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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#101 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 default spatial relation and path-loss RS parameters, and some editorial issues.

2.1 Default spatial relation and path-loss RS parameters
2.1.1 Default path-loss RS 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 is still FFS.

· For default spatial relation, there is the already specified mapping between PUSCH port(s) and SRS port(s) for codebook or non-codebook transmission, and consequently the default spatial relation of PUSCH has been supported naturally without further specification impacts.

· For default path-loss RS, 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 1:  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 proposal.

TP 1: {38.213: 7.1.1
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: image1.wmf]d

q

 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: image2.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: image3.wmf]d

q

 as for the SRS resource set corresponding to the PUSCH transmission.


2.1.2 Applying default path-loss RS to FR1 

The default spatial relation and path-loss RS approach is only applied to FR2, since the reference RS is based on the QCL-Type D RS in TCI state or QCL assumption applied to CORESET or PDSCH. The restriction about FR2-only does not bring any technical advantages but preventing FR1 system to benefit from Rel-16 enhancements. With this default feature in FR1, the additional MAC-CE commands to update the path-loss RS for PUCCH, PUSCH and SRS can be saved accordingly.
Observation: The restriction of FR2-only is unnecessary for default path-loss RS approach, considering that the default path-loss RS determination can well save MAC-CE/RRC signaling for path-loss RS update in FR1 due to the same motivation as in FR2.

Straightforwardly, we only need to enable the other QCL-Type reference RS, e.g., QCL-TypeA RS, as the default path-loss RS for FR1. Consequently, we recommend that the default path-loss RS approach can also be applied for FR1.
Proposal 2:  The default path-loss approach for dedicated-PUCCH/SRS/PUSCH can be applied for a CC in FR1

· The path-loss RS of the dedicated-PUCCH/SRS/PUSCH is determined according to the QCL-TypeA RS of a TCI state or QCL assumption corresponding to CORESET or PDSCH in such case.

Consequently, we have the following text proposal for PUCCH. It is noted that similar updates are needed for PUSCH power control in TS 38.213 Section 7.1.1 and for SRS power control in Section TS 38.213 7.3.1.
TP 2: {38.213: 7.2.1
UE behaviour}

	-
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 
[image: image4.wmf]d
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 providing a periodic RS resource 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 there are two RS resources in the TCI state or the QCL assumption, the UE determines a RS resource index 
[image: image5.wmf]d
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 providing a periodic RS resource with QCL-TypeD in the corresponding TCI state or the corresponding QCL assumption.


2.1.3 Determining default spatial relation and path-loss RS for multi-slot PUCCH

For multi-slot PUCCH transmission, when default beam and path-loss mode is enabled, the TCI state of PDCCH/CORESET is activated by MAC-CE, and the multi-slot PUCCH may cross the applicable timing of MAC-CE based update. Consequently it should be specified which TCI state, e.g., old or new TCI state(s), is used for determining spatial relation of PUCCH for each slot. Straightforwardly, it is recommended that the default spatial relation and path-loss RS are based on the active TCI state in each slot of multi-slot PUCCH.

· For instance, the HARQ-ACK corresponding to the PDSCH carrying the MAC-CE of activating TCI state of PDCCH/CORESET with lowest index is transmitted in slot n, and the corresponding TCI state should be applicable at the slot of n+3ms. When the multi-slot PUCCH is cross the time point of n+3ms, and the recently active TCI state at the each slot of the multi-slot PUCCH is applied to the respective PUCCH transmission. One example can be found in Figure 3.

[image: image6.emf]ACK for MAC-

CE

slotn slotn+2

CORESET0

with old 

TCI state

slotn+3

PUCCH

slotn+4

PUCCH

slotn+5

PUCCH

slotn+6

PUCCH

3ms

slotn+1


Figure 3 Default spatial relation and path-loss RS for multi-slot PUCCH

Proposal 3: For multi-slot PUCCH, the default spatial relation and default path-loss RS of PUCCH in each slot is determining according to the recently active TCI state or QCL assumption of the CORESET with the lowest ID in the respective slot.
Consequently, we have the following text proposals.

