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1  Introduction

In RAN1#107-e meeting [1], the following agreements were made.
	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
On Rel-17 DCI-based beam indication, regarding application time of the beam indication, the UE can assume that one beam application time (BAT) for a given SCS is configured for all the CCs configured with the common TCI state ID update,

· Note: It was agreed that the BAT associated with the carrier(s) (hence BWP(s)/CC(s)) on which the beam indication applies is determined based on the carrier with the smallest SCS among the carrier(s) (hence BWP(s)/CC(s)) applying the beam indication

· TBD (maintenance): whether a second configured BAT is also supported, e.g. for MPUE or inter-cell BM

· The detailed signaling of the BAT is up to RAN2

· FFS: For CC(s) not configured with a common TCI state ID update

Agreement
On Rel.17 enhancements to facilitate UE -initiated panel activation and selection via UE reporting a list of UE capability value sets, the correspondence between each reported CSI-RS and/or SSB resource index and one of the UE capability value sets in the reported list is determined by the UE (analogous to Rel-15/16) and is informed to NW in a beam reporting instance. 
· The Rel-15/16 beam reporting framework is used, i.e. the index of corresponding UE capability value set is reported along with the pair of SSBRI/CRI and L1-RSRP/SINR (up to 4 pairs, with 7-bit absolute and 4-bit differential) in the beam reporting UCI and down select (maintenance) between the following two options:

· Option 1: UE can report one index for all the reported CRIs/SSBRIs in one beam reporting

· Option 2: UE can report one index for each reported CRI/SSBRI in one beam reporting.

· FFS: whether/how to take DL-only panel into account in the report

· FFS: Time-domain behaviour, e.g. the support periodic, semi-persistent, and aperiodic reporting 

· FFS: Semi-persistent and/or aperiodic reporting is triggered only when periodic reporting is configured

· (Working assumptions): Support acknowledgement mechanism of the reported correspondence from NW to UE, which doesn't preclude reusing/reinterpreting existing signaling/procedure

· FFS (maintenance): the application time for the reported correspondence (if any), the exact acknowledgement mechanism and whether spec impact is needed, e.g. based on TCI state update, BFR response like mechanism, including the application time for the reported correspondence, if any

· No new DCI format and no new RNTI are introduced for this function.




In this contribution, some remaining issues of multi-beam operation will be discussed.

2  Remaining issues of unified TCI framework
Source RS of QCL-Types
In RAN1#104-e [2], it was agreed that the supported source/target QCL relations in Rel-15/Rel-16 is supported for QCL type D of Rel-17 unified TCI. Whether CSI-RS for CSI is supported as source RS is still FFS. We note that CSI-RS for CSI can be used as the source RS to determine the QCL of DM-RS of PDCCH and DM-RS of PDSCH in Rel-15/Rel-16. The related descriptions in TS38.214 are listed as follows.
	For the DM-RS of PDCCH, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):

-  [omitted]

-
'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without higher layer parameter repetition and, when applicable, 'typeD' with the same CSI-RS resource.
For the DM-RS of PDSCH, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):

-
[omitted]

-
' typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without higher layer parameter repetition and, when applicable, 'typeD' with the same CSI-RS resource.


From previous discussion, some companies argued that if CSI-RS for CSI is allowed to be the source RS of QCL-Type A and QCL-TypeD, the CSI-RS for CSI might be configured as both source and target RSs, which violates the QCL rule of Rel-15/16. But we think NW can avoid this configuration and keep the QCL chain of CSI-RS for CSI—>DMRS of PDCCH/PDSCH. Hence, we propose the following proposal:
Proposal 1: On Rel-17 unified TCI framework, support CSI-RS for CSI as the source RS for QCL-TypeA and QCL-TypeD.
UL PC parameter configuration for SRS
Another remaining issue is the UL PC parameter configuration for SRS that does not share the same indicated Rel-17 TCI state(s) as dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources, but can be configured as a target signal of a Rel-17. During the discussion in RAN1#107-e meeting, the following two options were proposed to preserve the per-SRS-resource-set UL PC parameter configuration.

· Opt1: In such a case, UE ignores the UL PC parameters associated with the UL or, if applicable, joint TCI state for SRS, and legacy Rel-15/16 UL PC parameter configuration/activation signaling is reused; otherwise, if SRS resource or resource set shares the same indicated Rel-17 TCI state(s) as dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources, UE does not expect legacy Rel-15/16 UL PC parameter configuration for SRS.

