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Introduction
In this contribution, we present our views on various remaining issues of multi-beam operation enhancement, including overhead/latency reduction, SCell BFR and L1-SINR based beam reporting. Corresponding text proposals will be provided. 
Discussions
Overhead and latency reduction 
If a PUCCH or SRS is not configured with spatial relation info, the UE can assume a ‘default’ spatial relation info which is the QCL-typeD RS of TCI-state configured to a CORESET or a TCI-state activated for PDSCH. Due to the feature of default spatial relation info for PUCCH and SRS, we also introduce the feature of default pathloss for PUSCH, PUCCH and SRS, which would be used when default spatial relation info is applied to PUCCH and SRS.
In the current specification [2], the default pathloss RS for PUSCH/PUCCH/SRS is the QCL-typeD RS configured in the TCI-state configured to the CORESET with lowest CORESET index if CORESETs are configured in the active BWP and otherwise, the QCL-TypeD RS configured in the activated PDSCH TCI-state with lowest ID. 
One issue for this design is the QCL-TypeD RS might not be a periodic RS and the UE is not able use a non-periodic RS to measure the pathloss. The QCL-TypeD RS in a TCI-state configured to a CORESET or activated for PDSCH transmission can only be an CSI-RS resource for beam management, tracking or CSI acquisition, which can be periodic, semi-persistent, or aperiodic. To resolve this issue, we see two possible solutions:
· Alt1: we can mandate the gNB to configure a periodic CSI-RS resource as QCL-TypeD RS to the TCI-state that is used by the UE to derive default pathloss RS.
· Alt2: If the QCL-Type RS in the TCI-state for default spatial relation info of PUCCH or SRS is a periodic CSI-RS resource, the UE use that RS as the default path loss RS for PUSCH/PUCCH/SRS, otherwise, the UE uses the SSB that the UE uses to obtain MIB to calculate pathloss.
In our view, Alt2 is more preferred than Alt1.
Proposal 1: For default pathloss RS for PUSCH, PUCCH and SRS, support one of the following two solutions:
· Alt 1: The UE expects the gNB to configure a periodic CSI-RS resource for the QCL-TypeD for default pathloss RS.
· Alt 2: If the QCL-TypeD RS in the TCI-state for default pathloss is a periodic CSI-RS resource, the UE use that QCL-TypeD RS to calculate pathloss, otherwise, the UE uses the SSB that is used to obtain MIB to calculate pathloss.
The following table provides corresponding text proposal for the Alt2 in Proposal 1:
	TS 38.213.g00
7.1.1	UE behavior
<omitted text>
-	If 
-	the PUSCH transmission is scheduled by a DCI format 0_0, 
-	the UE is not provided PUCCH resources for the active UL BWP, and
-	the UE is provided enableDefaultBeamPlForPUSCH0_0 


      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 scheduling cell for the serving cell if the RS resource is a periodic RS, otherwise, the UE calculates  using a RS resource from the SS/PBCH block that the UE uses to obtain MIB.
- If 
-	the PUSCH transmission is scheduled by a DCI format 0_0, 
-	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 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 RS resource is a periodic RS, otherwise, the UE calculates  using a RS resource from the SS/PBCH block that the UE uses to obtain MIB.
<omitted text>
7.2.1	UE behaviour
<omitted text>
-	If the UE
-	is not provided pathlossReferenceRSs, and
-	is not provided PUCCH-SpatialRelationInfo, and
-	is provided enableDefaultBeamPlForPUCCH 


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 if the RS resource is a periodic RS, otherwise, the UE calculates  using a RS resource from the SS/PBCH block that the UE uses to obtain MIB.

