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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. We need to specify the method for the UE to determine the Tx beam for the time period after RRC configuration and before MAC-CE selection. There are multiple alternatives for that and all have pros and cons. The method of using beam identified during initial access is preferred for simplicity. For detailed discussion, please see our companion contribution [4].
Proposal 1: After the RRC configuration of PUCCH-SpatialRelationInfo with multiple RSs and before MAC-CE selection, the UE shall apply the Tx beam that is used to transmit msg3 in RACH for the PUCCH.
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
…
· a spatial setting provided by higher layer parameter PUCCH-Spatialrelationinfo if it provides a single value for higher layer parameter Spatialrelationinfo; otherwise, the spatial setting is provided by a selection command for the value of Spatialrelationinfo [11, TS 38.321]. If higher layer parameter PUCCH-Spatialrelationinfo provides multiple values, the UE shall transmit PUCCH using the same spatial domain transmission filter as for the Msg3 PUSCH transmission before a selection command for the value of PUCCH-Spatialrelationinfo is received. 


 
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 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.


Uplink cross-carrier beam indication
Current specification does not support cross-carrier uplink beam indication. In the spatial relation configuration for PUCCH and SRS, there is no cell index information for the configured RS ID. Thus the gNB can not configure the RS on one carrier as the spatial relation for a PUCCH or SRS on another carrier. In some deployment scenarios, we need such cross-carrier indication. Furthermore, cross-carrier indication is supported in TCI for downlink beam indication. For detailed discussion, please see our companion contribution [4]. 
Proposal 3: Support uplink cross-carrier beam indication for PUCCH and SRS; Add Cell index information in SpatialRelation configuration
The following table provides the corresponding text proposal for Proposal 3:
	Text proposal for Proposal 3:
In TS 38.331
[bookmark: _Toc510018651]–	PUCCH-Config
…
PUCCH-SpatialRelationInfo ::=				SEQUENCE {
	pucch-SpatialRelationInfoId					PUCCH-SpatialRelationInfoId,
	referenceSignal 							CHOICE {
	-- The carrier which the RS is located in. If the field is absent, it applies to the serving cell in which the PUCCH-SpatialRelationInfo is configured
	     cell						                   ServCellIndex			OPTIONAL,	-- Need R
		ssb-Index									SSB-Index,
		csi-RS-Index								NZP-CSI-RS-ResourceId,
		srs											SRS-ResourceId
	},
	pucch-PathlossReferenceRS-Id 				PUCCH-PathlossReferenceRS-Id,
	p0-PUCCH-Id									P0-PUCCH-Id,
	closedLoopIndex								ENUMERATED { i0, i1 }
}
…
[bookmark: _Toc510018698]–	SRS-Config
…
	spatialRelationInfo						CHOICE {
-- The carrier which the RS is located in. If the field is absent, it applies to the serving cell in which the spatialRelationInfo is configured
	     cell						                   ServCellIndex			OPTIONAL,	-- Need R
		ssb-Index								SSB-Index,
		csi-RS-Index									NZP-CSI-RS-ResourceId,
		srs										SRS-ResourceId
	}	
…



