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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 have 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 this contribution, we present 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
The motivation of UE-initiated/event-driven beam management is putting the freedom of selecting CSI report occasions and resources to the UE side. However, to prevent abuse and to maximize the benefit of overhead reduction, it is desirable for both the UE and network to agree on a set of triggering events and conditions for the UE-initiated/event-driven BM. 
[bookmark: P1]Proposal 1: For UE-initiated/event-driven beam management, a set of triggering events and conditions for UE-initiated/event-driven beam reporting is defined between the UE and network.
In order to minimize the standardization efforts, the well-defined layer 3 event triggered reporting for mobility can be leveraged as a baseline for the UE-initiated/event-driven BM. Some modification to the layer 3 events is necessary, however, because some of the L3 events are not directly applicable to the UE-initiated/event-driven BM and the L3 measurement metrics are not adequate for layer 1 UE beam reporting. In addition, there could be other UE-side or UL beam-related events that can trigger the UE-initiated/event-driven BM, such as the detection of MPE violation, Rx beam/panel switch, poor decoding quality, etc. In Table 1, some examples of the triggering events are listed.
[bookmark: _Ref157952439]Table 1: Examples of triggering events for UE-initiated/event-driven BM.
	Events
	Description

	Event 1
	The current beam(s) become worse than a threshold (similar to L3 A2)

	Event 2
	The new beam(s) become an offset better than the current beam(s) (similar to L3 A3)

	Event 3
	The new beam(s) become better than a threshold (similar to L3 A4)

	Event 4
	The current beam(s) become worse than a threshold 1 and the new beam(s) become better than threshold 2 (similar to L3 A5)

	Event 5
	The order of the current beam qualities has been changed since the last report (when multiple beams are measured)

	Event 6
	Poor decoding quality (e.g., persistent decoding failure) has been observed with the current beam(s)


[bookmark: O1]Observation 1: Existing triggering events for L3 mobility can be the baseline for the UE-initiated/event-driven beam management.
[bookmark: O2]Observation 2: Some UE-side events, not associated with monitoring reference signal resources, may also be considered, such as MPE violation detection, Rx beam/panel switch, poor decoding quality, etc.
The events discussed above are based on the evaluation of the qualities of the “current” and “new” beams. Thus, for the measurement of these qualities, resources and metrics associated with the triggering events need to be discussed. 
The detailed configuration of the resources may depend on the properties of the associated events. Related to the configuration of the resources, there are a few things to consider:
· Number of resource set(s): The current beam(s) and the new candidate beam(s) may be configured in two separate resource sets (similar to BFD-RS and CBD-RS in BFR). Alternatively, a single resource set may be shared for both the current and new beams.
· Explicit configuration vs. implicit determination: The resource set(s) may be explicitly configured by higher layer signaling, or implicitly determined. Also, when a single resource set is configured, the current and new candidate beams may be explicitly indicated within the set. Alternatively, the resource set(s) and/or the current and new beams in a set may be implicitly determined. Some examples of the resource configuration are shown in Table 2.
· Type of resource set(s): All existing types, i.e., periodic, semi-persistent, and aperiodic, can be considered.

[bookmark: _Ref157961922]Table 2: Examples of measurement resources for UE-initiated/event-driven BM.
	
	Explicit configuration
	Implicit determination

	Resources
	· Resources associated with UE-initiated/event-driven beam report configuration:
· Legacy intra-cell and/or inter-cell SSBs 
· Periodic/semi-persistent CSI-RSs
· CSI-RSs from neighboring cell with different PCI (Note: Rel-19 LTM enhancement item)
	· Any legacy intra-cell and/or inter-cell SSBs
· Any periodic CSI-RSs from the serving and/or neighboring cells (Note: Rel-19 LTM enhancement item)

	Beams
	· Current beams:
· Resources in the “current beam” resource set
· Resources indicated as the current beams in a single measurement resource set
· New beams:
· Resources in the “new beam” resource set
· Resources indicated as the new beams in a single measurement resource set
	· Current beams:
· Periodic CSI-RSs QCL’ed with monitored CORESETs (BFD RS)
· SSB/CSI-RSs associated with the active/indicated TCI states
· DMRSs associated with certain monitored PDCCHs and/or PDSCHs
· New beams: beams other than the current beams


Like the configuration of the measurement resources, there are a few things to consider for the beam quality measurement metrics:
· Type of metrics: Unlike the event-triggered L3 mobility, L1 beam-specific metrics should be used the UE-initiated/event-driven BM. The legacy beam measurement quantities for L1 beam reporting, i.e., L1-RSRP and L1-SINR, may be reused for the UE-initiated/event-driven BM. Alternatively, other L1 metric, such as hypothetical BLER, CQI, DL pathloss, and P-MPR (UL metric), may also be regarded as candidate metrics.
· Same or different metrics for beam quality evaluation and reporting: Once an event is detected, the UE may report new beam(s). For the detection of the event and the beam report, the same or different metrics may be used. For example, L1-RSRP metric may be applied both for the event detection and beam reporting. Alternatively, similar to BFR, hypothetical BLER may be applied for the event detection, while L1-RSRP is applied for beam reporting.
· Filtering of metrics: The UE may apply filtering for the metrics across multiple evaluation periods. Although it may be left up to the UE’s implementation, a proper filtering will help improve the stability (e.g., preventing ping-pong) and reduce unnecessary beam reporting.
In the Rel-19 RAN1 discussion, it is suggested that the further details of the measurement resources and metrics are investigated.
[bookmark: P2]Proposal 2: Associated with the events, measurement resources and the corresponding metrics for the UE-initiated/event-driven beam management are defined.

