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Introduction
In RAN1#107-e and RAN1#106bis-e, Rel. 17 UE features related to MIMO were discussed. In this contribution, we discuss our views on Rel. 17 UE features for further enhancements on MIMO. More specifically, we provide our preliminary views on HST-SFN multi-TRP deployment, as well as CSI enhancements for multi-TRP and FR1 FDD Reciprocity. 
UE features for enhancements on multi-beam operation
In RAN1#106bis-e [1], RAN1#107-e [2] and RAN1#107bis-e [3], the following preliminary set of UE features related to multi-beam enhancements was provided, with a brief version of the table containing the corresponding feature groups provided below, as follows:
	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Note
	Mandatory/Optional

	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. Support of indication/configuration of R17 TCI states for aperiodic CSI-RS, PDCCH, PDSCH , and SRS reusing the Rel-15/16 signalling/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 9 a prerequisite or merge with 9
13. [Alt. 1: The maximum number of PDSCH-Configs containing 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]
 [The minimum time gap between the beam indication PDCCH and first slot where beam is applied]
	
	
	
	Optional with capability signalling

	23-1-4
	MPUE support for UL 
	1. Supported UE capability value [sets] and corresponding max number of SRS ports for each UE capability value [set]
	per band
	
	Candidate values: [Up to [4] value [sets] each with one value of {[0,]1,2,4}]

Note: the reported list contains only unique value [sets]

This FG is a working assumption 
	Optional with capability signalling

	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

2. Support of up to K[=4] SSBRI-RSRP [pairs/beams] in one report [where at least one [pair/beam] associated with a PCI different from serving cell PCI can be reported]
FFS: if K is a component candidate value 
3. The maximum number of [RRC configured] PCI(s) different from serving cell PCI for L1-RSRP measurement
FFS: whether to split this for FR1 and FR2
FFS: whether/how to capture different values/behaviors for periodic/aperiodic/semi-persistent L1-RSRP measurement
4. [The max number of SSB resources configured to measure L1-RSRP within a slot with PCI(s) same as or different from serving cell PCI [across all CC]]
5. [The max number of SSB resources configured to measure L1-RSRP with PCI(s) same as or different from serving cell PCI [across all CC]]
6. [Support on that SSB(s) with PCI(s) different from serving cell PCI configured for L1 beam measurement and report are not included in SSBs with PCIs configured for L3 mobility measurement]
7. [The maximum number of configured additional PCIs is X1 when time domain positions and periodicity of configured SSBs with additional PCIs are the same as time domain positions and periodicity of the serving cell SSBs]
8. [The maximum number of configured additional PCIs is X2 when time domain positions and periodicity of configured SSBs with additional PCIs are different with time domain positions and periodicity of the serving cell SSBs]
9. [Supported mode inter-cell measurement: {inside SMTC, both inside and outside SMTC}]
10. [Supported mode of measurement over overlapped SSBs: {overlapped, both overlapped and non-overlapped}]
11. [Maximum number of overlapped SSBs in one SSB resource for L1-RSRP measurement]
12. [The maximum total number of SSB/CSI-RS/CSI-IM resources configured to measure within a slot across all CCs in one frequency range for any of L1-RSRP measurement, L1-SINR measurement, pathloss measurement, BFD, RLM and new beam identification for both intra-cell and inter-cell measurement (Similar to FG 16-1g)]
[The maximum total number of SSB/CSI-RS/CSI-IM resources configured across all CCs in one frequency range for any of L1-RSRP measurement, L1-SINR measurement, pathloss measurement, BFD, RLM and new beam identification for both intra-cell and inter-cell measurement (Similar to FG 16-1g)]
	[2-24, 2-29]
	[per band]
	

