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1 Introduction
In this contribution, we discuss remaining issues on the enhancements on UL/DL beam management.
2 Enhanced UL/DL beam management
2.1 [Issue 1] Unified TCI framework
Issue 1-1: Confirm the working assumption in RAN1#107-e
Regarding the working assumption (WA) on Rel-17 TCI configuration in RAN1#107-e as below, it has been discussed from the last meeting that the UE is not expected to be configured with both Rel-17 TCI and Rel-15/16 TCI/spatial relation info.
	Working Assumption
The UE is not expected to be configured with Rel-15/Rel-16 TCI/SpatialRelationInfo if the UE is configured with Rel-17 TCI in any CC in a band
· The CC list for Rel-16 multi-CC beam indication should not contain any CC configured with Rel-17 TCI  


In offline email discussion, it was proposed to modify the WA for making an exception of spatialRelationInfoPos in order to enable positioning feature together with Rel-17 unified TCI which is reasonable. Also, another offline proposal to clarify that different CC lists are used for Rel-16 and Rel-17, respectively is also reasonable. Therefore, we propose to confirm the WA with modification discussed above as follows.

Proposal #1: Confirm the working assumption 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
· 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

Issue 1-2: Whether ‘CORESET C’ is supported or not for intra-/inter-cell BM
In the last meeting, the common applicability of the indicated Rel-17 TCI state is based on per CORESET determination as follows.
	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 B 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


According to the agreement, UE-dedicated PDCCH/PDSCH should always apply the indicated Rel-17 TCI state. Regarding non-UE-dedicated reception on CORESET(s) and the associated PDSCH, gNB can configure whether to apply the indicated Rel-17 TCI state by RRC. Main motivation of providing this configurability is for when gNB cannot use the same UE-specific RS (i.e. unified TCI state) as for non-UE-dedicated PDCCH/PDSCH transmission for both inter-cell and intra-cell operations. For CORESET C, the same principle can be applied since gNB can choose whether to use the UE specific beam RS for those PDCCH transmitted via the CORESET C.

Proposal #2: For CORESET C, the same principle as CORESET B can be applied, i.e. whether or not UE to apply the indicated Rel-17 TCI state associated with the serving cell is determined per CORESET by RRC.

Regarding differentiating the design for inter-cell and intra-cell as well as UE-dedicated and non-UE-dedicated signal, the simplest solution from specification perspective is to support configuring the RRC parameter followUnifiedTCI-State for every individual CORESET regardless of inter-cell and intra-cell, then rely on NW implementation on different scenarios such as inter-cell, intra-cell, non-UE-dedicated and UE-dedicated transmissions.

Proposal #3: Consider to support configuring followUnifiedTCI-State to every individual CORESETS, and rely on NW implementation to address different scenarios such as inter-cell, intra-cell, non-UE-dedicated and UE-dedicated transmissions.

Issue 1-3: common beam update in a BWP with multiple CORESET pool indices
Based on the previous agreements, common beam update can be applied for CORESET. There is a remaining issue whether the common beam update can be applied for CORESET(s) in a BWP configured with multiple CORESET pool indices. For this issue, two alternative approaches can be considered as below:
· Alt1: common beam update is not applied for all CORESETs in a BWP configured with multiple CORESET pool indices.
· Alt2: common beam update is applied for specific CORESET(s) in a BWP configured with multiple CORESET pool indices, e.g., CORESET(s) with CORESET pool index 0.

Both approaches work, and our preference is Alt2 since common beam update can still be applied for BWPs/CCs configured with two CORESET pool indices. 

Proposal #4: It should be clarified whether the common beam update is supported for CORESET(s) in a BWP configured with multiple CORESET pool indices.

