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Introduction
In this contribution, we present Samsung’s views on various issues of DL and UL beam management, including beam measurement and report, beam indication, the configuration and transmission of CSI-RS and SRS for beam management.
Discussions
1 
2 
Beam indication for PUCCH
For the PUCCH resources, we configure the Tx beam(s) through the RRC parameter PUCCH_SpatialRelationInfo and then use MAC-CE to activate one if multiple RS IDs are configured. The UE can also be configured with some PUCCH resources through system formation block type 1 [3]. For those PUCCH, we cannot use the mechanism of RRC parameter PUCCH_SpatialRelationInfo. For the UE to determine the transmit beam directions for those PUCCH resources, the UE can use the beam that is used for msg3 transmission. For detailed discussion, please see our companion contribution [4].
Proposal 1: For PUCCH resource configured in system information block, the UE shall apply the Tx beam that is used to transmit msg3 in RACH.
The following table provides the corresponding text proposal for Proposal 1:
	Text proposal for Proposal 1:
In TS 38.213, Section 9.2.1 PUCCH Resource sets
…
If a UE is not configured with higher layer parameter PUCCH-resource-set, an UL BWP for PUCCH transmission with HARQ-ACK information is indicated by SystemInformationBlockType1 and a set of PUCCH resources is provided by higher layer parameter PUCCH-resource-common in SystemInformationBlockType1. The UE transmits those PUCCH using the same spatial domain transmission filter as for the Msg3 PUSCH transmission.
…  


 
Beam indication for PUSCH
For a PUSCH transmission, the UE can determine the transmit beamformer as indicated by the SRI field in scheduling DCI format 0_1. For codebook-based PUSCH, one SRI is indicated in DCI format 0_1 and for non-codebook-based PUSCH, one or more SRIs can be signalled in DCI format 0_1. But, a PUSCH can be scheduled by a DCI format 0_0, i.e., the fallback UL DCI. There is no SRI field or Tx beam indication in DCI format 0_0. We can allow the UE to use the Tx beam corresponding to the Rx beam used to receive the DCI format 0_0. For detailed discussion, please see our companion contribution [4]. 
Proposal 2: For PUSCH resource scheduled by DCI format 0_0, the UE shall apply the Tx beam that corresponds to the Rx beam used to receive the PDCCH where DCI format 0_0 is detected. 
The following table provides the corresponding text proposal for Proposal 2:
	Text proposal for Proposal 2:
In TS 38.214, Section 6.1 UE procedure for transmitting the physical uplink shared channel
[bookmark: _Hlk498514022]PUSCH transmission(s) can be dynamically scheduled by an UL grant in a DCI, or semi-statically configured to operate according to subclause 6.1.2.3 and according to Subclause 5.8.2 of [10, TS 38.321] upon the reception of higher layer parameter of UL-TWG-type1 without the detection of an UL grant in a DCI, or semi-persistently scheduled by an UL grant in a DCI after the reception of higher layer parameter of UL-TWG-type2.
For uplink, a maximum of 16 HARQ processes per cell in supported by the UE. 
For PUSCH transmission scheduled with a DCI format 0_0, the UE shall transmit the PUSCH with the same spatial domain transmission filter used for the reception of PDCCH where the scheduling DCI format 0_0 is detected.


Beam indication for PDSCH
The beam indication for PDSCH is based on a threshold for scheduling offset. When the scheduling offset between assignment DCI and PDSCH is less than threshold Threshold-Sched-Offset, spatial QCL for CORESET is used for the PDSCH. The value for Threshold-Sched-Offset is not decided yet. In our view, the value for Threshold-Sched-Offset should be based on each UE’s capability. And the threshold value should be an integer number of slots for the operating SCS to avoid unnecessary complexity caused by symbol-level threshold. Multiple SCS values are supported in NR. In NR phase 1, SCS = 60 and 120 kHz are supported for data in >6GHz bands and SCS = 15/30/60 kHz are supported for data in 1~6GHz bands. The UE can report, T0, the time needed to complete the DCI decoding and obtain the TCI information. The value Threshold-Sched-Offset for a BWP with SCS value X kHz can be computed as: 
Proposal 3: For the spatial QCL indication for a PDSCH, per-UE Threshold-Sched-Offset is computed from , the time needed to complete the DCI decoding and obtain the TCI information reported in UE capability report as follows:
Threshold-Sched-Offset = 
The following table provides the corresponding text proposal for Proposal 3:
	Text proposal for Proposal 3:
In TS 38.214, Section 5.1.5 Antenna ports co-location
…
If the TCI-PresentinDCI is set as 'Enabled', the UE shall use the TCI-States according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the RS(s) in the RS set with respect to the QCL type parameter(s) given by the indicated TCI state if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, where the threshold is FFS. For both the cases when TCI-PresentInDCI = 'Enabled' and TCI-PresentInDCI = 'Disabled', if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset, the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located based on the TCI state used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE. The threshold Threshold-Sched-Offset shall be computed as =  slots for one BWP, where  is the time needed to decode the DCI and switch the spatial domain receive filters as reported by one UE.



