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Introduction
In RAN1-106 e-meeting, the UE features for FeMIMO were discussed and summarized in R1-2108679 [1]. After the discussion in RAN1-106b e-meeting, RAN1-107 e-meeting and RAN1-107b e-meeting, there are some conclusions summarized in R1-2109912 [2], R1-2111807 [3], R1-2200762 [4] and R1-2200765 [5]. In this contribution, we provide some further discussion about the remaining issues on UE features based on the agreements in the RAN1 e-meetings before.  
[bookmark: _Toc86838729]UE feature for ‘Enhancements on Multi-beam Operation’
FG23-1-1: Unified TCI for intra- and inter-cell beam management
The agreement on FG23-1-1 in R1-2200765 [5] can be seen as follows:
Agreement: Replace the existing row for FG 23-1-1 with the following row
	23. NR_FeMIMO
	23-1-1
	Unified TCI [with joint DL/UL TCI update] for [intra- [and inter-cell] beam management
	1. Joint DL/UL TCI update with their components: (configuration mechanism, QCL rules, applicable source and target signals)

FFS: whether to include the following components 2-14 into this FG or one or more separate FGs
FFS: Whether basic FGs are defined, and if so, which components are basic FGs, i.e., a UE that supports FG 23-1-1 must also support said basic FGs
FFS: basic FGs for UEs supporting CA
FFS: separate FGs for inter/intra/joint/separate 
2. Common multi-CC TCI update and activation 
3. For PUCCH, PUSCH, and SRS, association between TCI state and UL PC settings except for PL RS 
4. The maximum number of configured joint TCI states [per BWP per CC] [in a band] [in a band combination]
5. The maximum number of MAC-CE activated joint TCI states across all CCs [in a band] [in a band combination]
a) The maximum number of MAC-CE activated joint TCI states per CC [in a band] [in a band combination]
6. [The minimum beam application time between PUCCH of ACK and the first slot in Y symbols per SCS]
7. Beam misalignment between the DL source RS in the TCI state to provide spatial relation indication and the PL-RS 
8. TCI state indication [mode]: update and activation [in case of updates]
a) MAC CE based TCI state indication [for one active TCI state]
b) MAC-CE+DCI-based TCI state indication (use of DCI formats 1_1/1_2 with DL assignment)
c) MAC-CE+DCI-based TCI state indication (use of DCI formats 1_1/1_2 without DL assignment)
9. Reference BWP/CC configured with reference TCI state pool shared by a set of BWP/CC
Note: agree component, final wording may change (e.g., when this is merged with other components/FGs)
10. Maximum number of CCs configured with BFR
FFS whether this is a component or just a note in the FG to reuse R16 signaling
11. [R17 mechanism reusing R15/16 signalling to indicate Support of indication/configuration of R17 TCI for individual DL channel/RS that cannot share the same unified TCI as UE-dedicated states for aperiodic CSI-RS, PDCCH, /PDSCH] , and SRS reusing the Rel-15/16 signaling/configuration design(s)
Note: This has no impact on detail signaling design for SRS TCI indication
12. The maximum number of configured joint TCI state pools across all BWPs and all CCs in a band [in a band combination]
FFS: Whether to make component 69 a prerequisite or merge with 69
13. [Alt. 1: [The maximum number of PDSCH-Configs containing configured joint TCI states across all BWPs and all CCs in a band] [in a band combination] that can referred to from a PDSCH-Config without TCI states
Alt. 2: Support PDSCH-Config which contains a reference to another CC/BWP, in which the PDSCH-Config contains the TCI state list]
14.  [The minimum time gap between the beam indication PDCCH and first slot where beam is applied]
	
	
	
	
	
	
	
	
	
	Optional with capability signalling


First, as for the title of 23-1-1, since there is a separate FG for inter cell, and the component 1 includes only joint DL/UL TCI state, we prefer to revise it to “Unified TCI with joint DL/UL TCI state for intra-cell beam management”.
Second, we prefer separate FGs for joint and separate DL/UL TCI state.
Third, for component 13, we prefer Alt 1.
Last for other components, we prefer to split as below:
· Component 8a can be included in a basic FG 
· Component 4 and 5a can be included in a separate basic FG with per band report
· Component 2, 5, 9, 12, 13 can be included in a separate FG for CA
· Component 8b/c, 14 can be included in a separate FG for DCI based unified TCI state indication.
Proposal 1: Revise the title of FG23-1-4 to “Unified TCI with joint DL/UL TCI state for intra-cell beam management”.
Proposal 2: Prefer separate FGs for joint and separate DL/UL TCI state.
Proposal 3: Prefer to split other components as below:
· Component 8a can be included in a basic FG 
· Component 4 and 5a can be included in a separate basic FG with per band report
· Component 2, 5, 9, 12, 13 can be included in a separate FG for CA
· Component 8b/c, 14 can be included in a separate FG for DCI based unified TCI state indication.
FG23-1-2: Inter-cell measurement and reporting
There is an agreement about supporting a UE feature on how many physical cell IDs can be associated with the activated TCI states as following [6]: 
Agreement
On Rel.17 beam indication enhancements for inter-cell beam management, for the supported Rel-17 MAC-CE-based and/or DCI-based beam indication (at least using DCI formats 1_1/1_2 with and without DL assignment including the associated MAC-CE-based TCI state activation):
· Support a UE feature on how many physical cell IDs (including that of the serving cell) can be associated with the activated TCI states 
· FFS: If UE is configured for only one physical cell ID, decide between the following two options:
· Opt1: the NW can activate TCI states associated with either the same physical cell ID as that of the serving cell or a different physical cell ID from that of the serving cell 
· Opt2: the NW can only activate TCI states associated with the same physical cell ID as that of the serving cell
Note: The above does not necessarily mean that more than 1 physical cell ID that is not serving cell in RRC
Until now, we just discussed the maximum number of RRC-configured PCI(s) different from serving cell PCI for L1-RSRP measurement. For inter-cell beam management, we still need to decide how many physical cell IDs (including that of the serving cell) can be associated with the activated TCI states. Accordingly, it is better to add a new feature group to deal with it.
Proposal 4: Add new FG23-1-3 about the beam indication for inter-cell beam management to discuss the supported number of MAC-CE activated PCI(s) different from serving cell PCI.
	23. NR_FeMIMO
	23-1-2
	Inter-cell beam measurement and reporting [(for inter-cell BM [and mTRP])]
	1. Support of L1-RSRP measurement and reporting on SSB(s) with PCI(s) different from serving cell PCI