Issue 1-4: power control parameters for common TCI state ID update/activation for CA case
	Agreement
On Rel-17 unified TCI framework, support common TCI state ID update and activation to provide common QCL information and/or common UL TX spatial filter(s) across a set of configured CCs:
· The above applies to intra-band CA
· The above applies to joint DL/UL and separate DL/UL beam indications 
· Just as Rel.16, the RS in the TCI state that provides QCL-TypeA [or QCL-TypeB] shall be in the same CC as the target channel or RS
· The common TCI state ID implies that the same/single RS determined according to the TCI state(s) indicated by a common TCI state ID is used to provide QCL Type-D indication and to determine UL TX spatial filter across the set of configured CCs
· FFS: The above also applies to inter-band CA 
· FFS: TCI state pool for CA 
· Opt-1: sharing a single RRC TCI state pool for the set of configured CCs, e.g., cell-group TCI state pool, or reuse TCI state pool for PDSCH in a reference cell; A CC ID for QCL-Type A RS is absent in a TCI state, and the CC ID for QCL-Type A RS is determined according to a target CC of the TCI state.
· FFS: Whether it is possible that a single TCI state in the pool includes all source RSs from different CCs
· Opt-2: configuring RRC TCI state pool per individual CC
· FFS: Whether the Rel-17 common beam update across multiple CCs applies to beam indication for single channel (e.g. PDSCH only, single CORESET), a subset of channels, or all channels

Working Assumption 
For common TCI state ID update and activation to provide common QCL information at least for UE-dedicated PDCCH/PDSCH and/or common UL TX spatial filter(s) at least for UE-dedicated PUSCH/PUCCH across a set of [configured] CCs/BWPs: 
· RRC-configured TCI state pool(s) can be configured in the PDSCH configuration (PDSCH-Config) for each BWP /CC as in Rel-15/16
· Note: Such RRC-configured TCI state pool(s) configuration doesn’t imply that separate DL/UL TCI state pool is excluded or supported
· RRC-configured TCI state pool(s) can be absent in the PDSCH configuration (PDSCH-Config) for each BWP/CC, and replaced with a reference to RRC-configured TCI state pool(s) in a reference BWP/CC
· In the PDSCH configuration (PDSCH-Config) of the reference BWP/CC, RRC-configured TCI state pool(s) shall be configured
· For a BWP/CC where the PDSCH configuration contains a reference to the RRC-configured TCI state pool(s) in a reference BWP/CC, the UE applies the RRC-configured TCI state pool(s) in the reference BWP/CC
· When the BWP/CC ID (cell) for QCL-Type A/D source RS in a QCL-Info of the TCI state is absent, the UE assumes that QCL-Type A/D source RS is in the BWP/CC to which the TCI state applies
· Introduce a UE capability to report maximum number of TCI state pools it can support across BWPs and CCs in a band, and the candidate value at least includes 1
· FFS: Introduce a UE capability to report maximum number of configured TCI states that it can support across BWPs and CCs in a band
· FFS: How to define reference BWP/CC

Agreement
On Rel.17 unified TCI framework, confirm the following working assumption as an agreement with a minor refinement highlighted in red 
For common TCI state ID update and activation to provide common QCL information at least for UE-dedicated PDCCH/PDSCH and/or common UL TX spatial filter(s) at least for UE-dedicated PUSCH/PUCCH across a set of [configured] CCs/BWPs: 
· RRC-configured TCI state pool(s) can be configured in the PDSCH configuration (PDSCH-Config) for each BWP/CC as in Rel-15/16
· Note: Such RRC-configured TCI state pool(s) configuration doesn’t imply that separate DL/UL TCI state pool is excluded or supported
· RRC-configured TCI state pool(s) can be absent in the PDSCH configuration (PDSCH-Config) for each BWP/CC, and replaced with a reference to RRC-configured TCI state pool(s) in a reference BWP/CC
· In the PDSCH configuration (PDSCH-Config) of the reference BWP/CC, RRC-configured TCI state pool(s) shall be configured
· For a BWP/CC where the PDSCH configuration contains a reference to the RRC-configured TCI state pool(s) in a reference BWP/CC, the UE applies the RRC-configured TCI state pool(s) in the reference BWP/CC
· When the BWP/CC ID (i.e. bwp-Id or cell) for QCL-Type A/D source RS in a QCL-Info of the TCI state is absent, the UE assumes that QCL-Type A/D source RS is in the BWP/CC to which the TCI state applies
· Introduce a UE capability to report maximum number of TCI state pools it can support across BWPs and CCs in a band, and the candidate value at least includes 1
· FFS: Introduce a UE capability to report maximum number of configured TCI states that it can support across BWPs and CCs in a band
· FFS: How to define reference BWP/CC

