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Background
In RAN#102, the working item to enhance NR MIMO operations in Rel-19 was agreed [1].
The detailed objective is as follows:
1. [bookmark: _Hlk145555364]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

Discussions
In our views, there are the following discussion points:
· Use case
· Use case 1: DL measurement
· Use case 2: Tx beam refinement
· Use case 3: Rx beam refinement
· Use case 4: Beam switching
· RS reception
· RS resource set
· Alt 1: Single RS resource set
· Alt 2: Two RS resource sets
· Event
· Event 1: L1-RSRP of the current beam is worse than a threshold
· Event 2: L1-RSRP of the new beam is better than the current beam
· Event 3: L1-RSRP of the new beam is better than a threshold
· Event 4: Event 1 + Event 3
· Others
· CSI report
· Medium/container
· Option 1-1: DG-PUSCH resource with SR
· Option 1-2: Dynamic PUCCH resource with request
· Option 2-1: Pre-configured PUCCH resource with notification
· Option 2-2: Pre-empted UL resource with notification
· Option 2-3: Pre-configured PUCCH resource without notification
· Option 2-4: Pre-empted UL resource without notification
· UCI size
· Alt 1: Fixed
· Alt 2: Variable

1.1. Use case
	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 DL measurement, the UE receives RS resources (e.g., CSI-RS, SS/PBCH block), and then reports measurement results (e.g., L1-RSRP and CRI/SSBRI). In DL measurement, frequent DL measurements lead to increase report overhead, and less frequent DL measurements lead to increase latency. The UE-initiated beam management can reduce both report overhead and latency.
In Tx beam refinement, the UE further measures RS resources corresponding to different Tx beams. The measurement results are then reported to the NW to decide new Tx beam. In our view, the NW wants to decide the best beam considering all the Tx beams in Tx beam refinement, while the UE reports the best beam among measured parts of Tx beams in DL measurement. For example, in Tx beam refinement, the NW can update a set of RS resources as new candidate beams to decide the best beam. In Tx beam refinement, potentially additional measurement and reconfiguration of a set of RS resources lead to increase latency. However, in our view, the UE-initiated beam reporting in DL measurement can also reduce latency in Tx beam refinement. For example, if the measurement results inform that the current beam is better than a threshold, the additional Tx beam refinement is not needed. Furthermore, if the measurement results inform that the current beam is worse than a threshold (i.e., Event 1), the NW can update and trigger AP CSI-RS resources for Tx beam refinement upon reception of UE-initiated beam reporting in DL measurement. If the measurement results inform that the new beam is better than the current beam or a threshold (i.e., Event 2 or 3), the NW can update the current beam according to the measurement results.
In Rx beam refinement, the UE sweeps Rx beams to measure on the current Tx beam with repetition, and then can adjust the current Rx beam. In our view, the UE-initiated beam reporting in DL measurement can also reduce latency in Rx beam refinement. For example, upon reception of UE-initiated beam reporting in DL measurement, the NW can trigger AP CSI-RS resources with repetition for Rx beam refinement after Tx beam refinement.
In beam switching, the NW transmits a DCI/MAC CE to indicate/activate TCI states as beam indication. Each indicated/activated TCI state is applied to PDSCH/PDCCH in Rel-15/16 spatial relation framework. Each indicated TCI state is applied to joint/DL/UL channel(s)/signal(s) in Rel-17/18 unified TCI framework. After the MAC CE activates new set of TCI states, further SS/PBCH block reception is needed if the target TCI state is not in the activated TCI states and is not measured. For this, BAT is increased. However, if the measurement results in DL measurement inform that the new beam or current beam is better than a threshold, and this beam is activated as TCI state, BAT is not increased. Therefore, we can prioritize to reduce both report overhead and latency in DL measurement over Tx-Rx beam refinement and beam switching.
Observation 1: To reduce both report overhead and latency in DL measurement is higher priority.
1.2. RS reception
In our view, there are two alternatives for a RS configuration of the UE-initiated/event-driven beam reporting as the following:
· Alt 1: A single RS resource set
· Alt 2: Two RS resource sets
The UE may receive up to 8 RS resources within a RS resource set for beam management. In our view, the RS resource set for the legacy L1-RSRP measurement includes the current beam(s) to measure them. For example, the current beam(s) are included in a set   of beam failure detection resources and are periodically measured. In our view, the measurement on the current beam(s) should be considered for the UE-initiated beam reporting. This is because the beam recovery leads to the large latency due to triggering the random access after the beam failure. Therefore, the UE-initiated beam reporting for the measurement on the current beam(s) is helpful to trigger the next measurement on candidate beams or update a list of candidate beams before the beam failure.
On the other hand, the candidate beam(s) are included in a set   of candidate beam resources and are periodically measured to update the beam(s). In our view, the measurement on the candidate beam(s) should be also considered for the UE-initiated beam reporting. Even if a L1-RSRP of a candidate beam is larger than the threshold Qin at an instance, the current beam is potentially enough. That is, the NW does not have to change the current beam(s) even if the candidate beam(s) are reported on the UE-initiated beam management. However, if a candidate beam is better than the current beam, not the threshold, the NW can select the candidate beam as a new beam to maintain the best beam and best performance.
Therefore, we support two RS resource sets. First RS resource set should be used for measurements on current beam(s). Second RS resource set should be used for measurements on candidate beam(s).
Proposal 1: On UE-initiated/event-driven beam reporting, two RS resource sets should be supported.
· First RS resource set is used for measurements on current beam(s)
(i.e., the current beam(s) are explicitly derived from the first RS resource set).
· Second RS resource set is used for measurements on candidate beam(s)
(i.e., the candidate beam(s) are explicitly derived from the second RS resource set).
For example, first RS resource set can include QCL source RSs for activated/indicated TCI states, and second RS resource set can include QCL source RSs for activated/configured TCI states.

