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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#102 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
2.1 Simultaneous multi-CC spatial relation update for SRS
For simultaneous multi-CC spatial relation update for SRS, according to TS 38.321, only a single CC ID is indicated by MAC-CE command of Serving Cell Set based SRS Spatial Relation Indication, rather than providing the set of CCs/BWPs explicitly. When the indicated CC is configured as part of a simultaneousSpatial-UpdatedList1-r16 or simultaneousSpatial-UpdatedList2-r16 as specified in TS 38.331, and this MAC CE applies to all the Serving Cells configured in the set simultaneousSpatial-UpdatedList1-r16 or simultaneousSpatial-UpdatedList2-r16, respectively.
But, according to the current TS 38.214, it is specified incorrectly that the set of CCs/BWPs, i.e., applicable list of CC, is indicated by RRC rather than by MAC-CE. This is also not aligned with the corresponding paragraph for simultaneous multi-CC TCI state update for PDSCH as follows.
	TS 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 indicated CCs. 


Consequently, we have the following text proposals.
TP 1: {38.214: 6.2.1	UE sounding procedure}
	When a spatialRelationInfo is activated/updated for a semi-persistent or aperiodic SRS resource configured by the higher layer parameter SRS-Resource by a MAC CE for a set of CCs/BWPs, where the applicable list of CCs is indicated provided by higher layer parameter simultaneousSpatial-UpdatedList-r16 or simultaneousSpatial-UpdatedListSecond-r16 and is determined by the indicated CC in the MAC CE,, the spatialRelationInfo is applied for the semi-persistent or aperiodic SRS resource(s) with the same SRS resource ID for all the BWPs in the indicated CCs.


2.2 Default beam and path loss for uplink transmission
[bookmark: _GoBack]After reviewing the latest TS 38.331, we have the following text proposals for the paragraphs corresponding to default beam and path loss of uplink transmission to align the RRC parameter names with TS 38.331.
TP 2: {38.213: 7.1.1	UE behaviour}
	-	If the UE is not provided PUSCH-PathlossReferenceRS and enableDefaultBeamPL-ForSRS-r16enableDefaultBeamPlForSRS, or before the UE is provided dedicated higher layer parameters, the UE calculates [image: ] using a RS resource from an SS/PBCH block with same SS/PBCH block index as the one the UE uses to obtain MIB
<Unchanged part is omitted>
-	If the PUSCH transmission is scheduled by a DCI format 0_1, and if the UE is provided enableDefaultBeamPL-ForSRS-r16enableDefaultBeamPlForSRS and is not provided PUSCH-PathlossReferenceRS and PUSCH-PathlossReferenceRS-r16, the UE uses the same RS resource index  as for a SRS resource set with an SRS resource associated with the PUSCH transmission
<Unchanged part is omitted>
-	If 
-	the PUSCH transmission is scheduled by a DCI format 0_0 on serving cell , 
-	the UE is not provided PUCCH resources for the active UL BWP of serving cell , and
-	the UE is provided enableDefaultBeamPL-ForPUSCH0-r16enableDefaultBeamPlForPUSCH0_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 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 enableDefaultBeamPL-ForPUSCH0-r16enableDefaultBeamPlForPUSCH0_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 part is omitted>
If the UE is provided enablePLRS-UpdateForPUSCH-SRS-r16enablePLRSupdateForPUSCHSRS, a mapping between sri-PUSCH-PowerControlId and PUSCH-PathlossReferenceRS-Id values can be updated by a MAC CE as described in [11, TS38.321]


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 enableDefaultBeamPL-ForPUCCH-r16enableDefaultBeamPlForPUCCH, and 
-	is not provided CORESETPoolIndex value of 1 for any CORESET, or is provided CORESETPoolIndex value of 1 for all CORESETs, in ControlResourceSet and no codepoint of a TCI field, if any, in a DCI format of any search space set maps to two TCI states [5, TS 38.212] 
	the UE determines a RS resource index  providing a periodic RS resource with 'QCL-TypeD' in the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP of the primary cell. For a PUCCH transmission over multiple slots, a same  applies to the PUCCH transmission in each of the multiple slots.


TP 4: {38.213: 7.3.1	UE behaviour}
	[image: ] is a downlink pathloss estimate in dB calculated by the UE using RS resource index  as described in Clause 7.1.1 for the active DL BWP of serving cell  and SRS resource set  [6, TS 38.214]. The RS resource index  is provided by pathlossReferenceRS associated with the SRS resource set  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 enablePLRS-UpdateForPUSCH-SRS-r16enablePLRSupdateForPUSCHSRS, a MAC CE [11, TS 38.321] can provide by SRS-PathlossReferenceRS-Id a corresponding RS resource index  for aperiodic or semi-persistent SRS resource set 
... ...
-	If the UE
-	is not provided pathlossReferenceRS or SRS-PathlossReferenceRS, 
-	is not provided spatialRelationInfo, and
-	is provided enableDefaultBeamPL-ForSRS-r16enableDefaultBeamPlForSRS, 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 


TP 5: {38.213: 9.2.2	PUCCH Formats for UCI transmission}
	If a UE
-	is not provided pathlossReferenceRSs in PUCCH-PowerControl, 
-	is provided enableDefaultBeamPL-ForPUCCH-r16enableDefaultBeamPlForPUCCH, 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. For a PUCCH transmission over multiple slots, a same spatial setting applies to the PUCCH transmission in each of the multiple slots.


