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Introduction
In RAN#102, a work item for NR MIMO evolution for downlink and uplink [1] was agreed with the following objectives.

RAN #102 [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 signalling content(s) for UE-initiated/event-driven beam reporting facilitating fast beam switching
b. [bookmark: _Hlk145555364]UL signalling medium/container considering the UE-initiated/event-driven nature of the UL transmission, designed primarily for the purpose of beam reporting




This contribution outlines our proposals on enhancements for UE-initiated/event-driven beam management.
Discussion
1.1 Background

Beam management plays a very vital role in efficient communication in NR. Operating the data transmission in the best beam pair link possible effects the efficiency of the entire system. The current specification defines multiple procedures in order to get the best beam pair link between a UE and the BS. These procedures include getting the initial beam selection (P1), Beam refinement at the BS (P2), and Beam refinement at the UE (P3). The initial beam selection is generally done using SSBs whereas P2&P3 are done using CSI-RS. Once a best beam pair link is detected, it is crucial to maintain it up to date. In order to keep track of the best beam, the BS transmits a CSI-RS associated with each beam and the UE reports the CRI corresponding to the best N beams and the corresponding RSRP values where N is configured to the UE using the RRC parameter nrofReportedRS in CSI-ReportConfig. 
This entire procedure of maintaining the best beam pair link is a time taking procedure. It involves a periodic transmission of CSI-RS from the BS and an associated reporting from the UE. The periodicity of the beam management CSI-RS is a crucial parameter for the entire beam management procedure. If the periodicity of the beam management CSI-RS is small, the associated beam reports will be reported more frequently and hence the beam reports at the BS will be more up to date. Whereas if the periodicity of the beam management CSI-RS is large, the associated beam reports will be reported less frequently and hence the beam reports at the BS will be more outdated. It is obvious that in order for an efficient beam management procedure, the BS needs a frequent reporting of beam qualities which needs a frequent transmission of beam management CSI-RS. But this leads to significantly higher RS overhead and higher feedback overhead. 


1.2 Observations and Proposals

The UE-initiated beam management is proposed in order to make the beam management procedure more efficient and reduce the feedback overhead. Since the UE has better knowledge of the quality of the quality of beams, the UE initiated beam management procedure can eliminate the unnecessary beam reporting i.e., UE reports the quality of the beams only when there is a significant change in the beam qualities and doesn’t report the quality of the beams when there is no significant change in the beam qualities. This can lead to more timely reports with reducing signalling overhead. 
As per the WID[1], designing the UL signalling content(s) and UL signalling medium facilitating the UE initiated beam reporting is considered to be in the scope of Rel-19 whereas specifying the triggering mechanism that triggers the UE to report the beam quality will not be defined in the specification. 

As per the existing beam management procedure, the beam quality report is transmitted to the BS in the uplink control information via PUCCH. The resources for transmitting the PUCCH is configured to the UE as pucch-CSI-ResourceList in CSI-ReportConfig. In this case, a PUCCH resource is reserved for the transmission of PUCCH that carries beam reports. Reserving a PUCCH resource for carrying beam reports periodically is a viable solution for the existing beam management procedure because the UE transmits the beam reports in every instance of the configured PUCCH resource. But, in UE initiated beam management the UE only reports the beam quality to the BS when needed i.e., when a triggering condition is satisfied. Hence, if a dedicated PUCCH resource is configured to the UE to carry the beam reports, it leads to resource wastage because the configured resource will get unused when the triggering condition is not satisfied. So, UCI is not a viable signalling medium for UE initiated beam reporting. 

Observation 1: Using UCI as signalling medium for UE initiated beam reporting will lead to resource wastage

In order to avoid the resource wastage, the UE initiated beam report should be transmitted using a MAC-CE which facilitates the UE to request the BS for UL resources when needed. 

Proposal 1: MAC-CE based UE initiated beam reporting should be supported

According to the current beam management procedure, the UE measures the beams and reports the quality of up to the best 4 beams. The number of best beams that the UE has to report to the BS is configured to the UE via the parameter nrofReportedRS in CSI-ReportConfig. The UE reports the CRI’s corresponding to the beams with the first CRI being the best beam among the reported set of beams. The quality of the reported beams are reported using the corresponding RSRP values. The largest measured value of L1-RSRP i.e., the RSRP of the best beam is quantized to a 7-bit value in the range [-140,-44] dBm with 1dB step size. The UE will use differential L1-RSRP based reporting to report the RSRPs of the remaining reported beams. The differential L1-RSRP value is computed with 2dB step size with a reference to the L1-RSRP of the best beam which is part of the same L1-RSRP reporting instance. The mapping between the reported L1-RSRP value and the measured quantity is described in TS 38.133. This format of reporting can be retained for UE initiated beam report too i.e., the UE will report the CRIs and the corresponding RSRPs of the best N beams where the number of beams to be reported is configured to the UE.

Proposal 2: The current content of the beam management framework can be considered as the baseline for UE initiated beam report

Since a MAC-CE can accommodate more data than a UCI, the UE can afford to report the beam quality of more than 4 beams unlike in UCI. Also the step size of the differential RSRP can be reduced from 2dB to 1dB for more accurate reporting of the beam quality.

Proposal 3: Increase the number of reported beams in UE initiated beam reporting and reduce the step size of the differential RSRP to 1dB

Conclusion
In this contribution, we presented the following proposals on enhancements for UE-initiated beam management. 
Observation 1: Using UCI as signalling medium for UE initiated beam reporting will lead to resource wastage

Proposal 1: MAC-CE based UE initiated beam reporting should be supported

Proposal 2: The current content of the beam management framework can be considered as the baseline for UE initiated beam report

Proposal 3: Increase the number of reported beams in UE initiated beam reporting and reduce the step size of the differential RSRP to 1dB
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