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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#107-e [1]. There has been ongoing offline discussion on open issues on multi-beam enhancements which have been summarized in [4]. We also provide our views on the offline proposals provided in the summary. 
Issue 1: Unified TCI Framework
Open Issues from Offline Discussion

	Offline proposal 1.1: Confirm the following working assumption as an agreement with the following refinement (highlighted in red):
The UE is not expected to be configured with Rel-15/Rel-16 TCI/SpatialRelationInfo/PUCCH-SpatialRelationInfo (except spatialRelationInfoPos) if the UE is configured with Rel-17 TCI in any CC in a band
1. The CC list for Rel-16 multi-CC beam indication should not contain any CC configured with Rel-17 TCI assuming different CC lists are used for Rel-16 and Rel-17 


The configuration of Rel-15/16 and Rel-17 TCI/SpatialRelationInfo in the same CC would lead to a multitude of issues of issues starting from defining UE capability the total number of supported TCI/SpatialRelationInfo within a CC and across CC covering both Rel-17 and legacy Rel-15/16. Since the Rel-17 framework is designed as an alternative to the legacy framework, the working assumption from RAN1-107-e should be confirmed with added exception SpatialRelationInfo for NR positioning. Additionally, RAN1 should mandate use of separate CC lists for Rel- and Rel-17 16 multi-CC beam indication. The wording on the sub-bullet can be improved further, since mandating different CC lists at an RRC parameter level should imply that Rel-17 CC lists do not contain CCs configured with Rel-15/16 framework.
Proposal 1: Confirm the WA in Offline Proposal 1.1 with the following updated to the sub-bullet: “different CC lists are used for Rel-15/16 and Rel-17 multi-CC common beam update and indication”
Additionally, we can inform RAN2 of this decision so that they can account for this in their Rel-17 work. 
	Offline proposal 1.2: 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 (hence the Rel-17 UL or, if applicable, joint TCI state pool), Rel-17 mechanism(s) which reuse mechanisms similar to the Rel-15/16 spatial relation info update signaling/configuration design(s) are used to update/configure such SRS (s) with Rel-17 UL or, if applicable, joint TCI state(s).
1. Including inter-cell case, where SSB with PCI different from the serving cell can be used as a source RS in Rel-17 UL, or if applicable joint, TCI state for these SRS resources
1. The same UL PC parameter setting (including PL-RS) is guaranteed for SRS resources in the same SRS resource set
1. [The MAC-CE signaling for the Rel-17 mechanism(s) to update the spatial relation of the SRS not sharing the indicated Rel-17 TCI state shall strive to reuse the MAC-CE for the Rel-15/16 spatial relation info update
2. Note:  The exact details are up to RAN2.] 
1. Note: A Rel-17 UE is not required to support both this feature and Rel-16 AP SRS SpatialRelationInfo update within the same band.


On Offline Proposal 1.2, the main bullet and the first sub-bullet look ok. The second sub-bullet can be updated to: 
· The same UL PC parameter setting (including PL-RS) is guaranteed for all SRS resources in the same SRS resource set
On the third sub-bullet, we think whether to design new MAC-CE or reuse Rel-15/16 MAC-CE is up to RAN2 and we do not need this sub-bullet.

Proposal 2: OK with Offline proposal 1.2, with an update to the second sub-bullet to clarify that it applies to “all SRS resources in the same SRS resource set”. Additionally, whether to re-use existing MAC-CE or design a new one is up to RAN 2 and we do not need the third sub-bullet. 

	Offline proposal 1.3: For Rel-17 unified TCI framework, on applying the indicated Rel-17 TCI state to PDCCH reception and the respective PDSCH reception for a CORESET other than CORESET#0 that is associated with both UE-dedicated and non-UE-dedicated reception on PDCCH in a CC and its respective PDSCH reception, at least for intra-cell, UE always applies the indicated Rel-17 TCI state
1. TBD (RAN1#108-e): For inter-cell