Joint CSI-RS and SS/PBCH beam measurement and report
We agree to support joint CSI-RS and SS/PBCH beam measurement. However, it is not supported in current spec. The motivation for joint measurement is the SS/PBCH block might have narrow bandwidth so that the L1-RSRP measurement is not accurate enough to represent the wide-band beam quality. The CSI-RS resource with same Tx beam can be transmitted on the same OFDM symbols of one SS/PBCH block. The UE can combine the CSI-RS resource and SS/PBCH block transmitted on the same OFDM symbol with same Tx beam to measure the wide-band beam quality. When configured with joint measurement, the UE can use the SS/PBCH block and CSI-RS resource on the same OFDM symbol for the L1-RSRP measurement.
Proposal 4: NR supports new values for ReportQuantity set to ‘CRI/Joint-RSRP’ or ‘SSBRI/Joint-RSRP’ to configure UE with joint CSI-RS and SS/PBCH measurement. When configured, the UE shall jointly measure L1-RSRP with CSI-RS and SS/PBCH block that are on the same OFDM symbols and spatially QCLed.
 The following table provides the corresponding text proposal for Proposal 4:
	Text proposal for Proposal 4:
In TS 38.214,  Section 5.2.1.4 Reporting configurations
…
When the UE is configured with the higher higher layer parameter ReportQuantity set to 'CRI/Joint-RSRP' or ‘SSBRI/L1-RSRP’, the UE shall jointly measure L1-RSRP on CSI-RS resource and SS/PBCH that is sent on the same OFDM symbol and are spatial quasi co-located. The UE shall report in a single report nrofReportedRS (higher layer configured) different CRIs or SSBRIs and the jointly measured L1-RSRP or differential L1-RSRP of each reported CRI or SSBRI 
…



Differential L1-RSRP
In CRI/RSRP and SSBRI/RSRP report, if more than one CRI or SSBRI are reported, the UE shall report the differential L1-RSRP. The differential L1-RSRP shall use a 4-bit value and 2dB step size. The differential L1-RSRP can use the following bit values:
Table 1: Values of differential L1-RSRP
	The value of 4-bit
	Differential L1-RSRP range

	0x0000
	0dB ≥ differential L1-RSRP > -2dB

	0x0001
	-2 dB ≥ differential L1-RSRP > - 4dB

	…
	…

	0x1111
	-30dB ≥ differential L1-RSRP 



Proposal 5: The differential L1-RSRP uses the values defined in Table 1.
Beam report and CSI report
	Since an aperiodic report (CSI report or beam report) is triggered when it is deemed necessary, it is undesired to drop (not report) it, for example, due to collision with another report. Therefore, if an aperiodic beam report (comprising CRI/L1-RSRP or SSBRI/L1-RSRP) collides with an aperiodic CSI report, then both reports shall be multiplexed and reported by the UE. The details about multiplexing are provided in the companion contribution [5]. 
Proposal 6: If an aperiodic beam report collides with an aperiodic CSI report, then both reports are multiplexed and reported.
The corresponding text proposal is provided in [5].
Configure beams selected by gNB
In RAN1 #90bis, we agreed in R1-1719059 that in beam reporting, the beams can be selected by the gNB, as shown in below. 
	Agreement in RAN1 #90bis:
· 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, 4) beams can be selected by the gNB and indicated to the UE (FFS signaling mechanism)