Agreement
On Rel.17 unified TCI framework, remove the brackets and clarify as indicated in red from the following previous agreement:
	On Rel-17 unified TCI framework, support common TCI state ID update and activation to provide common QCL information and/or common UL TX spatial filter(s) across a set of configured CCs:
· …
· Just as Rel.16, the source RS in the Rel-17 TCI state that provides QCL-TypeA [or QCL-TypeB] shall be in the same CC as the target channel or RS
· …






There are two options for common TCI state ID update/activation for CA case, which contains common TCI state pool based update/activation and separate TCI state pool per BWP/CC based update/activation. On the other hand, for UL PC, uplink power control parameters including P0, alpha, closed-loop index, PL-RS can be included or associated with joint TCI state and/or separate UL TCI state. This can also be applied to common TCI state ID update/activation for CA case. We think that there is no issue for the option of separate TCI state pool per BWP/CC based update/activation since power control parameters included or associated with TCI state(s) per BWP/CC can be used for uplink transmission in respective BWP/CC. However, for the other option of common TCI state pool based update/activation, there can be an ambiguity which power control parameters can be used for uplink transmission in the non-reference BWP/CCs. In our view, it is natural to use the power control parameters included or associated with TCI state(s) in the reference BWP/CC for uplink transmission in the non-reference BWP/CCs, if configured, in order to enable beam-specific power control. We think this should be specified in TS 38.213 as below.

Proposal #5: Clarify power control behavior for common TCI state ID update/activation for CA case, and adopt the following change for Rel-17 multi-beam enhancement.
	TS 38.213 (section 7)
[bookmark: _Toc12021444][bookmark: _Toc20311556][bookmark: _Toc26719381][bookmark: _Toc29894812][bookmark: _Toc29899111][bookmark: _Toc29899529][bookmark: _Toc29917266][bookmark: _Toc36498140][bookmark: _Toc45699166][bookmark: _Toc92093807]7	Uplink Power control
- unchanged part is omitted -
In the remaining of this clause, if a UE is provided TCI-State_r17 and for an indicated TCI-State_r17 as described in [6, TS 38.214] 
-	in clauses 7.1.1, 7.2.1, and 7.3.1, the RS index  for obtaining the downlink pathloss estimate for PUSCH, PUCCH, and SRS transmission is provided by PL-RS associated with or included in the indicated TCI-StateID_r17
-	in clause 7.1.1, if p0-Alpha-CLID-PUSCH-Set is provided, the values of , , and the PUSCH power control adjustment state  are provided by p0-Alpha-CLID-PUSCH-Set associated with the indicated TCI-StateID_r17
-	in clause 7.2.1, if p0-Alpha-CLID-PUCCHSet is provided, the values of  and the PUCCH power control adjustment state  are provided by p0-Alpha-CLID-PUCCH-Set associated with the indicated TCI-StateID_r17
-	in clause 7.3.1, if p0-Alpha-CLID-SRS-Set is provided, the values of , , and SRS power control adjustment state  are provided by p0-Alpha-CLID-SRS-Set associated with the indicated TCI-StateID_r17
-	in clauses 7.1.1, 7.2.1, and 7.3.1, if the TCI-State_r17 configurations is absent in a BWP of the CC, the UE can apply the RS index , , , the PUSCH power control adjustment state , , the PUCCH power control adjustment state , , , and SRS power control adjustment state  associated with or included in the indicated TCI-StateID_r17 from a reference BWP of a reference CC
- unchanged part is omitted -



2.2 [Issue 3] Dynamic TCI state update signaling medium
Issue 3-1: Whether to support a second configured BAT
	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 signalling of the BAT is up to RAN2
· FFS: For CC(s) not configured with a common TCI state ID update


In RAN1#107-e meeting, an agreement was made for single BAT for CCs configured with the common TCI state ID update. In addition to this, it has discussed whether to specify a second configured BAT for MP-UE/inter-cell BM. For MP-UE, it is not always possible for UE to activate multiple panels simultaneously due to the power consumption issue and panel switching leads an additional latency for a single BAT configuration. Based on the above understanding, adopting two BATs for MP-UE is preferred for inter-panel beam indication. Otherwise, UE have to report the BAT value assuming the worst case which would delay the whole beam update timing. 

Proposal #6: Support a second configured BAT for MP-UE. 