UL signaling contents and procedures
Once an event for UE-initiated BM is detected, the UE needs to indicate it to the network. In our view, the contents of the indication can be categorized into two types, 1) UE-initiated BM request and 2) UE-initiated beam reporting.
[bookmark: O3]Observation 3: UL signaling for UE-initiated/event-driven beam management can be categorized into 1) beam management request and 2) beam reporting.
The role of the BM request is to indicate the network to take a required action for the beam reporting that follows. The action may include provisioning of additional measurement resources (e.g., aperiodic CSI-RSs) 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. This can be achieved by the UE sending the detected event ID along with the BM request, or by associating each event with a reporting configuration (e.g., reporting resources, formats, etc.).
[bookmark: P3]Proposal 3: UE-initiated/event-driven beam management should allow the network to identify each detected event, if there are multiple events defined.
Some example cases of the BM request and the behavior of the network in response are described in Table 3.

[bookmark: _Ref157955091]Table 3: Examples of BM requests and the network behavior.
	
	Case 1
	Case 2
	Case 3

	Event
	The UE Rx beam should be switched, e.g., due to UE orientation change.
	The quality of the current beam degrades rapidly.
	The quality of a new beam is better than the current beam.

	BM request
	The UE requests aperiodic CSI-RSs for P3 BM for Rx beam refinement.
	The UE requests aperiodic CS-RSs for P2 BM and an UL resource for beam reporting.
	The UE requests an UL resource for reporting the new beam.

	Network response
	NW transmits aperiodic CSI-RS for P3 BM.
	NW provides both CSI-RSs for P2 BM and UL resource for beam reporting
	NW provides an UL resource for new beam reporting.


Following the BM request, beam reporting carries the information for a new beam to assist the network to switch the serving beam. Leveraging the legacy CSI reporting for BM, the contents of beam reporting may include the RS ID (CRI/SSBRI) and measured quantities (L1-RSRP/L1-SINR) of the new beam(s). Alternatively, assuming the unified TCI framework, when there are multiple active TCI states, the UE may simply report the TCI codepoint corresponding to the new beam.
[bookmark: P4]Proposal 4: For UE-initiated/event-driven beam management, the UE reports information of new beams to assist the network to identify the IDs and qualities of the new beams.
Since the events occur randomly, multiples events might be detected within the same monitoring window, either in a CC or across multiple CCs. In such situations, the UE should multiplex the contents associated with different events in the same UL signal. The existing UCI multiplexing rule for CSI reporting can be modified and applied to this case. 
[bookmark: P5]Proposal 5: Multiple UE-initiated/event-driven beam reporting can be multiplexed in a single UL signal.

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 BM request 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 signaling 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 can be considered:
(a) Opportunistic use of periodic UCI (Figure 1 (a)): Periodic UCI occasions for CSI reporting are configured, where the UCI can be reported on PUCCH or PUSCH (when multiplexed with UL-SCH). However, unlike legacy periodic CSI reporting, the UE may decide whether to use or skip a UCI occasion for UE-initiated reporting, depending on the events detected within a time window associated with the occasion. Since the UE is not required to report beams on all the UCI occasions, particularly when the UCI is not multiplexed with other UCI/UL-SCHs, the UE-side reporting overhead can be reduced. At the same time, by configuring the periodicity of the UCI occasions to be short, the latency of beam reporting can also be reduced. On the contrary, from the network’s perspective, the periodic UCI occasions should be reserved for the UE, and therefore the network-side resource overhead is the same or even higher compared to the legacy periodic CSI reporting.
(b) Periodic UCI + use-indication (Figure 1 (b)): In addition to the opportunistic periodic UCI reporting in (a), the UE sends a “use-indication” to the network before a periodic UCI occasion that it would use for beam reporting. The indication can be through additional UL channel like a short PUCCH for SR or LRR. If the time gap between the indication and the UCI occasion is long enough, the network can decide to repurpose the reserved periodic UCI occasions for other channel/signals.
(c) Periodic UCI + skip-indication (Figure 1 (c)): As a turn-over of (b), the UE sends a “skip-indication” to the network, similarly to the UTO-UCI, before a periodic UCI occasion that it would skip beam reporting. If the UE-initiated beam reporting is rather frequent and the portion of the used UCI occasions is larger than that of the skipped ones, the skip-indication has an overhead benefit over the use-indication.
(d) Aperiodic UCI + CSI request (Figure 1 (d)): The legacy aperiodic CSI reporting framework can be augmented by UE request signaling. When an event is detected, the UE sends a “CSI request”, which is associated with the detected event, to the network. In response, the network sends a DCI format 0_1/0_2 with the “CSI request” field set to the same value as the UE requested value. The DCI format may also trigger additional aperiodic CSI-RS transmission or just schedule a PUSCH that the UE transmits the beam reporting UCI on.
(e) UL MAC CE (Figure 1 (e)): Instead of UCI, the beam reporting may be through a dedicated UL MAC CE. Like the existing LRR for BFR, a dedicated PUCCH resource for requesting the network for an UL grant may be assigned (or shared with LRR, if available) for UE-initiated beam reporting. Alternatively, if there is a PUSCH transmission available when the UE-initiated beam reporting is triggered, the MAC CE may be transmitted on the PUSCH without sending a separate request to the network.
[bookmark: _Ref157877772]Table 4: Various UL signaling candidates for UE-initiated/event-driven beam reporting.
	
