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Introduction
In this contribution, we provide some discussion on remaining issues on multi-beam operation on overhead and latency reduction.
Overhead and latency reduction
When spatial relation and pathloss RS are not configured, for single-TRP mode, the default beam and default pathloss RS has been defined to be based on the TCI state for CORESET with lowest ID. But for multi-TRP mode, this has not been defined. Since multi-TRP operation is supported in Rel-16, it should be necessary to define the default beam for multi-TRP operation as well.
For single-DCI mode, this the gNBs are well coordinated, it is not necessary to introduce new behavior. Instead, the default beam for PUCCH/SRS could be the same as that defined for single-TRP mode. For multi-DCI mode, the gNBs may be deployed based on non-ideal backhaul. Thus, the default beam for PUCCH/SRS/PUSCH associated with different CORESETPoolIndex should be different. Currently the association between PUCCH/SRS/PUSCH and CORESETPoolIndex has only been defined when they are triggered in aperiodic manner. So at least the default beam for aperiodic PUCCH/SRS and PUSCH scheduled with DCI format 0_0 can be defined to be based on the CORESET with lowest ID in active BWP on the same CC within the same CORESETPoolIndex as the CORESET with scheduling PDCCH.
Proposal 1: With regard to the default beam/pathloss RS for PUCCH/SRS and PUSCH scheduled with DCI format 0_0, for single-DCI mode, reuse the same behavior defined for single-TRP mode; for multi-DCI mode, it can be defined to be based on the CORESET with lowest ID in active BWP on the same CC within the same CORESETPoolIndex as the CORESET with scheduling PDCCH.
· Endorse the following TP for 38.213 and 38.214
	TP for 38.213
[bookmark: _Toc12021448][bookmark: _Toc20311560][bookmark: _Toc26719385][bookmark: _Toc29894816][bookmark: _Toc29899115][bookmark: _Toc29899533][bookmark: _Toc29917270]7.2.1	UE behaviour
<unrelated part omitted>
-	If the UE
-	is not provided pathlossReferenceRSs, and
-	is not provided PUCCH-SpatialRelationInfo, and
-	is provided enableDefaultBeamPlForPUCCH, and 
-	is not provided CORESETPoolIndex value of 1 for any CORESET, or is provided CORESETPoolIndex value of 1 for all CORESETs, in ControlResourceSet and no codepoint of a TCI field, if any, in a DCI format of any search space set maps to two TCI states [5, TS 38.212] 

	the UE determines a RS resource index  providing a periodic RS resource with 'QCL-TypeD' in the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP of the primary cell
-	If the UE
-	is not provided pathlossReferenceRSs, and
-	is not provided PUCCH-SpatialRelationInfo, and
-	is provided enableDefaultBeamPlForPUCCH, and 
-	is not provided CORESETPoolIndex or provided CORESETPoolIndex value of 0 for a CORESET, and is provided CORESETPoolIndex value of 1 for another CORESET 

	For aperiodic PUCCH, the UE determines a RS resource index  providing a periodic RS resource with 'QCL-TypeD' in the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP of the primary cell among the CORESETs with the same CORESETPoolIndex as the CORESET with the scheduling PDCCH
<unrelated part omitted>
7.3.1	UE behaviour
<unrelated part omitted>
-	If the UE
-	is not provided pathlossReferenceRS or SRS-PathlossReferenceRS, 
-	is not provided spatialRelationInfo, and
-	is provided enableDefaultBeamPlForSRS, and 
-	is not provided CORESETPoolIndex value of 1 for any CORESET, or is provided CORESETPoolIndex value of 1 for all CORESETs, in ControlResourceSet and no codepoint of a TCI field, if any, in a DCI format of any search space set maps to two TCI states [5, TS 38.212]

the UE determines a RS resource index  providing a periodic RS resource with 'QCL-TypeD' in
-	the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP, if CORESETs are provided in the active DL BWP of serving cell 
-	the active PDSCH TCI state with lowest ID [6, TS 38.214] in the active DL BWP, if CORESETs are not provided in the active DL BWP of serving cell 
-	If the UE
-	is not provided pathlossReferenceRS or SRS-PathlossReferenceRS, 
-	is not provided spatialRelationInfo, and
-	is provided enableDefaultBeamPlForSRS, and 
-	is not provided CORESETPoolIndex or provided CORESETPoolIndex value of 0 for a CORESET, and is provided CORESETPoolIndex value of 1 for another CORESET

the UE determines a RS resource index  providing a periodic RS resource with 'QCL-TypeD' in
-	the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP of serving cell  among the CORESETs with the same CORESETPoolIndex as the CORESET with the scheduling PDCCH 