The use case is the gNB can request the UE to report the L1-RSRP of some particular beams so that the gNB can monitoring them continuously. Those beams can be the serving beam for PDCCH and PDSCH. However, this agreed function is not supported in current specification. To complete this agreed function, the gNB needs to indicate one or a few CRIs or SSBRIs in reporting setting to indicate the UE to report the L1-RSRP of those indicated beams.  
Proposal 7: NR support that ReportConfig contains a ReportCRI_SSBRI to specify the CSI-RS resource indexes or SS/PBCH block indexes that the gNB select for the UE to report L1-RSRP.
 The following table provides the corresponding text proposal for Proposal 7:
	Text proposal for Proposals 7:
In TS 38.214,  Section 5.2.1.1 Report settings
Each Reporting Setting ReportConfig is associated with a single downlink BWP (indicated by higher layer parameter bandwidthPartId) and contains the reported parameter(s) for one CSI reporting band: CSI Type (I or II) if reported, codebook configuration including codebook subset restriction, time-domain behavior, frequency granularity for CQI and PMI, measurement restriction configurations, the layer indicator (LI), the reported L1-RSRP parameter(s), CRI, and SSBRI (SSB Resource Indicator). Each ReportConfig contains a ReportConfigID to identify the ReportConfig, a ReportConfigType to specify the time domain behavior of the report (either aperiodic, semi-persistent, or periodic), a ReportQuantity to indicate the CSI-related or L1-RSRP-related quantities to report, a ReportFreqConfiguration to indicate the reporting granularity in the frequency domain, a ReportCRI_SSBRI to specify the CSI-RS resource indexes or SS/PBCH block indexes that the UE shall report L1-RSRP. For periodic/semi-persistent reporting, a ReportConfig contains a ReportSlotConfig to specify the periodicity and slot offset. For aperiodic reporting, a ReportConfig contains an AperiodicReportSlotOffset to specify a set of allowed values of the timing offset for aperiodic reporting (a particular value is indicated in DCI). The ReportFreqConfiguration contains parameters to enable configuration of at least subband or wideband PMI and CQI reporting separately. The ReportConfig can also contain MeasRestrictionConfig-time-channel to specify parameters to enable configuration of time domain measurement restriction for channel. The ReportConfig can also contain MeasRestrictionConfig-time-interference to specify parameters to enable separate configuration of time domain measurement restriction for interference. The ReportConfig can also contain CodebookConfig, which contains configuration parameters for Type-I or Type II CSI including codebook subset restriction.
…
In TS 38.214 Section 5.2.1.4 Report configurations
…
When the UE is configured with the higher layer parameter ReportQuantity set to 'CRI/RSRP' or ‘SSBRI/RSRP’
· If the UE is configured with higher layer parameter ReportCRI_SSBRI, the UE shall include the CRI and or SSBRI indicated in ReportCRI-SSBRI and their L1-RSRP or differential L1-RSRP in a single reporting instance.
…


 
CSI-RS configuration for P-3
In our current design, CSI-RS resource for beam measurement has two different configuration aspects. On one hand, the CSI-RS resource set configured with higher layer parameter CSI-RS-ResourceRep set to 'ON' to indicate that one same Tx beam is repeated on those CSI-RS resources so that the UE can apply different Rx beams to implement the P-3 function in beam management. On the other hand, the CSI-RS resource can be configured with spatial quasi co-location to indicate the spatial Rx beam information to the UE. These two aspect might cause conflict. CSI-RS-ResourceRep set to 'ON' configure the UE to sweep Rx beam for P-3 procedure but the spatial QCL configuration requests the UE to use one particular Rx beam. That would cause confusion to the UE. To resolve the issue, we need define a per-set Spatial QCL. The UE can use the per-set Spatial QCL as reference to formulate multiple different spatial Rx filter to implement the P-3 procedure.
Proposal 8: When measuring CSI-RS resources in set configured with CSI-RS-ResourceRep set to 'ON', the UE shall be configured with a per-set Spatial QCL for those CSI-RS resources.  
All the CSI-RS resource in a set configured with with CSI-RS-ResourceRep set to 'ON' shall correspond to the same spatial QCL because one same transmit beam is applied on those CSI-RS resources. When those CSI-RS resources are transmitted, the UE would apply different Rx beams to measure them (i.e., with respect to the same Tx beam) and then find the ‘best’ Rx beam with respect to this Tx beam carried by that set. This ‘best’ Rx beam shall be the spatial Rx beam indicated by the Spatial QCL of any CSI-RS resources in this set. 
Proposal 9: In a CSI-RS resource set configured with CSI-RS-ResourceRep set to 'ON', any CSI-RS resource shall correspond to the same Spatial QCL Rx parameter that the UE can obtain from measuring the set of CSI-RS resources.   
The following table provides the corresponding text proposal for Proposal 8 and 9:
	Text proposal for Proposals 8 and 9:
In TS 38.214,  Section 5.1.6.1.2 CSI-RS for L1-RSRP computation
If a UE is configured with the higher-layer parameter CSI-RS-ResourceRep set to 'ON', the UE may assume that the CSI-RS resources, described in Subclause 5.2.2.3.1, within the resource set are transmitted with the same downlink spatial domain transmission filter, where the CSI-RS resources in the resource set are transmitted in different OFDM symbols. The UE is not expected to receive different periodicity in CSI-RS-timeConfig and NrofPorts in every CSI-RS resource within the set. When the UE is configured with higher layer parameter ResourceSetConfig and when the higher layer parameter CSI-RS-ResourceRep is set to 'ON', the UE shall be configured with a per-set Spatial QCL assumption for the reception of those CSI-RS resources. If the CSI-RS-ResourceRep is set to 'OFF', the UE may not assume that the CSI-RS resources within the resource set are transmitted with the same downlink spatial domain transmission filter and with same NrofPorts in every symbol.
When the UE is configured with higher layer parameter ResourceSetConfig and when the higher layer parameter CSI-RS-ResourceRep is set to 'ON', any CSI-RS resource in that set shall indicate the same Spatial Rx parameter that can be obtained by the UE from measuring one or more CSI-RS resources in that set.
…