FFS: whether to include the following components 2-13 into this FG or one or more separate FGs

FFS: Whether basic FGs are defined, and if so, which components are basic FGs, i.e., a UE that supports FG 23-1-2 must also support said basic FGs

…
	
	
	
	
	per band
	
	
	
	
	Optional with capability signalling

	23.
NR_FeMIMO
	23-1-3
	inter-cell beam indication for inter-cell BM
	1. The number of MAC-CE activated PCI(s) different from serving cell PCI for beam indication.
	
	
	
	
	
	
	
	
	
	



UE feature for ‘Enhancements on Multi-TRP Deployment’
UE feature for ‘Multi-TRP PDCCH repetition’
FG23-2-1: Multi-TRP PDCCH repetition
The components in FG23-2-1 can be seen in the table below according to the agreement in R1-2200765 [5].
Agreement: Adopt the following changes highlighted in chromatic fonts, while keeping the yellow highlighting, if any, as shown
	23. NR_FeMIMO
	23-2-1
	PDCCH repetition
	1. Support of intra-slot PDCCH repetition based on two linked SS sets associated with corresponding CORESETs [with [non-SFN scheme] TDM and FDM] [(except FR2)] [including PDCCH repetition for Type 3 CSS]
2. Support of reporting one number as required number of BDs for the two PDCCH candidates
FFS: 3. Support max number of overlaps when one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate per scheduled component carrier
	
	
	
	
	
	
	
	
	Component 2 candidate values: 2 or 3
Component 4 candidate values: [{0,1,2,3}] 

[Note: UE supports PDCCH repetition for the following (basic) PDCCH monitoring capability: For type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS, the monitoring occasion is within the first 3 OFDM symbols of a slot]

Note: for component4, if N PDCCH candidates are overlapped, the number of overlaps is counted as one.
	Optional with capability signalling


As for component 1 “1. Support of intra-slot PDCCH repetition based on two linked SS sets associated with corresponding CORESETs [with [non-SFN scheme] TDM and FDM] [(except FR2)] [including PDCCH repetition for Type 3 CSS]” in FG23-2-1, we prefer to keep “with non-SFN scheme TDM and/or FDM”, and delete “including PDCCH repetition for Type 3 CSS” because of the note. 
Proposal 5: Revise component FG23-2-1 as below.
	23. NR_FeMIMO
	23-2-1
	PDCCH repetition
	1. Support of intra-slot PDCCH repetition based on two linked SS sets associated with corresponding CORESETs [with [non-SFN scheme] TDM and FDM] [(except FR2)] [including PDCCH repetition for Type 3 CSS]
2. Support of reporting one number as required number of BDs for the two PDCCH candidates
FFS: 3. Support max number of overlaps when one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate per scheduled component carrier
	
	
	
	
	
	
	
	
	Component 2 candidate values: 2 or 3
Component 4 3 candidate values: [{0,1,2,3}] 

[Note: UE supports PDCCH repetition for the following (basic) PDCCH monitoring capability: For type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS, the monitoring occasion is within the first 3 OFDM symbols of a slot]

Note: for component 4 3, if N PDCCH candidates are overlapped, the number of overlaps is counted as one.
	Optional with capability signalling


UE feature for ‘Multi-TRP PUCCH/PUSCH repetition’
The following is proposed as baseline for RAN1#108-e as the outcome of RAN1#107bis-e for this agenda item/work item [7].

Table 1
	Features
	Index
	Feature group
	Components
	Note
	Mandatory/Optional

	23. NR_FeMIMO
	23-3-1
	Multi-TRP PUSCH repetition (type A) [-CB]
	1. Support of multi-TRP PUSCH repetition (based on PUSCH repetition type A) [for CB]- sequential mapping for repetitions larger than 2
[- cyclic mapping for 2 repetitions]  

[2. The maximum number of PHR reporting across all CCs (including those related to M-TRP PUSCH repetition and the legacy Rel-15/16 PUSCH transmission)]
[3. Support dynamic switching between multi-TRP PUSCH scheme and single-TRP PUSCH transmission]
FFS: Support PUSCH operations: CB based and NCB based and corresponding parameters including number of SRS resources
	[Candidate component values: {CB, non-CB, both}]
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1a
	Cyclic mapping
	Support of cyclic mapping when the number of repetitions is larger than 2 for single DCI based M-TRP PUSCH repetition Type A
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1b
	Second TPC field
	Support of second TPC field for per TRP closed-loop power control for PUSCH with DCI formats 0_1 / 0_2
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1c
	Two PHR reporting
	Support of PHR reporting related to M-TRP PUSCH repetition (calculate two PHRs (at least corresponding to the CC that applies m-TRP PUSCH repetitions), each associated with a first PUSCH occasion to each TRP, and report two PHRs.)
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1e
	A-CSI report
	Support of A-CSI report on two PUSCH repetitions
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1f
	SP-CSI report
	Support of SP-CSI report on two PUSCH repetitions
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1g
	CG PUSCH transmission
	Support of CG PUSCH transmission towards M-TRPs using a single CG configuration (Use same beam mapping principals as dynamic grant PUSCH repetition scheme.) 
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1-1 [-CB]
	Multi-TRP PUSCH repetition (type B)
	1. Support of multi-TRP PUSCH repetition (based on PUSCH repetition type B) [for CB]