1.3. Event
	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




According to the above agreement, there are five candidate events to trigger the UE-initiated beam reporting. 
For Event 1, the UE periodically measures the current beam and informs it is worse than a certain threshold. For this, the NW can trigger Tx-Rx refinement with less latency based on the reported information. For example, the NW can transmit AP CSI-RS resources including candidate beams after receiving the reported information. As another case, the NW can switch the current beam in the measured RS resource set based on the reported L1-RSRP.
For Event 2, the UE periodically measures the candidate beam and informs that there is a new beam better than the current beam. For this, the NW can apply the best beam with less latency based on the reported information. However, the UE-reported new beam is not potentially stable if its direction to the UE is deviated and NLOS clusters/rays have large RSRP. That is, the NW does not have to immediately change the current beam even if the best beam is reported on the UE-initiated beam management. For this reason, although we support Event 2, filtered RSRP should be used. According to L3 filtering, filtered RSRP is calculated as the following:

where  is updated filtered-measurement result,  is old filtered-measurement result,  is L1-RSRP, and  is a forgetting factor.
For Event 3, the NW does not have to immediately change the current beam even if the candidate beam is better than a threshold, because there is a case that the current beam is still better than the threshold. At least, Event 2 should be prioritized over Event 3.
For Event 4, if the UE finds out both best beam and that the current beam is worse than the threshold, the UE reports that. In our view, Event 4 is more restrictive than other Events if one RS resource set is considered. If two RS resource sets are supported for the UE-initiated beam reporting, each resource set should correspond to a condition in Event 4 to improve flexibility (i.e., the first RS resource set is for Event 1 and the second RS resource set is for Event 3). However, we think Event 2 is more helpful for the beam management than Event 3.
Proposal 2: On UE-initiated/event-driven beam reporting, regarding trigger-event detection, we support both Event 1 and Event 2.
Proposal 3: On UE-initiated/event-driven beam reporting, regarding quality metric, filtered RSRP value should be used.
Observation 2: According to L3 filtering, filtered RSRP can be calculated as the following:

Furthermore, the current beam(s) are measured for both Event 1 and Event 2 and the candidate beams are measured for Event 2. For this reason, different sets of beams can correspond to different Events. In Proposal 1, we proposed that first RS resource set consists of the current beam(s) and second RS resource set consists of the candidate beam(s). For this reason, first RS resource set can correspond to Event 1/2 and second RS resource set can correspond to Event 2.
Proposal 4: First and second RS resource set can correspond to Event 1 and Event 2, respectively:
· (Event 1/2) The current beam(s) are explicitly derived from the first RS resource set.
· (Event 2) The candidate beams are explicitly derived from the second RS resource set.