Issue 3-2: BAT for CC(s) not configured with a common TCI state ID update
Regarding BAT for CA above, the remaining problem is for configuring BAT when common TCI state ID update is not configured on a certain CC(s) and it has been discussed in offline discussion as follows.
	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:
· Alt1. The BAT is configured per-CC 
· 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
· 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.

Offline proposal 3.3: On Rel-17 DCI-based beam indication, regarding the CC list for TCI state pool sharing and common TCI state update, in RAN1#108-e, down-select one of the following alternatives:
· Alt1: Introduce new RRC parameter(s) to configure the CC list 
· Alt2: The CCs within a band are assumed to be within a CC list


To this end, the configuration the CC list applying a common TCI state ID update in Rel-17 is pre-requisite for considering the BAT for other CC(s) not configured with the update. It is preferred to introduce new RRC parameter(s) to configure the CC list.

Proposal #7: Support to introduce new RRC parameter(s) to configure the CC list for common TCI state ID update

Regarding alternatives in offline proposal 3.2B, it is reasonable that the BAT is configured per-CC when the common TCI state ID update is not configured/supported since the BAT is still needed to be configured for a CC per SCS in this case. Also, it is aligned with previous agreement that the per-CC BAT still can be provided for CCs configured with the common TCI state ID update where in this case UE expects a same BAT value is configured on those CCs.

Proposal #8: Support that BAT is configured per-CC.
2.3 [Issue 4] MP-UE
In RAN1#107-e meeting, an agreement and a working assumption were made for MP-UE (captured below). 
	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


Basically, the agreed mechanism consists of two parts:
1. UE reporting of multi-panel capability (i.e. the max supported number of SRS ports per panel or per panel type)
2. UE reporting of the correspondence between each reported CRI/SSBRI and one of the UE capability value sets
Based on the first information, NW knows how many SRS ports are needed for the UE when UE panel or panel type is switched. Based on the second information, NW knows the required number of SRS ports when UL TCI state is updated with one of the reported CRI/SSBRI. There are several remaining issues on the above mechanism. 

Issue 4-1: reporting format (i.e. down-selection between Option1 and Option2)
As discussed in previous meeting, Option2 can support the intended functionality of Option1 via reporting same index for all reported CRIs/SSBRIs. The issue of adopting Option1 is to mandate UE to activate only one panel, which would preclude to dynamically select one UL panel among multiple activated panels. Note that the WID is clearly to support ‘dynamic’ panel switching, and for this ‘dynamic’ panel switching, UE would need to activate multiple panels, i.e. ready for transmission. Thus, we support Option2. 

Proposal #9. Support Option2 for the enhanced beam reporting format for MP-UE.

Issue 4-2: how NW to update the number of SRS ports according to the updated correspondence
For the heterogeneous panels having different number of ports, two alternative approaches have been discussed so far.
· Alt1: BWP switching based panel or panel type switching
· NW configures multiple BWPs where each BWP is configured with same number of ports but different number of ports across different BWPs, and NW switches BWP according to the reported correspondence.
· Alt2: SRS resource set selection based panel or panel type switching
· NW configures multiple SRS resource sets for codebook where each SRS resource set is configured with same number of ports but different number of ports across different sets, and NW selects one set according to the reported correspondence.

Comparing the listed two alternatives, Alt1 creates a lot of signaling overhead since NW must configure multiple BWPs with mostly duplicated RRC parameters. In addition, the existing BWP fallback mechanism will mandate UE to switch to a specific panel when timer expires, e.g. when there is no DL/UL traffic for certain time duration. This would mean that NW controls UE panel.
For Alt2, we should note that Rel-17 specification already supports ‘SRS resource set indicator’ field in DCI format 0_1 and 0_2 for MTRP operation. In the ‘SRS resource set indicator’, index 0 and index 1 select one SRS resource set between the two SRS resource sets for CB or NCB configured by RRC. This can naturally be used for panel selection when PUSCH repetition number=1 with a little update, i.e. supporting different number of ports across different set.

[bookmark: OLE_LINK31]Table 7.3.1.1.2-36: SRS resource set indication (captured from TS38.312)
	Bit field mapped to index
	SRS resource set indication

	0
	SRS resource indicator field and Precoding information and number of layers field are associated with the first SRS resource set;
Second SRS resource indicator field and Second Precoding information field are reserved.