FFS: Support PUSCH operations: CB based and NCB based and corresponding parameters including number of SRS resources

	[Candidate component values: {CB, non-CB, both}]
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-2
	Multi-TRP PUCCH repetition
	1. Support of PUCCH repetition scheme 1 (inter-slot repetition)- sequential mapping for repetitions larger than 2
[- cyclic mapping for 2 repetitions]
[2. Support of up to two PUCCH spatial relation per PUCCH resource]

	
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-2b
	
	Support of cyclic mapping for beam mapping/power control parameter set mapping for PUCCH repetitions scheme 1 and/or 3 when the number of repetitions is larger than 2
	FFS: candidate values 
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-2c
	
	Support of second TPC field for per TRP closed-loop power control for PUCCH with DCI formats 1_1 / 1_2
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-3
	Multi-TRP PUCCH repetition-intra-slot
	Support of PUCCH repetition scheme 3 (intra-slot repetition)
- sequential mapping for repetitions larger than 2
[- cyclic mapping for 2 repetitions]  
	
	Optional with capability signalling


We have some comments on the UE features for enhancement on multi-TRP PUSCH & PUCCH.
FG23-3-1: Multi-TRP PUSCH repetition (type A)
A. On component 1, cyclic mapping is mandatory when number of repetitions is 2 and it is a basic UE feature, so we propose to remove the “[cyclic mapping for 2 repetitions]”. What’s more, we suggest to set the candidate component value as “both” because 23-3-1 can be shared by both “CB” and “NCB”.

B. On component 2, the related agreement was made in RAN1#106-e [6] as below.

Agreement
For PHR reporting related to M-TRP PUSCH repetition, support Option 4 as UE optional capability for a UE that supports mTRP PUSCH, 
· Option 4: Calculate two PHRs (at least corresponding to the CC that applies m-TRP PUSCH repetitions), each associated with a first PUSCH occasion to each TRP, and report two PHRs.

From our perspective, component 2 is not in line with any agreement in the previous RAN1 FeMIMO discussion, so we suggest to remove it. FG23-3-1c can describe PHR reporting enough.

C. On component 3, from our perspective, this component indicates that the dynamic switching between S-TRP and M-TRP is supported or not. If the UE cannot support this component, then M-TRP transmission is always scheduled. So, we think component 3 should be basic FG and propose to remove this component.

Proposal 6: The proposed FG23-3-1 for M-TRP PUSCH repetition type A is shown as follows.
	23. NR_FeMIMO
	23-3-1
	Multi-TRP PUSCH repetition (type A) [-both]
	1. Support of multi-TRP PUSCH repetition (based on PUSCH repetition type A) [for both]- sequential mapping for repetitions larger than 2
[- cyclic mapping for 2 repetitions]  
[2. The maximum number of PHR reporting across all CCs (including those related to M-TRP PUSCH repetition and the legacy Rel-15/16 PUSCH transmission)]
[3. Support dynamic switching between multi-TRP PUSCH scheme and single-TRP PUSCH transmission]
FFS: Support PUSCH operations: CB based and NCB based and corresponding parameters including number of SRS resources
	[Candidate component values: {CB, non-CB, both}]
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1a
	Cyclic mapping
	Support of cyclic mapping when the number of repetitions is larger than 2 for single DCI based M-TRP PUSCH repetition Type A
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1b
	Second TPC field
	Support of second TPC field for per TRP closed-loop power control for PUSCH with DCI formats 0_1 / 0_2
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1c
	Two PHR reporting
	Support of PHR reporting related to M-TRP PUSCH repetition (calculate two PHRs (at least corresponding to the CC that applies m-TRP PUSCH repetitions), each associated with a first PUSCH occasion to each TRP, and report two PHRs.)
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1e
	A-CSI report
	Support of A-CSI report on two PUSCH repetitions
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1f
	SP-CSI report
	Support of SP-CSI report on two PUSCH repetitions
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1g
	CG PUSCH transmission
	Support of CG PUSCH transmission towards M-TRPs using a single CG configuration (Use same beam mapping principals as dynamic grant PUSCH repetition scheme.) 
	
	Optional with capability signalling



FG23-3-1-1: Multi-TRP PUSCH repetition (type B)
A. On component 1, based on the discussion in PUCCH repetition type A, the candidate component value can also be set as “both” for PUSCH repetition type B. 

Proposal 7: The proposed FG23-3-1-1 for M-TRP PUSCH repetition type B is shown as follows.
	23. NR_FeMIMO
	23-3-1-1 [-both]
	Multi-TRP PUSCH repetition (type B)
	1. Support of multi-TRP PUSCH repetition (based on PUSCH repetition type B) [for both]

FFS: Support PUSCH operations: CB based and NCB based and corresponding parameters including number of SRS resources

	[Candidate component values: {CB, non-CB, both}]
	Optional with capability signalling




FG23-3-2: Multi-TRP PUCCH repetition

A. On component 1, cyclic mapping is mandatory when number of repetitions is 2 and it is a basic UE feature, so we suggest to remove the “[cyclic mapping for 2 repetitions]”. 

