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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 
2.1 Measurment Resources for Event-2 
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 116bis meeting [2], Event-2 was agreed for UE-Initiated Beam Management procedure: 
  Agreement
On UE-initiated/event-driven beam reporting, regarding trigger-event detection for beam reporting, at least support Event-2: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam.
  
Agreement
On UE-initiated/event-driven beam reporting, regarding Event-2, ‘current beam’ is a beam corresponding to the indicated TCI state.
· Regarding RS measurement for the current beam for Event-2, Option-2a is supported:
· Option-2a (implicit manner): The RS for current beam is implicitly derived from a QCL RS of indicated TCI state.
· FFS: The RS for current beam can be either the QCL RS in the indicated TCI state or the SSB which is QCLed with the QCL RS in the indicated TCI state.
· FFS: Option-2c (explicit manner): The RS for current beam is explicitly configured by RRC or MAC-CE.
· Note: SSB or CSI-RS can be configured


The first FFS aspect is how to determine the measurement resources for the current beam. The QCL RS of the indicated TCI-state was agreed as measurement RS for current beam. However, it is imporant to highlight that the ‘indicated’ TCI-state is restircted to using either CSI-RS or TRS only in accordane with TS 38.214, as quoted below: 
…. 
For the DM-RS of PDSCH, if the UE is configured with dl-OrJointTCI-StateList, the UE shall expect that an indicated TCI-State indicates one of the following quasi co-location type(s):
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with the same CSI-RS resource, or
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition.
…

In the legacy network-initiated beam report framework, both SSB and CSI-RS can serve as measurement RS for beam management. This flexibility allows NW operator to choose beween using only SSB or a combination of SSB and CSI-RS for beam management. Additionally, specific feature, such as LTM, requires the use of SSB as the measurement resource. Relying solely on CSI-RS for UEIBR procedure may either force operator to transmit CSI-RS which causes signaling overhead and power consumption, or potentially sacrificing the potential use case of UEIBR feature.  We therefore propose the following: 

Proposal 1: 
· RRC signal is introdcued to configure one of the following as measurement RS for current beam based on the indicated TCI-state: 
· RS in the QCL-info of the indicated TCI-state.  
· RS that is the QCL source of the RS in the QCL-info of the indicated TCI-state 


During RAN1 116bis meeting, the following was agreed to further study on the RS resources for candidate cell measurement [2]:   

 Agreement
· Regarding RS measurement for the new beam for Event-2, down-select one or more of the following:
· Option-3a (explicit manner): The RS(s) for new beam(s) are explicitly configured by RRC (e.g., reusing legacy configuration of RS measurement or in TCI-State) or MAC-CE
· Option-3b (implicit manner): The RS(s) for new beam(s) are implicitly derived from QCL RS(s) of activated TCI state(s).
· Option-3c (implicit manner): The RS(s) for new beam(s) are implicitly derived from QCL RS(s) of configured TCI state(s).

In our opinion, Event 2 serves at least two use cases e. Firstly, it allows monitoring of candidate beams that become deactivated at UE side and enabling timely update the active TCI-state list. In this scenario, the measurment RS resource set must be explicitly configured by RRC signaling i.e., Opt.3a. Secondly, Event-2 faciliates updating the currently indicated serving beam among the activated beams. These QCL source RS signals associated with the activated TCI-state can be implicitly used as measurement RS resource rather than explicitly signaled, i.e., Opt.3b.  We find little justification for Opt.3c, as a significant number of candidate beams are typically pre-configured by RRC signal to avoid RRC reconfiguration latency in case of serving beam change. Opt.3C results in unncessary power consumption at UE without clear benefit for the network side.          

Based on this discussion, we propose:
Proposal 2: 
· Support both Opt.3a and Opt.3b to determine the measurment RS for candidate beams (i.e., 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 are used for event-2 measurement 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 3: 
· 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) or root SSB is used as measurment RS resource of the Event-1. 


In RAN1 116 meeting, the following was agreed [3]: 
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 4: 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 5: Specify a timer/counter mechnism for measurement filtering to evaluate whether an event is triggered or not.  