TP 3: {38.213: 7.2.1
UE behaviour}

	If the UE

-
is not provided pathlossReferenceRSs, and

-
is not provided PUCCH-SpatialRelationInfo, and
-
is provided enableDefaultBeamPlForPUCCH 

-
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 
[image: image7.wmf]d
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 for each slot of the PUCCH transmission providing a RS resource with ‘QCL-TypeD’ in the active TCI state or the QCL assumption of a CORESET with the lowest index in the respective slot in the active DL BWP of the primary cell. 
<Unchanged parts are omitted>


TP 4: {38.213: 9.2.2
PUCCH Formats for UCI transmission}

	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 domain filter for a PUCCH transmission from the UE in each slot of the PUCCH transmission is same as a spatial domain filter used for the reception of a RS resource with ‘QCL-TypeD’ in the active TCI state or the QCL assumption of the CORESET with the lowest ID in the respective slot on the active DL BWP of the PCell.


2.2 Correction on editorial issues

2.2.1 Default spatial relation for SRS

For the paragraph of default spatial relation for SRS transmission in Section 6.2.1 in TS 38.214, “the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the CORESET...” However, it is due to that the CORESET is QCLed with the RS with "QCL-TypeD" (Rx spatial domain filter may be similar for DL), but the SRS shall use the same spatial relation/spatial domain filter as the RS with "QCL-TypeD" (for UL transmission). Therefore, the corresponding description is incorrect from spec perspective. Also, for the same issue, we have the following description for the paragraphs of PUSCH transmission as an example. 

	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.


Besides, in this paragraph of default spatial relation for SRS transmission, the BWP and serving cell corresponding to the CORESET with the lowest index and activated PDSCH TCI state with lowest ID are both unclear. Herein we need additional clarification for the BWP/CC of the SRS transmission to clarify which CC/BWP corresponds to the CORESET/PDSCH.

Consequently, we have the following text proposal.
TP 5: {38.214: 6.2.1       UE sounding procedure}

	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 in an active UL BWP of a CC
-
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 controlResourceSetId in the active DL BWP in the CC.

-
according to the spatial relation, if applicable, with a reference to the RS with ‘QCL-TypeD’ in 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


2.2.2 Simultaneous multi-CC TCI/spatial relation update
For the simultaneous multi-CC TCI/spatial relation update, the following editorial issues are identified.

· Instead of single RRC parameter as described in the spec, there are two separate RRC signaling for UL CC list, i.e., simultaneousTCI-UpdateList-r16 or simultaneousTCI-UpdateListSecond-r16
· For the sake of presentation, the “the indicated CCs” are unclear, especially considering that there is an description of “indicated CC” before that.
Consequently, we have the following text proposals.
TP 6: {38.213: 10.1
UE procedure for determining physical downlink control channel assignment}

	-
an antenna port quasi co-location, from a set of antenna port quasi co-locations provided by TCI-State, indicating quasi co-location information of the DM-RS antenna port for PDCCH reception in a respective CORESET;
-
if the UE is provided by simultaneousTCI-UpdateList-r16 or simultaneousTCI-UpdateListSecond-r16 up to two lists of cells for simultaneous TCI state activation, the UE applies the antenna port quasi co-location provided by TCI-States with same activated tci-StateID value to CORESETs with index [image: image9.png]


 in all configured DL BWPs of all configured cells in a list determined from a serving cell index provided by a MAC CE command


TP 7: {38.214: 5.1.5
Antenna ports quasi co-location}

	The UE receives an activation command, as described in clause 6.1.3.14 of [10, TS 38.321], used to map up to 8 TCI states to the codepoints of the DCI field 'Transmission Configuration Indication' in one CC/DL BWP or in a set of CCs/DL BWPs, respectively. When a set of TCI state IDs are activated for a set of CCs/DL BWPs, where the applicable list of CCs is determined by indicated CC in the activation command, the same set of TCI state IDs are applied for all DL BWPs in the applicable list of CCs. 


