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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In beam management, a UE is configured with CSI-RS resources and/or SSBs to conduct L1-RSRP measurement. A UE is required to report the L1-RSRP of a selected subset of beams to gNB in order for gNB to configure its serving beams. In RAN1#90bis and RAN1#91 meeting, the details of reporting L1-RSRPs in a same report were agreed [2][3]. These agreements, and the related text in TR38.214, are as follows: 

RAN1#90bis
R1-1719059	WF on Beam Management
· Support Alt#1 for SSB: configuration of SSB resources within a resource setting for beam management. L1-RSRP measurement on those configured resources is reported. 
· For non-grouping based beam reporting, support the following reports parameters:
· Maximal number of configured Tx beams for beam measurement: K equals 64 
· Maximal number of configured Tx beams to be reported in one instance: N_max = 2, 4  where a subset of N (N<=N_max where N = 1, 2, 3, 4) beams can be selected by the gNB and indicated to the UE (FFS signaling mechanism)
· Reporting differential L1-RSRP when multiple beams are reported in one reporting instance. Reference is the largest L1-RSRP in that reporting instance. FFS other reference for differential reporting. 
· FFS applicable reporting channels and number of beams, and associated reporting contents 
· FFS: the UE adjusts the L1-RSRP of multiple RS resources according to the power offset between them 
· Bit-width: 7bit for L1-RSRP ranging from -140dBm to -44dBm with 1dB stepping size (analogous with LTE) and 4bit for differential L1-RSRP 
· FFS stepping size of differential quantization 

RAN1#91
[bookmark: _Hlk499566428]Agreement
Differential RSRP is computed with reference to the strongest reported RSRP
Step size: 2dB

These agreements are captured in TS38.214 V15.0.1 as follows [1]:
[
When the UE is configured with the higher layer parameter ReportQuantity set to 'CRI/RSRP'
-	if the UE is configured with the higher layer parameter group-based-beam-reporting set to 'OFF', the UE is not required to update measurements for more than 64 [CSI-RS and or SSB] resources, and the UE shall report in a single report nrofReportedRS (higher layer configured) different [CRI and SSBRI (SSB Resource Indicator)] for each report setting. If the higher layer parameter nrofReportedRS is configured to be one, the reported L1-RSRP value is defined by a 7-bit value in the range [-140, -44] dBm with 1dB step size. If the higher layer parameter nrofReportedRS is configured to be larger than one, the UE shall use largest L1-RSRP and differential L1-RSRP based reporting, where the largest value of L1-RSRP uses a 7-bit value and the differential L1-RSRP uses a 4-bit value. The differential L1-RSRP values are computed with 2 dB step size with a reference to the largest L1-RSRP value which is part of the same L1-RSRP reporting instance. 
-	if the UE is configured with the higher layer parameter group-based-beam-reporting set to 'ON', the UE may report in a single reporting instance up to number-of-beams-reporting L1-RSRP and CSI reports, where up to number-of-beams-reporting [CSI-RS and or SSB] resources can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters.
]

We think some details are still missing how a UE should report its L1-RSRP, in particular the reporting format, the case for group-based beam report, and the error case when the differential RSRP is out of range. In this contribution we discuss these issues and offer our point of view. 

2 Discussion

The current text in 38.214 only describes how the L1-RSRP value itself should be encoded and reported. Because there are multiple CSI-RS resources or SSB indices in a reporting setting, UE needs to identify up to nrofReportedRS CSI-RS resources or SSB indices in a single report. This requires UE to report the beam information as a (CRI/SSB_index, ΔRSRP) pair, instead of just a list of RSRPs. The details of the reporting format including CRI/SSB_index is missing. Right now only the bit widths (7 bits for the strongest beam and 4 bits for others) are defined. Their encoding scheme should be clearly defined. 

Proposal 1: In beam measurement report, UE shall report the beam L1-RSRP information of CSI-RS resource ID or SSB index i as a structure (CRI/SSB_index i, ΔL1-RSRPi), where CRI or SSB_index i identifies the CSI-RS resource or SSB on which the L1-RSRP measurement is conducted, andΔL1-RSRPi is the difference between the L1-RSRP of this beam and -44dBm (for the strongest beam), or the difference between the L1-RSRP of this beam and the strongest beam (for other beams).