	Description
	Request
	Reporting
	Pros
	Cons

	Opportunistic periodic UCI
(Figure 1 (a))
	· P/SP resources for CSI reporting are configured/activated
· UE may autonomously skip configured occasion
	None
	UCI on PUCCH or PUSCH
	Minor specification impact: similar to legacy periodic CSI framework 
	· Limited network overhead reduction
· Blind decoding of the presence of UCI at the network

	Periodic UCI + use indication
(Figure 1 (b))
	· Configured (P/SP) UCI resources are normally unused
· UE sends a “use-indication” when it is to be used for reporting
	SR-like (e.g., LRR)
	UCI on PUCCH or PUSCH
	Low overhead: configured resources can be repurposed when not used
	· Additional resources for request signaling
· Handling of misdetection of the request

	Periodic UCI + skip indication
(Figure 1 (c))
	· Configured (P/SP) UCI resources are normally used for reporting
· UE sends a “skip- indication” when it is not to be used
	SR-like (e.g., UTO-UCI)
	UCI on PUCCH or PUSCH
	Low overhead: configured resources can be repurposed when not used
	· Additional resources for request signaling
· Limited UE overhead reduction when beam reporting is infrequent

	Aperiodic UCI + CSI request
(Figure 1 (d))
	· UE requests aperiodic CSI reporting
· Aperiodic CSI reporting is triggered by the network in response
	UCI
	UCI on PUSCH
	· No reserved dedicated UL reporting resources
· Minor specification impact: similar to legacy aperiodic CSI
	Additional resources for request signaling

	SR + UL MAC CE
(Figure 1 (e))
	A dedicated MAC CE for UE-initiated beam reporting is defined
	SR (dedicated (e.g., LRR) or normal)
	MAC CE on PUSCH
	· No reserved dedicated UL reporting resources
· Minor specification impact: similar to BFR MAC CE
	Additional resources for request signaling


In Table 4, the UL signaling candidates are compared in their pros and cons. In the Rel-19 RAN1 discussion, it is suggested that the candidates in Table 4 are further investigated.
[bookmark: P6]Proposal 6: As the UL signaling medium for UE-initiated/event-driven beam reporting, the following candidates can be considered:
· Periodic/aperiodic UCI with additional signaling for resource use/skip/request indication,
· A dedicated UL MAC CE.
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	[bookmark: _Ref157714617]Figure 1: UL signaling candidates for UE-initiated beam reporting.



Conclusions
Proposal 1: For UE-initiated/event-driven beam management, a set of triggering events and conditions for UE-initiated/event-driven beam reporting is defined between the UE and network.
Observation 1: Existing triggering events for L3 mobility can be the baseline for the UE-initiated/event-driven beam management.
Observation 2: Some UE-side events, not associated with monitoring reference signal resources, may also be considered, such as MPE violation detection, Rx beam/panel switch, poor decoding quality, etc.
Proposal 2: Associated with the events, measurement resources and the corresponding metrics for the UE-initiated/event-driven beam management are defined.
Observation 3: UL signaling for UE-initiated/event-driven beam management can be categorized into 1) beam management request and 2) beam reporting.
Proposal 3: UE-initiated/event-driven beam management should allow the network to identify each detected event, if there are multiple events defined.
Proposal 4: For UE-initiated/event-driven beam management, the UE reports information of new beams to assist the network to identify the IDs and qualities of the new beams.
Proposal 5: Multiple UE-initiated/event-driven beam reporting can be multiplexed in a single UL signal.
Proposal 6: As the UL signaling medium for UE-initiated/event-driven beam reporting, the following candidates can be considered:
· Periodic/aperiodic UCI with additional signaling for resource use/skip/request indication,
· A dedicated UL MAC CE.
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