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1	Introduction
RAN#92 updated the work item for further enhancements on MIMO for NR [1]. The objectives for multi-beam enhancements are stated as follows:
	The work item aims to specify the further enhancements identified for NR MIMO. The detailed objectives are as follows:

· Extend specification support in the following areas [RAN1]
1.  Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management for intra-cell and inter-cell scenarios to support higher UE speed and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
iv. For inter-cell beam management, a UE can transmit to or receive from only a single cell (i.e. serving cell does not change when beam selection is done). This includes L1-only measurement/reporting (i.e. no L3 impact) and beam indication associated with cell(s) with any Physical Cell ID(s) 
1. The beam indication is based on Rel-17 unified TCI framework
2. The same beam measurement/reporting mechanism will be reused for inter-cell mTRP
3. This work shall only consider intra-DU and intra-frequency cases
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 




In this contribution we discuss the following issues having remaining open points:
1. [bookmark: _Hlk52870223]Unified TCI framework
1. DCI based beam switch
1. Inter-cell beam management
1. Enhancements on MPUE to facilitate fast UL panel selection
2	Discussion
2.1	On the unified TCI framework
2.1.1	TCI state assumption for P/SP-CSI-RS
The following FFS point was agreed in RAN1#108-e:
	Agreement
On Rel-17 unified TCI framework, for P/SP-CSI-RS, the UE assumes that the indicated Rel-17 TCI state is never applied, i.e. the legacy RRC/MAC-CE signalling mechanism is always used to update Rel-17 TCI state.
· FFS: UE behaviour if TCI state is not indicated for P/SP-CSI-RS



Regarding whether or not UE behaviour is needed to be defined in specifications if TCI state is not indicated for P/SP-CSI-RS we think that the same principle can be applied as in Rel-15/-16 that no UE behaviour is needed. 
[bookmark: _Ref101536281]Proposal 1: No UE behaviour is defined if TCI state is not indicated for P/SP-CSI-RS.

2.2	DCI based beam switch
One of the discussed issues that we think should still be clarified is related to the application time of the beam indication (indicated TCI state). PUCCH transmitted in one slot may convey HARQ-ACK information related to the multiple DCIs carrying beam switch command (and DL grant for PDSCHs if DCI sent with DL assignment). That means, that there is the same application time for the different DCIs that may carry different indicated TCI state as illustrated in 

[image: ]
Figure 1 Illustration of ambiguity regarding which Indicated TCI state to apply. 
We think that it could be clarified e.g. that the UE applies the Indicated TCI state carried in the latest-in-time DCI for which the UE sends HARQ-ACK. Thus we make the following proposal:
[bookmark: _Ref101536292]Proposal 2: Adopt the following TP#1 in 38.214:
	Reason for change: The current specification is not clear on the application time of the beam indication (indicated TCI state). 
Summary of change: In section 5.1.5 of 38.214 it should be clarified that the UE applies the Indicated TCI state carried in the latest-in-time DCI for which the UE sends HARQ-ACK.
Consequences if not approved: unclear specification
==================== Start of Text proposal ============================
[bookmark: _Toc11352096][bookmark: _Toc20317986][bookmark: _Toc27299884][bookmark: _Toc29673149][bookmark: _Toc29673290][bookmark: _Toc29674283][bookmark: _Toc36645513][bookmark: _Toc45810558][bookmark: _Toc91695425][bookmark: _Hlk110948011]5.1.5	Antenna ports quasi co-location
…
When the UE would transmit the last symbol of a PUCCH with HARQ-ACK information corresponding to the latest in time 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.
=================== End of Text proposal ============================