When the UE is configured with the higher layer parameter group-based-beam-reporting set to 'ON', it includes in a report beams that it can receive simultaneously, either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters. Up to number-of-beams-reporting [CSI-RS and or SSB] resources can be included in a single report. The details of how multiple beams can be reported in a same report for group based reporting are missing. We propose to reuse the differential reporting scheme specified for non-group-based beam reporting. 

Proposal 2: Use the same reporting scheme for group-based and non-group-based beam report.

With the differential reporting scheme, the L1-RSRP of the strongest beam in a report is used as a reference for the weaker beams. The difference between the L1-RSRP of the strongest beam and a weaker beam is encoded with 4 bits with a step size of 2dB. This limits the L1-RSRP of a weaker beam to be within 31dBm of the strongest beam and may pose a challenge in some cases. As an example, suppose a UE needs to report L1-RSRP of three CSI-RS resources, with RSRP1=-50dBm, RSRP2=-60dBm and RSRP3=-90dBm respectively. With the encoding scheme in current TS38.214, their respective differential encoding ΔRSRP and binary representation are presented in the following table. 
Table 1.  An example of beam report with 3 CSI-RS resources.  
	
	L1-RSRP 
(dBm)
	ΔRSRP 
(dBm)
	Encoding stepsize (dB)
	Binary encoding with 7 bits
	Binary encoding with 7 or 4 bits

	CSI-RS1
	-50
	6
	1
	0000110
	00000110

	CSI-RS2
	-60
	10
	2
	0000101
	0101

	CSI-RS3
	-90
	40
	2
	0010100
	0100




In [4], Huawei proposed to reserve the codepoint 0b0000 to handle the case where the RSRP is “Out-of-range”, i.e. the RSRP difference is beyond what can be reported with 4bits (strongest L1-RSRP -31dBm) but higher than the lower threshold (-140dBm). Reserving this codepoint further reduces the range of differential RSRP that can be accurately reported. On the other hand, simply indicating a beam with its RSRP lying within a wide range provides little useful information. There could be multiple CSI-RS or SSB falling into this range, and gNB could not tell which one is better. When the L1-RSRP of a beam is out of the range for 4 bits (32dB or more lower than the strongest beam but still higher than or equal to -140dBm), an alternative way is to use two reporting structures jointly so total 8 bits can be used to represent the differential RSRP. An null CRI (CRInull) can be defined to indicate that two adjacent reporting structures are used jointly to encode a single beam. In the above example, for CSI-RS3, ΔRSRP3=-40dBm can be represented as 8 bits (0b00010100), where the first 4 bits (0b0001) and the second 4 bits (0b0100) are carried in two adjacent reporting structures as {(CRInull, 0b0001), (CRI3, 0b0100)}. Together with the other beams, the L1-RSRP reported by UE is as follows:
 {(CRI1, 0000110), (CRI2, 0101), (CRInull, 0001), (CRI3, 0100)}.
With this scheme, the RSRP of all three CSI-RS resources are represented faithfully. With total 8 bits, the entire dynamic range (97dBm) can be covered. Therefore we propose to concatenate two beam reporting structures to jointly report the L1-RSRP of a single beam when differential RSRP is out of scope for 4bits.

Proposal 3: Two beam reporting structures can be concatenated to jointly report the L1-RSRP of a single beam if necessary.

3 Conclusion

In this contribution, we discussed several issues related to beam reporting, in particular the detailed reporting format, group based beam report, and the error case when the L1-RSRP of a reported beam is out of range. We proposed the following to address these issues: 

Proposal 1: In beam measurement report, UE shall report the beam L1-RSRP information of CSI-RS resource i or SSB index i as a structure (CRI/SSB_index i, ΔL1-RSRPi), where CRI or SSB_index i identifies the CSI-RS resource or SSB on which the L1-RSRP measurement is conducted, andΔL1-RSRPi is the difference between the L1-RSRP of this beam and -44dBm (for the strongest beam), or the difference between the L1-RSRP of this beam and the strongest beam (for other beams).
Proposal 2: Use the same reporting scheme for group-based and non-group-based beam report.
Proposal 3: Two beam reporting structures can be concatenated to jointly report the L1-RSRP of a single beam if necessary.
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