B. On component 2, the related agreement was made in RAN1#103-e [8] as below.

Agreement
For multi-TRP TDM-ed PUCCH transmission schemes, 
· Support the use of a single PUCCH resource 
· Up to two spatial relation info’s can be activated per PUCCH resource via MAC CE
· FFS: Required enhancements for FR1
· FFS: Use of multiple PUCCH resources. 

Based on the agreement, we think component 2 should be basic FG and propose to remove this component.

Proposal 8: The proposed FG23-3-2 for M-TRP PUCCH scheme 1 is shown as follows.
	23. NR_FeMIMO
	23-3-2
	Multi-TRP PUCCH repetition
	1. Support of PUCCH repetition scheme 1 (inter-slot repetition)- sequential mapping for repetitions larger than 2
[- cyclic mapping for 2 repetitions]
[2. Support of up to two PUCCH spatial relation per PUCCH resource]

	
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-2b
	
	Support of cyclic mapping for beam mapping/power control parameter set mapping for PUCCH repetitions scheme 1 and/or 3 when the number of repetitions is larger than 2
	FFS: candidate values 
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-2c
	
	Support of second TPC field for per TRP closed-loop power control for PUCCH with DCI formats 1_1 / 1_2
	
	Optional with capability signalling



FG23-3-3: Multi-TRP PUCCH repetition-intra-slot
A. On component 1, similar as PUCCH repetition scheme 1, we propose to remove “[cyclic mapping for 2 repetitions]”.

Proposal 9: The proposed FG23-3-3 for M-TRP PUCCH scheme 3 is shown as follows.
	23. NR_FeMIMO
	23-3-3
	Multi-TRP PUCCH repetition-intra-slot
	Support of PUCCH repetition scheme 3 (intra-slot repetition)
- sequential mapping for repetitions larger than 2
[- cyclic mapping for 2 repetitions]  
	
	Optional with capability signalling



UE feature for ‘Multi-TRP inter-cell operation’
FG23-4: IntCell-mTRP
An agreement with respective to the number of additional PCI(s) different from serving cell associated with the TCI state as shown follows [9]:
Agreement 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Support two independent X values (X1, X2) are reported as a UE capability for two different assumptions on additional SSB time domain position and periodicity with respect to serving cell SSB.
· X1 (Case 1)= The maximum number of configured additional PCIs when each configuration of SSB time domain positions and periodicity of the additional PCIs is the same as SSB time domain positions and periodicity of the serving cell PCI
· X2 (Case 2)= The maximum number of configured additional PCIs when the configurations of SSB time domain positions and periodicity of the additional PCIs is not according to Case 1
· Note: By definition, Case 1 and Case 2 cannot be enabled simultaneously
· Supported values for X1 and X2 includes at least 0,1,2,3 and 7. FFS on other values
· This UE capability has FR1 and FR2 differentiation (FFS : Whether this UE capability is per UE or per band)
We have already agreed that the candidate values for  both X1 and X2 include {0,1,2,3,7} and the number of additional PCI(s) different from serving cell associated with the TCI state for FR1 and FR2 are different. 
Proposal 10: Revise FG-23-4 as follows.
	23. NR_FeMIMO
	23-4
	IntCell-mTRP
	1. Support of RRC configuration of additional PCI different from serving cell associated with the TCI state and/or QCL-info
[2. The maximum number of configured additional PCIs is X1 when each configuration of SSB time domain positions and periodicity of the additional PCIs is the same as SSB time domain positions and periodicity of the serving cell PCI] ()
[3. The maximum number of configured additional PCIs is X2 when the configurations of SSB time domain positions and periodicity of the additional PCIs is different with SSB time domain positions and periodicity of the serving cell PCI]
[4.Supported values of X1 and X2 for FR1 and FR2]

	
	
	
	
	[Component 4 candidate values for FR1: {0,1,2,3,7} 
candidate values for FR2: {0,1,2,3,7}
]
 [Note: case1 and case2 cannot be enabled simultaneously]
	Optional with capability signalling



UE feature for ‘Beam management for MTRP’
FG23-5-2: MTRP BFR enhancements
The components in FG23-5-2 can be seen in the table below according to the agreement in R1-2200765 [5].
Agreement:  Adopt the following changes highlighted in chromatic fonts, while keeping the yellow highlighting, if any, as shown
	23. NR_FeMIMO
	23-5-2
	MTRP BFR enhancements
	1. Support of the maximum number of BFD-RS resources per set
[2. Support of Rel-17 M-TRP BFR based on two BFD-RS sets]
[3. [Support of one PUCCH-SR resources for MTRP BFRQ]
4. Supported maximum number of BFD-RS resources across two BFD-RS sets per BWP
	
	
	
	
	
	
	
	
	[Candidate values: {1, 2,…}]
	Optional with capability signalling

	23. NR_FeMIMO
	23-5-2a
	PUCCH-SR resources for MTRP BFRQ
	1. Max number of PUCCH-SR resources for MTRP BFRQ
[2. Association between BFD-RS resource set on sPCell and a PUCCH SR resource (if component candidate value equals 2)]
	
	
	
	
	
	
	
