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1 Introduction
One of the objectives in the approved work item on NR MIMO Phase 5 is shown below [1]:
RAN1:
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


In this contribution, we discuss how the UE-initiated beam management framework can be enabled in Release 19 to fulfill the relevant objective above and design goals. 
2.  Discussions 
As of Rel-19, for both intra-cell and inter-cell beam management, beam reporting is initiated by NW to acquire the latest best/preferred beams for subsequent communcation. This NW-controlled procedure results in either a larger UL report overehead or an increased beam report latency. The UE-initiated /event-driven beam management procedure is motivated to address these problems, including reducing the signaling overhead and minminzing the report latency. 

2.1 Event definition 
Event definition is a key design aspect for UE-initiated beam management as it determines how often the report will be triggered and whether it can be leveraged for beam management purpose.  In RAN1 116 meeting [2], the following was agreed for event definition: 
  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

Event-2
Among these event candidates, Event-2 is clearly benefitial and can be used to initiate beam reporting when UE observes that at least L1-RSRP of one candidate beam becomes offset better than that of the serving beam. More precisely, it means the L1-RSRP of the QCLed reference signal of the current serving beam becomes offset worse than that of another RS signal. Simliar as funcition of A3 event defined in L3 mobility, Event-2 is used to indicate network to update the serving beam for a serving cell and therefore should be supported. 

In our opinion, two use cases exist for Event-2 at least. One use case is to monitor the candidate beams that are deactivated at UE side and timely update the active TCI-state list. In this use case, the measurment RS resource set has to be explicitly configured by RRC signaling. Another imporant use case of Event-2 is to update the indicated current serving beam among the activated beams. These QCL source RS signals of the activated TCI-state can be implicitly used as measurement RS resource rather than explicitly signaled.        

We therefore propose:
Proposal 1: 
· Support Event-2 (i.e., Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam) for UE-initiated beam management. 
· The measurment RS resources can be explicitly configured by RRC signaling. If no resource is explicitly configured, the QCL source RS signals of the activated TCI-states (except the indicated TCI-state) are used for event-2 mesurement and evaluation.  


Event-1
On the other hand, the quality of current beam/serving cell may also impact the network decision. For instance, if the serving beam/cell is still good enough, it may be benefical from signal overhead and load balancing perspective to keep UE on the current beam/cell, even another candidate beam/cell is better. Thus, to avoid unncessary report overhead, the event that is used for triggering UE-initiated beam reporting must consider both the current beam and potential candiate beam(s)/cell(s). 

Furthermore, simliar as A2 event defined in L3 mobility, Event-1 means the current beam deteriorates, which can be used to trigger ‘on-demand’ candidate beam monitoring based on the SP-CSI-RS resources (instead of periodic RS) such that RS overhead and UE power consumption are minimized. An illustration on how an event triggers the UE-initiated beam reporting is provided in Figure 1. Referring to FIG.1, once Event-1 is declared based on the RRC-configured threhold, UE indicates it to NW. In response to the indication, network is able to activate SP-CSI-RS resouce set for the candiate beam monitoring to monitor Event-2. At UE side, a UE starts monitoring the measurement resource of Event-2 on condition that Event-1 is declared such that the power consumption is reduced as well.    
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Figure 1: Triggering event for UE-Initiated Beam Report Procedure
Proposal 2: 
· Support Event-1 (i.e., Quality of the current beam is worse than a certain threshold) for UE-initiated beam management, where the threshold is configured by RRC signaling. 
· The QCL source RS of the indicated TCI-state (i.e., current serving beam) is used as measurment RS resource of the Event-1. 


In RAN1 116 meeting, the following was agreed [2]: 
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
· 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.


Compared to the SSB and periodic CSI-RS, Semi-persistent CSI-RS should be also supported for UE-initiated beam management, which strikes an important balance between regularity and flexibility. For instance, based on some indication from UE (e.g., Event-1 occurs) or measurement on other UL signal, gNB can first activate the SP CSI-RS resources and then configure UE to monitor the candidate beams using the activated SP-CSI-RS for beam quality tracking and Event-2 evaluation. Compared to periodic signal, SP-CSI-RS offers the advantages in terms of signal efficiency and beam tracking while minimizing signal overhad at the network side. This provides imporant flexibility to network to enable UE-initiated beam reporting.

Proposal 3: Support L1-RSRP on semi-persistent CSI-RS for UE-initiated beam management.     


On the 3rd FFS aspect, the raw measurment result obtained from Layer-1 can be highly volatile due to fast fading caused by multipath interference and other factors. Without filtering, NW may react impusively to short-term variations, leading to frequent beam upate and ping-pong effect. This eventually degrades the performance and waster network resource. Simliar as time-to-trigger (TTT) mechanism, a simpler solution can be considered to solve the ping-pong problem, e.g., introducing a timer or counter. More specifically, a specific event is declared and a measurement is triggered on condition that number of conseutive measurment exceeds a network-configured value. By smoothing out the rapid flunctuation, the filtered report provide a more stable view of beam quality and ensure the chosen beam is aligned with the actual radio conditions.  