3. Measurement and reporting of L1-SINR
In this section, we discuss the remaining issues for group based reporting.

3.1 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. In RAN1#100bis-e meeting, there was some progress for differential L1-SINR reporting for group based reporting, but, unfortunately, the definition of group based reporting is still incomplete in current spec 
	Agreement in RAN1#98

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


Considering the already well discussion for this definition in Rel-15 and Rel-16, we slightly prefer to align with wording for L1-RSRP group based reporting which was agreed in RAN1#90.
	Agreement in RAN1#90
· Support the following for group based beam reporting, if group based beam reporting is configured:

· In a beam reporting instance, a UE can be configured to report N different Tx beams that can be received simultaneously

· Note: UE may report N or fewer beams in a given reporting instance

· N is configured by the gNB where N<= Nmax

· Nmax depends on UE capability

· FFS:  how to define the UE capability

· N =2 is supported. Further study {4,8}

· Notes: Information indicating group is not required to be reported in Rel-15


 Consequently, we have the following text proposals.
TP 8: {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.


4.  Beam failure recovery for SCell
4.1 Correction on editorial issues

After reviewing the latest TS 38.331, we have the following text proposals to align with titles of Rel-16 RRC parameters in TS 38.331. Note that there is no new RRC parameter “beamFailureDetectionResourceList” for SCell BFR, since the corresponding Re-15 RRC parameter framework for PCell is directly reused and the independent parameter can be provided for each BWP of SCell(s).

TP 9: {38.214: 5.2.1.4.2
Report Quantity Configurations}

	A UE can be provided, for each BWP of a serving cell, a set [image: image10.wmf]0

q

 of periodic CSI-RS resource configuration indexes by failureDetectionResources and a set [image: image11.wmf]1

q

 of periodic CSI-RS resource configuration indexes and/or SS/PBCH block indexes by candidateBeamRSList or candidateBeamRSSCellList-r16 for radio link quality measurements on the BWP of the serving cell. If the UE is not provided 
[image: image12.wmf]0

q

 by failureDetectionResources or beamFailureDetectionResourceList for a BWP of the serving cell, the UE determines the set [image: image13.wmf]0

q

 to include periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by TCI-State for respective CORESETs that the UE uses for monitoring PDCCH and, if there are two RS indexes in a TCI state, the set [image: image14.wmf]0

q

 includes RS indexes with QCL-TypeD configuration for the corresponding TCI states. The UE expects the set [image: image15.wmf]0

q

 to include up to two RS indexes. The UE expects single port RS in the set [image: image16.wmf]0

q

. 

The thresholds Qout,LR and Qin,LR correspond to the default value of rlmInSyncOutOfSyncThreshold, as described in [10, TS 38.133] for Qout, and to the value provided by rsrp-ThresholdSSB or rsrp-ThresholdBFR-r16
, respectively. 

*** Unchanged text is omitted ***
A UE can be provided, by schedulingRequestID-BFR-SCell-r16, 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 one MAC CE providing index(es) for at least corresponding SCell(s) with radio link quality worse than Qout,LR, indication(s) of presence of [image: image18.png]G new



 for corresponding SCell(s), and index(es) [image: image20.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 corresponding SCell(s). 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


5. UE capability for multi-beam operation

Regarding UE feature on multi-beam operation, we provide our views as follows. Some more details and the corresponding update on the current UE feature list can be found in our companion contribution [1]
· 16-1a-1: SSB/CSI-RS for L1-SINR measurement

· Firstly, the motivation of distinguishing 1-Tx CSI-RS and 2-Tx CSI-RS is unclear, considering that we also have the component “10. Supported density of CSI-RS (CMR)”. Secondly, we only need to consider either the maximum number of CMR/IMR separately (i.e. components 1,2,3), or the maximum number of CMR+IMR together (i.e. components 4 and 5). We don’t need both of them. 
· 16-1b & 16-1b-2: TCI state activation and spatial relation update & spatial relation update across multiple CCs

· Firstly, the title of “16-1b: TCI state activation and spatial relation update” should be replaced by “16-1b: TCI state activation and spatial relation update”, considering that it can be only applied to DL transmission. 