	Optional with capability signalling


Component 9 in FG 23-1-1 indicates whether a UE can be configured a reference BWP/CC configured with reference TCI state pool shared by a set of BWP/CC, so alt 1 is preferred for component 13.
For FG 23-1-1, alt 1 is preferred for component 13, i.e., the maximum number of PDSCH-Configs containing that can be referred to from a PDSCH-Config without TCI states
For component 8 in FG 23-1-1, more clarification is needed on whether more than one TCI state indication mode can be reported by a UE. For example, both 8. b) and 8.c) may be supported by a UE.  
Clarification of component 8 of FG 23-1-1 is needed, whether more than one TCI state indication mode can be reported by a UE
For FG 23-1-4, it’s better to align with RAN1 agreement to use the term of “UE capability values set” 
For FG 23-1-4, the term of “UE capability values set” should be used to align with RAN1 agreement and RAN1 specification
For FG 23-1-2, component 7 and 8 has been reported in FG 23-4, it’s unnecessary to report a same feature in different FG since they are applied to both inter-cell BM and inter-cell mTRP.
Remove component 7 and component 8 from FG 23-1-4 or remove component 2 and component 3 from FG 23-4
There is an editorial issue of component 9 of FG 23-1-2, and it should be revised as “[Supported mode inter-cell measurement mode: {inside SMTC, both inside and outside SMTC}]”
Revise component 9 of FG 23-1-2 as “[Supported mode inter-cell measurement mode: {inside SMTC, both inside and outside SMTC}]
[bookmark: _Toc86838731]UE features for enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH
In RAN1#106bis-e [1], RAN1#107-e [2] and RAN1#107bis-e [3] , the following preliminary set of UE features related to HST-SFN deployment enhancements was provided, with a brief version of the table containing the corresponding feature groups provided below, as follows:
	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

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

	23-2-1a
	Monitoring of individual candidates
	Support of monitoring of individual candidates when one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET
	[23-2-1]
	
	
	
	
	[Note: [If 2 is reported in component 2 of FG 23-2-1,] the individual candidate is monitored when one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET for the case that the linked PDCCH candidates is 2 BDs. If 3 is reported in component 2, support of whether the individual candidate is monitored or not when one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET]
	Optional with capability signalling

	23-2-2
	Two QCL TypeD for CORESET monitoring in PDCCH repetition
	Support of determining two QCL-TypeD for time-domain overlapping CORESETs in the same CC or for intra-band CA when UE is configured with PDCCH repetition [with non-SFN TDM and/or FDM sheme]
	23-2-1
	
	
	
	FR2 only
	
	Optional with capability signalling

	23-2-3
	PDCCH repetition for Type3 CSS
	Support of PDCCH repetition for Type3 CSS
	
	
	
	
	
	
	Optional with capability signalling

	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

	23-3-1a
	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

	23-3-1b
	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

	23-3-1c
	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

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

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

	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

	23-3-1-1 [-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

	23-3-2
	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]

	FFS
	
	
	
	
	
	Optional with capability signalling

	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
	
	
	
	
	FFS: candidate values
	Optional with capability signalling

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

	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]  
	FFS
	
	
	
	
	