Proposal 4: Specify a timer/counter mechnism for measurement filtering to evaluate whether an event is triggered or not.  

 2.2 UL signal container
In RAN1 116 meeting, a couple of candidates for report format were identified as follows: 

Agreement
On UE-initiated/event-driven beam report, at least of following aspects should be included:
· ….
· 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.

In current beam reporting framework, UCI is used as contained without involoving MAC layer and naturelly served as starting point for the discussion. The UCI-based content minimizes beam report latency by avoiding the additional cross-layer processing for beam report, which is one of design goal of UE-initiated beam reporting.  Compared to UCI option, MAC-CE based beam report essentially splits the beam reporting procedures based on the node who initiates the report and unncessarily complicate the specification. Precisely, it is captured in MAC spec if it is initiated by network and otherwise in RAN1 specification when initiating by UE. In the last meeting, it has been argued that MAC-CE is more reliable due to the HARQ retransmission. However, beam report is timie senstive. Taking into account the retransmission latency, the beam reporting maybe already outdated. 

Proposal 5: Prefer to use UCI as signaling container for UE-initiated beam reporting. 

Different UL channel/signals can be considered to carry the UCI payload for beam reporting. In the RAN1 116 meeting, a couple of candiates were identied during discussion as follows [3]: 
· 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.


On high-level, these candidate can be categorized and summarized as follows: 
· MAC-CE on PUSCH: Opt.1
· UCI
· On DG-PUSCH: 
· Opt.2 (i.e., Two-step: SR + DG-PUSCH)
· On CG-PUSCH
· Opt.3: Two-step report (i.e., first channel notifying the presence of the beam reporting + 2nd channel using CG-PUSCH to transmit beam reporting) 
· Opt.4a/Opt.4b: Directly transmit the beam report on CG-PUSCH. 

Among these options, Opt.4a and 4b appears simpler. However, Opt.4a suffers from the excessive signaling overehead. While Opt.4b alleviate this overhead concern, it can not ensure the necessary reliability for beam reporting due to shared resouce and unpredicatable beam reporting event, which eventually leads to an increased beam report latency and degrades beam management efficiency. Since the main objective of UE-initiated beam report is to reduce signaling overhead, reserving resources in a semi-static or static manner is counterproductive and against the deign goal. Consequently, both Opt.4a and 4b should be deprioritized for UE-initiated beam management procedure. 

Opt.3 is an enhancement to Opt.4a, specially addressing the overhead concern. In Opt.3, gNB configures a CG-PUSCH resource first, same as in Opt.4a. Additonally, a first channel is configured to notify gNB whether the corresponding CG-PUSCH is utilized for beam reporting. If the first channel is NOT detected at the NW side,  the associated CG-PUSCH resource can be dynamically allocated to other UEs to avoid resource wastage. Figure 2 depicts an example of Opt.3 for UE-initiated beam reporting. Assuming no event occurs before the notification signal #1, Opt.3 ensures no notification signal is transmitted on the occasion #1. Consequently, the CG-PUSCH #1 resource can be re-scheduled to serve other UE, preventing wastage of the resource. However, if an event triggers after notification #1 but before CG-PUSCH #1, UE has to defer the beam reporting until CG-PUSCH #2.  
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Figure 2: UE-Initiated beam reporting based on Opt.3

Opt.2 requests the UL resource to transmit the measurement result after event is triggered e.g., by sending dedicated or shared SR resource.Note that the latency performance of Opt.2 is on par with that of Opt.3. After receiving the SR (simliar as notification signal in Opt.3), NW can send a dynamic UL grant to collect beam reports. While Opt.2 appears simpler than Opt.3, it still provides simliar latency performnce. 

Proposal 6: RAN1 to dowselect one from Opt.2 and Opt.3 for UE-initiated beam reporting procedure. 
  


3. Conclusion 
In this contribution, we have presented our views on how to support UE-initiated/Event-Triggered beam reporting and propose the following: 
Proposal 1: 
· Support Event-2 (i.e., Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam) for UE-initiated beam management. 
· The measurment RS resources can be explicitly configured by RRC signaling. If no resource is explicitly configured, the QCL source RS signals of the activated TCI-states (except the indicated TCI-state) are used for event-2 mesurement and evaluation.  
Proposal 2: 
· Support Event-1 (i.e., Quality of the current beam is worse than a certain threshold) for UE-initiated beam management, where the threshold is configured by RRC signaling. 
· The QCL source RS of the indicated TCI-state (i.e., current serving beam) is used as measurment RS resource of the Event-1. 
Proposal 3: Support L1-RSRP on semi-persistent CSI-RS for UE-initiated beam management.     
Proposal 4: Specify a timer/counter mechnism for measurement filtering to evaluate whether an event is triggered or not. 
Proposal 5: Prefer to use UCI as signaling container for UE-initiated beam reporting. 
Proposal 6: RAN1 to dowselect one from Opt.2 and Opt.3 for UE-initiated beam reporting procedure. 
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