· Opt2: In such a case, the Rel-15/16 principle for SRS UL PC parameter setting configuration/activation per SRS resource set is used

In Rel-15/16, the UL PC parameter setting and PL-RS are configured at SRS-Resource Set level as follows [3].
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We have already agreed that the UL PC parameter setting for SRS can be associated with UL or (if applicable) joint TCI state. To reduce the overhead, legacy Rel-15/16 UL PC parameter configuration/activation signaling should be avoided.  To follow the Rel-15/16 principle, the same UL PC parameter setting and PL-RS should be associated for the UL or joint TCI sates of SRS resources in the same resource set. 
Proposal 2: On Rel-17 unified TCI framework, for any SRS resource or resource set that does not share the same indicated Rel-17 TCI state(s) as dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources, but can be configured as a target signal of a Rel-17 UL or, if applicable, joint TCI, the same UL PC parameter setting and PL-RS should be associated for the UL or joint TCI sates of SRS resources in the same resource set.
TCI state of ‘CORESET C’ and CORESET#0

In RAN1#107-e meeting [1], 
‘CORESET C’ is defined as a CORESET other than CORESET#0 associated with both UE-dedicated and non-UE-dedicated reception on PDCCH in a CC. Whether CORESET C can be supported for intra-cell and inter-cell is FFS. In Rel-15/16, there is no restriction on associating USS/CSS with a CORESET. For intra-cell case, CORESET C is a common configuration in our network, and this configuration flexibility should be reserved in Rel-17. For inter-cell case, we prefer to allow this configuration as well. If CORESET C is only allowed for intra-cell case, RRC reconfiguration may be needed before applying inter-cell BM, and it will increase the inter-cell BM latency.
Proposal 3: On Rel-17 unified TCI framework, support CORESET C for both intra-cell and inter-cell BM.
For the TCI state of CORESET C, two options are proposed for TCI state determination. One is CORESET specific TCI state determination as Rel-15/16, another is SS specific TCI state determination. In our view, we should follow the rule as Rel-15/16, otherwise, we need to find the QCL determination rule for overlapping SSs. It may cause additional spec impact. To apply the Rel-17 TCI state, CORESET C for intra-cell BM can use the same rule as CORESET B. For inter-cell BM, CORESET C should not use the indicated Rel-17 TCI state for UE dedicated reception. MAC-CE activation command can be used to indicate the TCI state of CORESET C.
Proposal 4: For intra-cell BM, whether or not UE to apply the indicated Rel-17 TCI state associated with the serving cell on CORESET C is determined per CORESET by RRC. For inter-cell BM, CORESET C should not use the indicated Rel-17 TCI state for UE dedicated reception.
In Rel-15/16, MAC-CE signaling can be used to activate the TCI state of CORESET#0, if not, if follows the SS/PBCH block the UE identified during a most recent random access procedure not initiated by a PDCCH order that triggers a contention-free random access procedure. For TCI state indication of CORESET#0 in Rel-17, we think it can follow the rule of CORESET B. Hence, we have the following cases for TCI state of CORESET#0.

· The TCI state of CORESET#0 is configured to follow the TCI state of CORESET A

· The TCI state of CORESET#0 is indicated by MAC-CE activation command

If not the above cases,
· The TCI state of CORESET#0 follows the SS/PBCH block the UE identified during a most recent random access procedure not initiated by a PDCCH order that triggers a contention-free random access procedure
Proposal 5: For TCI state indication of CORESET#0, it can follow the same rule as CORESET B. 
3  Remaining issues of beam application time
In RAN1#107-e meeting [1], it was agreed that the UE can assume that one beam application time (BAT) for a given SCS is configured for all the CCs configured with the common TCI state ID update. The remaining issues include the details of how to configure the CC list, whether a second configured BAT is needed, and how to determine the BAT of CC(s) not configured with a common TCI state ID update.
In our view, a BAT should be configured for each CC. To determine the CCs for common TCI state update, new RRC parameter(s) like simultaneousTCI-UpdateList1-r16/ simultaneousTCI-UpdateList2-r16 in Rel-15/16 is needed to determine the CC list. For all the CCs configured in a CC list, a common BAT is determined by the CC with the smallest SCS in the CC list. For the CC(s) not configured in a CC list, the BAT configured for that CC should be applied. 

Based on the discussion in RAN1#107-e meeting, the motivation of introducing a second configured BAT is MPUE and inter-cell BM. To our understanding, UE only report UE capability value set index of the activated panel(s) in a beam reporting. Hence, the NW will indicate the TCI state related to the active panel(s). In such case, the additional latency may not need. For inter-cell BM in Rel-17, UE assumes that the timing assumption on reception of signals from TRPs with PCIs different from the serving cell compared to that for serving cell is within a CP, thus there is no difference for intra-cell and inter-cell beam application.
Proposal 6: On Rel-17 DCI-based beam indication, the BAT is configured per-CC.
Proposal 7: On Rel-17 DCI-based beam indication, a second BAT is not needed.