	1
	SRS resource indicator field and Precoding information and number of layers field are associated with the second SRS resource set;
Second SRS resource indicator field and Second Precoding information field are reserved.

	2
	SRS resource indicator field and Precoding information and number of layers field are associated with the first SRS resource set;
Second SRS resource indicator field and Second Precoding information field are associated with the second SRS resource set.

	3
	SRS resource indicator field and Precoding information and number of layers field are associated with the first SRS resource set;
Second SRS resource indicator field and Second Precoding information field are associated with the second SRS resource set.

	[bookmark: OLE_LINK47][bookmark: OLE_LINK32]NOTE 1: The first and the second SRS resource sets are respectively the ones with lower and higher srs-ResourceSetId of the two SRS resources sets configured by higher layer parameter srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2, and associated with the higher layer parameter usage of value 'nonCodeBook' if txConfig=nonCodebook or 'codeBook' if txConfig=codebook. When only one SRS resource set is configured by higher layer parameter srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2, and associated with the higher layer parameter usage of value 'codeBook' or 'nonCodeBook' respectively, the first SRS resource set is the SRS resource set. The association of the first and second SRS resource sets to PUSCH repetitions for each bit field index value is as defined in Clause 6.1.2.1 of [6, TS 38.214].
NOTE 2: For DCI format 0_2, the first and second SRS resource sets configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2 are composed of the first  SRS resources together with other configurations in the first and second SRS resource sets configured by higher layer parameter srs-ResourceSetToAddModList, if any, and associated with the higher layer parameter usage of value 'codeBook' or 'nonCodeBook', respectively, except for the higher layer parameters 'srs-ResourceSetId' and 'srs-ResourceIdList'.



Regarding the different number of ports between different resource sets, this is not a new feature and spec already supports different number of SRS ports for different SRS resource for fullpowerMode2. For example, it is already well specified how TPMI/TRI needs to be interpreted when SRS resources with different number of ports are configured in TS38.212 as captured below:
	Precoding information and number of layers – number of bits determined by the following:
-	0 bits if the higher layer parameter txConfig = nonCodeBook;
-	0 bits for 1 antenna port and if the higher layer parameter txConfig = codebook;
-	4, 5, or 6 bits according to Table 7.3.1.1.2-2 for 4 antenna ports, if txConfig = codebook, ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower, transform precoder is disabled, and according to the values of higher layer parameters maxRank, and codebookSubset; 
-	4 or 5 bits according to Table 7.3.1.1.2-2A for 4 antenna ports, if txConfig = codebook, ul-FullPowerTransmission = fullpowerMode1, maxRank=2, transform precoder is disabled, and according to the values of higher layer parameter codebookSubset;
-	4 or 6 bits according to Table 7.3.1.1.2-2B for 4 antenna ports, if txConfig = codebook, ul-FullPowerTransmission = fullpowerMode1, maxRank=3 or 4, transform precoder is disabled, and according to the values of higher layer parameter codebookSubset;
-	2, 4, or 5 bits according to Table 7.3.1.1.2-3 for 4 antenna ports, if txConfig = codebook, ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower, and according to whether transform precoder is enabled or disabled, and the values of higher layer parameters maxRank, and codebookSubset; 
-	3 or 4 bits according to Table 7.3.1.1.2-3A for 4 antenna ports, if txConfig = codebook, ul-FullPowerTransmission = fullpowerMode1, maxRank=1, and according to whether transform precoder is enabled or disabled, and the values of higher layer parameter codebookSubset;
-	2 or 4 bits according to Table7.3.1.1.2-4 for 2 antenna ports, if txConfig = codebook, ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower, transform precoder is disabled, and according to the values of higher layer parameters maxRank and codebookSubset; 
-	2 bits according to Table 7.3.1.1.2-4A for 2 antenna ports, if txConfig = codebook, ul-FullPowerTransmission = fullpowerMode1, transform precoder is disabled, maxRank=2, and codebookSubset=nonCoherent;
-	1 or 3 bits according to Table7.3.1.1.2-5 for 2 antenna ports, if txConfig = codebook, ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower, and according to whether transform precoder is enabled or disabled, and the values of higher layer parameters maxRank and codebookSubset; 
-	2 bits according to Table 7.3.1.1.2-5A for 2 antenna ports, if txConfig = codebook, ul-FullPowerTransmission = fullpowerMode1, maxRank=1, and according to whether transform precoder is enabled or disabled, and the values of higher layer parameter codebookSubset;
For the higher layer parameter txConfig=codebook, if ul-FullPowerTransmission is configured to fullpowerMode2, maxRank is configured to be larger than 2, and at least one SRS resource with 4 antenna ports is configured in the SRS resource set indicated by SRS resource set indicator field if present, otherwise in an SRS resource set with usage set to 'codebook', and an SRS resource with 2 antenna ports is indicated via SRI in the same SRS resource set, then Table 7.3.1.1.2-4 is used.
For the higher layer parameter txConfig = codebook, if different SRS resources with different number of antenna ports are configured, the bitwidth is determined according to the maximum number of ports in an SRS resource among the configured SRS resources in all SRS resource set(s) with usage set to 'codebook'. If the number of ports for a configured SRS resource in the set is less than the maximum number of ports in an SRS resource among the configured SRS resources, a number of most significant bits with value set to '0' are inserted to the field.



