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Introduction
In this paper, we present discussion on the remaining issues on enhancement of multi-beam operation based on the objectives agreed in RAN1#102-e and corresponding agreements up to RAN1#108-e [1]. We also provide related text proposals for Rel-17 NR specifications.
[bookmark: _Hlk47732020]Issue 2: Inter-Cell Beam Management
Text Proposal for TS 38.214
In RAN1, for the case of inter-cell mTRP, we have made the following conclusion:
	Conclusion
Reuse Rel-15/16 QCL rule between the source and target RS/channel for non-serving cell RS/channel


In the current version of TS 38.214, the extension to non-serving cell PCID for QCL rules is not fully captured i.e., it is only captured for CSI-RS for BM as shown in the yellow highlight below. We provide a text proposal as follows to correct this:
	5.1.5	Antenna ports quasi co-location
<Unchanged Parts omitted>
For a periodic CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):
-	'typeC' with an SS/PBCH block and, when applicable, 'typeD' with the same SS/PBCH block, the reference RS may additionally be an SS/PBCH block having a PCI different from the PCI of the serving cell, or
-	'typeC' with an SS/PBCH block reference RS may additionally be an SS/PBCH block having a PCI different from the PCI of the serving cell and, when applicable,'typeD' with a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition.
For periodic/semi-persistent CSI-RS, the UE can assume that the indicated DLorJointTCIState is not applied.
For an aperiodic CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, the UE shall expect that a TCI-State indicates qcl-Type set to 'typeA' with a periodic CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, qcl-Type set to 'typeD' with the same periodic CSI-RS resource.
For a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without the higher layer parameter repetition, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s): 
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with the same CSI-RS resource, or
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with an SS/PBCH block, the reference RS may additionally be an SS/PBCH block having a PCI different from the PCI of the serving cell, or
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or
-	'typeB' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info when 'typeD' is not applicable.
For a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with the same CSI-RS resource, or
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or
-	'typeC' with an SS/PBCH block and, when applicable, 'typeD' with the same SS/PBCH block, the reference RS may additionally be an SS/PBCH block having a PCI different from the PCI of the serving cell. The UE can assume center frequency, SCS, SFN offset are the same for SS/PBCH block from the serving cell and SS/PBCH block having a PCI different from the serving cell.
<Unchanged Parts omitted>


Issue 3: Dynamic TCI State Update Indication
Beam Application Time
Text Proposal for 38.214 Section 5.1.5
In current version of TS 38.214, Section 5.1.5, determination of beam application time for the case when common TCI state ID update across CCs is configured and when not configured is not differentiated. The following agreement is also not captured:
	On Rel-17 DCI-based beam indication, for both CA and non-CA cases, the RRC parameter BeamAppTime_r17 is configured per DL and UL BWP
· For BWP /CCs with same SCS in the same CC list for common TCI state ID update, the configured values of BeamAppTime_r17 are the same
· FFS: Whether the TCI update signaling is applied to all configured BWP(s) or active BWP, and whether the BAT should count the BeamAppTime_r17 in all configured BWP(s) or in active BWP only


We therefore propose the following TP:
	[bookmark: _Toc11352096][bookmark: _Toc20317986][bookmark: _Toc27299884][bookmark: _Toc29673149][bookmark: _Toc29673290][bookmark: _Toc29674283][bookmark: _Toc36645513][bookmark: _Toc45810558][bookmark: _Toc91695425][bookmark: _Hlk95723221]5.1.5	Antenna ports quasi co-location
<Unchanged Parts omitted>
When the UE would transmit the last symbol of a PUCCH with HARQ-ACK information corresponding to the DCI carrying the TCI State indication and without DL assignment, or corresponding to the PDSCH scheduling by the DCI carrying the TCI State indication, and if the indicated TCI State is different from the previously indicated one, the indicated DLorJointTCIState or UL-TCIstate should be applied starting from the first slot that is at least  symbols after the last symbol of the PUCCH. The first slot and the  symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication for the case when common TCI state ID update across CCs is supported where the UE is provided with a CC list configured by simultaneousTCI-UpdateList1-r17 or simultaneousTCI-UpdateList2-r17 or simultaneousTCI-UpdateList3-r17 or simultaneousTCI-UpdateList4-r17. If common TCI state ID update across CCs is not supported, the UE is expected to be configured with BeamAppTime_r17 per DL and UL BWP.  