-	The parameter  is a value of deltaF-PUCCH-f0 for PUCCH format 0, deltaF-PUCCH-f1 for PUCCH format 1, deltaF-PUCCH-f2 for PUCCH format 2, deltaF-PUCCH-f3 for PUCCH format 3, and deltaF-PUCCH-f4 for PUCCH format 4, if provided; otherwise .
<omitted text>
7.3.1	UE behaviour
<omitted text>
-	If the UE is provided pathlossReferenceLinking, the RS resource is on a serving cell indicated by a value of pathlossReferenceLinking 
-	If the UE
-	is not provided pathlossReferenceRS or SRS-PathlossReferenceRS, 
-	is not provided spatialRelationInfo, and
-	is provided enableDefaultBeamPlForSRS 

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, if CORESETs are provided in the active DL BWP
-	the active PDSCH TCI state with lowest ID [6, TS 38.214], if CORESETs are not provided in the active DL BWP

                if the RS resource is a periodic RS, otherwise, the UE calculates  using a RS resource               
                from the SS/PBCH block that the UE uses to obtain MIB
<omitted text>




As we agreed, the feature of default spatial relation info for PUCCH and SRS is only applicable to a UE with the capability of beam correspondence. Only the UE with beam correspondence can be configured to apply a default spatial relation info on SRS resource. But in the description in 38.214 does not specify that clearly and it shall be corrected.
Proposal 2: Clarify in 38.214 that default spatial relation info for SRS resource is only applicable to UE with beam correspondence.
The following table provides corresponding text proposal for Proposal 2:
	[bookmark: _Toc11352157][bookmark: _Toc20318047][bookmark: _Toc27299945][bookmark: _Toc29673219][bookmark: _Toc29673360][bookmark: _Toc29674353]TS 38.214
6.2.1	UE sounding procedure
<omitted text>
When a UE reports beamCorrespondenceWithoutUL-BeamSweeping and 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, is not configured in FR2 and if the UE is not configured with higher layer parameter(s) pathlossReferenceRS, 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 CC

<omitted text>



· Regarding the applicable timing of pathloss RS (a SS/PBCH block or CSI-RS resource) that is activated by MAC CE, RAN4 has the following conclusion in [3]:If the TCI-state of that pathloss RS is known, the number of samples of pathloss RS measurement for stable filtered RSRP is <= 5. But the UE activities, for instance, measurement gap or Rx beam sweeping, could enlarge the application time because the measurement sample might be skipped.
· In contrast, if the TCI-state of that pathloss RS is unknown, longer application time is required to allow Rx beam sweeping.
· Considering the UE processing time of pathloss RS measurement, after the last RS measurement sample, the UE needs extra 2ms before applying the filtered RSRP.
We can observe that the application time of activated pathloss RS cannot be determined in real-field system. Therefore, it is not feasible to capture one solid value for the application time of activated pathloss RS. The required application time depends various factors, including whether TCI-state is known by the UE, measurement gap and UE implementation activities.  It is not feasible to specify one value in the specification that is applicable to all the UEs. Each UE can report one value of minimal application time that it needs in UE capability reporting. One path loss RS activated by the MAC CE for PUSCH or SRS might be one already activated and being tracked by the UE for PUSCH or PUCCH or SRS resource. For that pathloss RS, the UE does not need extra application time to settle down the filtered RSRP because RSRP is available. Therefore, for such a pathloss RS, the application time shall be the 3ms after sending the HARQ-ACK for PDSCH carrying the MAC CE.
Due to that the UE needs sufficient time to settle down the measurement of filter RSRP for pathloss calculation, it is to restrict the frequency of MAC CE message of activating pathloss. The UE does need an application time duration to settle down the filtered RSRP for each activated pathloss RS at whichever condition: for instance, TCI-state is known or not. Therefore, the time gap between two MAC CE activating pathloss RS shall be large enough to give the UE sufficient time to obtain filtered RSRP for the activated path loss RS.
Proposal 3: For MAC CE activating pathloss RS:
· UE reports minimal application time in UE capability reporting.
· If the pathloss RS carried in one MAC CE is already activated, the application time is 3ms after sending HARQ-ACK for the PDSCH carrying the MAC CE.
· If the pathloss RS carried in one MAC CE is newly activated, the application time is the reported time after 3ms after sending HARQ-ACK for the PDSCH carrying the MAC CE.
SCell BFR



In SCell BFR, the UE begins to transmit PUCCH in the failed SCell after 28 symbols after the UE receives acknowledge for the PUSCH carrying the step-2 MAC CE message. The uplink power control behavior for that is not specified. In our view, the uplink power control for that PUCCH transmission shall use ,  and pathloss RS .



