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1 Introduction
In RAN1#90b meeting [1], the following agreements were achieved:
· For L1-RSRP and/or beam resource indicators (e.g. CRI or SSB index) reporting for beam management, support the following UL channels: 
· Short/long PUCCH
· PUSCH
· Support the following reporting types for beam mgmt. on the above channels
· For Periodic, support long PUCCH and short PUCCH
· Semi-persistent – support all channels
· Aperiodic – support PUSCH and short PUCCH
· 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 
· At least for when Type I CSI collides with Type I CSI and Type II CSI collides with Type II CSI
· The following priority order for CSI periodicity types applies
· Aperiodic CSI > P-CSI
· Aperiodic CSI > SP-CSI
· Note: Study further on the priority between SP-CSI and P-CSI
· CSI on PUSCH has priority over CSI on PUCCH
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]This contribution is focused on beam reporting for multiple beams.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Compact L1-RSRP beam reporting
According to previous discussion and agreement, the RSRPs for multiple beams are reported in a differential way. That is, the largest RSRP of the first beam is reported by a 7 bit with a RSRP resolution of 1dBm, and the RSRPs of subsequent beams are reported by a 4 bit in representing its RSRP gap to the largest RSRP. In general, the differential beam reporting is expected to reduce the overhead of beam reporting from non-differential beam reporting.
One remaining FFS issue is to determine the stepping size in the 4-bit differential quantization. The maximum resolvable RSRP gap is 16*n dBm if stepping size is n dBm. Considering the subsequent beam with a RSRP gap of 32 dBm to the largest RSRP may be still useful in certain cases, it is reasonable to set the stepping size of differential RSRP as 2 dBm.
Proposal 1: NR should support a stepping size of 2dBm in the 4-bit differential RSRP quantization.
In a beam reporting instance, the number of Tx beams to be reported is configured to the UE by the gNB. A gNB may configure a UE to report N=1~4 beams depending on UE’s capacity (e.g., parameter “N_max”). Given the gNB’s configuration, UE may report less than N beams. There are several scenarios resulting in this. First, UE may detect less than N beams for beam reporting due to too low RSRPs of the monitored beams. Second, even if all N the beams are detectable, one or more RSRPs of the subsequent beams may be out of the resolvable RSRP gap to the largest RSPR, i.e., the RSRP gap may be larger than 32 dBm if stepping size is 2dBm. Considering this, one of 16 states accommodated by the 4-bit different RSRP reporting should indicate that the corresponding reported RSRP is in outage and not valid for practical use.  
Observation 1: One of 16 states accommodated by the 4-bit different RSRP reporting, e.g., “1111”, should be used to indicate that the corresponding RSRP is in outage and not valid, when N>=2.
In this background, reporting non-valid beam ID and their RSRPs consumes the uplink reporting resources and does not provide significant information to the gNB. Therefore, a compact beam reporting is more desirable. For example, to achieve this, it is beneficial to segment the beam reporting in two segmentations.
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Figure 1 Beam reporting with two segments
As shown in the figure, segment 1 carries the largest RSRP (RSRP 1) and its beam ID (CRI or SSBRI), along with the differential RSRP of second beam (RSRP 2), and segment 2 carries the remaining beam reporting information. The two segments may be transmitted respectively on two different PUCCHs in the same slot from one UE, and segment 1 is decoded before segment 2. If RSRP 2 is not valid, the UE sets RSRP 2 for the second strongest beam as “1111” and does not transmit segment 2 to make the whole beam reporting more compact. At the gNB, whether the segment 2 is decoded or not depending on the indication of the value of RSRP 2. If “1111” is found in segment 1, it means segment 2 is not present, and the gNB will not try to decode the segment 2; otherwise the segment 2 will be decoded. The reduced reporting resource can be used for other purpose, e.g., multiplexing other UCI, or simply repeating the transmission of segment 1 to improve its reception reliability. In yet another case, if two beam reporting formats are configured to one UE, the UE may choose one regular format to report a full of N beams, and the other compact format to report only segment 1 if the differential RSRPs are not valid. 
Proposal 2: NR should support a compact beam reporting in case of differential RSRPs are out of range of 4-bit differential quantization.
3 Collision handling between beam reporting and CSI reporting
The collision handling within types of CSI reporting has been discussed in last 3GPP meeting, and one priority rule is the aperiodic CSI reporting should have a higher priority than periodic or semi-persistent CSI reporting in each type of CSI reporting. Independent from CSI reporting, a beam reporting can be triggered depending on the specific use case or scenario. It can happen that a beam reporting collides with a CSI reporting on one reporting channel, either short/long PUCCH or PUSCH. Therefore, the collision between beam reporting and CSI reporting should also be handled. 
One solution is to predefine a priority between the beam reporting and the CSI reporting. In case of collision, lower priority one of beam reporting and CSI reporting should be dropped if uplink reporting resource is not sufficient. There are two options in defining such a priority.
Option 1: Beam reporting (e.g., CRI or SSBRI, and corresponding L1-RSRP) has a higher priority than the CSI reporting (e.g., RI/PMI/CQI). The UCI formats containing beam reporting information have a higher priority than the UCI formats only containing CSI reporting information.
Option 2: CSI reporting (e.g., RI/PMI/CQI) has a higher priority than the beam reporting (e.g., CRI or SSBRI, and corresponding L1-RSRP). The UCI formats containing CSI reporting information have a higher priority than the UCI formats only containing beam reporting information.
Both two options can be important for specific use cases. In the case of beam failure, beam reporting should have a higher priority than the CSI reporting, in order to support a fast beam failure recovery. In a normal case, CSI reporting may have a higher priority for the purpose of fast CSI acquisition, in particular for aperiodic CSI reporting. By default, the beam reporting can have a higher priority than CSI reporting, which can be predefined in the spec., or semi-statically configured by the gNB. However, to allow flexibility for handling the collision, when triggering the aperiodic CSI reporting, the DCI indicated by the gNB can lower down the priority of beam reporting temporally to give way for a fast CSI reporting.  
Proposal 3: NR should support a configurable priority between CSI reporting and beam reporting. 
4 Conclusion
This contribution provided our observations and proposals for beam reporting in NR. And particularly, there are:
Proposal 1: NR should support a stepping size of 2dBm in the 4-bit differential RSRP quantization.
Observation 1: One of 16 states accommodated by the 4-bit different RSRP reporting, e.g., “1111”, should be used to indicate that the corresponding RSRP is in outage and not valid, when N>=2.
Proposal 2: NR should support a compact beam reporting in case of differential RSRPs are out of range of 4-bit differential quantization.
Proposal 3: NR should support a configurable priority between CSI reporting and beam reporting.
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