	
	Component candidate values: {[0,1], 2}
	Optional with capability signalling


As for component 1 in FG 23-5-2, according to the agreement in RAN1-106 e-meeting [6] listed below, the candidate value can be ‘1’. Since for cell specific BFR-set, the maximum number of BFD-RS resources per set can be ‘2’, it is reasonable to support ‘2’ as well. While for the candidate value larger than ‘2’, we don’t have essential reasons to support it.
RAN1-106 e-meeting-Agreement
The maximum number of BFD-RS resources per set is a UE capability, including a possible candidate value of 1 in Rel.17. 
While for the component 4 in FG23-5-2, “Supported maximum number of BFD-RS resources across two BFD-RS sets per BWP”, we support it in principle according to the agreement in RAN1-104b e-meeting [10]. Since the maximum number of BFD-RS resources across two BFD-RS sets per BWP is {1, 2}, the candidate value of “Support of the maximum number of BFD-RS resources across two BFD-RS sets per BWP” can be {2, 3, 4}.
And for component 3, since there is a separate FG 23-5-2a, it is better to delete it.
RAN1-104b e-meeting-Agreement
On BFD-RS of TRP-specific BFR
· BFD-RS resource number: 
· The total number of RSs in two BFR-RS sets per DL BWP is a UE capability
· On the maximum number of RS per BFD-RS set, down-select from the following two alternatives in RAN1#105-e
· Alt1: max value is 2
· Alt2: max value is a UE capability, including possible candidate value of 1
Proposal 11: Support component 1 and component 4 in FG23-5-2, and delete component 3.
1. Support component 1 “Support of the maximum number of BFD-RS resources per set” with candidate value {1, 2} only.
2. Support component 4 by updating to “Support of the maximum number of BFD-RS resources across two BFD-RS sets per BWP” with candidate value {2, 3, 4}.
3. Delete component 3.
In addition, according to the agreement in RAN1-106b e-meeting [9] listed as below, A UE capability signaling is introduced for indicating the support of the association between a BFD-RS set on SpCell and a PUCCH-SR resource / SR configuration for per TRP BFR. Thus we prefer to keep component 2 in FG23-5-2a.
RAN1-106b e-meeting-Agreement
Support to configure an association between a BFD-RS set on SpCell and a PUCCH-SR resource / SR configuration for per TRP BFR.
· FFS: Configure an association between a BFD-RS set on SCell and a PUCCH-SR resource / SR configuration for per TRP BFR
A UE capability signaling is introduced for indicating the support of this association. Above applies only for multi-DCI case.
Proposal 12: keep component 2 in FG23-5-2a,
· 2. Association between BFD-RS resource set on sPCell and a PUCCH SR resource (if component candidate value equals 2)
UE feature for ‘HST-SFN deployment’
The components in FG23-6 can be seen in the table below according to the agreement in R1-2200765 [5].
Agreement: Adopt the following changes highlighted in chromatic fonts, while keeping the yellow highlighting, if any, as shown
	23. NR_FeMIMO
	23-6-1
	SFN scheme A (scheme 1) for PDSCH and PDCCH
	1. Support of SFN scheme A for PDCCH scheduling [single TRP/] SFN Scheme A PDSCH [and default QCL assumption with one or two TCI states for PDCCH]
	
	
	
	
	[Per band or per FS or FSPC]
	
	
	
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-6-1a
	Dynamic switching - scheme A
	Support of dynamic switching between single-TRP and PDSCH SFN scheme A by TCI state field in DCI formats 1_1, 1_2
	[23-6-1[b]]
	
	
	
	[Per band or per FS or FSPC]
	
	
	
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-6-1b
	SFN scheme A (scheme 1) for PDSCH only
	1. Support of SFN scheme A for PDSCH [only scheduled by [single TRP/ Scheme A] PDCCH] [and default QCL assumption with one or two TCI states for PDSCH]
	
	
	
	
	[Per band or per FS or FSPC]
	
	
	
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-6-2
	SFN scheme B (TRP based pre-compensation) for PDSCH and PDCCH
	1. Support of SFN scheme B for PDCCH scheduling SFN Scheme B PDSCH [and default QCL assumption with one or two TCI states for PDCCH]
	[23-6-1]
	
	
	
	[Per band or per FS or per FSPC]
	
	
	
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-6-2a
	Dynamic switching - scheme B
	Support of dynamic switching between single-TRP and PDSCH SFN scheme B by TCI state field in DCI formats 1_1, 1_2
	[23-6-2[b]]
	
	
	
	[Per band or per FS or FSPC]
	
	
	
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-6-2b
	SFN scheme B (TRP based pre-compensation) for PDSCH only
	1. Support of SFN scheme B for PDSCH [only and default QCL assumption with two TCI states for PDSCH] [scheduled by [single TRP/Scheme B] PDCCH]
	[23-6-1]
	
	
	
	[Per band or per FS or per FSPC]
	
	
	
	
	Optional with capability signalling



FG23-6-1: SFN scheme A
As for the component 1 “1. Support of SFN scheme A for PDCCH scheduling [single TRP/] SFN Scheme A PDSCH [and default QCL assumption with one or two TCI states for PDCCH]” in FG23-6-1, since the title is “SFN scheme A (scheme 1) for PDSCH and PDCCH”, it is better to only include SFN Scheme A PDCCH with SFN scheme A PDSCH in the description. While for SFN scheme A for PDCCH only, a separate FG 23-6-1c is necessary.
Proposal 13: Revise the component 1 in FG23-6-1 as below.
1. Support of SFN scheme A for PDCCH scheduling [single TRP/] SFN Scheme A PDSCH [and default QCL assumption with one or two TCI states for PDCCH]

Proposal 14: Propose FG23-6-1c of SFN Scheme A for PDCCH only as below.
	23. NR_FeMIMO
	23-6-1c
	SFN scheme A (scheme 1) for PDCCH only
	1. Support of SFN scheme A for PDCCH scheduling single TRP PDSCH
	