In RAN1, 107-e CORESET#C was defined as a CORESET other than CORESET#0 which is associated with USS and CSS and the applicability of CORESET C to intra and inter-cell beam management was FFS. To this end, a CORESET following the definition of CORESET C should only be applicable for intra-cell beam management. For inter-cell beam management, where only UE dedicated signaling is expected to be received from the cell with PCID different from the serving cell, such CORESET may not be required. Additionally, TCI has always been CORESET specific in legacy operation and we do not see the need to change this behavior in Rel-17. 
On offline proposal 1.3, based on current RAN1 agreement and it’s corresponding RAN2 design, each CORESET will have an associated RRC parameter which will configure it to apply or not apply the Rel-17 TCI state. For the case of CORESET A, such configuration will to be ignored and the indicated Rel-17 TCI state is always applied. For CORESET C, the easiest and most general way is to follow this RRC configuration for TCI states associated with a serving cell PCID, since in some cases a CORESET when monitored in a CSS may be used for sending a group-common DCI e.g., as in MBS and may mandate a different beam than the common beam indicated by the Rel-17 TCI state. In such cases, the flexibility of configuration similar to CORESET B for the intra-cell case will be beneficial. Therefore, we do not support the case that CORESET C always follows Rel-17 TCI for intra-cell case; it should instead be similar in behavior to CORESET B. For the case of inter-cell beam management, CORESET C does not need to be supported. 
Proposal 3: For CORESET C, for intra-cell, UE is configured per CORESET whether to apply the indicated Rel-17 TCI state similar to the configuration for CORESET B. 
Proposal 4: For inter-cell case, CORSET C is not supported. 

	Offline proposal 1.4: For Rel-17 unified TCI framework, in RAN1#107-e, for the Rel-17 TCI state indication of CORESET 0, at least for intra-cell:
1. Follow the same rule as ‘CORESET B’, i.e., whether to apply the indicated Rel-17 TCI state associated with the serving cell is configured per CORESET by RRC – if not applied, use the legacy MAC-CE/RACH signalling mechanism 
1. Note: The CSI-RS associated with the Rel-17 TCI state applied to CORESET 0 should be QCLed with an SSB (same as Rel-15)
TBD (RAN1#108-e): For inter-cell


CORESET#0 should be applicable on for intra-cell beam management and there is no use-case for receiving CORESET#0 from PCID other than that of the serving cell. In this case, we think that the same behaviour of CORESET A should apply only in the case that the indicated Rel-17 TCI state is associated with the serving cell PCID. If not agreeable, a compromise alternative could be to use legacy MAC-CE signalling to configure a TCI state which is associated with serving cell PCID. 
Proposal 5: CORESET#0 should only be receiving from the serving cell PCID i.e., its applicable for only intra-cell beam management and first or second alternative should apply for TCI state configuration of CORESET#0:
· Alt-1: Follow the same rule as ‘CORESET A’ only when the indicated Rel-17 TCI state is associated with serving cell PCID
· Alt-2: Always use the legacy MAC-CE signalling mechanism to configure a TCI state which is associated with the serving cell PCID

[bookmark: _Hlk47732020]Issue 2: Inter-Cell Beam Management
The following agreement was made in RAN1#107-e for the intra and inter-cell beam management. 
	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


From the above agreement, the definition of CORESET A and B are still within square brackets and need to be finalized. For CORESET A, it should only contain USS and CORESET B should be for all CSS. We don’t think that there is any requirement for separating out CSS Type 3. When C-RNTI is used in CSS Type 3, it is mostly for the advantage that PDCCH monitoring of UE-specific reception comes for free with the CSS. This advantage is not available for inter-cell beam management anyway since non-UE dedicated reception is not expected from non-serving cell PCID. Additionally, for the intra-cell case, if network wants to send UE specific transmission in CSS Type 3, it can use the per-CORESET configuration agreed for CORESET B to ensure that indicate Rel-17 TCI state is applied. 
Proposal 6: [bookmark: _Hlk95745570]CORESET A should be associated only with USS and CORESET B should be associated with all CSS including CSS Type 3.

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 where the the 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 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.


Issue 3: Dynamic TCI State Update Indication
Beam Application Time
	Offline conclusion 3.1: On Rel-17 DCI-based beam indication, regarding application time of the beam indication, there is no consensus on supporting a second configured BAT for, e.g. MPUE or inter-cell BM, for a given SCS and all the CCs configured with the common TCI state ID update.

Offline proposal 3.2B: On Rel-17 DCI-based beam indication, regarding application time of the beam indication for CA, in RAN1#108-e, further discuss and select one from the following alternatives for BAT configuration across CCs when common TCI state ID update is not configured/supported:
1. Alt1. The BAT is configured per-CC 
1. Alt2. Use the same scheme as that with common TCI state ID update, i.e. a common BAT is determined by the CC(s) with the smallest SCS in a band
1. Alt3. A BAT list is configured under the cell group config and applied for each CC in the CG. For CCs not configured with a common TCI state ID update, the BAT is determined by the SCS of the active BWP of the CC.