4  Remaining issues of fast UL panel selection
Based on the agreements of RAN1#107-e meeting, the framework on UE-initiated panel activation and selection is determined. However, there are still some open issues to be settled down.
In last meeting, it was agreed that UE can report a list of UE capability value sets, and each UE capability value set comprises the max supported number of SRS ports. We also agree that for any two different value sets, at least one capability value needs to be different. One FFS is whether identical value sets are allowed to be reported. In our view, UE-panel selection includes both homogeneous and heterogeneous panels, and the number of reported UE capability value set should be equal to the number of UE panels. Support identical value sets can bring more flexibility for NW, especially for group-based beam reporting. For example, NW can schedule the transmission for two different panels to improve the robustness.
Proposal 8: On Rel.17 enhancements to facilitate UE -initiated panel activation and selection, support the UE reporting identical value sets.
To report the correspondence between a CSI-RS and/or SSB resource index and one of the UE capability value sets, the Rel-15/16 beam reporting framework is used. To report the index of UE capability value sets, the following two options have been proposed.
· Option 1: UE can report one index for all the reported CRIs/SSBRIs in one beam reporting

· Option 2: UE can report one index for each reported CRI/SSBRI in one beam reporting.

In our view, UE can active more than one panels, and different DL RSs can be associated with different panels. Hence, we support UE report one index for each reported CRI/SSBRI in one beam reporting, and the following UL transmission is selected from one of the activated UL panel(s).

Another FFS issue is whether/how to take DL-only panel into account in the report. In RAN1#103-e meeting [4], we have agreed that the UL Tx panel(s) can be a same set or subset of DL Rx panel(s). In Rel-15/16, the purpose of beam reporting is to find proper DL beams. In Rel-17, the beam reporting framework is enhanced to report the index of corresponding UE capability value sets, but the basic purpose to find proper DL beams should be kept. If a CSI-RS/SSB with high L1-RSRP/SINR is measured by a UE with a DL-only panel, the UE should report the CRI/SSBRI. To indicate the DL-only panel information in the beam reporting, one reserved index (e.g., index 0) can be used.
Proposal 9: On Rel.17 enhancements to facilitate UE -initiated panel activation and selection, UE can report one index for each reported CRI/SSBRI in one beam reporting, and the DL-only panel information can be reported by a reserved index.
In RAN1#107-e meeting [1], we made a working assumption to support acknowledgement mechanism of the reported correspondence from NW to UE, and the exact mechanism is FFS. We think the acknowledgement mechanism is necessary. If the reporting is lost, NW and UE will have miss-understanding of panel-related information, and the following UL transmission might be failed. For the exact ACK mechanism, we can discuss two different cases. If the beam reporting is carried on PUCCH, the mechanism like PCell-BFR can be considered, i.e., a dedicated SS can be used to send the ACK. If the beam reporting is carried on PUSCH, the mechanism like SCell-BFR can be considered, i.e., a PDCCH reception with a DCI format scheduling a PUSCH transmission with a same HARQ process number as for the transmission of the beam reporting and having a toggled NDI field value can be treated as ACK. For the application time of the reported correspondence, it can be defined as X ms after the ACK of beam reporting.
Proposal 10: Support acknowledgement mechanism of the reported correspondence from NW to UE. BFR-like mechanism can be used to send the ACK of beam reporting.
5 Conclusions

In this contribution, we share our views on remaining issues of enhancements on multi-beam operation. The observations and proposals are summarised as follows:
Proposal 1: On Rel-17 unified TCI framework, support CSI-RS for CSI as the source RS for QCL-TypeA and QCL-TypeD.
Proposal 2: On Rel-17 unified TCI framework, for any SRS resource or resource set that does not share the same indicated Rel-17 TCI state(s) as dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources, but can be configured as a target signal of a Rel-17 UL or, if applicable, joint TCI, the same UL PC parameter setting and PL-RS should be associated for the UL or joint TCI sates of SRS resources in the same resource set.
Proposal 3: On Rel-17 unified TCI framework, support CORESET C for both intra-cell and inter-cell BM.
Proposal 4: For intra-cell BM, whether or not UE to apply the indicated Rel-17 TCI state associated with the serving cell on CORESET C is determined per CORESET by RRC. For inter-cell BM, CORESET C should not use the indicated Rel-17 TCI state for UE dedicated reception.
Proposal 5: For TCI state of CORESET#0, it can follow the same rule as CORESET B. 
Proposal 6: On Rel-17 DCI-based beam indication, the BAT is configured per-CC.
Proposal 7: On Rel-17 DCI-based beam indication, a second BAT is not needed.

Proposal 8: On Rel.17 enhancements to facilitate UE -initiated panel activation and selection, support the UE reporting identical value sets.

Proposal 9: On Rel.17 enhancements to facilitate UE -initiated panel activation and selection, UE can report one index for each reported CRI/SSBRI in one beam reporting, and the DL-only panel information can be reported by a reserved index.
Proposal 10: Support acknowledgement mechanism of the reported correspondence from NW to UE. BFR-like mechanism can be used to send the ACK of beam reporting.
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