	
	
	
	[Per band or per FS or FSPC]
	
	
	
	
	Optional with capability signalling


While for the component 1 “1. Support of SFN scheme A for PDSCH [only scheduled by [single TRP/ Scheme A] PDCCH] [and default QCL assumption with one or two TCI states for PDSCH]” in FG23-6-1b, since the title is “SFN scheme A (scheme 1) for PDSCH only”, it is better to only include SFN Scheme A PDSCH in the description. 
Proposal 15: Revise the component 1 in FG23-6-1b as below.
1. Support of SFN scheme A for PDSCH [only scheduled by [single TRP/ Scheme A] PDCCH] [and default QCL assumption with one or two TCI states for PDSCH]
FG23-6-2: SFN scheme B
As for the component 1 “1. Support of SFN scheme B for PDCCH scheduling SFN Scheme B PDSCH [and default QCL assumption with one or two TCI states for PDCCH]” in FG23-6-2, we propose to delete the description on default QCL assumption for PDCCH.
Proposal 16: Revise the component 1 in FG23-6-2 as below
1. Support of SFN scheme B for PDCCH scheduling SFN Scheme B PDSCH [and default QCL assumption with one or two TCI states for PDCCH]
As for the component 1 “1. Support of SFN scheme B for PDSCH [only and default QCL assumption with two TCI states for PDSCH] [scheduled by [single TRP/Scheme B] PDCCH]” in FG23-6-2b, since the title is “SFN scheme B (TRP based pre-compensation) for PDSCH only”, we propose to delete the description on default QCL assumption for PDSCH and the SFN scheme B PDCCH.
Proposal 17: Revise the component 1 in FG23-6-2b as below
1. Support of SFN scheme B for PDSCH [only and default QCL assumption with two TCI states for PDSCH] [scheduled by [single TRP/Scheme B] PDCCH]
FG23-6-5: two QCL Type D for SFN PDCCH scheme
In FG 23-2-2, two QCL Type D is covered only for non-SFN PDCCH scheme. But according to the agreement in RAN1-107 e-meeting [11], UE feature on support of two QCL Type D for SFN PDCCH scheme should also be introduced.
RAN1-107 e-meeting-Agreement
When a CORESET is activated with two TCI states which overlaps with another CORESET, support PDCCH monitoring of PDCCH candidates in overlapping monitoring occasions with QCL-TypeD properties identified according to prioritization rule
· Reuse Rel-15 prioritization to identify the first CORESET, i.e., SS type > serving cell index > SS set ID
· If the CORESET has two TCI states with QCL-typeD, both QCL-typeD are identified.
· If the CORESET has one TCI state with QCL-typeD, the second QCL-typeD is not identified

Proposal 18: new FG on support of two QCL Type D for SFN PDCCH scheme in FG23-6-5.
	23. NR_FeMIMO
	23-6-5
	Two QCL TypeD for CORESET monitoring in PDCCH with SFN scheme 
	Support of determining two QCL-TypeD for overlapping in time CORESETs in the same CC or for intra-band CA when UE is configured with SFN PDCCH 
	23-6-1, 23-6-2
	
	
	
	Per band
	
	
	FR2 only
	
	Optional with capability signalling



UE feature for ‘Enhancements on SRS’
FG23-8-1: SRS triggering offset enhancement

According to [12], the following issue of SRS triggering offset enhancement still needs to be further discussed.

	23. NR_FeMIMO
	23-8-1
	SRS triggering offset enhancement
	1. [Support of/The maximum number of configured available slots offsets for] determining aperiodic SRS location based on available slot 
[2. Maximum actual slots offset]
	2-52
	
	
	
	Per band
	
	
	
	Candidate 1 component values: {1, 2, [3,] 4}

[Candidate 2 component values: FFS]
	Optional with capability signalling



Component 1, we think all values can be applicable.
For component 2, We don’t support to add this  to UE capability, because we don’t have the corresponding RAN1 agreements to support this as an UE optional feature.

Proposal 19: The proposed FG23-8-1 for SRS triggering offset enhancement is
	23. NR_FeMIMO
	23-8-1
	SRS triggering offset enhancement
	1. [Support of/The maximum number of configured available slots offsets for] determining aperiodic SRS location based on available slot 
[2. Maximum actual slots offset]
	
	
	
	
	
	
	
	
	Candidate 1 component values: {1, 2, [3,] 4}

	Optional with capability signalling



FG23-8-3: SRS Antenna switching for >4Rx

According to [12], the following issue of SRS triggering offset enhancement still needs to be further discussed.
 
	23. NR_FeMIMO
	23-8-3
	SRS Antenna switching for >4Rx
	1. Support of SRS antenna switching xTyR with y>4
2. Report whether the antenna switching impact to downlink receiving in a band
3. Report whether the antenna is switched together with UL Tx in another band
	2-55
	
	
	
	[Per BC]
	
	
	
	Component 1 candidate values: FFS

Component 2 candidate values: FFS

Component 3 candidate values: FFS

FFS for component 2&3: impact when UE reports component 1 as xTyR with x=y
	Optional with capability signalling




For component 1, this combo of UE supported configurations does not have to support all candidate values and all downgraded options, we suggest to have the following candidate values
· t1r1-t2r2-t4r4- t4r8
· t1r1-t1r2-t2r2-t2r4- t2r6
· t1r1-t1r2-t2r2-t2r4 –t1r4-t1r6-t2r6-t2r8
· t1r1- t1r2- t1r4-t1r6
· t1r1-t1r2-t1r4-t2r2-t2r4-t2r8 
· t1r1-t1r2-t1r4-t1r8
· t1r6
· t1r8
· t2r6
· t2r8
· t4r8