Based on above observation, we propose the following:

Proposal #10: how to update the number of SRS ports should be decided
· Alt1. via UL BWP switching where each UL BWP has different number of SRS ports
· For this alt, it needs to be clarified how to handle 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.
· Alt2. via SRS resource set selection by DCI where each set has different number of ports
· 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
· Note2: TPMI/TRI mapping for varying number of SRS ports is already specified for fullpowerMode2.

Among above alternatives, our preference is Alt2 since Alt1 requires quite a large RRC overhead as explained earlier. In addition, we should also note that Alt2 is much more forward compatible for simultaneous multi-panel transmission to be discussed in Rel-18. 

Issue 4-3: acknowledgement mechanism to the reported correspondence from NW to UE
The acknowledgement was agreed as working assumption. The necessity of acknowledgement is to avoid the case when NW does not receive UCI correctly. For example, when UE wants to switch from 4 port panel to 2 port panel, if UE switches the panel right after sending UCI containing the correspondence information but NW missed the UCI, NW could indicate a wrong TPMI/TRI (e.g. indicating rank 3 transmission). In our view, the acknowledgement is necessary but can be replaced by NW signaling related to ‘action’ after receiving the UCI. In addition, it should also be noted that the acknowledgement is not always necessary, e.g. when UE maintains the same panel(s) as before. 

Observation #1: Acknowledgement to the reported correspondence is necessary only when the reported correspondence is changed compared to the previous reporting and can be replaced by a signaling regarding NW ‘action’ to address the UE panel change.

Regarding the NW action, NW will likely update DL/UL TCI state since it is likely that reported CRI(s)/SSBRI(s) would likely be different from the previously reported one(s) if UE wants to switch the panel(s). One missing case might be when NW does not need to update DL/UL TCI state when UE change the panel(s), e.g. same preferred CRI/SSBRI for multiple panels. Even in this case, there could be subsequent NW signaling such as BWP switching or SRS resource set selection command as discussed previously. These can act as acknowledgement to the reported correspondence. Regarding this acknowledgement, it needs to be also clarified that which UE capability value set index is to be activated when UE reported multiple UE capability value set indices for multiple CRIs/SSBRIs, e.g. whether to follow the most recent UE reported correspondence or NW to indicate one index.

Proposal #11. TCI indication signaling and SRS resource set indication (or BWP switching command) can be reused as the acknowledgement to the reported correspondence from NW to UE.
· Further clarify that which UE capability value set index is to be activated when UE reported multiple UE capability value set indices for multiple CRIs/SSBRIs

Issue 4-4: whether/how to support DL only panel 
In RAN1#107-e, there were some discussion on whether/how to support DL only panels with the agreed mechanism. This issue is related to whether to use the agreed mechanism only for UL purpose or for both DL and UL purposes. In the latter case, the agreed reporting mechanism can be used for DL TCI determination as well as for UL TCI/port determination, especially for separate DL/UL TCI indication. In other words, NW does not need to configure two different beam reporting, one for DL TCI determination (based on Rel-15/16 beam reporting) and one for UL TCI determination (based on Rel-17 beam reporting), e.g. for a UE having DL only panel.