Common TCI State ID Update and Activation
Configuration of CC list for Common TCI state ID Update and Activation
Text Proposal for TS 38.214 Section 5.1.5
In the current version of TS 38.214, the fact that configuration of a set of CCs for common TCI state update across CCs is per RRC configured CC list should be captured in the following paragraph of Section 5.1.5. 
	5.1.5	Antenna ports quasi co-location
<Unchanged Parts omitted>
If the DLorJointTCIState or UL-TCIState configurations are absent in a BWP of the CC, the UE can apply the DLorJointTCIState or UL-TCIState configurations from a reference BWP of a reference CC. The UE is not expected to be configured with TCI-State, SpatialRelationInfo or PUCCH-SpatialRelationInfo, except SpatialRelationInfoPos in a CC in a band, if the UE is configured with DLorJointTCIState or UL-TCIState in any CC in the same band. The UE can assume that when the UE is configured with TCI-State in any CC in the CC list configured by simultaneousTCI-UpdateList1-r16, simultaneousTCI-UpdateList2-r16, simultaneousSpatial-UpdatedList1-r16, or simultaneousSpatial-UpdatedList2-r16, the UE is not configured with DLorJointTCIState or UL-TCIState in any CC within the same band in the CC list.
The UE receives an activation command, as described in clause 6.1.3.14 of [10, TS 38.321] or 6.1.3.x of [10, TS 38.321], used to map up to 8 TCI states and/or pairs of TCI states, with one TCI state for DL channels/signals and one TCI state for UL channels/signals to the codepoints of the DCI field 'Transmission Configuration Indication' for one or for a set of CCs/DL BWPs, and if applicable, for one or for a set of CCs/UL BWPs, where the set of CCs/DL BWPs or CC/UL BWPs are configured by simultaneousTCI-UpdateList1-r17 or simultaneousTCI-UpdateList2-r17 or simultaneousTCI-UpdateList3-r17 or simultaneousTCI-UpdateList4-r17. When a set of TCI state IDs are activated for a set of CCs/DL BWPs and if applicable, for a set of CCs/UL BWPs, where the applicable list of CCs is determined by the indicated CC in the activation command, the same set of TCI state IDs are applied for all DL and/or UL BWPs in all the indicated CCs contained in the list of CCs.. 
<Unchanged Parts omitted>



QCL Modes for Rel-17 Common TCI State ID Update
For common TCI state ID update and activation across CCs, we have agreed the following two options related to determination of QCL Source RS:
· Option 1: QCL type A TRS + QCL type D CSI-RS for BM
· Option 2: QCL type A TRS + QCL typeD TRS (the same TRS)
Option 2 implies that TRS is used and the configured TRS is present in each CC where the TCI state is applied. In this case, the UE should not expect to be configured with bwp-id/cell parameters in the QCL-Info of the QCL-Type A and D RS in the Rel-17 TCI state configuration. Option 1 on the other hand implies that for QCL Type D RS, NZP CSI-RS with repetition ON may be configured either in one CC and the same physical RS is used or it could be configured in each CC where the TCI state is applicable. Current text in TS 38.214 Section 5.1.5 only captures Option 2 i.e., when the bwp-id and cell parameters are not configured. We provide the following TP to additionally capture Option 1 above. 

Text Proposal for TS 38.214 Section 5.1.5
	5.1.5	Antenna ports quasi co-location
<Unchanged Parts omitted>
[bookmark: _Hlk86865630]When the bwp-id or cell for QCL-TypeA/D source RS in a QCL-Info of the TCI state configured with DLorJointTCIState is not configured, the UE assumes that QCL-TypeA/D source RS is configured in the CC/DL BWP where TCI state applies. When the bwp-id or cell for QCL-TypeD source RS in a QCL-Info of the TCI state configured with DLorJointTCIState is configured, UE assumes that the QCL-TypeD source RS is configured in the CC/DL BWP indicated by bwp-id or cell.
<Unchanged Parts omitted>



DCI Formats for Dynamic Beam Indication
DL DCI formats without DL Grant for joint DL/UL or Separate DL/UL Beam Indication
In the previous meeting DCI 1_1/1_2 without DL assignment was agreed to be supported for beam indication with its own HARQ-ACK feedback. Since this HARQ feedback is very important for common understanding between UE and gNB on current beam pair link as well for counting the beam application time, the PUCCH resource carrying this HARQ feedback should be mapped to the high priority HARQ/ACK codebook i.e., to the PUCCH resources associated with priority index 1 when the UE is configured with two priority indexes. In case the UE is configured with a single priority index, the UCI for the HARQ feedback for beam indication DCI should be prioritized over other UCI or multiplexed.
Proposal 1: For DCI formats 1_1 and 1_2 without DL assignment, the UCI carrying the HARQ feedback should be mapped to high priority HARQ codebook and PUCCH resources associated with priority index 1 when the UE is configured with two priority indexes. If UE is configured with single priority index, the UCI carrying the HARQ feedback for beam indication should be prioritized over other UCI. 

Issue 4: MP-UE Fast Panel Switching 
For MP-UE fast panel switching, only maximum number of SRS ports have been agreed to reported as part of UE capability report to aid in panel-type switching. Given that we have only one value in this capability reporting, we propose to rename the related UE capability without the word “set” i.e., or 'cri-RSRP-Capability[Set]Index', 'ssb-Index-RSRP-Capability[Set]Index ', 'cri-SINR-Capability[Set]Index ', 'ssb-Index-SINR-Capability[Set]Index should be renamed to 'cri-RSRP-Capability[Set]Index', 'ssb-Index-RSRP-Capability[Set]Index ', 'cri-SINR-Capability[Set]Index ', 'ssb-Index-SINR-Capability[Set]Index
Proposal 2: For MPUE fast panel switching, rename the UE capability reporting parameter names to “CapabilityIndex” to reflect that only a single UE capability is reported. 
Conclusion
In this paper, beam management enhancement for Rel-17 feMIMO has been discussed. The main proposals from this paper are outlined here:
Proposal 1: For DCI formats 1_1 and 1_2 without DL assignment, the UCI carrying the HARQ feedback should be mapped to high priority HARQ codebook and PUCCH resources associated with priority index 1 when the UE is configured with two priority indexes. If UE is configured with single priority index, the UCI carrying the HARQ feedback for beam indication should be prioritized over other UCI
Proposal 2: For MPUE fast panel switching, rename the UE capability reporting parameter names to “CapabilityIndex” to reflect that only a single UE capability is reported

In addition, we also provided text proposals to correctly capture agreements for Rel-17 NR feMIMO. 
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