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1. [bookmark: _Ref4683067] Introduction 
In this contribution, we discuss maintenance of enhancements on multi-beam operation and provide the text proposals on remaining issues.

2. The default spatial relation and default pathloss reference RS
2.1. The default pathloss reference RS for SRS and dedicated PUCCH when spatial relations are configured
The following agreement for the default pathloss reference RS for SRS was made in the RAN1#99. 
	Agreement
The following working assumption is confirmed with revision in red
The default spatial relation for dedicated-PUCCH/SRS for a CC in FR2, at least when no pathloss RSs are configured by RRC is determined by
· Default TCI state or QCL assumption of PDSCH, i.e.,
· in case when CORESET(s) are configured on the CC, the TCI state / QCL assumption of the CORESET with the lowest ID, or
· The PL RS to be used is the QCL-TypeD RS of the same TCI state / QCL assumption of the CORESET with the lowest ID
· Note: The PL RS should be periodic RS
· in case when any CORESETs are not configured on the CC, the activated TCI state with the lowest ID applicable to PDSCH in the active DL-BWP of the CC
· Above applies at least for UEs supporting beam correspondence
· Above applies at least for the single TRP case
· FFS: Details on UE behavior in the absence of the activated TCI state
· FFS: Details on default spatial relation in multicarrier scenario
· FFS: Details on which RS to use for pathloss measurement
· FFS: Details on how to handle this issue in case pathloss RSs are configured



We have agreed on the default pathloss reference RS when the UE is not provided spatialRelationInfo for SRS and is not provided pathlossReferenceRS or SRS-PathlossReferenceRS for SRS as shown in the yellow part of the above agreement. In addition, it is well captured in TS 38.213 v16.2.0 as follows.
The current version of TS 38.213 v16.2.0
	7.3.1        UE behaviour
< Texts are 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 
< Texts are omitted >



However, the default pathloss reference RS is unclear when the UE is only provided spatialRelationInfo for SRS and is not provided pathlossReferenceRS or SRS-PathlossReferenceRS for SRS. In Rel 15 version of the standard, this case is already covered by the following statement in TS 38.213.  Basically, the default pathloss reference RS for SRS is defined regardless of the configuration of spatialRelationInfo for SRS.
The current version of TS 38.213 v16.2.0
	7.3.1        UE behaviour
< Texts are omitted >
-	If the UE is not provided pathlossReferenceRS or SRS-PathlossReferenceRS, or before the UE is provided dedicated higher layer parameters, the UE calculates [image: ] using a RS resource obtained from the SS/PBCH block that the UE uses to obtain MIB
< Texts are omitted >



Therefore, we propose that the default pathloss reference RS for SRS in Rel.16 (when enableDefaultBeamPlForSRS is configured) should be also defined regardless of whether spatialRelationInfo is configured in order to be consistent with the Rel.15. It will ease the UE implementation by reducing the number of hypotheses. Basically, we would like to propose to use the same reference RS for the dedicated pathloss reference RS and the default spatial relation when one of the pathloss reference RS and the spatial relation is not configured in the following subsections. Thus, we suggest the following TP. 
Text proposal for TS 38.213 v16.2.0
	7.3.1        UE behaviour
< Unchanged parts are 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 
< Unchanged parts are omitted >



We have the similar TP for the default pathloss reference RS for the dedicated PUCCH. We also added the condition when CORESETs are not provided as in the description of the default pathloss reference RS for SRS.

