the overhead should take both the network-side (i.e., for reserving resources for UL signaling) and UE-side (i.e., for actual indication of events and reporting beams) overheads.
Leveraging the legacy CSI measurement and reporting framework, as well as other existing UL channel designs, some candidates for the UL signaling resources have been provided in [2]. In RAN1 #116 [3], the candidate UL channel designs have further been elaborated by consolidating views from different sources, and the following proposal has been drafted.
	Proposal 3.1(new): On beam report transmission procedure for UE-initiated/event-driven beam reporting, further study at least of the following aspects for beam report transmission:
· Option-1 (MAC-CE): 
· Step 1: UE transmits a SR for requesting UL-SCH resources, if trigger event occurs.
· Step 2: UE detects the DCI format for UL grant. 
· Step 3: The beam report is carried by MAC CE in a new transmission of PUSCH.
· Note: Step-1 and Step-2 can be skipped if UL-SCH resource is available for new transmission, and above do NOT imply to update the legacy procedure of MAC-CE. 
· Note: The MAC-CE can be carried in dynamically scheduled or semi-static configured resource.
· Option-2 (dynamically scheduling UCI by gNB):
· Step 1: UE transmits a first UL channel (one-bit/multi-bit) to request a resource for a second UL channel to carry beam report
· Note: Resource(s) for first UL channel is dedicated to the UE.
· Step 2: UE detects the DCI format to indicate a resource for a second UL channel to carry beam report (e.g., similar to AP-CSI request). 
· Step 3: Beam report is transmitted in second UL channel.
· Note: Whether the second UL channel is PUCCH, PUSCH or both. 
· Option-3 (UCI in pre-configured resource(s) for first and/or second UL channel):
· Step 1: UE transmits a first UL channel (one-bit/multi-bit) notifying a second UL channel to carry beam report
· Note: Resource(s) for first UL channel is dedicated to the UE.
· Step 2: UE transmits the beam report in the second UL channel. 
· Note: Whether the resource(s) for the second UL channel are dedicated to a UE or shared with other UEs.
· Option-3a: Pre-configured resource for the second UL channel dedicated for UEI beam report
· Option-3b: Pre-configured resource for the second UL channel not dedicated for UEI beam report
· Option-4a (UCI in pre-configured resource(s) only used for UEI beam report):
· Step 1: UE transmits the beam report in the pre-configured resource(s), if trigger event occurs or up to UE implementation. 
· Note: Whether the resource(s) are dedicated to a UE or shared with other UEs.
· Option-4b (UCI in pre-configured resource not dedicated for UEI beam report):
· Step 1: UE transmits the beam report in the pre-configured resource (e.g., notification is a part of beam report, like two-part UCI, where Part-1 is to indicate the information of Part-2, Part-2 is to carry beam report), if trigger event occurs. 
· Note: The two-part UCI is carried on a same PUCCH or on a same PUSCH.
· Note: Whether UE receives acknowledge information with response to each step for all options. 


First of all, Option-4a and Option-4b do not require UE request/indication before beam reporting and pertain to the simplest procedure and the smallest UE-side overhead. However, from the network’s perspective, the pre-configured resources for UCI transmissions should be reserved for the UE, and therefore the network-side overhead is the same as the legacy periodic CSI reporting. As noted in Option-4a, the overhead may be alleviated by letting the pre-configured resources shared across UEs. However, in FR2, the UL resources are associated with UL beams and the sharing may not always be feasible or effective due to an RF restriction (e.g., an analog beam constraint at the base station).
Secondly, Option-3 adopts a UE indication signal and addresses the network-side overhead issue, by letting the network reclaim the pre-configured resources and repurpose them for other channels or UEs. Moreover, compared to Option-1 and Option-2, this option does not require additional signaling (i.e., DCI) for scheduling UL resources, which helps reduce the latency and overhead. However, in practice, the network still requires an enough time gap between the indication and the pre-configured resources to process the indication and repurpose the resources, if available. Also, for the UE indication (the “first channel” in Step 1), dedicated resources, e.g., PUCCH, should be pre-configured. Unlike the pre-configured reporting resources, the resources for this indication signal cannot be reclaimed or repurposed; although the indication might carry a small payload (e.g., a single-bit), it could take a whole symbol in FR2 due to the RF restriction. Thus, the neither the latency gain nor the overhead gain over Options-1/2 is well-justified.
Lastly, Option-1 and Option-2 are likely to be the most resource efficient as they do not require any reserved resources. Moreover, unlike UCI-based reporting, MAC CE (Option 1) is carried on the UL-SCH and protected by the HARQ procedure. In RAN1 #116, it was argued that Options-1/2 may suffer from higher latency as they require additional DCI transmissions. However, as discussed in the previous paragraph, it requires further justification considering the network’s processing capability. Also, for Option 1, unlike the dedicated “first channel” of Option 3, the SR resource can be shared with normal SR and LRR resources that would be configured in any case.
Based on the above discussion, we believe that aperiodic reporting schemes, i.e., Options-1/2, are well-suited for UE-initiated/event-driven beam reporting, in terms of the overhead-and-latency trade-off.
[bookmark: P9]Proposal 9: As the UL signaling resource for UE-initiated/event-driven beam reporting, the following candidates can be considered:
· UL MAC CE,
· Aperiodic UCI on PUSCH with additional UE request signaling.

Conclusions
Observation 1: As in the event-triggered L3 mobility, supporting multiple different L1 events for UE-initiated beam reporting offers flexibility to further optimize the gain.
Proposal 1: For UE-initiated/event-driven beam reporting, at least the following triggering events are supported:
· Event 1: Quality of the current beam is worse than a certain threshold,
· Event 2: Quality of at least one new beam becomes a threshold value better than the current beam, 
· 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 UE-initiated/event-driven beam reporting, in addition to L1-RSRP, L1-SINR is supported as a quality metric for detecting events.
Proposal 3: For UE-initiated/event-driven beam reporting, in addition to periodic CSI-RS, semi-persistent and aperiodic CSI-RSs are supported as measurement resources.
Observation 2: The implicit association between the current/new beams and the measurement RSs can reduce the overhead and latency, by not requiring any signaling between the UE and the network.
Proposal 4: For UE-initiated/event-driven beam reporting, implicit association between the current/new beams and the measurement resources is specified, focusing on
· QCL relationship between the measurement RS and the indicated/active TCI states,
· Conditions, requirements, and/or rules for unambiguous association.
Proposal 5: 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 6: For UE-initiated/event-driven beam reporting, the network should be able to identify each detected event, if there are multiple events defined, based on the UE request/indication.
Proposal 7: As the DL RS resource indicator included in the UE-initiated/event-driven beam report, CRI and SSBRI in the configured measurement resources are used.
Proposal 8: For UE-initiated/event-driven beam reporting, in addition to L1-RSRP, L1-SINR is supported as a quality metric for beam reporting.
Observation 3: Conditioned on the outcome of the discussion on UL signaling medium for UE-initiated/event-driven beam reporting, the preferred number of reported beams per reporting may vary:
· MAC CE-based reporting: variable within a (configured) range,
· UCI-based reporting: fixed (configured).
Proposal 9: As the UL signaling resource for UE-initiated/event-driven beam reporting, the following candidates can be considered:
· UL MAC CE,
· Aperiodic UCI on PUSCH with additional UE request signaling.
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