<unrelated part omitted>
[bookmark: _Toc12021477][bookmark: _Toc20311589]9.2.2	PUCCH Formats for UCI transmission
<unrelated part omitted>
If a UE
-	is not provided pathlossReferenceRSs in PUCCH-PowerControl, 
-	is provided enableDefaultBeamPlForPUCCH, and 
-	is not provided PUCCH-SpatialRelationInfo, and
-	is not provided CORESETPoolIndex value of 1 for any CORESET, or is provided CORESETPoolIndex value of 1 for all CORESETs, in ControlResourceSet and no codepoint of a TCI field, if any, in a DCI format of any search space set maps to two TCI states [5, TS 38.212]  
a spatial setting for a PUCCH transmission from the UE is same as a spatial setting for PDCCH receptions by the UE in the CORESET with the lowest ID on the active DL BWP of the PCell.
If a UE
-	is not provided pathlossReferenceRSs in PUCCH-PowerControl, 
-	is provided enableDefaultBeamPlForPUCCH, and 
-	is not provided PUCCH-SpatialRelationInfo, and
-	is not provided CORESETPoolIndex or provided CORESETPoolIndex value of 0 for a CORESET, and is provided CORESETPoolIndex value of 1 for another CORESET
a spatial setting for a PUCCH transmission from the UE is same as a spatial setting for PDCCH receptions by the UE in the CORESET with the lowest ID on the active DL BWP of the Pcell among the CORESETs with the same CORESETPoolIndex as the CORESET with the scheduling PDCCH.





	TP for 38.214
[bookmark: _Toc29673199][bookmark: _Toc29673340][bookmark: _Toc29674333]6.1	UE procedure for transmitting the physical uplink shared channel
<unrelated part omitted>
For PUSCH scheduled by DCI format 0_0 on a cell and if the higher layer parameter enableDefaultBeamPlForPUSCH0_0 is set ‘enabled’, the UE is not configured with PUCCH resources on the active UL BWP and the UE is in RRC connected mode, the UE shall transmit PUSCH according to the spatial relation, if applicable, with a reference to the RS with ‘QCL-TypeD’ corresponding to the QCL assumption of the CORESET with the lowest ID on the active DL BWP of the cell. 
For PUSCH scheduled by DCI format 0_0 on a cell and if the higher layer parameter enableDefaultBeamPlForPUSCH0_0 is set ‘enabled’, the UE is configured with PUCCH resources on the active UL BWP where all the PUCCH resource(s) are not configured with any spatial relation and the UE is in RRC connected mode, the UE shall transmit PUSCH according to the spatial relation, if applicable, with a reference to the RS with ‘QCL-TypeD’ corresponding to the QCL assumption of the CORESET with the lowest ID on the active DL BWP of the cell in case CORESET(s) are configured on the cell.
If UE is not provided CORESETPoolIndex or provided CORESETPoolIndex value of 0 for a CORESET, and is provided CORESETPoolIndex value of 1 for another CORESET, for PUSCH scheduled by DCI format 0_0 on a cell and if the higher layer parameter enableDefaultBeamPlForPUSCH0_0 is set ‘enabled’, the UE is not configured with PUCCH resources on the active UL BWP and the UE is in RRC connected mode, the UE shall transmit PUSCH according to the spatial relation, if applicable, with a reference to the RS with ‘QCL-TypeD’ corresponding to the QCL assumption of the CORESET with the lowest ID on the active DL BWP of the cell among the CORESETs with the same CORESETPoolIndex as the CORESET with the scheduling PDCCH. 
If UE is not provided CORESETPoolIndex or provided CORESETPoolIndex value of 0 for a CORESET, and is provided CORESETPoolIndex value of 1 for another CORESET, for PUSCH scheduled by DCI format 0_0 on a cell and if the higher layer parameter enableDefaultBeamPlForPUSCH0_0 is set ‘enabled’, the UE is configured with PUCCH resources on the active UL BWP where all the PUCCH resource(s) are not configured with any spatial relation and the UE is in RRC connected mode, the UE shall transmit PUSCH according to the spatial relation, if applicable, with a reference to the RS with ‘QCL-TypeD’ corresponding to the QCL assumption of the CORESET with the lowest ID on the active DL BWP of the cell in case CORESET(s) are configured on the cell among the CORESETs with the same CORESETPoolIndex as the CORESET with the scheduling PDCCH.