2.3		Inter-Cell Beam Management

In this section we discuss about the remaining issues in inter-cell beam management. The following earlier agreement is a basis for the discussion:
Agreement 
For Rel-17 unified TCI framework, on applying the indicated Rel-17 TCI state to PDCCH reception and the respective PDSCH reception: 
· For discussion purposes, define as follows: 
· ‘CORESET A’: A CORESET other than CORESET#0 associated with only UE-dedicated reception on PDCCH in a CC, comprising CORESETs in association with:  
· [USS and/or CSS Type 3] 
· ‘CORESET B’:  A CORESET other than CORESET#0 associated with only non-UE-dedicated reception on PDCCH in a CC, comprising CORESETs in association with: 
· [CSS or CSS other than Type 3] 
· ‘CORESET C’: A CORESET other than CORESET#0 associated with both UE-dedicated and non-UE-dedicated reception on PDCCH in a CC 
· CORESET#0 
· For Rel-17 TCI state indication, support per CORESET determination as follows: 
· For any PDCCH reception on a ‘CORESET A’ and the respective PDSCH reception, UE always applies the indicated Rel-17 TCI state. 
· For any PDCCH reception on a ‘CORESET B’ and the respective PDSCH reception, whether or not UE to apply the indicated Rel-17 TCI state associated with the serving cell is determined per CORESET by RRC 
· FFS: For intra-cell BM, whether CORESET C is supported or not  
· If CORESET C is supported, the TCI state of CORESET C 
· FFS: For inter-cell BM, whether CORESET C is supported or not  
· If CORESET C is supported, the TCI state of CORESET C 
· FFS: The TCI state of CORESET 0 
	Agreement 
For Rel-17 unified TCI framework, on applying the indicated Rel-17 TCI state to PDCCH reception and the respective PDSCH reception: 
· For discussion purposes, define as follows: 
· ‘CORESET A’: A CORESET other than CORESET#0 associated with only UE-dedicated reception on PDCCH in a CC, comprising CORESETs in association with:  
· [USS and/or CSS Type 3] 
· ‘CORESET B’:  A CORESET other than CORESET#0 associated with only non-UE-dedicated reception on PDCCH in a CC, comprising CORESETs in association with: 
· [CSS or CSS other than Type 3] 
· ‘CORESET C’: A CORESET other than CORESET#0 associated with both UE-dedicated and non-UE-dedicated reception on PDCCH in a CC 
· CORESET#0 
· For Rel-17 TCI state indication, support per CORESET determination as follows: 
· For any PDCCH reception on a ‘CORESET A’ and the respective PDSCH reception, UE always applies the indicated Rel-17 TCI state. 
· For any PDCCH reception on a ‘CORESET B’ and the respective PDSCH reception, whether or not UE to apply the indicated Rel-17 TCI state associated with the serving cell is determined per CORESET by RRC 
· FFS: For intra-cell BM, whether CORESET C is supported or not  
· If CORESET C is supported, the TCI state of CORESET C 
· FFS: For inter-cell BM, whether CORESET C is supported or not  
· If CORESET C is supported, the TCI state of CORESET C 
· FFS: The TCI state of CORESET 0 




2.2.1 On the inter cell beam indication and CORESET B 

When UE has been configured with a CORESET B that has been configured to follow the serving cell beam indication and UE receives beam state indication where the TCI state indicates RS with different PCI (than the serving cell) the UE may not be able to apply the indicated TCI i.e., is not possible does not apply the indicated TCI state for the CORESET type B if it has been configured to follow the serving cell beam indication or indicated TCI state. In this case UE could assume temporarily, that the CORESET does not follow the beam indication, when the indication indicates RS of cell with other PCI than serving cell. For CORESET type B which is configured to follow indicated TCI state, and then the indicated TCI state is for cell other than serving cell, UE could assume that separate indication is provided for CORESET type B which is monitored on serving cell. When the beam indication for inter-cell operation is received, UE could a assume the last indicated TCI state that is having QCL source RS(s) from the serving cell (e.g. until reconfigured). Also, NW should be able to indicate new beam/TCI state for PDCCH monitoring on CORESET B.   

[bookmark: _Ref95744368]Proposal 3: CORESET B that is configured to follow serving cell beam indication does not follow the R17 beam indication if the beam indication indicates TCI state associated with RS of PCI different from serving cell. 
When UE has been configured with a CORESET B that has been configured to follow the serving cell beam indication and UE receives beam state indication where the TCI state indicates RS with different PCI (than the serving cell) the UE may is be able to apply the indicated TCI i.e. is not possible does not apply the indicated TCI state for the CORESET type B if it has been configured to follow the serving cell beam indication or indicated TCI state. 
In this UE assumes, temporarily, that the CORESET does not follow the beam indication, when the indication indicates RS of cell with other PCI than serving cell. For CORESET type B which is configured to follow indicated TCI state, and then the indicated TCI state is for cell other than serving cell, UE assumes that separate indication is provided for CORESET type B which is monitored on serving cell. o For CORESET type B UE assumes the TCI state based on the CORESET specific TCI state indication - UE may assume the last indicated TCI state that is having QCL source RS(s) from the serving cell (e.g. until reconfigured). However, also, NW should be able to indicate new beam/TCI state for PDCCH monitoring on CORESET B.  

[bookmark: _Ref95744393]Observation 1: When UE receives beam indication indicating PCI different from serving cell the CORESET B cannot follow the beam indication. 
[bookmark: _Ref95744413]Observation 2: Network should be able to update the TCI state/QCL assumption for the CORESET B.
[bookmark: _Ref95744429]Proposal 4: In case of beam indication for PCI different from serving cell, the CORESET B TCI state does not follow the indicated TCI state and can be indicated separately. Adopt following TP for 38.213.

