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1. Introduction

In RAN#86 meeting, NR Rel-16 eMIMO was declared as complete. It has been agreed that RAN1 shall continue to focus on stabilizing the essential functionality for NR Rel-16 eMIMO in this RAN1#100 e-meeting. There are some remaining details on multi-beam operation which need to be refined or updated in the specification. We provide our TPs on multi-beam operation related issues in this contribution.
2. Enhancement(s) on latency and overhead reduction
In this sub-section, we discuss the remaining issues, including MAC-CE update for AP-SRS spatial relation, MAC-CE based path-loss RS update for PUSCH and SRS, default spatial relation and power control parameters for PUSCH, and some editorial issues.
2.1 MAC-CE update for AP-SRS spatial relation
The MAC-CE update for AP-SRS spatial relation has been introduced in Rel-16, and the MAC-CE update is effective starting from the first slot that is 3ms after the HARQ-ACK corresponding to the PDSCH carrying the MAC-CE command. However, for a SRS transmission, the time instant for determining its spatial relation is not clear, e.g., (a) based on the slot of triggering DCI command or (b) based on the slot of real SRS transmission. 
Considering that a UE shall determine transmission parameter(s) when receiving the triggering DCI command, the activated spatial relation at the slot of receiving the triggering DCI command should be applied for the AP-SRS transmission for the perspective of UE implementation. 

Proposal-1: When an AP-SRS resource is triggered by a DCI command at the slot n, the valid spatial relation corresponding to the SRS resource at the slot n is applied to the SRS transmission.
Consequently, we have the following text proposals.
TP1: {38.214: 6.2.1
UE sounding procedure}
	For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter resourceType in SRS-Resource is set to 'aperiodic':
 <Unchanged part omitted>
-
when a UE receives an spatial relation update command, as described in clause 6.1.3.xx of [10, TS 38.321], for an SRS resource, and when the HARQ-ACK corresponding to the PDSCH carrying the update command is transmitted in slot n, the corresponding actions in [10, TS 38.321] and the UE assumptions on updating spatial relation for the SRS resource shall be applied for SRS transmission triggered by a DCI which is received no earlier than the first slot that is after slot [image: image2.png]subframe.p
n+ 3N,




The update command contains spatial relation assumptions provided by a list of references to reference signal IDs, one per element of the updated SRS resource set. Each ID in the list refers to a reference SS/PBCH block, NZP CSI-RS resource configured on serving cell indicated by Resource Serving Cell ID field in the update command if present, same serving cell as the SRS resource set otherwise, or SRS resource configured on serving cell and uplink bandwidth part indicated by Resource Serving Cell ID field and Resource BWP ID field in the update command if present, same serving cell and bandwidth part as the SRS resource set otherwise.] When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set to 'antennaSwitching', the UE shall not expect to be configured with different spatial relations for SRS resources in the same SRS resource set.


2.2 MAC-CE based path-loss RS update for PUSCH and SRS 
Considering that only the activated path-loss RS(s) are being tracked in a UE, the timeline for calculating a path loss estimate of the activated path-loss RS should be specified in the spec. The corresponding WA about applicable time for activating PL RS was agreed in RAN1#98b, and the corresponding LS was sent to RAN4 for further checking the agreed applicable timing and how to specify this timeline. 
Then, the following reply LS from RAN4 [1] is received in this meeting. Specifically, RAN4 confirms the following aspects
· The 5 measurement samples for path-loss RS are sufficient for path-loss calculation.

· The applicable timing is modified to be the 2ms after the last pathloss RS measurement sample considering the UE processing time.

· The applicable timing for activating/updating PL RS should be captured in RAN1 spec.

	RAN4 would like to thank RAN1 for the LS on applicable timing for pathloss RS activated/updated by MAC-CE (R1-1911616). After discussion in RAN4, the following conclusions are achieved,
· If the TCI state of the activated/updated pathloss RS is known, sample number of pathloss RS measurement for filtered RSRP before the application time at most 5 measurement samples for SSB and CSI-RS based pathloss RS can be used

· Note: If measurement sample is not available due to measurement gap or other UE activities (e.g. RX beam sweeping), longer application time is expected.

· If the TCI state of the activated/updated PL RS is unknown, longer application time is expected to allow RX beam refinement. The conditions for a TCI state to be known are defined in section 8.10.2 of TS38.133.

· Filtered RSRP value for previous pathloss RS will be used before the application time, which is 2ms after the last pathloss RS measurement sample considering the UE processing time of the pathloss RS measurement 

· The applicable timing for activating/updating PL RS should be captured in RAN1 spec.


