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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 the necessary enhancement to enable UE initiated beam reporting, focusing on the overall procedure, UL signal contents and signal/channel to report the measurement results. 

2.  Discussions 
In the current NR beam management procedure, 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 and improve the beam reporting efficiency. 

UE-initiated beam reporting is supported as a component of L3-based handover procedure to report the ‘best-M’ beams of candiate cells based on NW configuration. It shall be used as a reference for Rel-19 UE-initiated beam reporting procedure, taking into account the different use cases and design goals.  

2.1 	Definition of Triggering Event 
The first open issue to be addressed is to define the event that triggers the beam measurement and reporting. The reported beams are used by NW to determine if there is a need to update the beam for intra-cell case and to change serving cell for inter-cell case. In general, the NW may choose to update the beam or change serving cell if a candidate beam/candidate cell is ‘signficiantly’ better than the current beam/current serving cell. On the other hand, the quality of current beam/serving cell may also impact the decision: if the serving beam/cell is still good enough, it may be benefical to stay on the current beam/cell, even another candidate beam/cell is better. Thus, to minimize the reporting overhead, the event used for triggering UE-initiated beam reporting must consider both the current beam and potential candiate beam(s)/cell(s). 

An illustration on how an event triggers the UE-initiated beam reporting is provided in Figure 1, where a report is triggered at time instance ‘t1’ when both of pre-defined conditions are met on both a serving beam and candidate beams/cells.  
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Figure 1: Triggering event for UE-Initiated Beam Report Procedure

Hence, we propose:  

Proposal 1: A UE-initiated beam reporting is triggered if the following conditions are fulfilled: 
· Condition 1: The measured result of 'reference resource' on the current serving cell becomes worse than a first threshold.
· Condition 2: At least one measured result associated with RRC-configured measurement resources becomes better than a second threshold.

Proposal 2: Support L1-RSRP as measurement quality for condition evaluation. 


The configuration of measurement resources to evalaute the conditions of triggering event should be minimized to reduce the signal overhead and simplify the operations at both NW and UE side. Here, we think the resource configuration framework used in BFR procedure is a good example: when no explicit resource is configured by NW for BFD set , a default RS (i.e., the QCL 'type D source RS’ of the activated TCI-State for CORESET) is derived at UE for BFD evalution. The same implicit approach can be reused for ‘conditon 1’ evaluation such that the signaling overhead is minimized. For ‘condition 2’ evaluation, RRC signal can be simply used to configure a resource set, simlar as the configuration of RS resources used for candidate beam detection (CBD) in BFR procedure .     

Proposal 3: The ‘Type-D’ QCL source RS of indicated TCI-state is used for ‘Condition 1’ evaluation. 
Proposal 4: RRC signal is used to configure RS resource set for ‘Condition 2’ evaluation. 

2.2 Beam report content and containter	
One design goal of UE-initiated beam reporting is to reduce the signaling overhead. In the existing NW-initiated beam reporting, the number of reported RS signals in a beam reporting is configured by RRC signal and fixed. UE always selects and includes the ‘best-M’ L1-RSRP in a reporting, regardless of the absolute value of these reports. As a consequnce, some reports maybe not useful as a basis for a beam switch decision due to low values. This drawback of NW-initiated beam reporting is intended to be addressed by introducing ‘Condition 2’ in the event definition as the reported beam(s) are above the 2nd L1-RSRP threshold value provided by RRC. On the other hand, it leads to a variable size of the reported RS signals (and L1-RSRPs) for a given report instance.  

Proposal 5: Support a variable size of beam reporting content by including the L1-RSRP values that are above the 2nd RSRP threshold configured by RRC.  
At least two options exists to support variable size of beam reporting, one is to use MAC-CE (Opt.1) and the other is to use UCI payload (Opt.2). Opt.1 is a simpler solution and the number of reported beams can be directly indicated by the sub-header of MAC-CE. On the other hand, the exsiting NW-initiated beam reporting is implemented in RAN1 specification without involving MAC layer. Opt.1 changes this principle, resulting in beam reporting procedure captured in both RAN1 and RAN2 specifications simply based on NW-initiated or UE-initiated. It also leads to difficulties in specification maintenance. On the other hand, Opt.2 may require more standard efforts to timely dimension the PUCCH or PUSCH RBs based on the varied numbe of reported RS signals such that the benefit of varied UCI payload can be exploited and the report overhead is minimized. 