 2.2 UEIBR Content
In the RAN1 116bis meeting, it was first agreed to use UCI as content for UEIBR report, instead of MAC-CE format.  In addition,a couple of alternatives were identfied for potential UEIBR report content using UCI and listed for further study and downselection [2]: 

Agreement
On UE-initiated/event-driven beam reporting, regarding UL signaling content(s) of L1-RSRP report depending on Event-2, in a report instance, the following options are provided for down-selection (other options are not precluded) in RAN1#117
· Option-1 (variable size): N beam(s) are reported in the report instance, where N  {1, 2, ..., Nmax}
· The N beam(s) should satisfy the condition of Event-2
· Nmax is configured by gNB 
· FFS: Whether the indication of payload size should be provided additionally.
· Option-1a (variable size): N beam(s) are reported in the report instance, where N  {1, 2, ..., Nmax}
· At least one of N reported beam(s) should satisfy the condition of Event-2
· Nmax is configured by gNB 
· FFS: Whether the indication of payload size should be provided additionally.
· FFS: Details on how value of N is determined by the UE
· Option-1b: N beam(s) are reported in the report instance, where N  {1, 2, ..., Nmax}
· The N beam(s) should satisfy the condition of Event-2
· Nmax is configured by gNB 
· Payload size does not vary as a function of N
· FFS: Zero-padding can be provided if N is less than Nmax.
· Option-2: Only N=1 beam is reported in the report instance 
· The reported beam should satisfy the condition of Event-2
· Option-3: N ≥ 1 beam(s) are reported in the report instance,  
· At least one of N reported beam(s) should satisfy the condition of Event-2
· N is configured by gNB 
· Other options are not precluded.
· FFS: Whether the measurement results for current beam is always reported or can be enabled by RRC.
· FFS: When current beam is reported, whether the current beam is counted in the N reported beams.  
· The selected option shall satisfy Event-2.


One of the FFS aspects is regarding how to handle the measurement results for the current beam. Two options exisit, either always be reported in UEIBR report or make it configurable by RRC signal. The rationale behind inclusion of measurement for the current beam is that the UEIBR report eventually is used to compare L1-RSRP of current beam with that of candiate beam. This comparison helps determine whether an update to the indicated TCI-state is necessary. 
The necessity of including current beam result highly depends on the UEIBR content scheme. For example, there is no need to include the current beam result for Opt.1/1b/2 scheme as all of the reported beams have larger L1-RSRP than that of current beam. On the other hand, for Scheme Opt.1a and 3, some of reported beam may not satisfy the condition of Event-2. in such cases, the inclusion of current beam becomes essential. This allows the network to filter out the qualified L1-RSRP for proper TCI-state list update. It’s worth noting that  always inclusion current beam also leads to signal overhead and is unncessary in certain situations. For instance , in low mobility scenario, the L1-RSRP of current beam is already known through L3 measurement at the NW side. In addition, RAN1 also needs to discuss remaining details, such as whether to include the RS index for current beam and how to link the corresponding L1-RSRP associated with current beam if RS index is not included to minimize overhead.    

Proposal 6: 
· For Opt.1a and Opt.3, the inclusion of current beam in a UEIBR report is configured by RRC signal. 
· RAN1 to further study how to identify the L1-RSRP report corresponding to the current beam.      


Among the listed options, Opt.2 has a fixed payload size and simplify the NW complexity for UEIBR reception. However, the limition of reporting a single beam makes it almost impossible to deploy UEIBR as a standalone feature. To address this, it is crucial to maintain the same flexibility as the legacy NW-initiated beam report and allow for reporting more than one reported beam. Consequently, the Opt.2 is least preferable choice from our perspective.    

One of design goal for UEIBR is to ‘reduce overhead’ as explicitly captured in the 1st objective of approved WID [1]. From this perspective, Opt.1 appears to be the most suitable scheme for achieving this goal. However, Opt.1 has a drawback that it requires relatively lareger standard effort, such as designing signal to indicate the variable UEIBR payload size. In addition, implementation Opt.1 may increase complexity at NW side in order to reap the benefit. When compared to Opt.3, the reduction in overhead achievable with Opt.1 maybe marginal due to the small payload size of UEIBR content. Opt.3 offers a fixed payload size determined by the number of reported beam ‘’ configured by RRC signal, which aligns with the legacy NW-initiated beam report.  Given these tradeoff, we remain open to either Opt.1 or Opt.3.

Proposal 7: RAN1 to downselect one from Opt.1 or Opt.3 as UEIBR content.  