Text proposal for TS 38.213 v16.2.0
	7.2.1        UE behaviour
< Unchanged parts are 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 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
< Unchanged parts are omitted >



2.2. The default spatial relation for SRS and dedicated PUCCH when pathloss RSs are configured
The following agreement for the default spatial relation of the SRS resource was made in the RAN1#99. 
	Agreement
The following working assumption is confirmed with revision in red
The default spatial relation for dedicated-PUCCH/SRS for a CC in FR2, at least when no pathloss RSs are configured by RRC is determined by
· Default TCI state or QCL assumption of PDSCH, i.e.,
· in case when CORESET(s) are configured on the CC, the TCI state / QCL assumption of the CORESET with the lowest ID, or
· The PL RS to be used is the QCL-TypeD RS of the same TCI state / QCL assumption of the CORESET with the lowest ID
· Note: The PL RS should be periodic RS
· in case when any CORESETs are not configured on the CC, the activated TCI state with the lowest ID applicable to PDSCH in the active DL-BWP of the CC
· Above applies at least for UEs supporting beam correspondence
· Above applies at least for the single TRP case
· FFS: Details on UE behavior in the absence of the activated TCI state
· FFS: Details on default spatial relation in multicarrier scenario
· FFS: Details on which RS to use for pathloss measurement
· FFS: Details on how to handle this issue in case pathloss RSs are configured



We also have the similar issue on the default spatial relation when the UE is only provided pathlossReferenceRS or SRS-PathlossReferenceRS for SRS and is not provided spatialRelationInfo for SRS because we have only agreed on the default spatial relation “when no pathloss RSs are configured” as in the green part of the above agreement. Therefore, we suggest to remove the condition “no pathloss RSs are configured” to fix this unclear part. We have the following TP for the default spatial relation for SRS to address these issues.
Text proposal for TS 38.214 v16.2.0
	6.2.1       UE sounding procedure
< Unchanged parts are 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
< Unchanged parts are omitted >



We have the similar TP for the default spatial relation for the dedicated PUCCH.
Text proposal for TS 38.213 v16.2.0
	9.2.2        PUCCH Formats for UCI transmission
< Unchanged parts are omitted >
If a UE
-	reports beamCorrespondenceWithoutUL-BeamSweeping, 
-	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.
< Unchanged parts are omitted >



2.3. [bookmark: _Ref36545193]‘RRC-connected mode’ is missing for default pathloss reference RS of PUSCH scheduled by DCI format 0_0
We have the following agreements on default spatial relation and default pathloss reference RS of PUSCH scheduled by DCI format 0_0 from RAN1#99.
	Agreement
Support default spatial relation and default pathloss RS of PUSCH scheduled by DCI format 0_0 when there is no PUCCH resources configured on the active UL BWP CC in FR2 and in RRC-connected mode, for UEs supporting the feature of the default spatial relation for dedicated-PUSCH in Rel-16 
· The default spatial relation is the TCI state / QCL assumption of the CORESET with the lowest ID.
· The default pathloss RS is the QCL-TypeD RS of the same TCI state / QCL assumption of the CORESET with the lowest ID
· Note: The PL RS should be periodic RS.

Agreement
In Rel-16, support to schedule PUSCH by DCI format 0_0 on the CC in FR2 and in RRC-connected mode with PUCCH resource(s) configured, where all the configured PUCCH resource(s) are not configured with any spatial relation. 
· Note: The spatial relation and the PL RS for the PUSCH scheduled by DCI format 0_0 follow those for the PUCCH resource(s), which are the default spatial relation and the default pathloss RS, respectively.



As shown in the highlighted part of the above agreement, there is one condition that the UE is in RRC-connect mode for the default spatial relation and the default pathloss reference RS of PUSCH scheduled by DCI format 0_0. This condition is well captured for the default spatial relation of PUSCH scheduled by DCI format 0_0 in clause 6.1 of the current version of TS 38.214 as follows.

The current version of TS 38.214 v16.2.0
	[bookmark: _Toc11352138][bookmark: _Toc20318028][bookmark: _Toc27299926][bookmark: _Toc29673199][bookmark: _Toc29673340][bookmark: _Toc29674333]6.1	UE procedure for transmitting the physical uplink shared channel
< Texts are omitted >
[bookmark: _Hlk512252948]For PUSCH scheduled by DCI format 0_0 on a cell, the UE shall transmit PUSCH according to the spatial relation, if applicable, corresponding to the dedicated PUCCH resource with the lowest ID within the active UL BWP of the cell, as described in Clause 9.2.1 of [6, TS 38.213]. 
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-Type-D’ 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.
< Texts are omitted >



However, this condition is missing for the default pathloss reference RS of PUSCH scheduled by DCI format 0_0 in clause 7.1.1 of the current version of TS 38.213. Therefore, we have the following text proposal to add missing condition.