Consequently, we have the following text proposals for PUSCH and SRS, respectively.
TP2: {38.213: 7.1.1
UE behaviour}
	If the UE is provided enablePLRSupdateForPUSCHSRS, a mapping between sri-PUSCH-PowerControlId and PUSCH-PathlossReferenceRS-Id values can be updated by a MAC CE as described in [11, TS38.321]

-
If RS resource(s) corresponding to the updated PUSCH-PathlossReferenceRS-Id values are not within the group of current RS resources for maintaining pathloss estimate(s), UE shall apply the higher layer filtered RSRP(s) corresponding to the RS resource(s) starting from 2ms after the 5th measurement sample since the first slot that is after slot [image: image3.wmf]m
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 is the slot where the UE transmits a PUCCH with HARQ-ACK information for the PDSCH providing the MAC CE and [image: image5.wmf]m

 is the SCS configuration for the PUCCH. The UE does not expect to maintain pathloss estimates of RS resources corresponding to the deactivated PUSCH-PathlossReferenceRS-Id values.


TP3: {38.213: 7.3.1
UE behaviour}
	-
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 is a downlink pathloss estimate in dB calculated by the UE using RS resource index [image: image7.wmf]d
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 as described in Clause 7.1.1 for the active DL BWP of serving cell [image: image8.wmf]c

 and SRS resource set [image: image9.wmf]s
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 [6, TS 38.214]. The RS resource index [image: image10.wmf]d
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 is provided by pathlossReferenceRS associated with the SRS resource set [image: image11.wmf]s
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 and is either an ssb-Index providing a SS/PBCH block index or a csi-RS-Index providing a CSI-RS resource index
 -   If the UE is provided enablePLRSupdateForPUSCHSRS, a MAC CE [11, TS 38.321] can provide by SRS-PathlossReferenceRS-Id a corresponding RS resource index [image: image13.png]


 for aperiodic or semi-persistent SRS resource set [image: image15.png]



-
If RS resource(s) corresponding to the SRS-PathlossReferenceRS-Id values updated by the MAC CE are not within the group of current RS resources for maintaining pathloss estimate(s), UE shall apply the higher layer filtered RSRP(s) corresponding to the RS resource(s) starting from 2ms after the 5th measurement sample since the first slot that is after slot [image: image16.wmf]m
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 is the slot where the UE transmits a PUCCH with HARQ-ACK information for the PDSCH providing the MAC CE and [image: image18.wmf]m

 is the SCS configuration for the PUCCH. The UE does not expect to maintain pathloss estimates of RS resources corresponding to the deactivated SRS-PathlossReferenceRS-Id values.
-
If the UE is not provided pathlossReferenceRS or SRS-PathlossReferenceRS, or before the UE is provided dedicated higher layer parameters, the UE calculates [image: image19.wmf])
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 using a RS resource obtained from the SS/PBCH block that the UE uses to obtain MIB
-
If the UE is provided pathlossReferenceLinking, the RS resource is on a serving cell indicated by a value of pathlossReferenceLinking 


2.3 Default spatial relation and power control parameters for PUSCH
In RAN1#99, the agreements on the default spatial relation and path-loss RS parameters for SRS and PUCCH were reached, but the UE behavior for default spatial relation and power control parameters for PUSCH are still FFS.
· For default spatial relation, there is the already specified mapping between PUSCH port(s) and SRS port(s) used for codebook or non-codebook transmission, and consequently the default spatial relation of PUSCH has been supported automatically without further specification impacts.
· For default power control parameter, it is straightforward that the path-loss RS of PUSCH should be directly determined according to that used for the associated SRS transmission. 
· It should be noticed that the explicit configuration for path-loss RS for PUSCH as in Rel-15 can NOT work well in this case. The default spatial relation is updated by MAC-CE for PDCCH/CORESET, but the path-loss RS of PUSCH is reconfigured by RRC signaling in general (a UE supporting this Rel-16 feature of default spatial relation may NOT support the Rel-16 feature of MAC-CE based path loss update). Consequently, there is a serious timeline misalignment between spatial relation and path-loss RS update.
Proposal 2:  If the UE is provided enableDefaultBeamPlForSRS and is not provided path-loss RS for PUSCH, the path-loss RS for PUSCH scheduled by DCI format 0_1 is determined according to the path-loss RS for its associated SRS resource set, i.e., for codebook or non-codebook transmission.
Consequently, we have the following text proposals.
TP4: {38.213: 7.3.1
UE behaviour}
	-
If the UE is provided SRI-PUSCH-PowerControl and more than one values of PUSCH-PathlossReferenceRS-Id, the UE obtains a mapping from sri-PUSCH-PowerControlId in SRI-PUSCH-PowerControl between a set of values for the SRI field in a DCI format scheduling the PUSCH transmission and a set of PUSCH-PathlossReferenceRS-Id values and determines the RS resource index [image: image20.wmf]d
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 from the value of PUSCH-PathlossReferenceRS-Id that is mapped to the SRI field value where the RS resource is either on serving cell [image: image21.wmf]c