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 
…



L1-RSRP Report
In the design of CRI/RSRP and SSBRI/RSRP report, the UE would meet technical difficulty because of the limited range that can be represented by a 7-bit L1-RSRP value. Assume the RSRP range for L1-RSRP is -140dBm to -44 dBm, same to what is defined in LTE. One example can illustrate the technical difficulty the UE would meet. Assume the UE reports 4 beams {beam #i, #j, #k, #l} and their measured RSRP are -30dBm, -35 dBm, -50 dBm and -55 dBm, respectively. Beam #i is has the largest L1-RSRP among those 4 and therefore, the UE shall report 7-bit L1-RSRP for it. Because the RSRP of beam #i is -30dBm, the UE can only report RSRP_97 (i.e., RSRP ≥ -44 dBm) for beam #i. For the rest three beams, the UE meet the difficulty on how to report their differential L1-RSRP:
1) The first problem is which L1-RSRP value the UE shall use as the reference to calculate the differential L1-RSRP for beams #j/k/l. One choice is to use the actual RSRP of beam #i, i.e., -30dBm. Another choice is to use the reported RSRP of beam #i, i.e., -44dBm.
2) The second problem is what shall be the differential L1-RSRP value of beam #j whose measured RSRP is also lager than -44dBm?
Alt#1 to resolve the above problems is that the UE uses the actual RSRP of beam #i as the reference for calculating differential L1-RSRP. In the above example, the UE would report ≥ -44 dBm for beam#i and differential L1-RSRPs -5dB, -20dB and -25dB for beam #j/k/l, respectively. The pros for this alternative is the offset between beams are accurately reported but cons is that the gNB is not able to derive the absolute L1-RSRP of beams #j/k/l. Alt#2 to revolve the above problem is that the UE uses the -44dBm (i.e., the largest represented value) as the reference for calculating differential L1-RSRP. Then for beam #k and l, the UE can report differential RSRP -6dB and 11dB, respectively. For beam #j, a special value of 4-bit differential L1-RSRP field can represent that the RSRP of beam #j is also ≥ -44 dBm. 
Alt#2 is preferred because Alt#2 can deliver more information than Alt#1 to the gNB side when the L1-RSRP of one or more reported beams is out of range. 
Proposal 5: For L1-RSRP report, support the following specification:
· When the largest L1-RSRP is larger than the largest reporting value of 7-bit RSRP, the UE shall use the largest value of 7-bit as the reference for differential L1-RSRP calculation.
· If the actual L1-RSRP of one Tx beam is also larger than the largest value of 7-bit RSRP field, the UE shall report a special value (e.g., 1111) in its 4-bit filed to indicate that. 
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].
CSI-RS for beam measurement
The transmission of aperiodic CSI-RS can be configured with triggering offset by higher layer parameter AperiodicNZP-CSI-RS-TriggeringOffset and the triggering offset can be 0 to 4 slots. For the CSI-RS resource configured with CSI-RS repetition to be “On”, the trigger offset shall be not less than scheduling offset threshold Threshold-Sched-Offset that is reported in UE capability. The reason is the UE is supposed to do Rx beam sweeping operation on CSI-RS resource set with CSI-RS repetition set to ‘On’ and the UE would sweep different Rx beams across OFDM symbols to complete P-3 function. Before UE finishes the decoding of DCI, the UE does not know whether the CSI-RS resource set with repetition ‘On’ is triggered or not and thus the UE shall not begin to use Rx beam sweeping to buffer the signals. Therefore, a gNB shall not configure triggering offset smaller than Threshold-Sched-Offset for an Aperiodic CSI-RS resource set with repetition ‘On’. 
In current design, for each aperiodic CSI-RS associated with each CSI triggering state, the UE is configured with QCL configuration that might include spatial QCL configuration. If spatial QCL configuration is configured, the UE shall use the corresponding Rx beam to measure that CSI-RS resource. The trigging time offset for a CSI-RS resource configured with spatial QCL shall not be less than scheduling offset threshold Threshold-Sched-Offset that is reported in UE capability. The reason is that if the trigger offset is less than threshold Threshold-Sched-Offset, the UE would have to apply a ‘default’ spatial QCL to measure the CSI-RS resource. On the other hand, to obtain proper measurement result, the UE must follow the spatial QCL configuration indicated to that CSI-RS resource, i.e., using the correct Rx beam to receive it. Using wrong Rx beam to measure one CSI-RS resource for CSI or RSRP report would totally mess up the CSI reporting. Therefore, the triggering offset shall be no less than threshold Threshold-Sched-Offset if spatial QCL is configured.
Proposal 7: For aperiodic CSI-RS resource set with CSI-RS-ResourceRep set to 'ON', the UE does not expect trigger time offset to be less than Threshold-Sched-Offset. For aperiodic CSI-RS resource set configured with ‘QCL-TypeD’, the UE does not expect trigger time offset to be less than Threshold-Sched-Offset.   
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. 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 8: For CSI-RS resource set with CSI-RS-ResourceRep set to 'ON', the UE shall be configured with a per-set Spatial QCL for those CSI-RS resources. When any CSI-RS resource in such a set is used as Spatial QCL source, a UE shall use the same Spatial QCL Rx parameter that is obtained by measuring the set of CSI-RS resources.   
The following table provides the corresponding text proposal for Proposals 8:
	Text proposal for Proposals 8:
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 9: 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 9:
	Text proposal for Proposal 9:
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 10: 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 to support the function of U-2/U-3.  
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 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 11: 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 11:
	Text proposal for Proposal 11:
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: After the RRC configuration of PUCCH-SpatialRelationInfo with multiple RSs and before MAC-CE selection, the UE shall apply the Tx beam that is used to transmit msg3 in RACH for the PUCCH.
[bookmark: _GoBack]Proposal 2: For PUSCH 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: Support uplink cross-carrier beam indication for PUCCH and SRS and add Cell index information in SpatialRelation configuration
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: For L1-RSRP report, support the following specification:
· When the largest L1-RSRP is larger than the largest value of 7-bit RSRP field, the UE shall use the largest value of 7-bit as the reference for differential L1-RSRP calculation.
· If the actual L1-RSRP of one Tx beam is also larger than the largest value of 7-bit RSRP field, the UE shall report a special value (e.g., 1111) in its 4-bit filed to indicate that.
Proposal 6: If an aperiodic beam report collides with an aperiodic CSI report, then both reports are multiplexed and reported.
Proposal 7: For CSI-RS resource set with CSI-RS-ResourceRep set to 'ON', the UE does not expect trigger time offset to be less than Threshold-Sched-Offset. For CSI-RS resource configured with ‘QCL-TypeD’, the UE does not expect trigger time offset to be less than Threshold-Sched-Offset.   
Proposal 8: For CSI-RS resource set with CSI-RS-ResourceRep set to 'ON', the UE shall be configured with a per-set Spatial QCL for those CSI-RS resources. When any CSI-RS resource in such a set is used as Spatial QCL source, a UE shall use the same Spatial QCL Rx parameter that is obtained by measuring the set of CSI-RS resources.   
Proposal 9: 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 10: 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 to support the function of U-2/U-3..  
Proposal 11: 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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