Proposal 20: For component 1 of FG23-8-3, our proposed candidate values for 6/8Rx are as below,
· t1r1-t2r2-t4r4- t4r8
· t1r1-t1r2-t2r2-t2r4- t2r6
· t1r1-t1r2-t2r2-t2r4 –t1r4-t1r6-t2r6-t2r8
· t1r1- t1r2- t1r4-t1r6
· t1r1-t1r2-t1r4-t2r2-t2r4-t2r8 
· t1r1-t1r2-t1r4-t1r8
· t1r6
· t1r8
· t2r6
· t2r8
· t4r8
Conclusion
In this contribution, we discuss about the remaining issues on UE features for FeMIMO. Based on above discusses, we provide the following proposals.
Proposal 1: Revise the title of FG23-1-4 to “Unified TCI with joint DL/UL TCI state for intra-cell beam management”.
Proposal 2: Prefer separate FGs for joint and separate DL/UL TCI state.
Proposal 3: Prefer to split other components as below:
· Component 8a can be included in a basic FG 
· Component 4 and 5a can be included in a separate basic FG with per band report
· Component 2, 5, 9, 12, 13 can be included in a separate FG for CA
· Component 8b/c, 14 can be included in a separate FG for DCI based unified TCI state indication.
Proposal 4: Add new FG23-1-3 about the beam indication for inter-cell beam management to discuss the supported number of MAC-CE activated PCI(s) different from serving cell PCI.
	23. NR_FeMIMO
	23-1-2
	Inter-cell beam measurement and reporting [(for inter-cell BM [and mTRP])]
	1. Support of L1-RSRP measurement and reporting on SSB(s) with PCI(s) different from serving cell PCI

FFS: whether to include the following components 2-13 into this FG or one or more separate FGs

FFS: Whether basic FGs are defined, and if so, which components are basic FGs, i.e., a UE that supports FG 23-1-2 must also support said basic FGs

…
	
	
	
	
	per band
	
	
	
	
	Optional with capability signalling

	23.
NR_FeMIMO
	23-1-3
	inter-cell beam indication for inter-cell BM
	1. The number of MAC-CE activated PCI(s) different from serving cell PCI for beam indication.
	
	
	
	
	
	
	
	
	
	


Proposal 5: Revise component FG23-2-1 as below.
	23. NR_FeMIMO
	23-2-1
	PDCCH repetition
	1. Support of intra-slot PDCCH repetition based on two linked SS sets associated with corresponding CORESETs [with [non-SFN scheme] TDM and FDM] [(except FR2)] [including PDCCH repetition for Type 3 CSS]
2. Support of reporting one number as required number of BDs for the two PDCCH candidates
FFS: 3. Support max number of overlaps when one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate per scheduled component carrier
	
	
	
	
	
	
	
	
	Component 2 candidate values: 2 or 3
Component 4 3 candidate values: [{0,1,2,3}] 

[Note: UE supports PDCCH repetition for the following (basic) PDCCH monitoring capability: For type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS, the monitoring occasion is within the first 3 OFDM symbols of a slot]

Note: for component 4 3, if N PDCCH candidates are overlapped, the number of overlaps is counted as one.
	Optional with capability signalling


Proposal 6: The proposed FG23-3-1 for M-TRP PUSCH repetition type A is shown as follows.

	23. NR_FeMIMO
	23-3-1
	Multi-TRP PUSCH repetition (type A) [-both]
	1. Support of multi-TRP PUSCH repetition (based on PUSCH repetition type A) [for both]- sequential mapping for repetitions larger than 2
[- cyclic mapping for 2 repetitions]  
[2. The maximum number of PHR reporting across all CCs (including those related to M-TRP PUSCH repetition and the legacy Rel-15/16 PUSCH transmission)]
[3. Support dynamic switching between multi-TRP PUSCH scheme and single-TRP PUSCH transmission]
FFS: Support PUSCH operations: CB based and NCB based and corresponding parameters including number of SRS resources
	[Candidate component values: {CB, non-CB, both}]
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1a
	Cyclic mapping
	Support of cyclic mapping when the number of repetitions is larger than 2 for single DCI based M-TRP PUSCH repetition Type A
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1b
	Second TPC field
	Support of second TPC field for per TRP closed-loop power control for PUSCH with DCI formats 0_1 / 0_2
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1c
	Two PHR reporting
	Support of PHR reporting related to M-TRP PUSCH repetition (calculate two PHRs (at least corresponding to the CC that applies m-TRP PUSCH repetitions), each associated with a first PUSCH occasion to each TRP, and report two PHRs.)
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1e
	A-CSI report
	Support of A-CSI report on two PUSCH repetitions
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1f
	SP-CSI report
	Support of SP-CSI report on two PUSCH repetitions
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1g
	CG PUSCH transmission
	Support of CG PUSCH transmission towards M-TRPs using a single CG configuration (Use same beam mapping principals as dynamic grant PUSCH repetition scheme.) 
	