Text proposal for TS 38.213 v16.2.0
	7.1.1        UE behaviour
< Unchanged parts are omitted >
-	If 
-	the PUSCH transmission is scheduled by a DCI format 0_0 on serving cell , 
-    the UE is in RRC connected mode,
-	the UE is not provided PUCCH resources for the active UL BWP of serving cell , and
-	the UE is provided enableDefaultBeamPlForPUSCH0_0 

	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 serving cell 
-	If 
-	the PUSCH transmission is scheduled by a DCI format 0_0 on serving cell , 
-    the UE is in RRC connected mode,
-	the UE is not provided a spatial setting for PUCCH resources on the active UL BWP of the primary cell [11, TS 38.321], and
-	the UE is provided enableDefaultBeamPlForPUSCH0_0 

	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 
< Unchanged parts are omitted >




3. L1-SINR measurement and reporting
3.1. L1-SINR measurement on NZP CSI-RS when dedicated IMR is not configured 
The following agreement for L1-SINR measurement NZP-IMR based interference measurement was made in RAN1#98bis, where the resources of CMR(s) and IMR(s) are 1:1 mapped.  
	Agreement RAN1#97
· When dedicated IMR is not configured, 
· If CMR is based on CSI-RS, when L1-SINR is configured, and interference measurement is performed using CMR with CSI-RS only with density 3 REs/RB for 1-port CSI-RS is used 
· Spec does not require UE to use SSB for interference measurement
· Note: CSI-RS above is CSI-RS for BM


According to the agreement shown above, spec does not require UE to use SSB for interference measurement when dedicated IMR is not configured. Therefore, the UE is only required to measure channel and interference on NZP CSI-RS for L1-SINR computation when one Resource setting is configured. However, this is missing in the current spec of TS 38.214 below. Moreover, as captured in the highlighted part when two Resource Settings are configured, it is better to clearly capture this even when one Resource Setting is configured.
The current version of TS 38.214 v16.2.0
	5.2.1.2                Resource Setting
< Texts are omitted >
For L1-SINR measurement:
-	When one Resource Setting is configured, the Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel and interference measurement for L1-SINR computation. UE may assume that same 1 port NZP CSI-RS resource(s) with density 3 REs/RB is used for both channel and interference measurements. 
-	When two Resource Settings are configured, the first one Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel measurement on SSB or NZP CSI-RS and the second one (given by either higher layer parameter csi-IM-ResourcesForInterference or higher layer parameter nzp-CSI-RS-ResourcesForInterference) is for interference measurement performed on CSI-IM or on 1 port NZP CSI-RS with density 3 REs/RB, where each SSB or NZP CSI-RS resource for channel measurement is associated with one CSI-IM resource or one NZP CSI-RS resource for interference measurement by the ordering of the SSB or NZP CSI-RS resource for channel measurement and CSI-IM resource or NZP CSI-RS resource for interference measurement in the corresponding resource sets. The number of SSB(s) or CSI-RS resources for channel measurement equals to the number of CSI-IM resources or the number of NZP CSI-RS resource for interference measurement.
< Texts are omitted >