Observation #2: If the agreed reporting is used for UL purpose only, additional reporting is required for DL TCI determination, e.g. based on Rel-15/16 beam reporting, causing extra signaling overhead. 

Based on the above observation, we propose to use the agreed mechanism for both UL and DL purposes. This can simply be achieved by assigning UE capability value set index(es) for DL panel(s). For example, if a UE has three panels with three indices, one for DL only (index=0), one for DL+UL with 2 ports (index=1), and one for DL+UL with 4 ports (index=2), UE may choose and report CRI#x with index=0 and CRI#y with index=2. With this reporting information, NW may use CRI#x for DL TCI and CRI#y for UL TCI for the UE since NW knows that CRI#x is invalid for UL. For this issue, we should avoid to define a reserved code-point for UE capability value set index field in UCI since it may create extra UCI payload for UEs having no DL only panel. Rather, it is clearer for UE to report whether to have DL only panel or not as a UE capability in order to assign an index for the DL only panel(s) if the UE has any. This can simply be achieved by defining ‘max number of SRS ports=0’ for DL only panel(s) as several companies proposed during RAN1#107bis-e meeting for UE feature discussion, which can minimize spec impact (i.e. adding one candidate value for UE capability value set).

Propose #12: Support a candidate value of 0 for the max supported number of SRS ports in UE capability value set for UE to indicate that it has DL only panel(s) or not. 

2.4 [Issue 5] MPE mitigation
For the enhanced MPE reporting, RAN2 questioned about Pc_max reporting in R1-2200887 as captured below, where this issue has not been deeply investigated in RAN1 so far:
	Question 1.10: Is reporting of PCMax,f,c needed for MPE information and if it is, should it be included per indicated SSBRI/CRI value or is it cell-specific?


Current PHR MAC CE format includes Pc_max, PHR, and P-MPR (MPE) as captured below in TS38.321:
	[bookmark: _Toc29239886][bookmark: _Toc37296285][bookmark: _Toc46490416][bookmark: _Toc52752111][bookmark: _Toc52796573][bookmark: _Toc90287285]6.1.3.8	Single Entry PHR MAC CE
The Single Entry PHR MAC CE is identified by a MAC subheader with LCID as specified in Table 6.2.1-2.
It has a fixed size and consists of two octets defined as follows (figure 6.1.3.8-1):
-	R: Reserved bit, set to 0;
-	Power Headroom (PH): This field indicates the power headroom level. The length of the field is 6 bits. The reported PH and the corresponding power headroom levels are shown in Table 6.1.3.8-1 below (the corresponding measured values in dB are specified in TS 38.133 [11]);
-	P: If mpe-Reporting-FR2 is configured and the Serving Cell operates on FR2, the MAC entity shall set this field to 0 if the applied P-MPR value, to meet MPE requirements, as specified in TS 38.101-2 [15], is less than P-MPR_00 as specified in TS 38.133 [11] and to 1 otherwise. If mpe-Reporting-FR2 is not configured or the Serving Cell operates on FR1, this field indicates whether power backoff is applied due to power management (as allowed by P-MPRc as specified in TS 38.101-1 [14], TS 38.101-2 [15], and TS 38.101-3 [16]). The MAC entity shall set the P field to 1 if the corresponding PCMAX,f,c field would have had a different value if no power backoff due to power management had been applied;
-	PCMAX,f,c: This field indicates the PCMAX,f,c (as specified in TS 38.213 [6]) used for calculation of the preceding PH field. The reported PCMAX,f,c and the corresponding nominal UE transmit power levels are shown in Table 6.1.3.8-2 (the corresponding measured values in dBm are specified in TS 38.133 [11]);
-	MPE: If mpe-Reporting-FR2 is configured, and the Serving Cell operates on FR2, and if the P field is set to 1, this field indicates the applied power backoff to meet MPE requirements, as specified in TS 38.101-2 [15]. This field indicates an index to Table 6.1.3.8-3 and the corresponding measured values of P-MPR levels in dB are specified in TS 38.133 [11]. The length of the field is 2 bits. If mpe-Reporting-FR2 is not configured, or if the Serving Cell operates on FR1, or if the P field is set to 0, R bits are present instead.