	Optional with capability signalling


It was agreed in RAN1#106bis-e [4] that when 3 BDs are counted for two linked candidates, the third BD is counted in the later span for inter-span PDCCH repetition when r16monitoringcapablity is configured. Inter-span repetition is UE optional. In addition to available FG 23-2-1 for intra-slot PDCCH repetition, we propose adding a new FG 23-2-4 or FG 23-2-1b “Intra-span PDCCH repetition” based on r16monitoringcapablity for supporting intra-span 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.
Add new FG 23-2-4 or FG 23-2-1b for supporting intra-span 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
[bookmark: _Hlk95417125]It was agreed in RAN1#107-e [5] that handling UE complexity/memory requirements for linked PDCCH candidates would be addressed via UE capability, where UE indicates a limit (X) associated with the total number of linked candidates of which the first candidate is received and the second one has not been received at any given span. The limit X is indicated as a total count assuming count 1 for AL=1; 2 for AL=2; 4 for AL=4 or 8 or 16. The limit X is indicated per CC and also across all CCs, which is applicable at least for the inter-span case (FFS: intra-span case). To capture this agreed UE capability for newly introduced FG 23-2-4, two new components “total number of linked candidates per CC with receiving the first candidate but not receiving the second candidate at any given span” and “total number of linked candidates across all CCs with receiving the first candidate but not receiving the second candidate at any given span” should be introduced.
For newly introduced FG 23-2-4 or FG 23-2-1b, introduce two new components “limit of total number of linked candidates per CC with receiving the first candidate but not receiving the second candidate at any given span” and “limit of total number of linked candidates across all CCs with receiving the first candidate but not receiving the second candidate at any given span”
It was agreed in RAN1#104bis-e [6] that a MAC CE indicates two power control sets for multi-TRP PUCCH repetition in FR1. However, the maximum number of configured power control sets is not discussed in RAN1 meeting. And there is an LS from RAN2 which inquires about the number of configured power control sets for PUCCH in FR1 [7], however, this wasn’t been discussed on MIMO UE features. Therefore, we propose to introduce a new component of FG 23-3-2 and FG 23-3-3 corresponding to the maximum number of power control sets configured for multi-PUCCH in FR1.
For each of FG 23-3-2 and FG 23-3-3, introduce a new component “the maximum number of power control sets configured for multi-PUCCH in FR1”
UE features for enhancements on beam management for multi-TRP
In RAN1#106bis-e [1], RAN1#107-e [2] and RAN1#107bis-e [3] the following preliminary set of UE features related to enhancements on beam management for multi-TRP was provided, with a brief version of the table containing the corresponding feature groups provided below, as follows:
	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	23-5-1
	Group based L1-RSRP reporting enhancements
	1. Max number N of beam groups (M=2 beams per beam group) in a single L1-RSRP reporting instance based on measurement on two CMR resource sets
[2. Maximum number of SSB and CSI-RS resources for measurement in both CMR sets within a slot across all CCs]
[3. Maximum number of configured SSB and CSI-RS resources for measurement in both CMR sets across all CCs]
	
	
	
	
	Component 1 candidate values: {1,2,3,4}
Component 2 candidate values: FFS
Component 3 candidate values: FFS

FFS: If FG 23-5-a is not introduced, the relationship of this FG with FG 16-1g/16-1g-1 needs to be further clarified
	Optional with capability signalling

	23-5-1a
	Resources [for beam management, PL measurement, BFD, RLM, and new beam identification] 
	Note: Strive to align the final implementation of FG 23-5-1a with related R15/16 implementations 
If 23-5-1a ends up being identical to one or more of Rel.15/ 16 FGs this row will be deleted
	
	
	
	
	Component 1 candidate values: FFS
	Optional with capability signalling

	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 up to two 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

	23-5-2a
	PUCCH-SR resources for MTRP BFRQ
	[bookmark: OLE_LINK4]1. Max number of PUCCH-SR resources for MTRP BFRQ
[bookmark: _Hlk95468100][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



New features of beam management to support multi-TRP operation is introduced in Rel-17. For example, the number of resources for beam management may be doubled for a cell configured with multi-TRP operation. Based on the Rel-16 principle, all the resources for beam management, BFD and NBI for multi-TRP operation in one cell should be counted as part of FG 23-5-1a. Therefore,  FG 23-5-1a is needed for NR_feMIMO.
FG 23-5-1a is needed and the resources in both FG 23-5-1 and 23-5-2 for beam management, BFD and NBI should be part of FG 23-5-1a
According to RAN1 agreement, component 1 of FG 23-5-2a should be defined per cell group according to RAN1 agreement.
For FG 23-5-2a, component 1 should be revised as “Max number of PUCCH-SR resources for MTRP BFRQ per cell group”
The following agreement was made in RAN1#106bis-e [4]
	Agreement
Support to configure an association between a BFD-RS set on SpCell 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.


Therefore, component 2 of FG 23-5-2a is needed to align with RAN1 agreement. 
Component 2 of FG 23-5-2a is needed based on RAN1 agreement
UE features for enhancements on SRS flexibility, coverage and capacity
In RAN1#106bis-e [1], RAN1#107-e [2] and RAN1#107bis-e [3], the following preliminary set of UE features related to SRS enhancements was provided, with a brief version of the table containing the corresponding feature groups provided below, as follows:
	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	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