<unrelated part omitted>

[bookmark: _Toc11352157][bookmark: _Toc20318047][bookmark: _Toc27299945][bookmark: _Toc29673219][bookmark: _Toc29673360][bookmark: _Toc29674353]6.2.1	UE sounding procedure
<unrelated part omitted>
When the higher layer parameter enableDefaultBeamPlForSRS is set ‘enabled’, and if the higher layer parameter spatialRelationInfo for the SRS resource, except for the SRS resource with the higher layer parameter usage in SRS-ResourceSet set to 'beamManagement' or for the SRS resource with the higher layer parameter usage in SRS-ResourceSet set to ‘nonCodebook’ with configuration of associatedCSI-RS or for the SRS resource configured by the higher layer parameter [SRS-for-positioning], is not configured in FR2 and if the UE is not configured with higher layer parameter(s) pathlossReferenceRS, and if the UE is not configured with different values of CORESETPoolIndex in ControlResourceSets, and is not provided at least one TCI codepoint mapped with two TCI states, the UE shall transmit the target SRS resource 
-	with the same spatial domain transmission filter used for the reception of the CORESET with the lowest controlResourceSetId in the active DL BWP in the CC.
-	with the same spatial domain transmission filter used for the reception of the activated TCI state with the lowest ID applicable to PDSCH in the active DL BWP of the CC if the UE is not configured with any CORESET in the active DL BWP of the CC
When the higher layer parameter enableDefaultBeamPlForSRS is set ‘enabled’, and if the higher layer parameter spatialRelationInfo for the SRS resource, except for the SRS resource with the higher layer parameter usage in SRS-ResourceSet set to 'beamManagement' or for the SRS resource with the higher layer parameter usage in SRS-ResourceSet set to ‘nonCodebook’ with configuration of associatedCSI-RS or for the SRS resource configured by the higher layer parameter [SRS-for-positioning], is not configured in FR2 and if the UE is not configured with higher layer parameter(s) pathlossReferenceRS, and if the UE is configured with different values of CORESETPoolIndex in ControlResourceSets, the UE shall transmit the target SRS resource 
-	with the same spatial domain transmission filter used for the reception of the CORESET with the lowest controlResourceSetId in the active DL BWP in the CC among the CORESETs with the same CORESETPoolIndex as the CORESET with the scheduling PDCCH.





Conclusion
In this contribution, we discussed the remaining issues for beam management. Based on the discussion, the following proposals have been made:
Overhead and latency reduction
Proposal 1: With regard to the default beam/pathloss RS for PUCCH/SRS and PUSCH scheduled with DCI format 0_0, for single-DCI mode, reuse the same behavior defined for single-TRP mode; for multi-DCI mode, it can be defined to be based on the CORESET with lowest ID in active BWP on the same CC within the same CORESETPoolIndex as the CORESET with scheduling PDCCH.
· Endorse the following TP for 38.213 and 38.214
	TP for 38.213
7.2.1	UE behaviour
<unrelated part omitted>
-	If the UE
-	is not provided pathlossReferenceRSs, and
-	is not provided PUCCH-SpatialRelationInfo, and
-	is provided enableDefaultBeamPlForPUCCH, and 
-	is not provided CORESETPoolIndex value of 1 for any CORESET, or is provided CORESETPoolIndex value of 1 for all CORESETs, in ControlResourceSet and no codepoint of a TCI field, if any, in a DCI format of any search space set maps to two TCI states [5, TS 38.212] 

	the UE determines a RS resource index  providing a periodic RS resource with 'QCL-TypeD' in the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP of the primary cell
-	If the UE
-	is not provided pathlossReferenceRSs, and
-	is not provided PUCCH-SpatialRelationInfo, and
-	is provided enableDefaultBeamPlForPUCCH, and 
-	is not provided CORESETPoolIndex or provided CORESETPoolIndex value of 0 for a CORESET, and is provided CORESETPoolIndex value of 1 for another CORESET 