We support the offline conclusion 3.1. Single BAT should be sufficient for MP-UE and inter-cell beam management. For MP-UE, in this release we do not really support panel indication but panel differentiation for the heterogeneous panel case. Therefore, homogeneous panel switching is still transparent to specification and hence single BAT is sufficient. For inter-cell beam management, the timing difference greater than CP is not supported and hence the impact is expected to be minimal.  
Proposal 7: Support Offline Conclusion 3.1
For the case when common TCI state ID update is not configured, the UE can assume that the BAT is configured per CC which seems to be the cleanest alternative.
Proposal 8: On Rel-17 DCI-based beam indication, the BAT is configured per-CC when common TCI state ID update is not configured/supported

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 not configured also seems to have been captured. Pending the above agreements, this text should be revised as follows to show that BAT configuration for the case when common TCI state update across CCs is not configured is should be pending:
	[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 [TCI-State] with [tci-StateId_r17] 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 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] to which the beam indication is applicable. The UE can assume one indicated [TCI-State] with [tci-StateId_r17] for DL and UL, for DL only, or for UL only at a time.



Common TCI State ID Update and Activation
	Offline proposal 3.3: On Rel-17 DCI-based beam indication, regarding the CC list for common TCI state ID update, introduce new RRC parameter(s) to configure the CC list


Based on discussion provided for Offline Proposal 1.1, introducing a new RRC parameter for configuring CC list for common TCI state ID update in Rel-17 would ensure smoother operation of beam indication without placing any restrictions on configuration. 
Proposal 9: Support Offline Proposal 3.3

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 is not captured. Additionally, if we agree to use separate list for Rel-17, the following correction is needed. 
	5.1.5	Antenna ports quasi co-location
<Unchanged Parts omitted>
[bookmark: _Hlk86866205]The UE can be configured with a list of up to [128] [TCI-State] configurations, within the higher layer parameter PDSCH-Config, with [tci-StateId_r17] that include [SourceRs-Info_r17] for providing a reference signal for the quasi-colocation for DM-RS of PDSCH and DM-RS of PDCCH in a CC, CSI-RS, and to provide a reference, if applicable, for determining UL TX spatial filter for dynamic-grant and configured-grant based PUSCH and PUCCH resource in a CC, and SRS. If the [TCI-State] configurations is absent in a BWP of the CC, the UE can apply the [TCI-State] configuration from a reference BWP of a reference CC.
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 BPWs, where the set of CCs/DL BWPs or CC/UL BWPs are configured by [simultaneousTCI-UpdateList1-r17 or simultaneousTCI-UpdateList2-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>
When the bwp-id or cell for QCL-TypeA/D source RS in a QCL-Info of the TCI state configured with [tci-StateId_r17] 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 [tci-StateId_r17] 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 10: 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. 

DCI Formats UL Beam Indication
For the case of UL only beam indication or for the case of joint TCI state update when there is only UL data, DCI format 0_1, 0_2 can be used with the SRI field being re-interpreted as the TCI indication field similar to the TCI field in DL DCI formats. 
Proposal 11: For separate UL beam indication using UL TCI state
· UL DCI formats 0_1, 0_2 can be used with SRI field being reinterpreted as the TCI codepoint in DCI for the case when separate UL TCI is indicated or when there is only UL data to be scheduled.
Issue 4: MP-UE Fast Panel Switching 
In RAN1#107-e, we have made the following working assumption and agreement for panel TYPE switching. 
	Working Assumption
Support the UE reporting a list of UE capability value sets 
· Each UE capability value set comprises the max supported number of SRS ports
· For any two different value sets, at least one capability value needs to be different 
· FFS: If in addition also identical value sets are allowed.
· 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 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.


Conclusion
On Rel.17 enhancements to facilitate UE -initiated panel activation and selection via UE reporting a list of UE capability value sets, other than the max supported number of SRS ports (note: currently pending endorsement in proposal 4.A), there is no consensus on supporting another UE capability type




	Offline proposal 4.1a: Confirm the following working assumption as an agreement with the following refinement (highlighted in red):
Support the UE reporting a list of UE capability value sets 
· Each UE capability value set comprises the max supported number of SRS ports
· For any two different value sets, at least one capability value needs to be different 
· FFS: If iIn addition also identical value sets are allowed.
· 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


We do not support having identical UE capability value set reports. The discussion so far has revolved around the use of different panel TYPEs i.e., UE panels with different number of ports. Introducing identical reporting makes things ambiguous where now this may imply that the UE capability value set index may or may not directly map to a panel index. In our understanding, for Rel-17 switching between homogenous panels is transparent to the specification and only switching between heterogenous panels is under discussion. We are ok to confirm the remaining parts of the WA
Proposal 12:  For MPUE reporting of UE capability value sets, identical value sets should not be supported
	Offline proposal 4.1b: On Rel.17 enhancements to facilitate UE-initiated panel activation and selection,
· From the perspective of UE capability, maximum number of supported UL Tx layers = min{maximum number of SRS ports for a reported set, maximum number of UL Tx layers reported by UE capability}



This proposal is not required. If UE reports maximum number of UL Tx layers that should be followed anyway. We do not need to make an agreement to state this. Additionally, we do not understand the use case where UE reports larger number of UL Tx layers than SRS ports.
Proposal 13: Offline proposal 4.1b is not required.
	Offline proposal 4.2a: 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.