	Reason for change: The current specification is not clear on the TCI state for CORESET B when DCI indicates unifiedTCIstate associated with cell with different PCI than serving cell and CORESET is configured with CSS
Summary of change: Dot not apply the followUnifiedTCIstate for a CSS part of the CORESET when indicated unifiedTCIstate indicates RS associated with the PCI different that of a serving cell PCI. 
Consequences if not approved: unclear TCI state for CSS reception in the serving cell/the TCI state cannot be updated for the CSS portion of the CORESET in the serving cell.
==================== Start of Text proposal ============================
[bookmark: _Toc12021486][bookmark: _Toc20311598][bookmark: _Toc26719423][bookmark: _Toc29894858][bookmark: _Toc29899157][bookmark: _Toc29899575][bookmark: _Toc29917312][bookmark: _Toc36498186][bookmark: _Toc45699213][bookmark: _Toc99993834][bookmark: _Ref491451763][bookmark: _Ref491466492]10.1	UE procedure for determining physical downlink control channel assignment 
…
If a UE is provided followUnifiedTCIstate for a CORESET, other than a CORESET with index 0, associated at least with CSS sets other than Type3-PDCCH CSS sets, and if the RS indicated by the indicated DLorJoint-TCIState is associated with a physical cell identity other than the one provided by physCellId in ServingCellConfigCommon, the CORESET, the assumes that the followUnifiedTCIstate does not apply for the PDCCH monitoring on the CSS sets.
….
=================== End of Text proposal ============================





2.4 Enhancements on MPUE to facilitate fast UL panel selection
The following agreements were made in RAN1#108-e:
	Agreement
On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, support the UE reporting a list of UE capability value [sets]
· Each UE capability value [set] comprises the max supported number of SRS ports
· Any two capability values [sets] are different 
· Whether the UE capability value [set] can be common across all BWPs/CCs in same band or BC can be discussed in UE feature session
Agreement
On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, UE can report one index of UE capability value [set] for each reported CRI/SSBRI in one beam reporting.

Conclusion
On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, there is no consensus in supporting indication of DL-only panel using one value [set] of the max supported number of SRS ports 

Agreement
On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, all types of time-domain behavior, i.e., periodic, semi-persistent, and aperiodic reporting, are supported for the enhanced beam report with index(es) of UE capability value [set].
· Support of aperiodic and semi-persistent reporting is optional 

Conclusion:
On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, regarding acknowledgement mechanism of the reported correspondence from NW to UE, there is no consensus in supporting acknowledgement mechanism of the reported correspondence from NW to UE. 
· Acknowledgement mechanism of the reported correspondence from NW to UE is not supported in Rel-17
Agreement
On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, for the agreed reporting of UE capability value set, introduce 'cri-RSRP-Capability[Set]Index', 'ssb-Index-RSRP-Capability[Set]Index', 'cri-SINR- Capability[Set]Index','ssb-Index-SINR-Capability[Set]Index' for reportQuantity in a CSI reporting setting.

Conclusion 
On Rel.17 enhancements to facilitate panel activation and selection, in Rel-17, there is no consensus in supporting additional enhancements on the following:
1. SRS resource set with multiple resources and unequal number of ports across different resources other than that for (already supported in Rel-16) Full Power mode 2
1. DL signaling mechanism for updating the number of SRS ports in response to the agreed Capability Correspondence report from the UE



So far any default operation or assumption before the first report of the correspondence index has not been discussed. Before the first report of the correspondence info it should be clarified that the SRS resource(s) with the lowest capability in terms of the SRS antenna ports is assumed by the UE. 
[bookmark: _Ref95744634]Proposal 5: Before the first report of the correspondence index the SRS resource(s) with the lowest capability in terms of the SRS antenna ports is assumed by the UE. 
[bookmark: _Ref101557680]Proposal 6: Adopt the following TP in 38.214:
	Reason for change: The current specification is not clear on the assumption regarding the number of SRS antenna ports UE can support for the SRS resource before sending the first capability value index. 
Summary of change: In section 6.1.1.1 of 38.214 it should be clarified that the UE can assume that before sending the first capability value index (CSI report) SRI in DCI can indicate SRS resource with the lowest number of SRS ports.
Consequences if not approved: unclear specification
==================== Start of Text proposal ============================
[bookmark: _Toc11352140][bookmark: _Toc20318030][bookmark: _Toc27299928][bookmark: _Toc29673201][bookmark: _Toc29673342][bookmark: _Toc29674335][bookmark: _Toc36645565][bookmark: _Toc45810610][bookmark: _Toc91695480][bookmark: _Hlk110948389]6.1.1.1	Codebook based UL transmission
…
When the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to ' cri-RSRP-Capability[Set]Index' or 'ssb-Index-RSRP-Capability[Set]Index' the UE can assume that before the UE has reported capability index the UE can assume that SRI in DCI can indicate SRS resource with lowest number of SRS ports.
…
=================== End of Text proposal ============================