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

Agreement
On UE-initiated/event-driven beam reporting, regarding signaling content(s), at least support DL RS resource indicator and L1-RSRP 
· FFS: Study and decide whether additional contents can be supported.
· FFS: L1-RSRP format, e.g., absolute and/or differential value.
· Note: Above does not imply to preclude discussion on L1-RSRP filtering.
· The actual reported content depends on the triggering event
· Support of one or multiple events will be discussed separately 




Medium/Container
On the UE-initiated beam reporting, a medium/container needs to be determined to report the CSI. In our view, there are five options for the medium/container as the following:
· Option 1: Dynamic resource
· Option 1-1: DG-PUSCH (MAC CE)
· 3-step procedure
· Step 1: SR transmission
· Step 2: DCI reception
· Step 3: CSI report
· Option 1-2: Dynamic PUCCH (UCI)
· 3-step procedure 
· Step 1: Request transmission
· Step 2: DCI reception
· Step 3: CSI report
· Option 2: Pre-configured resource
· Option 2-1: Dedicated PUCCH with notification
· 2-step procedure
· Step 1: Notification of UEI beam report
· Step 2: CSI report on pre-configured PUCCH resource for UEI beam report
· Option 2-2: Pre-empted UL resource with notification
· 2-step procedure
· Step 1: Notification of UEI beam report
· Step 2: CSI report on pre-empted UL resource (e.g., CG-PUSCH)
· Option 2-3: Dedicated PUCCH without notification
· 1-step procedure
· Step 1: CSI report on pre-configured PUCCH resource for UEI beam report
· UCI Part 1: Information of Part 2
· UCI Part 2: CSI
· Option 2-4: Pre-empted UL resource without notification
· 1-step procedure
· Step 1: CSI report on pre-empted UL resource (e.g., CG-PUSCH)
· UCI Part 1: Information of Part 2
· UCI Part 2: CSI

First, we summarize our analysis as the following:
	
	Option 1-1
	Option 1-2
	Option 2-1
	Option 2-2
	Option 2-3
	Option 2-4

	Pros
	Good compatibility
	
	Low latency
	Low latency
	Low latency
	Low latency

	Cons
	High latency
New MAC CE with high priority
	High latency
New request information on PUCCH
	New request information on PUCCH
New PUCCH configuration for UEI
	Puncturing/Rate matching with other UCI/data
	New PUCCH configuration for UEI
High consumption of UL resource
	Puncturing/Rate matching with other UCI/data
New indication of multiplexing



For Option 1-1, most of the legacy procedure can be reused. For example, upon detecting an event triggering UEI beam reporting, the UE can indicate a CSI including CRI and L1-RSRP to the MAC entity. After that, the MAC entity can generate a MAC CE for the CSI. If the UE has an available UL-SCH, the MAC CE can be transmitted on a PUSCH. Even if the UE has no available UL-SCH, the UE can transmit a SR on a PUCCH. However, Option 1-1 has larger latency than other Options due to 3-step procedure and MAC CE. Furthermore, for a logical channel prioritization (LCP) procedure, the prioritization of the MAC CE is determined as specified in TS38.321. For Option 1-1, new MAC CE needs to be introduced and that impacts on RAN2. At least, the new MAC CE with UEI beam report should be prioritized over data from any Logical Channel, except data from UL-CCCH to reduce the latency.
	[bookmark: _Toc29239842][bookmark: _Toc37296201][bookmark: _Toc46490327][bookmark: _Toc52752022][bookmark: _Toc52796484][bookmark: _Toc155999634]5.4.3.1.3	Allocation of resources
…
Logical channels shall be prioritised in accordance with the following order (highest priority listed first):
-	MAC CE for C-RNTI, or data from UL-CCCH;
-	MAC CE for (Enhanced) BFR, or MAC CE for Configured Grant Confirmation, or MAC CE for Multiple Entry Configured Grant Confirmation;
-	MAC CE for Sidelink Configured Grant Confirmation;
-	MAC CE for LBT failure;
-	MAC CE for SL LBT failure according to clause 5.31.2;
-	MAC CE for Timing Advance Report;
-	MAC CE for Delay Status Report;
-	MAC CE for SL-BSR prioritized according to clause 5.22.1.6;
-	MAC CE for (Extended) BSR, with exception of BSR included for padding;
-	MAC CE for (Enhanced) Single Entry PHR, or MAC CE for (Enhanced) Multiple Entry PHR or MAC CE for Single Entry PHR with assumed PUSCH, or MAC CE for Multiple Entry PHR with assumed PUSCH;
-	MAC CE for Positioning Measurement Gap Activation/Deactivation Request;
-	MAC CE for the number of Desired Guard Symbols;
-	MAC CE for Case-6 Timing Request;
-	MAC CE for (Extended) Pre-emptive BSR;
-	MAC CE for SL-BSR, with exception of SL-BSR prioritized according to clause 5.22.1.6 and SL-BSR included for padding;
-	MAC CE for IAB-MT Recommended Beam Indication, or MAC CE for Desired IAB-MT PSD range, or MAC CE for Desired DL Tx Power Adjustment;
-	data from any Logical Channel, except data from UL-CCCH;
-	MAC CE for Recommended bit rate query;
-	MAC CE for BSR included for padding;
-	MAC CE for SL-BSR included for padding.