Of the two alternatives on the table, by reporting one index for all reported SSBRI/CRIs in a beam report, the report itself becomes panel-type specific. The alternative to report one index per SSBRI/CRI is more flexible since it can enable reports with multiple panel types as well single panel type at slightly more UCI overhead. Overall, the flexible option is preferred. 
Proposal 14: Offline Proposal 4.2a should be agreed.
	[Offline proposal 4.2b: On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, one value of the max supported number of SRS ports (e.g., 0) is reserved to indicate the DL-only panel]



While the use case of indication of DL only panel is still not clear, it can potentially be supported via reporting of 0 SRS ports as a candidate value of UE capability value set. 
Proposal 15: Reporting max number of SRS ports equal to 0 may indicate a DL-only panel type.

	Offline proposal 4.3: 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.
1. [FFS: Semi-persistent and/or aperiodic reporting is triggered only when periodic reporting is configured]
1. [In such case, the candidate periodicities for periodic report are subjective to UE capability]



Proposal 16: The main bullet of Offline proposal 4.3 can be agreed.

	Offline proposal 4.4: Regarding acknowledgement mechanism of the reported correspondence from NW to UE, down-select the following alternatives:
1. Alt-1: Being based on TCI state activation/update mechanism where the activated TCI state includes reported RS (SSBRI or CSI-RS) [and is additionally associated with the index of UE capability value set];
1. Alt-2: A dedicated SS can be configured to send the ACK, which is like PCell-BFR.
1. Alt-3: A scheme based on the BFR response in SCell BFR
1. Alt-4: acknowledgement mechanism is not supported.

[Offline proposal 4.5 (from LGE): Regarding how to update the number of SRS ports according to UE reporting, down-select the following alternatives:
1. [Alt1: via UL BWP switching where each UL BWP has different number of SRS ports
11. FFS: BWP fallback mechanism which would let NW to control UE panel, i.e. switch to a specific UE panel or panel type when timer expires.]
1. Alt2: via SRS resource set selection by DCI where each set has different number of ports
12. Note1: ‘SRS resource set indicator’ is already specified in DCI format 0_1/0_2 and it provides functionality to select one SRS resource set by the DCI between two SRS resource sets configured by RRC
12. Note2: TPMI/TRI mapping for varying number of SRS ports is already specified for fullpowerMode2.
1. FFS: Any other RRC parameters, e.g., the maximum number of UL layers, codebook subset, uplink full power mode, configuration of SRS for antenna switching and so on, may need to be updated simultaneously with the number of configured SRS ports.]



On proposal 4.4, firstly, we think acknowledgement is necessary, i.e., we cannot agree to Alt-4. An implicit method such as Alt-1 activation of a TCI state associated with reported SSBRI/CRI and UE capability value set index only works if there is a guarantee from the UE side that panel change does not occur before such TCI state is activated and applied. Since homogeneous panel switching is in general spec transparent as in Rel-15/16, in Rel-17 for the case of switching panel types, we may then need to specify UE behaviour on when panel can be switched. Otherwise, if we do not have any acknowledgement of if UE switches panel types autonomously, there is no guarantee that the UE and gNB can maintain common understanding of the capabilities of the active panel. Therefore, Alt-1 in itself may not be sufficient, and we would need to also add that UE does not change panel until after activation and application (+BAT) of such TCI state (which may be a reasonable UE implementation). Additionally, we can differentiate mechanism based on if the UCI is reported via PUCCH or PUSCH. Only if it’s multiplexed on PUSCH, Alt-3 can be supported, otherwise in case of UCI over PUCCH Alt-2 can be supported.
Proposal 17: Acknowledgement mechanism for MPUE beam report is required.
Observation 1: Implicit acknowledgement mechanism can only be supported if UE switches panel types after network activation of TCI state corresponding to UE capability value set index

We would also like to note that proposal 4.5 needs to be discussed together with proposal 4.4 since the BWP based panel type switching in Proposal 4.5 would mean that UE cannot autonomously switch panel types and it controlled by network using BWP which is mapped to a panel type. In this case, BWP switching mechanism is reused and there is no need to specify any acknowledgement mechanism. However, proposal 4.5 and 4.4 imply different methods of MP-UE panel switching and can therefore not be supported together. 
Observation 2: Offline Proposal 4.4 and 4.5 imply different methods for MPUE panel switching. Only one can be supported and not both. 