SRS for UL beam management
The SRS resources in one set for beam management shall be transmitted with the same transmit power so that the gNB is able to measure the beam quality properly without any bias caused by transmit power offset. To ensure same transmit power, the UL power control parameters are configured per SRS set. However, we need also ensure all the SRS resources in one set have the same bandwidth. If different SRS resources have different bandwidth, the SRS resource with larger bandwidth might reach the power cap and it would cause two consequences: different transmit power on different SRS resources and different transmit power density (i.e., transmit power per RE). That would mess up the UL beam measurement.
Proposal 10: In one SRS resource set configured with higher layer parameter SRS-SetUse = “BeamManagement”, all the SRS resources shall be configured with the same SRS bandwidth.  
The following table provides the corresponding text proposal for Proposal 10:
	Text proposal for Proposal 10:
In TS 38.214, Section 6.2.1 UE sounding procedure 

The UE can be configured with one or more Sounding Reference Symbol (SRS) resource sets as configured by the higher layer parameter SRS-ResourceSetConfig. For each SRS resource set, a UE may be configured with SRS resources (higher later parameter SRS-ResourceConfig), where the maximum value of K is indicated by [SRS_capability [13, 38.306]]. The SRS resource set applicability is configured by the higher layer parameter SRS-SetUse. When the higher layer parameter SRS-SetUse is set to 'BeamManagement', only one SRS resource in each of multiple SRS sets can be transmitted at a given time instant. The SRS resources in different SRS resource sets can be transmitted simultaneously. When the higher layer parameter SRS-SetUse is set to 'BeamManagement', all the SRS resources in one SRS set shall have the same SRS bandwidth.
…


UL beam management has functions of U-1, U-2 and U-3. The mechanism of SRS_SpatialRelationInfo in current design is not able to support function of U-3, i.e., Tx beam sweeping for Tx beam refinement. U-2 can be supported but not in efficient way. For detailed discussion, please see our companion contribution [4]. To support U-3 function, we can do the following:
Proposal 11: For a SRS set for UL beam management, a parameter can be configured to indicate the beam sweeping behavior (e.g.,U-3) and a set-level Tx beam direction can be configured.  
The following table provides the corresponding text proposal for Proposal 11:
	Text proposal for Proposal 11:
In TS 38.214, Section 6.2.1 UE sounding procedure 
…
The UE can be configured with a higher layer parameter SRS-beamsweeping and a set-level parameter SRSSet-SpatialRelationInfo for one SRS resource set configured with higher layer parameter SRS-SetUse is set to 'BeamManagement'. When higher layer parameter SRS-beamsweeping set to ‘TxBeamSweep’, the UE shall transmit different SRS resources with different spatial domain transmission filters and those spatial domain transmission filters shall be generated using the SRSSet-SpatialRelationInfo as a reference. When higher layer parameter SRS-beamsweeping set to ‘FixedBeam’, the UE shall transmit different SRS resources with one same spatial domain transmission filters and the spatial domain transmission filter shall be same to the spatial domain filter as indicated by SRSSet-SpatialRelationInfo.
…