Proposal 4: The PUCCH power control after SCell BFR follows: ,and 
In addition to PUCCH resource, after the acknowledge of the MAC CE of SCell BFR, the UE can start to apply the spatial relation info of  on the SRS resources for codebook-based or non-codebook-based PUSCH transmission in the uplink cell corresponding to the failed downlink SCell. The technical merit is the Tx beam on SRS for PUSCH transmission is generally the ‘best’ beam pair link between the gNB and UE. When the Tx beams on PDCCH in the same CC failed, the Tx beam selected for PUSCH transmission generally fail too. Switching the Tx beam to the newly identified beam can save the beam indication signaling overhead and also reduces the latency. 
[bookmark: _Hlk23326664]Proposal 5: The value of K = 28 and the UE shall apply the new beam indicate in the MAC CE of SCell BFR on:
· PDSCH transmission in the failed SCell
· SRS resources configured for codebook based PUSCH transmission
· SRS resource configured for non-codebook based PUSCH transmission if associatedCSI-RS is not configured.
[bookmark: _Hlk7635472]The following table provides corresponding text proposal for Proposals 4 and 5:
	TS 38.213
6 Link recovery procedures
<omitted text>
A UE can be provided, by schedulingRequestIDForBFR, a configuration for PUCCH transmission with a link recovery request (LRR) as described in Clause 9.2.4. The UE can transmit in a first PUSCH at least one MAC CE providing one index for at least one corresponding SCell with radio link quality worse than Qout,LR, an index  for a periodic CSI-RS configuration or for a SS/PBCH block provided by higher layers, as described in [11, TS 38.321], if any, for a corresponding SCell. After 28 symbols from a last symbol of a PDCCH reception with a DCI format scheduling a PUSCH transmission with a same HARQ process number as for the transmission of the first PUSCH and having a toggled NDI field value, the UE
-	receives PDCCH and PDSCH on the at least one SCell with same antenna port quasi-collocation parameters as the ones associated with a corresponding index , if any



-	transmits SRS resource with the higher layer parameter usage in SRS-ResourceSet set to ‘codebook’ or SRS resource with the higher layer parameter usage in SRS-ResourceSet set to ‘nonCodebook’ without configuration of associatedCSI-RS, and PUCCH on a PUCCH-SCell using a same spatial domain filter as the one corresponding to  for periodic CSI-RS or SS/PBCH block reception, as described in Clause 9.2.2, and using a power determined as described in Subclause 7.2.1 with , , and  if 
-	the UE is provided PUCCH-SpatialRelationInfo for the PUCCH-SCell,
-	the PUCCH transmission with the LRR was on the PCell or the PSCell, and
-	the PUCCH-SCell is included in the at least one SCell
where the SCS configuration for the 28 symbols is the smallest of the SCS configurations of the active DL BWP for the PDCCH reception and of the active DL BWP(s) of the at least one SCell.

<omitted text>



L1-SINR based beam reporting
We agree to extend the L1-SINR based beam measurement and reporting to group-based beam reporting. However, the description in current specification for group-based beam reporting is not complete. We suggest to complete the description in TS 38.214. Same to the L1-RSRP group-based beam reporting, for the two CRIs reported in L1-SINR based report, the UE shall be able to receive them simultaneously with a same spatial domain filter or different spatial domain filters.
Proposal 6: Complete the description for L1-SINR based group-based beam reporting in 38.214.
For Rel-15, beam reporting is based on wideband L1-RSRP due to the low overhead of reporting and good robustness. Another reason is beam reporting is generally for analog beams that is applied in the manner of wideband. The same principle and reason should be applied here for L1-SINR beam reporting. Sub-band L1-SINR-based beam reporting is not necessary in our view.
[bookmark: _Hlk16113077]Proposal 7: L1-SINR-based beam reporting is only wideband.
The following table provides corresponding text proposals for Proposals 6 and 7 and a few other text proposals.
	TS 38.214.g00
5.2.1.4	Reporting configurations