Furthermore, the dynamic adaptation of UL transmission assumptions based on the reported correspondence impact also UL DCI fields like ‘precoding information and number of layers’ field and ‘SRS resource indicator’ which should be clarified. In addition, there may also be an impact on how UE determines the UL transmission parameters for the CG PUSCH.
[bookmark: _Ref95744659]Proposal 7: Clarify the potential impact on how UE determines the UL DCI fields like ‘precoding information and number of layers’ field and ‘SRS resource indicator’ when dynamic adaptation of UL transmission assumptions based on the reported correspondence takes. 
[bookmark: _Ref95744679]Proposal 8: Clarify the potential impact on how UE determines the UL transmission parameters for the CG PUSCH when dynamic adaptation of UL transmission assumptions based on the reported correspondence takes place.

3	Conclusions
Based on the discussion the following observations and proposals were made:
[bookmark: _Hlk54404629]On the unified TCI framework:
Proposal 1: No UE behaviour is defined if TCI state is not indicated for P/SP-CSI-RS.
On DCI based beam switch:
Proposal 2: Adopt the following TP#1 in 38.214:
	Reason for change: The current specification is not clear on the application time of the beam indication (indicated TCI state). 
Summary of change: In section 5.1.5 of 38.214 it should be clarified that the UE applies the Indicated TCI state carried in the latest-in-time DCI for which the UE sends HARQ-ACK.
Consequences if not approved: unclear specification
==================== Start of Text proposal ============================
5.1.5	Antenna ports quasi co-location
…
When the UE would transmit the last symbol of a PUCCH with HARQ-ACK information corresponding to the latest in time 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.
=================== End of Text proposal ============================




On inter-cell beam management:

Proposal 3: CORESET B that is configured to follow serving cell beam indication does not follow the R17 beam indication if the beam indication indicates TCI state associated with RS of PCI different from serving cell.
Observation 1: When UE receives beam indication indicating PCI different from serving cell the CORESET B cannot follow the beam indication.
Observation 2: Network should be able to update the TCI state/QCL assumption for the CORESET B.
Proposal 4: In case of beam indication for PCI different from serving cell, the CORESET B TCI state does not follow the indicated TCI state and can be indicated separately. Adopt following TP for 38.213.
	Reason for change: The current specification is not clear on the TCI state for CORESET B when DCI indicates unifiedTCIstate associated with cell with different PCI than serving cell and CORESET is configured with CSS
Summary of change: Dot not apply the followUnifiedTCIstate for a CSS part of the CORESET when indicated unifiedTCIstate indicates RS associated with the PCI different that of a serving cell PCI. 
Consequences if not approved: unclear TCI state for CSS reception in the serving cell/the TCI state cannot be updated for the CSS portion of the CORESET in the serving cell.
==================== Start of Text proposal ============================
10.1	UE procedure for determining physical downlink control channel assignment 
…
If a UE is provided followUnifiedTCIstate for a CORESET, other than a CORESET with index 0, associated at least with CSS sets other than Type3-PDCCH CSS sets, and if the RS indicated by the indicated DLorJoint-TCIState is associated with a physical cell identity other than the one provided by physCellId in ServingCellConfigCommon, the CORESET, the assumes that the followUnifiedTCIstate does not apply for the PDCCH monitoring on the CSS sets.
….
=================== End of Text proposal ============================




On Enhancements on MPUE to facilitate fast UL panel selection:
Proposal 5: Before the first report of the correspondence index the SRS resource(s) with the lowest capability in terms of the SRS antenna ports is assumed by the UE.
Proposal 6: Adopt the following TP in 38.214:
	Reason for change: The current specification is not clear on the assumption regarding the number of SRS antenna ports UE can support for the SRS resource before sending the first capability value index. 
Summary of change: In section 6.1.1.1 of 38.214 it should be clarified that the UE can assume that before sending the first capability value index (CSI report) SRI in DCI can indicate SRS resource with the lowest number of SRS ports.
Consequences if not approved: unclear specification
==================== Start of Text proposal ============================
6.1.1.1	Codebook based UL transmission
…
When the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to ' cri-RSRP-Capability[Set]Index' or 'ssb-Index-RSRP-Capability[Set]Index' the UE can assume that before the UE has reported capability index the UE can assume that SRI in DCI can indicate SRS resource with lowest number of SRS ports.
…
=================== End of Text proposal ============================




Proposal 7: Clarify the potential impact on how UE determines the UL DCI fields like ‘precoding information and number of layers’ field and ‘SRS resource indicator’ when dynamic adaptation of UL transmission assumptions based on the reported correspondence takes.
Proposal 8: Clarify the potential impact on how UE determines the UL transmission parameters for the CG PUSCH when dynamic adaptation of UL transmission assumptions based on the reported correspondence takes place.
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