 or, if provided, on a serving cell indicated by a value of pathlossReferenceLinking
-
If the PUSCH transmission is scheduled by a DCI format 0_1, and if the UE is provided enableDefaultBeamPlForSRS and is not provided PUSCH-PathlossReferenceRS-Id, the UE uses the same RS resource index [image: image22.wmf]d
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 as for the SRS resource set corresponding to the PUSCH transmission.


2.4 Correction on editorial issues

For the paragraphs of default path-loss RS for SRS in Section 7.3.1 in TS 38.213, the BWP and serving cell corresponding to the CORESET with the lowest index and activated PDSCH TCI state with lowest ID are both unclear. Consequently, we have the following text proposals for clarification.
TP5: {38.213: 7.3.1
UE behaviour}
	-
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 
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 providing a RS resource with 'QCL-TypeD' in
-
the TCI state or the QCL assumption of a CORESET with the lowest index on the active DL BWP of the serving cell, if CORESETs are provided in the active DL BWP

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


Besides, for the paragraphs of default spatial relation for PUSCH scheduled by DCI format 0_0 in Section 6.1 in TS 38.214, the BWP and serving cell corresponding to PUCCH resources and the CORESET with the lowest index are also unclear. Consequently, we have the following text proposals for clarification.
TP6: {38.214: 6.1
UE procedure for transmitting the physical uplink shared channel}
	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 of the cell 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. 

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 of the cell 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.


3. Beam failure recovery for SCell
In this section, we discuss the remaining issues on UL power control update for PUCCH after gNB response and some editorial issues.

3.1 UL power control update for PUCCH after gNB response

In RAN1#99, it was agreed that the spatial relation of PUCCH transmission after gNB response in a SCell should be updated according to the DL RS qnew of the SCell reported in the MAC-CE for recovery, and the power control parameters for the PUCCH transmission are still FFS. Considering that the same default spatial relation behavior is used for both PCell BFR and SCell BFR cases, the power control parameter used for PUCCH transmission in the PCell as below can be straightforwardly reused for the SCell case. Specifically, the following power control parameters can be applied for the PUCCH transmission.
· The P0 is provided by the entry with the lowest ID in the corresponding P0 set.
· The path-loss RS is updated as the DL RS with index q_new.

· The closed loop index is 0.
	For the PCell or the PSCell, after 28 symbols from a last symbol of a first PDCCH reception in a search space set provided by recoverySearchSpaceId for which the UE detects a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI and until the UE receives an activation command for PUCCH-SpatialRelationInfo [11, TS 38.321] or is provided PUCCH-SpatialRelationInfo for PUCCH resource(s), the UE transmits a PUCCH on a same cell as the PRACH transmission using 

-
a same spatial filter as for the last PRACH transmission

-
a power determined as described in Clause 7.2.1 with [image: image24.wmf]0
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Proposal 3: The default power control parameter for PUCCH transmission after gNB response in PCell beam recovery is reused for PUCCH transmission in SCell beam recovery, i.e.,
· The P0 is provided by the entry with the lowest ID in the corresponding P0 set,

· The path-loss RS is updated as the DL RS with index q_new.
· The closed loop index is 0.

Consequently, we have the following text proposals.
TP7: {38.213: 6

Link recovery procedures}
	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 [image: image28.png]G new



 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 on the at least one SCell with same antenna port quasi-collocation parameters as the ones associated with a corresponding index [image: image30.png]G new



, if any

-
transmits PUCCH on a PUCCH-SCell using a same spatial domain filter as the one corresponding to [image: image32.png]G new



 for periodic CSI-RS or SS/PBCH block reception, as described in Clause 9.2.2, and a power determined as described in Clause 7.2.1 with [image: image33.wmf]0
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, 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.


3.2 Correction on editorial issues

In Section 6 link recovery procedure, we have the following description for UE behavior after receiving gNB response, but where the definition of ‘NDI field’ as highlighted is missing in Section 3.3 Abbreviation. 

	Section 6 link recovery procedure in TS 38.213

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 [image: image37.png]G new



 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 on the at least one SCell with same antenna port quasi-collocation parameters as the ones associated with a corresponding index [image: image39.png]G new



, if any

-
transmits PUCCH on a PUCCH-SCell using a same spatial domain filter as the one corresponding to [image: image41.png]G new



 for periodic CSI-RS or SS/PBCH block reception, as described in Clause 9.2.2, 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.