Therefore, we would like to propose the following TP to capture this as follows.
Text proposal for TS 38.214 v16.2.0
	5.2.1.2                Resource Setting
< Unchanged parts are omitted >
For L1-SINR measurement:
-	When one Resource Setting is configured, the Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel and interference measurement on NZP CSI-RS for L1-SINR computation. UE may assume that same 1 port NZP CSI-RS resource(s) with density 3 REs/RB is used for both channel and interference measurements. 
-	When two Resource Settings are configured, the first one Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel measurement on SSB or NZP CSI-RS and the second one (given by either higher layer parameter csi-IM-ResourcesForInterference or higher layer parameter nzp-CSI-RS-ResourcesForInterference) is for interference measurement performed on CSI-IM or on 1 port NZP CSI-RS with density 3 REs/RB, where each SSB or NZP CSI-RS resource for channel measurement is associated with one CSI-IM resource or one NZP CSI-RS resource for interference measurement by the ordering of the SSB or NZP CSI-RS resource for channel measurement and CSI-IM resource or NZP CSI-RS resource for interference measurement in the corresponding resource sets. The number of SSB(s) or CSI-RS resources for channel measurement equals to the number of CSI-IM resources or the number of NZP CSI-RS resource for interference measurement.
< Unchanged parts are omitted >



3.2. Ports 3000 and 3001 for L1-SINR 
At the last meeting, the following TP was agreed for the definition of CSI-SINR when used for L1-SINR. 
The current version of TS 38.215 v16.2.0
	5.1.6      CSI signal-to-noise and interference ratio (CSI-SINR)
< Unchanged parts are omitted >
For CSI-SINR determination CSI reference signals transmitted on antenna port 3000 according to TS 38.211 [4] shall be used. If CSI-SINR is used for L1-SINR, CSI reference signals transmitted on all configured antenna ports can be used for CSI-SINR determination.
< Unchanged parts are omitted >



However, the agreed text is not clear. For example, in the sentence ‘CSI reference signals transmitted on all configured antenna ports can be used for CSI-SINR determination’, does it mean all of the antenna ports configured for the UE can be used for CSI-SINR determination, or it means all of the antenna ports of the CSI-RS resource are used for CSI-SINR determination.  
The current version of TS 38.214 v16.2.0
	[bookmark: _Toc11352100][bookmark: _Toc20317990][bookmark: _Toc27299888][bookmark: _Toc29673153][bookmark: _Toc29673294][bookmark: _Toc29674287][bookmark: _Toc36645517]5.1.6.1.2	       CSI-RS for L1-RSRP and L1-SINR computation
< Texts are omitted >
If the UE is configured with a CSI-ReportConfig with reportQuantity set to "cri-RSRP", "cri-SINR" or "none" and if the CSI-ResourceConfig for channel measurement (higher layer parameter resourcesForChannelMeasurement) contains a NZP-CSI-RS-ResourceSet that is configured with the higher layer parameter repetition and without the higher layer parameter trs-Info, the UE can only be configured with the same number (1 or 2) of ports with the higher layer parameter nrofPorts for all CSI-RS resources within the set. If the UE is configured with the CSI-RS resource in the same OFDM symbol(s) as an SS/PBCH block, the UE may assume that the CSI-RS and the SS/PBCH block are quasi co-located with 'QCL-TypeD' if 'QCL-TypeD' is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap with those of the SS/PBCH block, and the UE shall expect that the same subcarrier spacing is used for both the CSI-RS and the SS/PBCH block.
< Texts are omitted >


According to the current version of TS 38.213 above, when NZP CSI-RS is used for L1-RSRP or L1-RSRP, the number of antenna ports is 1 or 2. In our view, the definition of CSI-RSRP when used for L1-RSRP in section 5.1.2 is quite clear. For clarity and specification consistency, it can be reused for L1-SINR. 
Therefore, we would like propose the following TP to capture this as follows.
Text proposal for TS 38.215 v16.2.0
	5.1.6      CSI signal-to-noise and interference ratio (CSI-SINR)
< Unchanged parts are omitted >
For CSI-SINR determination CSI reference signals transmitted on antenna port 3000 according to TS 38.211 [4] shall be used. If CSI-SINR is used for L1-SINR, CSI reference signals transmitted on all configured antenna ports can be used for CSI-SINR determination. If CSI-SINR is used for L1-SINR, CSI reference signals transmitted on antenna ports 3000, 3001 can be used for CSI-SINR determination.
< Unchanged parts are omitted >


[bookmark: _GoBack]
4. Conclusion
In this document, we provided the text proposals for remaining issues on multi-bema operation.
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