TP 6: {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 enableDefaultBeamPL-ForPUSCH0-r16 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 enableDefaultBeamPL-ForPUSCH0-r16 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.



TP 7: {38.214: 6.1.1	Transmission schemes}
	Two transmission schemes are supported for PUSCH: codebook based transmission and non-codebook based transmission. The UE is configured with codebook based transmission when the higher layer parameter txConfig in pusch-Config is set to 'codebook', the UE is configured non-codebook based transmission when the higher layer parameter txConfig is set to 'nonCodebook'. If the higher layer parameter txConfig is not configured, the UE is not expected to be scheduled by DCI format 0_1 or 0_2. If PUSCH is scheduled by DCI format 0_0, the PUSCH transmission is based on a single antenna port. Except if the higher layer parameter enableDefaultBeamPL-ForPUSCH0-r16enableDefaultBeamPlForPUSCH0_0 is set 'enabled', the UE shall not expect PUSCH scheduled by DCI format 0_0 in a BWP without configured PUCCH resource with PUCCH-SpatialRelationInfo in frequency range 2 in RRC connected mode.



TP 8: {38.214: 6.2.1	UE sounding procedure}
	When the higher layer parameter enableDefaultBeamPL-ForSRS-r16enableDefaultBeamPlForSRS 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-PosResourceSet-r16, 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


3. Beam failure recovery for SCell
After reviewing the latest TS 38.331, we have the following text proposal to align the RRC parameter names with 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: ] of periodic CSI-RS resource configuration indexes by failureDetectionResources and a set [image: ] of periodic CSI-RS resource configuration indexes and/or SS/PBCH block indexes by candidateBeamRSList or candidateBeamRSListExt-r16 or candidateBeamRSSCellList-r16 for radio link quality measurements on the BWP of the serving cell. If the UE is not provided  by failureDetectionResources or beamFailureDetectionResourceList for a BWP of the serving cell, the UE determines the set [image: ] 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: ] includes RS indexes with QCL-TypeD configuration for the corresponding TCI states. The UE expects the set [image: ] to include up to two RS indexes. The UE expects single port RS in the set [image: ]. The UE expects single-port or two-port CSI-RS with frequency density equal to 1 or 3 REs per RB in the set [image: ].


4. UE capability for multi-beam operation
Regarding UE feature on multi-beam operation, there is still some remaining issues for FG 16-1a-1.
	16-1a-1
	SSB/CSI-RS for L1-SINR measurement
	Per slot limitations:
1. The max number of [unique] SSB/CSI-RS [(1Tx)] for CMR 
2. The max number of CSI-IM/NZP-IMR resources 
3.  The max number of CSI-RS (2Tx) resources for CMR

Memory limitations:
4. The max number of SSB/CSI-RS resources as CMR
5. The max number of CSI-IM/NZP IMR resources

Other limitations:
6. Supported density of CSI-RS (CMR)
7. The max number of aperiodic CSI-RS resources across all CCs configured to measure L1-SINR (including CMR and IMR) shall not exceed MD_1
8. [bookmark: _Hlk42700082]Supported SINR measurements: {SSB as CMR with dedicated IMR, CSI-RS as CMR with dedicated [CSI-IM/NZP IMR] configured, CSI-RS as CMR without dedicated IMR configured, [CSI-RS (2Tx) resources for CMR]}

	2-21, 2-22 or 2-23, 2-23a
	Yes 
	N/A
	
	Per band
	No
	No
	
	Component 1: Candidate values {8, 16, 32, 64}

Component 2: Candidate values {[0,] 8, 16, 32, 64}

Component 3: Candidate values {[0, 4,] 8, 16, 32, 64}

Component 4: Candidate values {[8,] 16, 32, 64 [, 128]}

Component 5: Candidate values {[0,] 8, 16, 32, 64 [, 128]}

Component 6: Candidate values {‘1 only’, ‘3 only’, ‘1 and 3’}

[bookmark: _Hlk42699933][bookmark: _Hlk42699987]Component 7: Candidate values {[0, 1, 2, 4,] 8, 16, 32, 64}

Component 8: Candidate values FFS

Note: For Component 8, UE must at least report support of one [FFS: which one(s)]

FFS: How CSI-RS is counted when it is configured as CMR without dedicated IMR


Regarding “Note: For Component 8, UE must at least report support of one [FFS: which one(s)]”
· Considering that there is similar complexity for CSI-IM and NZP-IMR, “CSI-RS as CMR with dedicated CSI-IM/NZP-IMR configured” is supported as a mandatory function for component-11.  
Regarding component-8, we have the following updates for clarification. The candidate values of component 8 are one or combination of “SSB as CMR with dedicated IMR, CSI-RS as CMR with dedicated CSI-IM/NZP IMR configured, CSI-RS as CMR without dedicated IMR configured”.
Proposal: For UE FG 16-1a-1,
· CSI-RS as CMR with dedicated CSI-IM/NZP-IMR configured is supported as a mandatory function for component-11
· The component 8 is revised in red: 8. Supported SINR measurements: one or combination of {SSB as CMR with dedicated IMR, CSI-RS as CMR with dedicated [CSI-IM/NZP IMR] configured, CSI-RS as CMR without dedicated IMR configured, [CSI-RS (2Tx) resources for CMR]}
5. Conclusion
In this contribution, we provide the aforementioned text proposals and proposal for maintenance of multi-beam operation.
6. References
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