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In RAN meeting AH#02 and #90, the following agreements were approved [1-2]:
	Agreements:
· Study L1-RSRP reporting of multiple beams considering
· Differential L1-RSRP for multiple beams
· Reference RSRP for L1-RSRP differential report,e.g., predefined or configurable
· Bit-width of reporting, 
· Number of groups/beams per group 
· UCI design of the beam reporting, 
· FFS: Other issues

Agreements:
· Support the following for group based beam reporting, if group based beam reporting is configured:
· In a beam reporting instance, a UE can be configured to report N different Tx beams that can be received simultaneously
· Note: UE may report N or fewer beams in a given reporting instance
· N is configured by the gNB where N<= Nmax
· Nmax depends on UE capability
· FFS:  how to define the UE capability
· N =2 is supported. Further study {4,8}
· Notes: Information indicating group is not required to be reported in Rel-15
· Note: 
· From the perspective of Alt-1, the UE reports one group with N Tx beams.
· From the perspective of Alt-2, the UE reports N group with one Tx beam per each group.
· Note: Mechanisms to reduce UE complexity for beam pair search should be further studied

Agreements:
· At least for non-grouping based beam reporting, taking the following parameter values for further consideration
· For maximal TX beam numbers for a UE to measure for a given reporting instance: candidate value is, e.g., around K = [64]
· For maximal TX beam numbers reported by a UE per reporting instance are, e.g., N = [1, 2, 4, 8]
· For L1-RSRP levels, candidate value is, e.g., around [100]
· Considering maximal L1-RSRP range, e.g., from X dBm to Y dBm
· Considering step-size of L1-RSRP, e.g., Z dB
· Companies are encouraged to evaluate/analyze appropriate values considering
· P1, P2, and P3 procedures
· The values could be different for aperiodic reporting, and semi-persistent/periodic reporting if supported
· The values could be different for PUCCH and PUSCH based reporting, if supported
· CSI-RS and/or SS-block related measurement/reporting



In this contribution, we discuss beam reporting for beam management. 
Beam reporting
Differential L1-RSRP
L1-RSPP had been agreed for beam reporting that could reduce the UE’s complexity of beam measurement compared to CSI information. However, the L1-RSRP feedback overhead for each Tx beam is still hard to ignore which may cost 7bits (e.g., [100]) and which may cost at most 56bits for reporting maximal beam number N=8 per reporting instance. One approach is differential L1-RSRP according to a reference RSRP with a suitable step-size. We could consider the following alternatives for determining reference RSRP.
Alt. 1 : The reference RSRP could be the highest L1-RSRP within Tx beams, and the UE needs to inform gNB which beam to be a reference. In this case, UE can implicitly inform gNB the Tx beam index with the highest L1-RSRP by beam ordering. 
[bookmark: _GoBack]Alt. 2 : The reference RSRP could be an average between the highest L1-RSRP and the lowest L1-RSRP within selected Tx beams. However, this dynamic value should feedback with additional bits in an explicit way. 
Alt. 3 : The reference RSRP could also be configured by network without additional feedback overhead, but with additional DL signalling. 
Based on above discussion, Alt.2 may not be suitable for determining reference RSRP due to the concern of the additional feedback overhead. Besides, when the configured N is small (e.g. 2), it’s not necessary to adopt differential L1-RSRP for reporting more accurate beam information.
Proposal 1: Support differential L1-RSRP, and down select between Alt.1 and Alt.3.
Periodic beam reporting 
Because a beam is sensitive to UE’s mobility or environment at high frequency band, the gNB should monitor the status of beams according to beam reporting. If the reported values of L1-RSRP within beams are quite low, the gNB could change the coverage of beams before all the beams are totally failure. As the case of periodic CSI reporting in LTE, the Tx beam information should also periodically report through PUCCH for more robustness. Moreover, to support sufficient payload size, long PUCCH has the capacity of containing more bits in comparison with short PUCCH. Considering the fixed payload size of PUCCH, the reported L1-RSRP may less accurate by differential way for monitoring more beams. The accurate beam information can be done by triggering aperiodic beam reporting through PUSCH without information loss.
Proposal 2: NR at least supports periodic beam reporting through long PUCCH
Although a UE is configured to report N different Tx beams, the UE still can regard N as a recommendation, where UE may report fewer selected Tx beams than N owing to rest of un-qualified beams. However, so far it’s not clear how to decide the number of Tx beam for reporting and how to inform gNB the related information that how many Tx beams reported by UE. 
Observation 1: It’s not clear how to inform gNB the related information that how many Tx beams reported by UE when UE reports number of Tx beam smaller than N 
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[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we have discussed beam reporting. In particular, we have the following proposals:
Proposal 1: Support differential L1-RSRP, and down select between Alt.1 and Alt.3.
Proposal 2: NR at least supports periodic beam reporting through long PUCCH
Observation 1: It’s not clear how to inform gNB the related information that how many Tx beams reported by UE when UE reports number of Tx beam smaller than N 
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