Proposal 6: RAN1 to study using either MAC-CE (Opt.1) or UCI (opt.2) as UL signal container to carry the variable number of beams and corresponding L1-RSRP.  

There are several UL channel/signals to carry the UCI for beam reporting, including PUCCH format, CG-PUSCH and DG-PUSCH. Considering the payload range of a beam reporting, only PUCCH format 2/3/4 are feasible for beam reporting. For the option of PUCCH or CG-PUSCH, the number of RBs is configured by RRC signal in a semi-static manner based on the maximum number of reported RS configured by RRC signal. To minimize the signaling overhead and allow NW to re-schedule these unused RBs/resources to other UEs, as depicted in FIG.2, a separate UL signal is required a time gap in-between. 
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Figure 2: Mechnism to indicate the reported RS signals in the associated beam report occasion

Another option is to report UCI over a DG-PUSCH. After a pre-defined event is triggered, UE transmits a request for uplink resouce to contain the measurement results. As depicted in FIG.3, the number of reported beams can be indicated to NW in the ‘resource request signal’, which is leveraged by NW to dimension the number of RBs that are indicated by the sub-sequent dynamic UL grant. Meanwhile, the ‘unused RBs’ are known by NW and thus properly scheduled for other UEs. 
Proposal 7: For beam reporting using UCI on PUCCH/PUSCH, study a mechnism to report the number of reported beams before the corresponding beam reporting occasion. 
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Figure 3: ‘Resource Request’ to indicate the filtered RSRPs and dimension the dynamic PUSCH RBs.

The differential encoding specified in Rel-15 was defined to handle measurement values within one cell such that reporting payload size is minimized. It was further extended to inter-cell beam reporting in Rel-18 for L1-L2 Triggered Mobility (LTM) procedure. The differential encoding shall be naturelly used for Rel-19 UE-initiated beam reporting for the same overhead reduction purpose: for each reporting, a highest absolute RSRP is encoded and the remaining beams in the same report is differentially encoded relative to the largest RSRP value. 
Proposal 8:  Differential encoding of the RSRP values is performed for UE-initiated beam reporting.   


2.3 Overall UE-initiated/Event-Triggered beam reporting framework
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Figure 4: Overall procedure of UE-initiated/Event-triggered beam reporting

Based on the discussions above, a overall procedure is provoided in figure 4, assuming the UCI over DG-PUSCH:
· Resources (e.g., resource quest signal, measurmeent RS etc.) for UE-initiated beam reporting by RRC signal. 
· UE-initiated beam reporting triggering 
· Beam measurments and measurement results selection for reporting. 
· ‘Resource request’ transmission. 
· UE monitors gNB response (i.e., UL grant) for resource request signal. 
· UE transmits the selected measurement results on the uplink resource. 


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: A UE-initiated beam reporting is triggered if the following conditions are fulfilled: 
· Condition 1: The measured result of 'reference resource' on the current serving cell becomes worse than a first threshold.
· Condition 2: At least one measured result associated with RRC-configured measurement resources becomes better than a second threshold.

Proposal 2: Support L1-RSRP as measurement quality for condition evaluation. 
Proposal 3: The ‘Type-D’ QCL source RS of indicated TCI-state is used for ‘Condition 1’ evaluation. 
Proposal 4: RRC signal is used to configure RS resource set for ‘Condition 2’ evaluation. 
Proposal 5: Support a variable size of beam reporting content by including the L1-RSRP values that are above the 2nd RSRP threshold configured by RRC.  
Proposal 6: RAN1 to study using either MAC-CE (Opt.1) or UCI (opt.2) as UL signal container to carry the variable number of beams and corresponding L1-RSRP.  
Proposal 7: For beam reporting using UCI on PUCCH/PUSCH, study a mechnism to report the number of reported beams before the corresponding beam reporting occasion. 
Proposal 8:  Differential encoding of the RSRP values is performed for UE-initiated beam reporting.   
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