	For aperiodic PUCCH, the UE determines a RS resource index  providing a periodic RS resource with 'QCL-TypeD' in the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP of the primary cell among the CORESETs with the same CORESETPoolIndex as the CORESET with the scheduling PDCCH
<unrelated part omitted>
7.3.1	UE behaviour
<unrelated part omitted>
-	If the UE
-	is not provided pathlossReferenceRS or SRS-PathlossReferenceRS, 
-	is not provided spatialRelationInfo, and
-	is provided enableDefaultBeamPlForSRS, and 
-	is not provided CORESETPoolIndex value of 1 for any CORESET, or is provided CORESETPoolIndex value of 1 for all CORESETs, in ControlResourceSet and no codepoint of a TCI field, if any, in a DCI format of any search space set maps to two TCI states [5, TS 38.212]

the UE determines a RS resource index  providing a periodic RS resource with 'QCL-TypeD' in
-	the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP, if CORESETs are provided in the active DL BWP of serving cell 
-	the active PDSCH TCI state with lowest ID [6, TS 38.214] in the active DL BWP, if CORESETs are not provided in the active DL BWP of serving cell 
-	If the UE
-	is not provided pathlossReferenceRS or SRS-PathlossReferenceRS, 
-	is not provided spatialRelationInfo, and
-	is provided enableDefaultBeamPlForSRS, and 
-	is not provided CORESETPoolIndex or provided CORESETPoolIndex value of 0 for a CORESET, and is provided CORESETPoolIndex value of 1 for another CORESET

the UE determines a RS resource index  providing a periodic RS resource with 'QCL-TypeD' in
-	the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP of serving cell  among the CORESETs with the same CORESETPoolIndex as the CORESET with the scheduling PDCCH 

<unrelated part omitted>
9.2.2	PUCCH Formats for UCI transmission
<unrelated part omitted>
If a UE
-	is not provided pathlossReferenceRSs in PUCCH-PowerControl, 
-	is provided enableDefaultBeamPlForPUCCH, and 
-	is not provided PUCCH-SpatialRelationInfo, and
-	is not provided CORESETPoolIndex value of 1 for any CORESET, or is provided CORESETPoolIndex value of 1 for all CORESETs, in ControlResourceSet and no codepoint of a TCI field, if any, in a DCI format of any search space set maps to two TCI states [5, TS 38.212]  
a spatial setting for a PUCCH transmission from the UE is same as a spatial setting for PDCCH receptions by the UE in the CORESET with the lowest ID on the active DL BWP of the PCell.
If a UE
-	is not provided pathlossReferenceRSs in PUCCH-PowerControl, 
-	is provided enableDefaultBeamPlForPUCCH, and 
-	is not provided PUCCH-SpatialRelationInfo, and
-	is not provided CORESETPoolIndex or provided CORESETPoolIndex value of 0 for a CORESET, and is provided CORESETPoolIndex value of 1 for another CORESET
a spatial setting for a PUCCH transmission from the UE is same as a spatial setting for PDCCH receptions by the UE in the CORESET with the lowest ID on the active DL BWP of the Pcell among the CORESETs with the same CORESETPoolIndex as the CORESET with the scheduling PDCCH.