Figure 6.1.3.8-1: Single Entry PHR MAC CE
Table 6.1.3.8-1: Power Headroom levels for PHR
	PH
	Power Headroom Level

	0
	POWER_HEADROOM_0

	1
	POWER_HEADROOM_1

	2
	POWER_HEADROOM_2

	3
	POWER_HEADROOM_3

	…
	…

	60
	POWER_HEADROOM_60

	61
	POWER_HEADROOM_61

	62
	POWER_HEADROOM_62

	63
	POWER_HEADROOM_63



Table 6.1.3.8-2: Nominal UE transmit power level for PHR
	PCMAX,f,c
	Nominal UE transmit power level

	0
	PCMAX_C_00

	1
	PCMAX_C_01

	2
	PCMAX_C_02

	…
	…

	61
	PCMAX_C_61

	62
	PCMAX_C_62

	63
	PCMAX_C_63



Table 6.1.3.8-3: Effective power reduction for MPE P-MPR
	MPE
	Measured P-MPR value

	0
	P-MPR_00

	1
	P-MPR_01

	2
	P-MPR_02

	3
	P-MPR_03






The agreements for MPE mitigation is to extend to N (P-MPR + CRI/SSBRI) values. To our understanding, this extension is mainly for MP-UE where each panel can have different preferred beam (i.e. CRI/SSBRI) and different P-MPR since MPE event can only happen to one panel but not to another panel. To support full functionality for panel-specific UL transmission, it is better to report Pc_max and PHR for each panel together with P-MPR and CRI/SSBRI because each panel can have different max power (e.g. 20dB+23dB) and/or different PHR, which would be much simpler/straight-forward from signaling extension perspective as well as from technical perspective.

Propose #13: For the enhanced reporting for MPE mitigation, support N value sets where each set has (Pc_max, PHR, P-MPR, CRI/SSBRI).

3 Conclusions
In this contribution, we have discussed the remaining issues for further enhancements on MB operation. Based on the discussions above, the following observations and proposals are given as:

Observation #1: Acknowledgement to the reported correspondence is necessary only when the reported correspondence is changed compared to the previous reporting and can be replaced by a signaling regarding NW ‘action’ to address the UE panel change.
Observation #2: If the agreed reporting is used for UL purpose only, additional reporting is required for DL TCI determination, e.g. based on Rel-15/16 beam reporting, causing extra signaling overhead. 

Proposal #1: Confirm the working assumption 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
Proposal #2: For CORESET C, the same principle as CORESET B can be applied, i.e. whether or not UE to apply the indicated Rel-17 TCI state associated with the serving cell is determined per CORESET by RRC.
Proposal #3: Consider to support configuring followUnifiedTCI-State to every individual CORESETS, and rely on NW implementation to address different scenarios such as inter-cell, intra-cell, non-UE-dedicated and UE-dedicated transmissions.
Proposal #4: It should be clarified whether the common beam update is supported for CORESET(s) in a BWP configured with multiple CORESET pool indices.
Proposal #5: Clarify power control behavior for common TCI state ID update/activation for CA case, and adopt the following change for Rel-17 multi-beam enhancement.
Proposal #6: Support a second configured BAT for MP-UE. 
Proposal #7: Support to introduce new RRC parameter(s) to configure the CC list for common TCI state ID update
Proposal #8: Support that BAT is configured per-CC.
Proposal #9. Support Option2 for the enhanced beam reporting format for MP-UE.
Proposal #10: how to update the number of SRS ports should be decided
1. Alt1. via UL BWP switching where each UL BWP has different number of SRS ports
22. For this alt, it needs to be clarified how to handle 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
23. 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
23. Note2: TPMI/TRI mapping for varying number of SRS ports is already specified for fullpowerMode2.
Proposal #11. TCI indication signaling and SRS resource set indication (or BWP switching command) can be reused as the acknowledgement to the reported correspondence from NW to UE.
1. Further clarify that which UE capability value set index is to be activated when UE reported multiple UE capability value set indices for multiple CRIs/SSBRIs
Propose #12: Support a candidate value of 0 for the max supported number of SRS ports in UE capability value set for UE to indicate that it has DL only panel(s) or not. 
Propose #13: For the enhanced reporting for MPE mitigation, support N value sets where each set has (Pc_max, PHR, P-MPR, CRI/SSBRI).
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