Consequently, we have the following text proposals for clarification.
TP8: {38.213: 3.3

Abbreviation}
	For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in [1, TR 21.905].
<Unchanged part omitted>
GSCN
Global synchronization channel number

HARQ-ACK
Hybrid automatic repeat request acknowledgement 

MCG
Master cell group

MCS
Modulation and coding scheme 
NDI 
New data indicator
NE-DC
E-UTRA NR dual connectivity with MCG using NR and SCG using E-UTRA
NR-DC
NR NR dual connectivity

PBCH
Physical broadcast channel

PCell
Primary cell
<Unchanged part omitted>


4. Measurement and reporting of  L1-SINR
In this section, we discuss the remaining issues, including QCL assumption for ZP/NZP-IMR associated with SSB and group based reporting.

4.1 QCL assumption for ZP/NZP-IMR associated with SSB
In RAN1#99 meeting, we have the agreement for applying the QCL-TypeD configuration of CSI-RS as a CMR to measure the NZP-IMR in L1-SINR measurement, in order to avoid the gNB configuration requirement that the QCL configuration for NZP-IMR shall always be the same as CMR in L1-SINR reporting. 

But, if an SSB is configured as a CMR, we have not reached any agreement. We have the following description in TS 38.214: 

· “UE may apply 'QCL-TypeD' assumption of the SSB or 'QCL-TypeD' configured to the NZP CSI-RS resource for channel measurement to measure the associated CSI- IM resource or associated NZP CSI-RS resource for interference measurement configured for one CSI reporting”
Considering that there is not any definition about QCL-TypeD assumption of an SSB and there is also not any reference for receiving the SSB in the specification, the above description as highlighted is not correct. Instead, from spec perspective, it only needs to be specified that the UE shall apply the assumption that the NZP-IMR is QCLed with the SSB, which is to overwrite the QCL-TypeD/TCI configuration for NZP-IMR.
Consequently, we have the following text proposals.
TP9: {38.214: 5.2.1.2
Resource settings}
	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 1 port NZP CSI-RS with density 3 REs/RB 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.

-
UE may apply the assumption that the CSI-IM resource or NZP CSI-RS resource for interference measurement is quasi co-located with the associated SSB, if any, configured for one CSI reporting with respect to 'QCL-TypeD'
-
UE may apply 'QCL-TypeD' configured to the NZP CSI-RS resource for channel measurement, if any, to measure the associated CSI- IM resource or associated NZP CSI-RS resource for interference measurement configured for one CSI reporting

-
UE may expect that the NZP CSI-RS resource set for channel measurement and the NZP-CSI-RS resource set for interference measurement, if any, are configured with the higher layer parameter repetition.


4.2 Group based reporting

In RAN1#98 meeting, the L1-SINR based beam reporting can be applied for both non-group based and group based beam reporting. Straightforwardly, the specified behavior for group based reporting in L1-RSRP in Rel-15 can be reused for that in L1-SINR reporting.

	Agreement in RAN1#98

Support gNB to configure L1-SINR based beam report for both non-group based and group based beam reporting.


Proposal 4: The definition of group based reporting in L1-RSRP report can be reused for that in L1-SINR report, i.e.,
· In the group based L1-SINR report, CSI-RS and/or SSB resources reported in a single reporting instance can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters.

Consequently, we have the following text proposals.
TP10: {38.214： 5.2.1.4.2
Report Quantity Configurations}
	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.
-
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.


5. Conclusion

In this contribution, we provide the following proposals for maintenance of enhancements on multi-beam operation.
Proposal-1: When an AP-SRS resource is triggered by a DCI command at the slot n, the valid spatial relation corresponding to the SRS resource at the slot n is applied to the SRS transmission.
Proposal 2:  If the UE is provided enableDefaultBeamPlForSRS and is not provided path-loss RS for PUSCH, the path-loss RS for PUSCH scheduled by DCI format 0_1 is determined according to the path-loss RS for its associated SRS resource set, i.e., for codebook or non-codebook transmission.
Proposal 3: The default power control parameter for PUCCH transmission after gNB response in PCell beam recovery is reused for PUCCH transmission in SCell beam recovery, i.e.,
· The P0 is provided by the entry with the lowest ID in the corresponding P0 set,

· The path-loss RS is updated as the DL RS with index q_new.

· The closed loop index is 0.

Proposal 4: The definition of group based reporting in L1-RSRP report can be reused for that in L1-SINR report, i.e.,
· In the group based L1-SINR report, CSI-RS and/or SSB resources reported in a single reporting instance can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters.
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