In the case proposal 4.5 is further discussed, we have the following comments on different aspects for this proposal.

Use of BWP Framework: Dynamic switching between UE panels with different configuration would also require dynamic adaptation of the MIMO layers in DL. In this case, the only option is to reuse Rel-16 power saving framework and configure multiple BWPs with different number of MIMO layers and use dynamic switching between BWP to enable dynamic adaptation for the number of MIMO layers. Note that even with the use of BWP framework, the reporting of the correspondence between a CSI-RS and or SSB resource index and the “panel type” represented by the BWP is still required. Therefore, we suggest only Alt-1 in proposal 4.5 is further considered for discussion

Proposal 18: Support for multiple codebook-based SRS resource sets with different number of SRS ports is not required.

Impact on rate matching: We are not sure how the proposed dynamic indication of UL parameters has impact on UE rate matching which is dependent on number of MIMO layers. We would prefer to have some clarification on this aspect.

Interruption time/activation time: We noticed that dynamic adaptation of some parameters by BWP e.g., number of SRS ports and max MIMO layers may create interruption time on some of the CCs (TS 38.133 Table 8.2.1.2.7-1/2). We want to understand whether the same issue would also exist for the proposed solution due to change in SRS antenna ports and what the implications are.

Table 8.2.1.2.7-1: interruption length X
	[image: ]
	NR Slot length (ms)
	Interruption length X (slots)

	0
	1
	1

	1
	0.5
	1

	2
	0.25
	3

	3
	0.125
	5

	Note1:    void











Table 8.2.1.2.7-2: Parameters which cause interruption other than SCS
	Parameters
	Comment

	locationAndBandwidth
	From TS 38.331 [2]

	nrofSRS-Ports
	

	maxMIMO-Layers-r16
	










Observation 3: Impact of Offline Proposal 4.5 Alt-2 on rate matching and interruption/activation time should be clarified.
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: Confirm the WA in Offline Proposal 1.1 with the following updated to the sub-bullet: “different CC lists are used for Rel-15/16 and Rel-17 multi-CC common beam update and indication”
Proposal 2: OK with Offline proposal 1.2, with an update to the second sub-bullet to clarify that it applies to “all SRS resources in the same SRS resource set”. Additionally, whether to re-use existing MAC-CE or design a new one is up to RAN 2 and we do not need the third sub-bullet. 
Proposal 3: For CORESET C, for intra-cell, UE is configured per CORESET whether to apply the indicated Rel-17 TCI state similar to the configuration for CORESET B. 
Proposal 4: For inter-cell case, CORSET C is not supported. 
Proposal 5: CORESET#0 should only be receiving from the serving cell PCID i.e., its applicable for only intra-cell beam management and first or second alternative should apply for TCI state configuration of CORESET#0:
· Alt-1: Follow the same rule as ‘CORESET A’ only when the indicated Rel-17 TCI state is associated with serving cell PCID
· Alt-2: Always use the legacy MAC-CE signalling mechanism to configure a TCI state which is associated with the serving cell PCID
Proposal 6: CORESET A should be associated only with USS and CORESET B should be associated with all CSS including CSS Type 3.
Proposal 7: Support Offline Conclusion 3.1
Proposal 8: On Rel-17 DCI-based beam indication, the BAT is configured per-CC when common TCI state ID update is not configured/supported
Proposal 9: Support Offline Proposal 3.3
Proposal 10: 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 11: For separate UL beam indication using UL TCI state, UL DCI formats 0_1, 0_2 can be used with SRI field being reinterpreted as the TCI codepoint in DCI for the case when separate UL TCI is indicated or when there is only UL data to be scheduled.
Proposal 12: For MPUE reporting of UE capability value sets, identical value sets should not be supported
Proposal 13: Offline proposal 4.1b is not required.
Proposal 14: Offline Proposal 4.2a should be agreed
Proposal 15: Reporting max number of SRS ports equal to 0 may indicate a DL-only panel type.
Proposal 16: The main bullet of Offline proposal 4.3 can be agreed.
Proposal 17: Acknowledgement mechanism for MPUE beam report is required
Proposal 18: Support for multiple codebook-based SRS resource sets with different number of SRS ports is not required.
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