	Optional with capability signalling



Proposal 7: The proposed FG23-3-1-1 for M-TRP PUSCH repetition type B is shown as follows.
	23. NR_FeMIMO
	23-3-1-1 [-both]
	Multi-TRP PUSCH repetition (type B)
	1. Support of multi-TRP PUSCH repetition (based on PUSCH repetition type B) [for both]

FFS: Support PUSCH operations: CB based and NCB based and corresponding parameters including number of SRS resources

	[Candidate component values: {CB, non-CB, both}]
	Optional with capability signalling



Proposal 8: The proposed FG23-3-2 for M-TRP PUCCH scheme 1 is shown as follows.
	23. NR_FeMIMO
	23-3-2
	Multi-TRP PUCCH repetition
	1. Support of PUCCH repetition scheme 1 (inter-slot repetition)- sequential mapping for repetitions larger than 2
[- cyclic mapping for 2 repetitions]
[2. Support of up to two PUCCH spatial relation per PUCCH resource]

	
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-2b
	
	Support of cyclic mapping for beam mapping/power control parameter set mapping for PUCCH repetitions scheme 1 and/or 3 when the number of repetitions is larger than 2
	FFS: candidate values 
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-2c
	
	Support of second TPC field for per TRP closed-loop power control for PUCCH with DCI formats 1_1 / 1_2
	
	Optional with capability signalling



Proposal 9: The proposed FG23-3-3 for M-TRP PUCCH scheme 3 is shown as follows.
	23. NR_FeMIMO
	23-3-3
	Multi-TRP PUCCH repetition-intra-slot
	Support of PUCCH repetition scheme 3 (intra-slot repetition)
- sequential mapping for repetitions larger than 2
[- cyclic mapping for 2 repetitions]  
	
	Optional with capability signalling



Proposal 10: Revise FG-23-4 as follows.
	23. NR_FeMIMO
	23-4
	IntCell-mTRP
	1. Support of RRC configuration of additional PCI different from serving cell associated with the TCI state and/or QCL-info
[2. The maximum number of configured additional PCIs is X1 when each configuration of SSB time domain positions and periodicity of the additional PCIs is the same as SSB time domain positions and periodicity of the serving cell PCI] ()
[3. The maximum number of configured additional PCIs is X2 when the configurations of SSB time domain positions and periodicity of the additional PCIs is different with SSB time domain positions and periodicity of the serving cell PCI]
[4.Supported values of X1 and X2 for FR1 and FR2]

	
	
	
	
	[Component 4 candidate values for FR1: {0,1,2,3,7} 
candidate values for FR2: {0,1,2,3,7}
]
 [Note: case1 and case2 cannot be enabled simultaneously]
	Optional with capability signalling



Proposal 11: Support component 1 and component 4 in FG23-5-2, and delete component 3.
1. Support component 1 “Support of the maximum number of BFD-RS resources per set” with candidate value {1, 2} only.
2. Support component 4 by updating to “Support of the maximum number of BFD-RS resources across two BFD-RS sets per BWP” with candidate value {2, 3, 4}.
3. Delete component 3.

Proposal 12: keep component 2 in FG23-5-2a,
· 2. Association between BFD-RS resource set on sPCell and a PUCCH SR resource (if component candidate value equals 2)
Proposal 13: Revise the component 1 in FG23-6-1 as below.
1. Support of SFN scheme A for PDCCH scheduling [single TRP/] SFN Scheme A PDSCH [and default QCL assumption with one or two TCI states for PDCCH]
Proposal 14: Propose FG23-6-1c of SFN Scheme A for PDCCH only as below.
	23. NR_FeMIMO
	23-6-1c
	SFN scheme A (scheme 1) for PDCCH only
	1. Support of SFN scheme A for PDCCH scheduling single TRP PDSCH
	
	
	
	
	[Per band or per FS or FSPC]
	
	
	
	
	Optional with capability signalling


Proposal 15: Revise the component 1 in FG23-6-1b as below.
1. Support of SFN scheme A for PDSCH [only scheduled by [single TRP/ Scheme A] PDCCH] [and default QCL assumption with one or two TCI states for PDSCH]
Proposal 16: Revise the component 1 in FG23-6-2 as below
1. Support of SFN scheme B for PDCCH scheduling SFN Scheme B PDSCH [and default QCL assumption with one or two TCI states for PDCCH]
Proposal 17: Revise the component 1 in FG23-6-2b as below
1. Support of SFN scheme B for PDSCH [only and default QCL assumption with two TCI states for PDSCH] [scheduled by [single TRP/Scheme B] PDCCH]
Proposal 18: new FG on support of two QCL Type D for SFN PDCCH scheme in FG23-6-5.
	23. NR_FeMIMO
	23-6-5
	Two QCL TypeD for CORESET monitoring in PDCCH with SFN scheme 
	Support of determining two QCL-TypeD for overlapping in time CORESETs in the same CC or for intra-band CA when UE is configured with SFN PDCCH 
	23-6-1, 23-6-2
	
	
	
	Per band
	
	
	FR2 only
	
	Optional with capability signalling



Proposal 19: The proposed FG23-8-1 for SRS triggering offset enhancement is
	23. NR_FeMIMO
	23-8-1
	SRS triggering offset enhancement
	1. [Support of/The maximum number of configured available slots offsets for] determining aperiodic SRS location based on available slot 
[2. Maximum actual slots offset]
	
	
	
	
	
	
	
	
	Candidate 1 component values: {1, 2, [3,] 4}

	Optional with capability signalling



Proposal 20: For component 1 of FG23-8-3, our proposed candidate values for 6/8Rx are as below,
· t1r1-t2r2-t4r4- t4r8
· t1r1-t1r2-t2r2-t2r4- t2r6
· t1r1-t1r2-t2r2-t2r4 –t1r4-t1r6-t2r6-t2r8
· t1r1- t1r2- t1r4-t1r6
· t1r1-t1r2-t1r4-t2r2-t2r4-t2r8 
· t1r1-t1r2-t1r4-t1r8
· t1r6
· t1r8
· t2r6
· t2r8
· t4r8
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