Observation 3: On the UE-initiated beam reporting, for a CSI report on DG-PUSCH, a new MAC CE needs to be prioritized over at least a data from DTCH/DCCH to reduce the latency.
For Option 1-2, upon detecting an event triggering UEI beam reporting, the UE request a PUCCH resource. After that, the NW schedules the PUCCH and then the UE transmits the CSI on the scheduled PUCCH. This scheduling request is different from the legacy SR and needs to be introduced for Rel-19. As with the legacy SR, the new SR for a UEI beam reporting requires 1-bit information. Although a PUCCH resource for the new SR needs to be periodically reserved, 1-bit information has no large impact on a resource allocation. However, if the new SR is introduced for UEI beam reporting, its periodicity is one of discussion points.
Observation 4: On the UE-initiated beam reporting, for a CSI report on dynamic PUCCH, new scheduling request on PUCCH and its periodicity need to be discussed.
For Option 2-1, the UE is configured with a PUCCH resource for the UEI beam reporting. Although a transmission on this PUCCH resource is periodically configured but other UL channels can use REs on this resource unless a notification is transmitted by the UE. As with Option 1-2, 1-bit information is enough for this notification and a PUCCH resource for the notification is periodically reserved. Compared with Option 1-2, Option 1-3 can reduce the latency by RTT.
For Option 2-2, after the transmission of the notification, the UE pre-empts other UL resources. For example, the UE drops an upcoming CG-PUSCH transmission and reports a CSI on a transmission occasion for the dropped CG-PUSCH. In this case, the UE assumes REs for a PUSCH resource are allocated to report the CSI. As another solution, the UE can multiplex the CSI with data on a CG-PUSCH. For the legacy procedure, 1 or 2-bit HARQ-ACK feedback is multiplexed with a data on a PUSCH by puncturing, and other UCIs are multiplexed with a data on a PUSCH by rate matching. Likewise, the UE can multiplex the CSI for the UEI beam report with data on other UL resources by rate matching. If the UE multiplexes the CSI for the UEI beam report with UCIs on other UL resources, the other UCIs can be dropped. However, in this case, the NW needs to identify the multiplexing and the notification before multiplexing should be transmitted by the UE.
Observation 5: On the UE-initiated beam reporting, for a CSI report on another UL resource with a notification, the UE can multiplex the CSI report with other UCI/data on the UL resource by rate matching.
For Option 2-3, the notification is omitted from Option 2-1. For this, although 1-bit information for the notification does not have to be periodically reserved, the configured PUCCH resource for the UEI beam report needs to be periodically reserved to avoid overlapping with other UL channels/signals. In our view, Option 2-3 increases the consumption of UL resources for the reservation.
For Option 2-4, the notification is omitted from Option 2-2. If the notification is not transmitted before multiplexing with/dropping other UL channels, the NW cannot identify bit positions of the CSI in the received UL channel. For this reason, a header (e.g., Part 1 of CSI) needs to be added to the received bits. However, even when the CSI for the UEI beam report is not multiplexed, the header is needed. Therefore, Option 2-4 is not feasible.
Proposal 5: On the UE-initiated beam reporting, we support the following procedures:
· (1st preference) 2-step procedure for dedicated PUCCH with notification
· Step 1: Notification of UEI beam report
· Step 2: CSI report on pre-configured PUCCH resource for UEI beam report
· (2nd preference) 2-step procedure for pre-empted UL resource with notification
· Step 1: Notification of UEI beam report
· Step 2: CSI report on pre-empted UL resource (e.g., CG-PUSCH)
· CSI report is multiplexed with other data by rate matching
· CSI report is multiplexed with other UCIs by dropping
· (3rd preference) 3-step procedure for dynamic PUCCH
· Step 1: Report request
· Step 2: DCI reception
· Step 3: CSI report

