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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].
This contribution discusses about beam reporting for beam management procedures. RAN1#86 made the following agreements related to beam management procedures: 
	Agreements: The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:
· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)
· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams
· For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams
· FFS: TRP Tx beam and UE Rx beam can be determined jointly or sequentially
· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)
· From  a possibly smaller set of beams for beam refinement than in P-1
· Note: P-2 can be a special case of P-1
· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming
· Strive for the same procedure design for Intra-TRP and inter-TRP beam management
· Note: UE may not know whether it is intra-TRP or inter TRP beam 
· Note: Procedures P-2&P-3 can be performed jointly and/or multiple times to achieve e.g. TRP Tx/UE Rx beam change simultaneously
· Note: Procedures P-3 may or may not have physical layer procedure spec. impact
· Support managing multiple Tx/Rx beam pairs for a UE
· Note: Assistance information from another carrier can be studied in beam management procedures
· Note that above procedure can be applied to any frequency band
· Note that above procedure can be used in single/multiple beam(s) per TRP


Related to beam reporting the following agreements were reached in RAN1#86bis [4]:
	Agreements:
· Support at least network triggered aperiodic beam reporting:
· Aperiodic beam reporting is supported under P-1, P-2, and P-3 related operations
· FFS beam reporting details
· FFS: UE assisted/initiated aperiodic beam reporting
· FFS: In case of UE assisted/initiated aperiodic beam reporting, UE request message can be transmitted on a reserved/dedicated/common uplink channel (e.g. physical random access channel, physical uplink control channel).
· Further study is needed whether semi-persistent/periodic/event-triggered beam (network triggered or UE assisted/initiated) reporting is needed



2	Discussion
2.1	Beam reporting triggering
Key functionality in BS controlled beam management is beam state information (BSI) reporting, which comprises measurement results on beams detected by the UE. In addition to agreed network triggered aperiodic beam reporting, it is considered that UE initiated beam info reporting procedures may be beneficial to be supported as well. That is because active UE is expected to continuously track and measure beams of the serving cell, and potentially beams of the strong neighbour cells, thus having better knowledge about need for e.g. event triggered based reporting than gNB which needs to poll the reports.  
Proposal: Support also UE triggered beam info reporting procedures.
It’s also important that network has means to control the reporting load in the cell.
Proposal: gNB should have means to control UE triggered beam info reporting load.
2.2	Physical uplink channel for BSI reporting
For network triggered BSI reporting physical uplink control channel (PUCCH) would be used, i.e. the gNB triggers BSI reporting as well as PUCCH resources e.g. via DCI signaling. There may be different options for BSI reporting:
1) signal best DL beam and associated RSRP
2) signal best N DL beams and associated RPRPs
3) signal best DL beam per M best groups of beams and associated RSRPs

Proposal: Support network triggered BSI aperiodic reporting on PUCCH.
In addition to aperiodic BSI reporting, periodic BSI reporting may be needed as well. That is because of shortage of TXRU and beam resources when operating using hybrid or analog beamforming architecture which may make PUCCH capacity a bottleneck especially when there are moderate or high number of UEs in the cell that are having active beam management procedures running. In other words, capacity of PUCCH within one time domain resource is limited by the number of beams (and TXRUs) rather than by multiplexing capability of the channel itself.  
Proposal: Support periodic BSI reporting on PUCCH.
For UE triggered BSI reporting, the report could be signaled in MAC CE. When BSI reporting is triggered, UE may request UL resources using SR and then add BSI report into the UL packet within MAC CE. Thus, general SR design principle could be used and no specific uplink signal for requesting BSI reporting would be needed.
Proposal: Support BSI reporting on MAC CE. 
2.3	Beam Status Information
BSI report is used to signal to gNB information about strong/preferred DL TX (and UL RX) beams together with their measures. In addition, the BSI reporting could include beam group feedback information, i.e. the UE may send to the gNB beam status information of different groups where groups are formed based on for instance:
· per UE RX beam, i.e. the UE may provide info how it sees gNB beams using different RX beams

The BSI report would include beam indices and corresponding beam strength/quality measure which may be grouped in certain way. Reference signal received power (RSRP) measure is considered as a baseline for beam measurements and selection where the main goal is to find strong beams. 
Proposal: Beam RSRP is measured from beam specific reference signals. 
Proposal: BSI information comprises beam indices that may have been grouped and associated RSRP values. 
Proposal: Range and resolution of RSRP for beam measurements needs to be further studied.
Proposal: Study whether wideband or narrowband reference beam reference signal is needed for better beam selection performance. 
BSI would be basis for P1 and P2 where the gNB beams are measured and selected. P3 is about potential UE side beam training. Thus, BSI would be used in P1 and P2 but not actually needed in P3. After UE beam training in P3, the gNB may trigger CSI-RS transmission and measurement from the UE where UE may use trained RX beam in P3 for calculating the CSI and provides CSI report to the gNB. Thus, it is considered that no BSI is needed in P3 as there it’s expected that UE aligns its RX beam better towards the already selected gNB beam and thus CSI report would be more natural feedback from the UE along side P3. 
Proposal: BSI is used in P1 and P2, but not needed in P3. 
3	Conclusions 
In this contribution relation basic beam management procedure functionalities are discussed. Based on discussion the following observations and proposals are made:
Proposal: Support also UE triggered beam info reporting procedures.
Proposal: gNB should have means to control UE triggered beam info reporting load.
Proposal: Support network triggered BSI aperiodic reporting on PUCCH.
Proposal: Support periodic BSI reporting on PUCCH.
Proposal: Support BSI reporting on MAC CE.
Proposal: Beam RSRP is measured from beam specific reference signals. 
Proposal: BSI information comprises beam indices that may have been grouped and associated RSRP values. 
Proposal: Range and resolution of RSRP for beam measurements needs to be further studied.
Proposal: Study whether wideband or narrowband reference beam reference signal is needed for better beam selection performance. 
Proposal: BSI is used in P1 and P2, but not needed in P3. 
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