· Then, regarding two FFS parts, we still have concerns about the motivation of reporting which bands can share the same TCI state/spatial relation. Sharing the same TCI state or not is purely up to gNB configuration, but using different TCI state can be seen as a further UE capability enhancement over the Rel-15 UE that only supports single active TCI state for DL and/or UL transmission. Instead, we only need to discuss which bands can be used with different TCI state/spatial relation. For instance, we prefer to update two FFS components as “indicating band pairs that can be indicated with different DL TCI states” or “indicating band pairs that can be indicated with different UL spatial relation infos”, respectively.
· 16-1c: Default spatial relation

· As we discussed in Section 2.1, the default spatial relation and path loss approach should be applied for PUSCH scheduled by DCI format 0_1 also. Meanwhile, we also need to consider that this approach can be also used for default path-loss RS determination in FR1.

· 16-1d: MAC CE spatial relation update for AP-SRS

· Similar to the agreement for 16-1b, we prefer to update the component as "Support of spatial relation update for AP-SRS via MAC CE" as we did for other components for TCI/spatial relation update.

· For component 16-1d, the maximum number of spatial relation update for AP-SRS via MAC CE is based on Component 2-59: Configured spatial relations.
· 16-1e: Pathloss reference RS activation via MAC CE

· We prefer to have a fixed value for maximum number of activated path-loss reference RS(s) rather than according to UE capability. As a baseline, up to 4 activated path-loss reference RS(s) can be supported mandatory without capability signaling, which is the same as in Rel-15. As a result, the component of “FFS: The maximum number of activated path-loss reference RS update for PUSCH/SRS/PUCCH [across CCs / within a slot across all CCs / per CC]” should be removed.
· 16-1f: SCell beam failure recovery
· The support of PUCCH-BFR shall be mandatory with capability signaling for FR2 and optional for FR1 (as we did for PCell-BFR in Rel-15), in order to guarantee the effectiveness/low-latency of SCell-BFR. Hence, this component 5 in 16-1f should be removed, and the UE supporting the basic feature group FG 16-1f should support both SR based and PUCCH based-BFR. 

· Then, regarding the component “FFS: Density of CSI-RS for new beam identification for Scell BFR”, we only need to reuse Rel-15 UE capability, and consequently it can be removed.

· 16-1g: Resources for beam management, [pathloss measurement, BFD, and BFR]
· The aspects about path-loss measurement, BFD and BFR should be removed, and we do not need the further components about combining path-loss measurement, BFD or BFR cases, which has been reported through the other UE capability reporting independently. 
6. Conclusion

In this contribution, we provide the following proposals for maintenance of enhancements on multi-beam operation.

Observation: The restriction of FR2-only is unnecessary for default path-loss RS approach, considering that the default path-loss RS determination can well save MAC-CE/RRC signaling for path-loss RS update in FR1 due to the same motivation as in FR2.

Proposal 1:  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 2:  The default path-loss approach for dedicated-PUCCH/SRS/PUSCH can be applied for a CC in FR1

· The path-loss RS of the dedicated-PUCCH/SRS/PUSCH is determined according to the QCL-TypeA RS of a TCI state corresponding to CORESET or PDSCH in such case.

Proposal 3: For multi-slot PUCCH, the default spatial relation and default path-loss RS of PUCCH in each slot is determining according to the recently active TCI state or QCL assumption of the CORESET with the lowest ID in the respective slot.
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