<omitted text>
A CSI Reporting Setting is said to have a wideband frequency-granularity if 
-	reportQuantity is set to 'cri-RI-PMI-CQI', or 'cri-RI-LI-PMI-CQI', cqi-FormatIndicator indicates single CQI reporting and pmi-FormatIndicator indicates single PMI reporting, or
-	reportQuantity is set to 'cri-RI-i1' or
-	reportQuantity is set to 'cri-RI-CQI' or 'cri-RI-i1-CQI' and cqi-FormatIndicator indicates single CQI reporting, or
-	reportQuantity is set to 'cri-RSRP' or 'ssb-Index-RSRP'
-	reportQuantity is set to 'cri-SINR' or 'ssb-Index-SINR'
<omitted text>
5.2.1.4.2	 Report Quantity Configurations
<omitted text>
If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-SINR' or 'ssb-Index-SINR', 
-	if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'disabled', the UE shall report [in a single report] nrofReportedRSForSINR (higher layer configured) different CRI or SSBRI for each report setting.
[bookmark: _Hlk23665484]-	if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'enabled', the UE shall report in a single reporting instance two different CRI or SSBRI for each report setting, [where CSI-RS and/or SSB resources can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters.]

If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RSRP', 'cri-RI-PMI-CQI ', 'cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI', or 'cri-RI-LI-PMI-CQI', or 'cri-SINR', and resources are configured in the corresponding resource set for channel measurement, then the UE shall derive the CSI parameters other than CRI conditioned on the reported CRI, where CRI k (k ≥ 0) corresponds to the configured (k+1)-th entry of associated nzp-CSI-RSResource in the corresponding nzp-CSI-RS-ResourceSet for channel measurement, and (k+1)-th entry of associated csi-IM-Resource in the corresponding csi-IM-ResourceSet (if configured) If CSI-RS resources are configured, each resource shall contain at most 16 CSI-RS ports. If CSI-RS resources are configured, each resource shall contain at most 8 CSI-RS ports. 
If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'ssb-Index-RSRP' or 'ssb-SINR', the UE shall report SSBRI, where SSBRI k (k ≥ 0) corresponds to the configured (k+1)-th entry of the associated csi-SSB-ResourceList in the corresponding CSI-SSB-ResourceSet.

