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1 Introduction
In RAN1#90 meeting [1], the following agreement was achieved:
· 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
There was also agreement on differential beam reporting in RAN1#AH02 meeting [2],
· 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, 
· [bookmark: OLE_LINK9][bookmark: OLE_LINK10]FFS: Other issues
In RAN1#89, the following configuration for group based beam reporting is agreed,
· For beam management with beam group reporting the following quantities should be considered
· the max number of groups supported in the specification M, 
· the max number of Tx beams per group supported in the specification N
· the number of groups to report L 
· the number of Tx beams per group in the report Q
· FFS: UE-specific configuration of the parameters L, Q incorporating UE-capability information
This contribution is focused on L1-RSRP reporting for multiple beams.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Considerations on L1-RSRP beam reporting
According to previous discussion and agreement, it may be beneficial to report RSRP for multiple beams in a differential way. Moreover, the differential RSRP scheme might be performed in terms of non-grouping based, intra-grouping based or inter-grouping based. Before going into the details of differential beam reporting, RSRP parameters for beam reporting should be defined, regardless of grouping or non-grouping based schemes.
First of all, regarding the L1-RSRP levels, the RSRP table used in LTE can serve as a starting point for the design of new RSRP table for beam reporting in NR. The RSRP table used in LTE is shown in Table 1, which is focused on RSRP levels ranged from -140dBm to -44dBm. Based on this table, revisions or restrictions can be applied to generate a new table in order to cover different needs for various beam reporting cases.  For example, different step-sizes can be set for the purpose of payload reduction in beam reporting. Moreover, the full range of RSRP in LTE can be restricted to small ones, e.g., from [-140, -44]dBm in LTE to [-60, -44]dBm in NR, to match the dynamic range of different reference signals (SS block, P/SP/AP CSI-RS and so on). Even if RSRP levels out of the range of LTE’s Table are found necessary, a shifting value can be configured to shift the L1-RSRP levels in LTE into a new targeted RSRP range.
Table 1 RSRP measurement and reporting mapping in LTE
	Reported value
	Measured value (dBm)

	RSRP_00
	RSRP<-140

	RSRP_01
	-140≤RSRP<-139

	RSRP_02
	-139≤RSRP<-138

	…
	…

	RSRP_95
	-46≤RSRP<-45

	RSRP_96
	-45≤RSRP<-44

	RSRP_97
	-44≤RSRP


Based on the above discussions, we have the following proposal.
Proposal 1: NR should support RSRP table in LTE as a starting point for the design of new RSRP table for beam reporting in NR, and revise or restrict the LTE’s table to cover different needs for different beam reporting cases.
The step-size of RSRP in beam reporting, which determines the granularity and resolution of a beam RSRP, should be different depending on reporting cases. A larger step-size of RSRP value leads to a smaller payload to be reported, but with a coarser RSRP resolution. Considering the payload of aperiodic reporting may be larger than periodic or semi-persistent reporting, the step-size of RSRP in periodic or semi-persistent reporting can be set larger than the one in aperiodic reporting accordingly. Moreover, if both PUCCH and PUSCH based beam reporting are supported in NR, the step-size of RSRP reported on PUCCH may be larger than the one reported on PUSCH. Lastly, unequal step-size of RSRP in the table should not be precluded.
In our companion contribution [3], each RSRP in beam reporting is decomposed into two parts: a pattern that the RSRP belongs to, and a differential value which is derived based on its pattern. The pattern of a small payload, e.g., 4 or 7 bits in a beam reporting, has typically a large step-size of RSRP which is determined by the RSRP thresholds. In contrast, the differential value of a relatively larger payload, e.g., 12 or 16 bits, has a small step-size since it mainly provides fine RSRP resolution further from the pattern. Considering the payload, it can report the pattern without the differential value through periodic or semi-persistent reporting, and can report both the pattern and the differential value through aperiodic reporting. Moreover, the reporting of a pattern can be carried by a PUCCH, while reporting both the pattern and the differential value can be carried by a PUSCH, if supported.
Based on the above discussions, we have the following proposal.
Proposal 2: NR should support different step-size of RSRP in periodic, semi-persistent and aperiodic reporting, and also different step-size of RSRP in beam reporting carried by PUCCH and PUSCH.
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Figure 1A Beam ordering information with RSRP in beam reporting 
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Figure 1B Beam ordering information without RSRP in beam reporting
In a typical beam reporting, the beam ordering information are reported besides the RSRP value of each reported beam. The ordering information contains a number of reported beam IDs. The beam IDs can be ordered by default in a reporting format, e.g., Figure 1A. That is, for each reporting instance, the first beam ID represents the first strongest beam, the second beam ID represents the second strongest beam, and so on. In some cases, the RSRP value to each reported beam might not need to be reported, e.g., in a reporting format as shown in Figure 1B. For example, the ordering information of beams at the gNB may be sufficient to perform TX beam switching in non-grouping based scheme or within a beam group in a grouping based scheme. Reporting the beam ordering information alone without beam RSRP values can reduce the beam reporting payload significantly. Considering this, we propose the following.
Proposal 3: NR should support reporting the beam ordering information alone without RSRP values in beam reporting.
In the case of non-grouping based beam reporting, the maximum TX beam number should be frequency band dependent. In general, it is reasonable to support a larger number of TX beams for a higher frequency band, and a smaller number of TX beams for a lower frequency band. To this end, it is reasonable to scale the maximal TX beam numbers reported by a UE per reporting instance with the maximum number of TX beams. Table 1 provides a setting example of TX beam numbers.
Table 2 Examples of TX beam number relationship
	Maximum TX Beam Number
	Maximum TX Beam Number per Reporting instance

	128
	8

	64
	8

	32
	4 or 8

	16
	4

	8
	2 or 4

	4
	1 or 2


Based on Table 2, we have the following proposal.
Proposal 4: NR should support different maximum number of TX beams and TX beams reported by a UE per reporting instance for different frequency band, and the maximum number should be increased as frequency band goes higher.
3 Conclusion
This contribution provided our observations and proposals for L1-RSRP reporting in NR. And particularly, there are:
Proposal 1: NR should support RSRP table in LTE as a starting point for the design of new RSRP table for beam reporting in NR, and revise or restrict the LTE’s table to cover different needs for different beam reporting cases.
Proposal 2: NR should support different step-size of RSRP in periodic, semi-persistent and aperiodic reporting, and also different step-size of RSRP in beam reporting carried by PUCCH and PUSCH.
Proposal 3: NR should support reporting the beam ordering information alone without RSRP values in beam reporting.
Proposal 4: NR should support different maximum number of TX beams and TX beams reported by a UE per reporting instance for different frequency band, and the maximum number should be increased as frequency band goes higher.
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