	TP for 38.214
6.1	UE procedure for transmitting the physical uplink shared channel
<unrelated part omitted>
For PUSCH scheduled by DCI format 0_0 on a cell and if the higher layer parameter enableDefaultBeamPlForPUSCH0_0 is set ‘enabled’, the UE is not configured with PUCCH resources on the active UL BWP and the UE is in RRC connected mode, the UE shall transmit PUSCH according to the spatial relation, if applicable, with a reference to the RS with ‘QCL-TypeD’ corresponding to the QCL assumption of the CORESET with the lowest ID on the active DL BWP of the cell. 
For PUSCH scheduled by DCI format 0_0 on a cell and if the higher layer parameter enableDefaultBeamPlForPUSCH0_0 is set ‘enabled’, the UE is configured with PUCCH resources on the active UL BWP where all the PUCCH resource(s) are not configured with any spatial relation and the UE is in RRC connected mode, the UE shall transmit PUSCH according to the spatial relation, if applicable, with a reference to the RS with ‘QCL-TypeD’ corresponding to the QCL assumption of the CORESET with the lowest ID on the active DL BWP of the cell in case CORESET(s) are configured on the cell.
If UE is not provided CORESETPoolIndex or provided CORESETPoolIndex value of 0 for a CORESET, and is provided CORESETPoolIndex value of 1 for another CORESET, for PUSCH scheduled by DCI format 0_0 on a cell and if the higher layer parameter enableDefaultBeamPlForPUSCH0_0 is set ‘enabled’, the UE is not configured with PUCCH resources on the active UL BWP and the UE is in RRC connected mode, the UE shall transmit PUSCH according to the spatial relation, if applicable, with a reference to the RS with ‘QCL-TypeD’ corresponding to the QCL assumption of the CORESET with the lowest ID on the active DL BWP of the cell among the CORESETs with the same CORESETPoolIndex as the CORESET with the scheduling PDCCH. 
If UE is not provided CORESETPoolIndex or provided CORESETPoolIndex value of 0 for a CORESET, and is provided CORESETPoolIndex value of 1 for another CORESET, for PUSCH scheduled by DCI format 0_0 on a cell and if the higher layer parameter enableDefaultBeamPlForPUSCH0_0 is set ‘enabled’, the UE is configured with PUCCH resources on the active UL BWP where all the PUCCH resource(s) are not configured with any spatial relation and the UE is in RRC connected mode, the UE shall transmit PUSCH according to the spatial relation, if applicable, with a reference to the RS with ‘QCL-TypeD’ corresponding to the QCL assumption of the CORESET with the lowest ID on the active DL BWP of the cell in case CORESET(s) are configured on the cell among the CORESETs with the same CORESETPoolIndex as the CORESET with the scheduling PDCCH.

<unrelated part omitted>

6.2.1	UE sounding procedure
<unrelated part omitted>
When the higher layer parameter enableDefaultBeamPlForSRS is set ‘enabled’, and if the higher layer parameter spatialRelationInfo for the SRS resource, except for the SRS resource with the higher layer parameter usage in SRS-ResourceSet set to 'beamManagement' or for the SRS resource with the higher layer parameter usage in SRS-ResourceSet set to ‘nonCodebook’ with configuration of associatedCSI-RS or for the SRS resource configured by the higher layer parameter [SRS-for-positioning], is not configured in FR2 and if the UE is not configured with higher layer parameter(s) pathlossReferenceRS, and if the UE is not configured with different values of CORESETPoolIndex in ControlResourceSets, and is not provided at least one TCI codepoint mapped with two TCI states, the UE shall transmit the target SRS resource 
-	with the same spatial domain transmission filter used for the reception of the CORESET with the lowest controlResourceSetId in the active DL BWP in the CC.
-	with the same spatial domain transmission filter used for the reception of the activated TCI state with the lowest ID applicable to PDSCH in the active DL BWP of the CC if the UE is not configured with any CORESET in the active DL BWP of the CC
When the higher layer parameter enableDefaultBeamPlForSRS is set ‘enabled’, and if the higher layer parameter spatialRelationInfo for the SRS resource, except for the SRS resource with the higher layer parameter usage in SRS-ResourceSet set to 'beamManagement' or for the SRS resource with the higher layer parameter usage in SRS-ResourceSet set to ‘nonCodebook’ with configuration of associatedCSI-RS or for the SRS resource configured by the higher layer parameter [SRS-for-positioning], is not configured in FR2 and if the UE is not configured with higher layer parameter(s) pathlossReferenceRS, and if the UE is configured with different values of CORESETPoolIndex in ControlResourceSets, the UE shall transmit the target SRS resource 
-	with the same spatial domain transmission filter used for the reception of the CORESET with the lowest controlResourceSetId in the active DL BWP in the CC among the CORESETs with the same CORESETPoolIndex as the CORESET with the scheduling PDCCH.
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