In current design, each SRS resource can be configured with a SRS-SpatialRelationInfo for the information of Tx beam. For UL beam management, the UE can be configured with one or more SRS resource sets. The current design does not specify the UE behaviour when the set has some SRS resources without configuration of SRS-SpatialRelationInfo. For detailed discussion, please see your companion contribution [4]. In summary, we can clarify the UE behaviour as follows:
Proposal 12: For one SRS resource set configured with higher layer parameter SRS-SetUse = “BeamManagement”: 
· If none of the SRS resources are configured with SRS-SpatialRelationInfo, the UE shall transmit those SRS resources with different Tx beams.
· If a subset of the SRS resources are configured with SRS-SpatialRelationInfo and the others are not, the UE shall transmit the SRS resources without SRS-SpatialRelationInfo with Tx beam other than the Tx beams of those SRS resources configured with SRS-SpatialRelationInfo.
The following table provides the corresponding text proposal for Proposal 12:
	Text proposal for Proposal 12:
In TS 38.214, Section 6.2.1 UE sounding procedure 
…
· if the UE is configured with the higher layer parameter SRS-SpatialRelationInfo set to 'SSB/PBCH', the UE shall transmit the SRS resource with the same spatial domain transmission filter used for the reception of the SSB/PBCH, if the higher layer parameter SRS-SpatialRelationInfo is set to 'CSI-RS', the UE shall transmit the SRS resource with the same spatial domain transmission filter used for the reception of the periodic CSI-RS or of the semi-persistent CSI-RS, or of the aperiodidc CSI-RS. If the higher layer parameter SRS-SpatialRelationInfo is set to 'SRS', the UE shall transmit the SRS resource with the same spatial domain transmission filter used for the transmission of the periodic SRS or of the semi-persistent SRS or of the aperiodic SRS.
For one SRS resource set configured with higher layer parameter SRS-SetUse = “BeamManagement”:
· If none of the SRS resources are configured with higher layer parameter SRS-SpatialRelationInfo, the UE shall transmit those SRS resources with different spatial domain transmission filters.
· If a subset of the SRS resources are configured with higher layer parameters SRS-SpatialRelationInfo and the others are not, the UE shall transmit the SRS resources without being configured with higher layer parameter SRS-SpatialRelationInfo with spatial domain transmission filters other than the spatial domain transmission filters applied to those SRS resources configured with higher layer parameter SRS-SpatialRelationInfo.
The 2-bit SRS request field [5 TS38.212] in DCI format 0-0, 0-1, 1-0, 1-1, 2-2 indicates the triggered SRS resource set given in Table 6.2.1-1.
…



Conclusions
In this contribution, a few issues on beam reporting, beam indication and UL beam management are discussed. Based on the discussion, the following proposals are provided:
Proposal 1: For PUCCH resource configured in system information block, the UE shall apply the Tx beam that is used to transmit msg3 in RACH.
Proposal 2: For PUSCH resource scheduled by DCI format 0_0, the UE shall apply the Tx beam that corresponds to the Rx beam used to receive the PDCCH where DCI format 0_0 is detected. 
Proposal 3: For the spatial QCL indication for a PDSCH, per-UE Threshold-Sched-Offset is computed from , the time needed to complete the DCI decoding and obtain the TCI information reported in UE capability report as follows:
Threshold-Sched-Offset = 
Proposal 4: NR supports new values for ReportQuantity set to ‘CRI/Joint-RSRP’ or ‘SSBRI/Joint-RSRP’ to configure UE with joint CSI-RS and SS/PBCH measurement. When configured, the UE shall jointly measure L1-RSRP with CSI-RS and SS/PBCH block that are on the same OFDM symbols and spatially QCLed.
Proposal 5: The differential L1-RSRP uses the values defined in Table 1.
Proposal 6: If an aperiodic beam report collides with an aperiodic CSI report, then both reports are multiplexed and reported.
Proposal 7: NR support that ReportConfig contains a ReportCRI_SSBRI to specify the CSI-RS resource indexes or SS/PBCH block indexes that the gNB select for the UE to report L1-RSRP.
Proposal 8: When measuring CSI-RS resources in set configured with CSI-RS-ResourceRep set to 'ON', the UE shall be configured with a per-set Spatial QCL for those CSI-RS resources.  
[bookmark: _GoBack]Proposal 9: In a CSI-RS resource set configured with CSI-RS-ResourceRep set to 'ON', any CSI-RS resource shall correspond to the same Spatial QCL Rx parameter that the UE can obtain from measuring the set of CSI-RS resources.   
Proposal 10: In one SRS resource set configured with higher layer parameter SRS-SetUse = “BeamManagement”, all the SRS resources shall be configured with the same SRS bandwidth.  
Proposal 11: For a SRS set for UL beam management, a parameter can be configured to indicate the beam sweeping behavior (e.g.,U-3) and a set-level Tx beam direction can be configured.  
Proposal 12: For one SRS resource set configured with higher layer parameter SRS-SetUse = “BeamManagement”: 
· If none of the SRS resources are configured with SRS-SpatialRelationInfo, the UE shall transmit those SRS resources with different Tx beams.
· If a subset of the SRS resources are configured with SRS-SpatialRelationInfo and the others are not, the UE shall transmit the SRS resources without SRS-SpatialRelationInfo with Tx beam other than the Tx beams of those SRS resources configured with SRS-SpatialRelationInfo.
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