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Introduction
In RAN1 NR WI, the following agreements related with UL beam management and beam indication were made:
	Agreement:
Modify the RRC parameter PUCCH-Spatial-relation-info as list. 
Each entry can be SSB ID or, a CRI, or a SRI
One or multiple SpatialRelationInfo IE(s) is included in the list.
Introduce MAC-CE signalling to provide spatial relation information for a PUCCH resource to one of the entries in PUCCH-Spatial-relation-info



In this contribution, we present Samsung’s views on the following issues on UL beam management and SRS: Tx beam indication for PUCCH, Tx beam indication for PUSCH scheduled by DCI format 0_0, cross-carrier beam indication and SRS configuration/transmission for UL beam sweeping
Discussion
1 
2 
Tx beam indication for PUCCH
For PUCCH channel, the UE can be configured with a parameter PUCCH-SpatialRelationInfo to provide the information of Tx beam. This parameter can indicate one CSI-RS resource, one SS/PBCH block or one SRS resource. The UE can figure out the transmit beamforming based on the indicated RS resource. When more than one RS resources are configured in PUCCH-SpatialRelationInfo, a MAC-CE message is used to activate one RS resource for the UE to determine the transmit beam. For the time period between RRC configuration and the first MAC-CE message, we need to specify the method for the UE to determine Tx beam.
There exist a few different alternatives and they have different pros and cons:
· Alt1: using the one particular entry, for example 1st entry, in PUCCH-SpatialRelationInfo. In our view, one potential issue for this method is the RRC layer has to pay special consideration on the 1st entry in the configuration to ensure the UE can use it immediately. 
· Alt2: using the Tx beam activated by one previous MAC-CE. The pros for this method is the UE can continue to use one previously-activated RS. However, one issue for this method is complex operation at UE side. The PUCCH-SpatialRelationInfo is configured and activated per PUCCH resource. When a new PUCCH-SpatialRelationInfo is configured, the UE would have to figure out which activated RS shall be used for the time period between RRC configuration and MAC-CE. In our view, this method would result in some unnecessary UE complexity.
· Alt3: using the SS/PBCH block identified during initial access. The pros for this method is simplicity. However, one potential issue can be the Tx beam identified during initial access might be aged at that moment.      
We can observe every alternative has pros and cons. In our view, alt3 is preferred due to simplicity.
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. 



Tx beam indication for PUSCH
In NR, the Tx beam indication for PUSCH is signalled through SRS resource indicator. For codebook-based PUSCH, one SRS resource signalled through the SRS resource indicator in DCI format 0_1 provides the Tx beam information. For codebook-based PUSCH, one or more SRS resources signalled through the SRS resource indicator in DCI 0_1 provides the Tx beam information.
PUSCH can be scheduled through DCI format 0_0. The DCI format 0_0 is fallback format and does not contain the SRS resource indicator. Therefore, we need specify the method for the UE to determine the Tx beam for PUSCH scheduled by fallback DCI. It is necessary to specify such method to avoid the UE to choose Tx beam arbitrary because the gNB need to choose proper Rx beam to receive the PUSCH accordingly. One solution can be that the UE can assume to use the Tx beam that corresponds to the Rx beam used to receive the PDCCH where the scheduling DCI format 0_0 is detected. For example, the UE detects DCI format 0_0 in the PDCCH transmitted in slot n, then the UE can use the same beam to transmit the scheduled PUSCH as the Rx beam used to receive the DCI format 0_0. This option enables dynamic beam switch for PUSCH and provides more flexibility. 
 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
In current specification, one existing issue for uplink beam indication is that cross-carrier beam indication is not supported. The gNB cannot configure RS on one carrier for the Tx beam indication of uplink transmission on another carrier.
The Tx beam indication for PUCCH is configured through higher layer parameter PUCCH_SpatialRelationInfo that indicates one or more RS IDs. There is no cell index information for the RS ID configured in PUCCH_SpatialRelationInfo. For SRS resource, the Tx beam indication is configured through higher layer parameter SpatialRelationInfo where one RS ID (one CSI-RS resource, SS/PBCH block or another SRS resource) is indicated. The beam indication for PUSCH is signalled through the SRI field in assignment DCI. There is no cell index information for the RS ID configured in SpatialRelationInfo too.
We shall support cross-carrier beam indication for uplink transmission. In the configuration of TCI for downlink beam indication, cell index information is included. We can have the same design for uplink by including cell index information in spatial relation configuration for PUCCH and SRS. In some deployment scenarios, uplink cross-carrier beam indication is necessary. One example is SS/PBCH block is used as the spatialRelation for PUCCH and SRS and SSB is only transmitted in some carrier(s). Then we have to use cross-carrier beam indication here.
Proposal 3: Support uplink cross-carrier beam indication for PUCCH and SRS and 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
	}	
…



SRS configuration
When the UE sends a set of SRS resources for UL beam management, the UE needs to apply same transmit power on those SRS resources. That is necessary for the gNB to fairly measure and compare the beam quality of different beamforming direction carried on those SRS resources. To achieve that, the UL power control parameters for SRS are configured per SRS set [2]. The UE uses the same parameters to calculate the transmit power for the SRS resources in the same set. However, the transmit power of one SRS resource is also the function of SRS bandwidth, as shown in [2]:



If two SRS resources in one set for UL beam management have different bandwidth, then the UE would use different transmit power on them. That is fine because the UE still apply the same power density (i.e., the transmit power per RE) on those two SRS resources and the gNB can still measure the beam quality (for example L1-RSRP) fairly by considering the same power density. But, if one SRS resource has large bandwidth so that the configured maximal SRS power  is reached, two SRS resources would have different transmit power and different transmit power density. To resolve this difficulty, there are a few solutions:
· 
Alt 1: In one set of SRS for UL beam management, all the SRS resources should be configured with the same bandwidth. By doing that, we can always guarantee the UE applies the same transmit power on SRS resources in the same set for UL beam management no matter if the configured maximal power is reached or not.
· Alt 2: The UE can take into account the bandwidth difference in the transmit power calculation for SRS resources for UL beam management. We can allow the gNB to configure SRS resources with different bandwidths in a SRS set for UL beam management. In the calculation of transmit power, the UE can use a “common bandwidth” value for all the SRS resources in the same set. One example of the common bandwidth can be largest bandwidth of all the SRS resources in the same set.
Alt1 is a simple solution but imposes the configuration limitation of same bandwidth of SRS resources. In comparison, Alt2 does not require the limitation of same bandwidth of all SRS resources in one set. For the UL beam management, it seems there is not much motivation for allowing different bandwidths of SRS resources in the same set. When multiple SRS resources configured in the same set are scattered in multiple slots, allowing different bandwidth might provide more scheduling flexibility to the gNB. To summarize, we made the following proposal to resolve the transmit power issue of SRS for UL beam management:
Proposal 4: 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 4:
	Text proposal for Proposal 4:
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.
…



SpatialRelation on SRS
In current design, a UE can be configured with one or more SRS sets for UL beam management. One SRS resource can be configured with a higher layer parameter SRS-SpatialRelationInfo to indicate the Tx beamforming information. The SRS-SpatialRelationInfo can be a CSI-RS resource, SS/PBCH block or a SRS resource. The UE can determine the spatial transmission filter based on the indicated RS ID.
On the other hand, the feature of UL beam management is essential for the gNB and UE to choose the correct Tx beam and Rx beam for any UL transmission, including PUSCH and PUCCH. Supporting UL beam management is necessary for UE with non-beam correspondence or only partial beam correspondence. The following beam sweeping functions are needed to realize the UL beam management:
· U-1 function: the UE transmit multiple different Tx beam directions for a ‘global’ sweeping. In this case, the gNB does not have any a prior information. Therefore, the UE shall generate the beam direction by itself and then allow the gNB to select the best Tx beam direction.
· U-2 function: The UE fix one Tx beam directions on multiple SRS resources so that the gNB can sweep Rx beams.
· U-3 function: the UE transmits multiple different Tx beam direction for a ‘local’ sweeping. In this case, the gNB have some a priori information, for example from measuring some previous SRS resource or measurement based on downlink transmission. Therefore, the UE does not need to sweep over all the directions. The UE only needs to sweep around one rough beam direction.
To fully support U-2 and U-3 functions, we can configure one Tx beam direction to the set of SRS resource and also configure a flag to indicate whether same Tx beam shall be applied on those SRS resources or not. For a SRS resource set configured for UL beam management, a Tx beam direction is configured per set and one bit value indicates the beam sweeping behaviour. When the bit indicates Tx beam sweeping, the UE can generate multiple different Tx beams with a reference to the set-level configured Tx beam direction and then apply those beam on different SRS resources. When the bit indicates to fix the Tx beam, the UE can repeat the set-level configured Tx beam on different SRS resources.  
Proposal 5: For a SRS set for UL beam management, a parameter can be configured to indicate the beam sweeping behavior 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 5:
	Text proposal for Proposal 5:
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.
…



We also need a few clarifications and further designs for the current framework of SRS-SpatialRelationInfo. For a SRS set, when none of the SRS resource is configured with SRS-SpatialRelationInfo, the UE can be configured to apply different Tx beam directions on those SRS resource in that set and the UE can generate the Tx beam direction by itself. That can be used to implement the function of U-1.
For SRS set, when all the SRS resources are configured with SRS-SpatialRelationInfo, the UE is requested to apply Tx beam directions on those SRS resources as indicated. To support function U-3, the gNB can configure the same parameter to all the SRS resources in one set.
For SRS set, when only a subset of the SRS resources are configured with SRS-SpatialRelationInfo and other SRS resouces are not configured, the UE can apply different Tx beam directions on those SRS resource without SRS-SpatialRelationInfo and the Tx beam directions shall be generated with a reference to the beam direction of SRS resources that are configured with SRS-SpatialRelationInfo. That can be used to implement the function of U-3.
Proposal 6: 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 6:
	Text proposal for Proposal 6:
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 UL beam management, 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: 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 5: For a SRS set for UL beam management, a parameter can be configured to indicate the beam sweeping behavior and a set-level Tx beam direction can be configured to support the function of U-2/U-3.  
Proposal 6: 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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