UCI size
In our view, there are two alternatives to determine a UCI bit size depending on the number of reported beam(s) as the following:
· Alt 1: The number of reported beam(s) is configured by RRC
· Alt 2: The number of reported beam(s) is decided by the UE
For Alt 2, the UE does not have to report all RS resources within a RS resource set. For example, if the UE detects an event and reports a part of reported beam(s) that meets a condition on the event, the NW can also identify that the not-reported other beam(s) does not meet the condition. Considering Event 1, we think that beam(s) whose L1-RSRP is not larger than a threshold do not need to be reported because these beam(s) are not used at the NW. However, for Alt 2, CSI needs to have 2 parts. Part 1 has a fixed payload size and is used to identify the number of UCI bits in Part 2. Part 2 includes time/frequency offsets. Furthermore, Part 1 and Part 2 need to be separately encoded as two codewords conveyed on PUSCH. Therefore, Alt 2 is more restrictive. For Alt 1, the number of reported beam(s) can be simply configured by RRC (e.g., the same number of RS resources within a RS resource set) and has no restriction. For these reasons, we prefer Alt 1.
Proposal 6: On the UE-initiated beam reporting, the number of reported beam(s) is configured by RRC.
Conclusion
In this contribution, we have the following proposal:
Observation 1: To reduce both report overhead and latency in DL measurement is higher priority.
Proposal 1: On UE-initiated/event-driven beam reporting, two RS resource sets should be supported.
· First RS resource set is used for measurements on current beam(s)
(i.e., the current beam(s) are explicitly derived from the first RS resource set).
· Second RS resource set is used for measurements on candidate beam(s)
(i.e., the candidate beam(s) are explicitly derived from the second RS resource set).
Proposal 2: On UE-initiated/event-driven beam reporting, regarding trigger-event detection, we support both Event 1 and Event 2.
Proposal 3: On UE-initiated/event-driven beam reporting, regarding quality metric, filtered RSRP value should be used.
Observation 2: According to L3 filtering, filtered RSRP can be calculated as the following:

Proposal 4: First and second RS resource set can correspond to Event 1 and Event 2, respectively:
· (Event 1/2) The current beam(s) are explicitly derived from the first RS resource set.
· (Event 2) The candidate beams are explicitly derived from the second RS resource set.
Observation 3: On the UE-initiated beam reporting, for a CSI report on DG-PUSCH, a new MAC CE needs to be prioritized over at least a data from DTCH/DCCH to reduce the latency.
Observation 4: On the UE-initiated beam reporting, for a CSI report on dynamic PUCCH, new scheduling request on PUCCH and its periodicity need to be discussed.
Observation 5: On the UE-initiated beam reporting, for a CSI report on another UL resource with a notification, the UE can multiplex the CSI report with other UCI/data on the UL resource by rate matching.
Proposal 5: On the UE-initiated beam reporting, we support the following procedures:
· (1st preference) 2-step procedure for dedicated PUCCH with notification
· Step 1: Notification of UEI beam report
· Step 2: CSI report on pre-configured PUCCH resource for UEI beam report
· (2nd preference) 2-step procedure for pre-empted UL resource with notification
· Step 1: Notification of UEI beam report
· Step 2: CSI report on pre-empted UL resource (e.g., CG-PUSCH)
· CSI report is multiplexed with other data by rate matching
· CSI report is multiplexed with other UCIs by dropping
· (3rd preference) 3-step procedure for dynamic PUCCH
· Step 1: Report request
· Step 2: DCI reception
· Step 3: CSI report
Proposal 6: On the UE-initiated beam reporting, the number of reported beam(s) is configured by RRC.
References
[1]	RP-234007, New WID: NR MIMO Phase 5, Dec., 2023.

1