2.3 UL Resource for UEIBR Transmission 
Another important aspect is the UL resource allocation for UEIBR content transmission,which was thoroughly discussed during the RAN1 116bis meeting. At the end, two modes were agreed and several FFS aspects were identified as follows: 
	Agreement
On beam report transmission procedure for UE-initiated/event-driven beam reporting, following modes are supported:
· [bookmark: OLE_LINK25]Mode A (dynamically scheduling UCI by gNB):
· Step 1: UE transmits a first PUCCH (one-bit/multi-bit) to request a resource for a second UL channel to carry beam report
· FFS: Request format, e.g., SR or a new UCI type.
· Step 2: UE detects the DCI format to indicate a resource for a second UL channel to carry beam report. 
· Step 3: Beam report is transmitted in second UL channel.
· FFS: Details on the second UL channel, e.g., whether the second UL channel is PUCCH, PUSCH or both
· This mode is basic UE capability (i.e. all UE supporting UE-initiated/event-driven beam reporting should support this feature).
· No new DCI format is introduced.
· Mode B (UCI in pre-configured resource(s) for second UL channel):
· Step 1: UE transmits a first PUCCH (one-bit/multi-bit) notifying a second UL channel to carry beam report
· FFS: Notification format, e.g., SR or a new UCI type.
· Step 2: UE transmits the beam report in the second UL channel. 
· FFS: Details on the second UL channel, e.g., whether the second UL channel is PUCCH, PUSCH or both
· The notification in Step1 is in a separate reporting instance from the beam report in Step 2. 
FFS: Whether UE receives acknowledge information with response to each step for all modes
For above procedures, cross-CC beam reporting is supported for both modes.
· FFS: Details.



In Mode A, which is simliar to legacy aperiodic CSI report, the UL resource for UEIBR report in Step-3 is dynamically scheduled by the gNB using UL grant DCI format in Step-2. Additionally, in Step-1, a first PUCCH channel is used to indicate that Event-2 has occurred at the UE side and to request the UL resource for the associated UEIBR report. In Mode B, the UL resource is pre-configured by RRC signal. To address the overhead concern, a first channel in Step-1 is utilized to notify the occupancy of reserved second UL channel. If no assocaited first channel is detected, the NW can re-allocate the reserved resource to the other UEs.  

Depending on the exact design of UEIBR report (whether it has a varable or fixed payload size), the function of the first channel can vary. For example, if Opt.1 is used, a multi-bit UCI type can indicate the number of reported beam, which the gNB can utilize to dimension the resource allocation for Step-3 and more imporantly mitigate detection complexity. On the other hand, if Opt.3 is adopted, a simpler solution is to reuse the 1-bit SR PUCCH to request the UL resource, given that the fixed payload size of UEIBR is pre-known at NW side. 

Proposal 8:  RAN1 to defer the decision on a first PUCCH channel after conclusion on UEIBR content. 

Considering the simliar function and usage of first PUCCH channel in Step-1 for both Mode A and Mode B, a unified design is clearly preferrable. 

Proposal 9:  A unified design for the first channel is applied for Mode A and Mode B.   



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: 
· RRC signal is introdcued to configure one of the following as measurement RS for current beam based on the indicated TCI-state: 
· RS in the QCL-info of the indicated TCI-state.  
· RS that is the QCL source of the RS in the QCL-info of the indicated TCI-state 
Proposal 2: 
· Support both Opt.3a and Opt.3b to determine the measurment RS for candidate beams (i.e., 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 are used for event-2 measurement and evaluation).  

Proposal 3: 
· 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) or root SSB is used as measurment RS resource of the Event-1. 

Proposal 4: Support L1-RSRP on semi-persistent CSI-RS for UE-initiated beam management.  
   
Proposal 5: Specify a timer/counter mechnism for measurement filtering to evaluate whether an event is triggered or not.  

Proposal 6: 
· For Opt.1a and Opt.3, the inclusion of current beam in a UEIBR report is configured by RRC signal. 
· RAN1 to further study how to identify the L1-RSRP report corresponding to the current beam.      

Proposal 7: RAN1 to downselect one from Opt.1 or Opt.3 as UEIBR content.  
Proposal 8:  RAN1 to defer the decision on a first PUCCH channel after conclusion on UEIBR content. 
Proposal 9:  A unified design for the first channel is applied for Mode A and Mode B
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