<omitted text>



One more issue is the group-based L1-SINR reporting does work effectively. The resource/reporting configurations we have agreed so far for L1-SINR reporting includes: a resource setting with N CSI-RS resource and each CSI-RS resource is used for both CMR and IMR;  resource setting with N CSI-RS or SSB resources for channel measurement and a resource setting with N CSI-IM or NZP CSI-RS resources for interference measurement, and the resources in two resource setting are 1-to-1 associated for each L1-SINR calculation. For group-based L1-SINR reporting, the above configurations have the following issues:
· The UE selects and reports CRI/SSBRI from a single resource setting. Thus, the UE is not able to differentiate TRPs or Tx panels. Generally, the UE could select two CRIs or SSBRIs corresponding to Tx beam that are transmitted from the same TRP or Tx panel.  Such a reporting is useless to NW.
· The UE calculates each L1-SINR only based on the interference measurement from the IMR that is associated with the CMR. But those two CRI/SSBRIs reported in group-based beam reporting are going to be transmitted simultaneously by the gNB and thus the they would cause interference two each other if different data streams are carried by them. 
To resolve the issues for group-based L1-SINR reporting, in our view, we can consider to support the following resource and reporting configurations:
1) Configuration #1: The UE is configured with two resource setting and each resource setting has N CSI-RS resources. Each resource setting contains the CSI-RS resources corresponding to Tx beam transmitted by one TRP or Tx panel of the gNB. The UE reports two CRIs {} in each reporting instance and those CRIs are selected from different resource setting.  The interference for calculating L1-SINR for  is residual power contribution measured from   and the total power contribution measured from , where the UE shall apply the QCL assumption of   to measuring the . The interference for calculating L1-SINR for  is residual power contribution measured from   and the total power contribution measured from . 
2) Configuration #2: the UE is configured with three resource settings. The first and the second resource setting has N CSI-RS resources or SS/PBCH blocks for channel measurement. The third resource setting has N CSI-IM resources. The CSI-IM resources in the third resource setting are 1-to-1 mapping with the resources in the first and the second resource setting. The UE reports two CRIs {} in each reporting instance and those CRIs are selected from the first and second resource setting, respectively.
3) Configuration #3: the UE is configured with four resource setting.  The first and the second resource setting has N CSI-RS resources or SS/PBCH blocks for channel measurement. The third and the fourth resource setting has N NZP CSI-RS resources for interference measurement.  The resources in the first and third resource setting are 1-to-1 associated. The resources in the second and fourth resource setting are 1-to-1 associated. The UE reports two CRIs {} in each reporting instance and those CRIs are selected from the first and second resource setting, respectively.
To summarize, for group-based L1-SINR report, we shall support new report/resource configurations:
[bookmark: _Hlk23326725]Proposal 8: For group-base L1-SINR reporting, support:
· The UE is configured with two resource settings for channel measurement.  The two reported CRIs or SSBRIs are selected from two resource settings.
· The interference for each L1-SINR calculation includes the interference measured from the IMR associated with reported CRI and also includes the interference measured from the IMR and CMR associated with the other reported CRI.
Conclusion
In this contribution, we discussed a few remaining issues on multi-beam operation enhancement and provided corresponding text proposals. Based on the discussion, the following proposals are provided:
Proposal 1: For default pathloss RS for PUSCH, PUCCH and SRS, support one of the following two solutions:
· Alt 1: The UE expects the gNB to configure a periodic CSI-RS resource for the QCL-TypeD for default pathloss RS.
· Alt 2: If the QCL-TypeD RS in the TCI-state for default pathloss is a periodic CSI-RS resource, the UE use that QCL-TypeD RS to calculate pathloss, otherwise, the UE uses the SSB that is used to obtain MIB to calculate pathloss.
Proposal 2: Clarify in 38.214 that default spatial relation info for SRS resource is only applicable to UE with beam correspondence.
Proposal 3: For MAC CE activating pathloss RS:
· UE reports minimal application time in UE capability reporting.
· If the pathloss RS carried in one MAC CE is already activated, the application time is 3ms after sending HARQ-ACK for the PDSCH carrying the MAC CE.
· If the pathloss RS carried in one MAC CE is newly activated, the application time is the reported time after 3ms after sending HARQ-ACK for the PDSCH carrying the MAC CE.




Proposal 4: The PUCCH power control after SCell BFR follows: ,and 
Proposal 5: The value of K = 28 and the UE shall apply the new beam indicate in the MAC CE of SCell BFR on:
· PDSCH transmission in the failed SCell
· SRS resources configured for codebook based PUSCH transmission
· SRS resource configured for non-codebook based PUSCH transmission if associatedCSI-RS is not configured.
Proposal 6: Complete the description for L1-SINR based group-based beam reporting in 38.214.
Proposal 7: L1-SINR-based beam reporting is only wideband.
Proposal 8: For group-base L1-SINR reporting, support:
· The UE is configured with two resource settings for channel measurement.  The two reported CRIs or SSBRIs are selected from two resource settings.
· The interference for each L1-SINR calculation includes the interference measured from the IMR associated with reported CRI and also includes the interference measured from the IMR and CMR associated with the other reported CRI.
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