Firstly, only capabilities on more than 4RX can be contained in Rel-17 UE feature. Secondly, downgraded configured similar with Rel-16 should be included in the candidate value.
For FG 23-8-3, component 1 candidate values should only include
· 't1r1-t1r2-t1r4-t1r6’ for 1T=1R/1T2R/1T4R/1T6R
· 't1r1-t1r2-t2r2-t1r4-t2r4-t1r6-t2r6' for 1T=1R/1T2R/2T=2R/1T4R/2T4R/1T6R/2T6R
· 't1r1-t1r2-t1r4-t1r6-t1r8’ for 1T=1R/1T2R/1T4R/1T6R/1T8R
· 't1r1-t1r2-t2r2-t1r4-t2r4-t1r6-t2r6-t1r8-t2r8' for 1T=1R/1T2R/2T=2R/1T4R/2T4R/1T6R/2T6R/1T8R/2T8R
· 't1r1-t1r2-t2r2-t1r4-t2r4-t1r6-t2r6t1r8-t2r8-t4r8' for 1T=1R/1T2R/2T=2R/1T4R/2T4R/1T6R/2T6R1T8R/2T8R/4T8R
UE features for HST-SFN multi-TRP deployment enhancements
In RAN1#106bis-e [1], RAN1#107-e [2] and RAN1#107bis-e [3], the following preliminary set of UE features related to HST-SFN deployment enhancements was provided, with a brief version of the table containing the corresponding feature groups provided below, as follows:
	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	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]
	
	
	
	
	
	Optional with capability signalling

	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]]
	
	
	
	
	Optional with capability signalling

	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]
	
	
	
	
	
	Optional with capability signalling

	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]
	
	
	
	
	Optional with capability signalling

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

	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]
	
	
	
	
	Optional with capability signalling

	23-6-3
	Simultaneous activation of two TCI states for PDCCH across multiple CCs (HST/URLLC)
	Support of simultaneous activation of two TCI states for CORESETs with the same CORESET ID in all BWPs across a set of configured component carriers by single MAC-CE
	23-6-1 or 23-6-2
	Per UE
	Yes
	
	
	Optional with capability signalling

	23-6-4
	Default DL beam setup for SFN
	1. Support of PDSCH reception using default beam for Rel-17 enhanced SFN scheme when PDSCH is scheduled with offset less than threshold
2. Support PDSCH reception using default beam for Rel-17 enhanced SFN scheme when TCI field is not present in DCI when PDSCH is scheduled with offset equal or larger than the threshold
3. Support aperiodic CSI-RS reception using default beam for Rel-17 enhanced SFN scheme when scheduling offset is less than threshold
	[23-6-1, 23-6-2]
	Per band
	FR2 only
	
	
	Optional with capability signalling

	23-6-4a
	Default UL beam setup for SFN
	1. Support of single-TRP PUCCH transmission using default beam when enhanced SFN PDCCH transmission scheme is configured
2. Support of single-TRP PUSCH transmission using default beam when enhanced SFN PDCCH transmission scheme is configured
3. Support of single-TRP SRS resource transmission using default beam when enhanced SFN PDCCH transmission scheme is configured
	[23-6-1, 23-6-2]
	Per band
	FR2 only
	
	
	Optional with capability signalling



[bookmark: _Hlk92288432]It was agreed in RAN1#106bis-e [4] that the support of the combination of Rel-17 SFN PDCCH scheme 1 and single-TRP PDSCH is UE optional. In addition to available FG 23-6-1 and FG 23-6-1b, we propose adding a new FG 23-6-1c “SFN scheme A (scheme 1) for PDCCH only” for supporting SFN scheme A for PDCCH scheduling single TRP PDSCH.
For FG 23-6-1, add new FG 23-6-1c to support of SFN scheme A for PDCCH scheduling single TRP PDSCH 
For FG group 23-6-2, the pre-requisite FG 23.6.1 should be removed. This pre-requisite does not match any agreement made so far. Besides, Scheme B is a network-based approach and intended to do support UEs that are not capable of supporting Scheme A, and hence including FG 23.6.1 to be a pre-requisite of FG 23.6.2 is unjustified. 
For FG 23-6-2, remove the pre-requisite FG 23-6-1 
Additionally, it was agreed in RAN1#107-e [5] that SFN Scheme B is supported in both FR1 and FR2 with UE capability at least per FR. Hence, we suggest restricting FG 23-6-2 to FR1, and add a separate FG for support of SFN Scheme B in FR2, such that FG 23-6-2 is a pre-requisite of the FG corresponding to SFN Scheme B support in FR2
Limit capability interpretation for frequency range of FG 23-6-2 to FR1
Add a new FG for SFN Scheme B support in FR2, with FG 23-6-2 as a pre-requisite
UE features for CSI enhancements for multi-TRP and FeType-II deployment
In RAN1#106bis-e [1], RAN1#107-e [2] and RAN1#107bis-e [3], the following preliminary set of UE features related to CSI enhancements was proposed, with a brief version of the table containing the corresponding feature groups provided below, as follows:

	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	23-7-1
	Basic Features of CSI Enhancement for Multi-TRP
	1. Support of NZP CSI-RS resource pairs used as CMR (channel measurement resource) pairs for NCJT measurement hypothesis:  Support of Nmax=1
1. Maximum number of NZP CSI-RS resources in one CSI-RS resource set: Ks,max
1. CSI report mode [selection] of mode 1 with X=0 [and/or] mode 2
1. VOID
1. A list of [supported combinations, up to 16, across all CCs simultaneously, where each combination is]
0. [Maximum number of Tx ports in one NZP CSI-RS resource associated with a single-TRP measurement hypothesis] 
0. Maximum number of Tx ports in one NZP CSI-RS resource associated with an NCJT measurement hypothesis 
0. [Maximum total number of CMRs for single-TRP measurement] [per CC/across all CCs]
0. Maximum total number of CMRs for NCJT measurement [per CC/across all CCs]
0. [Maximum total number of Tx ports of NZP CSI-RS resources associated with single-TRP measurement hypotheses] [per CC/across all CCs]
0. Maximum total number of Tx ports of NZP CSI-RS resources associated with NCJT measurement hypotheses [per CC/across all CCs]
0. [Maximum total number of Tx ports of NZP CSI-RS resources associated with one NCJT measurement]
1. [A list of (Y1,Y2): UE can process Y1 NCJT CSI and Y2 sTRP CSI measurement hypothesis simultaneously in a CC]
1. [A list of (X1,X2): UE can process X1 NCJT CSI and X2 sTRP CSI measurement hypothesis simultaneously across all CCs]
	FFS
	[Per band and per BC]
	
	
	[Component 2 candidate value set: {[0, 2, 3,] 4, 5, 6, 7, 8}]

[Component 3 candidate value set: { mode 1 with X=0, mode 2, both]
Component 5 candidate values:
1. [{2, 4, 8, 12, 16, 24, 32}]
1. {2, 4, 8, 12, 16[, 24, 32]}
1. [{1,2,3,4 … 64}]
1. {2,3,4 … 64}
1. [bookmark: _Hlk95211710][{4,5,6, …, 256}]
1. {2,3,4, …, 256}

[Component 6: The list can have maximum of 16 pairs.
- Y1: {1 to 4}
- Y2: {1 to 8}]

[Component 7: The list can have maximum of 16 pairs.
- X1: {1 to 16}
- X2: {1 to 32}]

Note: ‘NCJT’ is not used in RAN1 specifications and will be aligned with 38.214
	Optional with capability signalling

	23-7-1a
	Additional CSI report mode 1 selection
	Maximum value of numberOfSingleTRP-CSI-Mode1
	
	
	
	
	Component 1 candidate value set: {X=1, X=2}
	Optional with capability signalling

	23-7-2
	Support of max # of Tx ports [per source/across two CMRs] [in a resource set for Multi-TRP CSI] [and max # resources]
	[A list of supported combinations, each combination is {max # of Tx ports per source in a resource set for Multi-TRP CSI, max # resources in a resource set for Multi-TRP CSI}]

[Note:  same number of ports among CMRs]
	
	
	
	
	[{4, 8, 12, 16, 24, 32}]

	Optional with capability signalling

	23-7-3
	More than two resources in a resource set for Multi-TRP CSI
	FFS exact candidate values, Ks,max  is up to 8
	
	
	
	
	[candidate values are {2, 3, 4, 5, 6, 7, 8}]

	Optional with capability signalling

	23-7-4
	Support of Nmax=2 for Multi-TRP CSI
	Support of maximum number of CMR pairs Nmax=2 configured in NZP-CSI-RS-ResourceSet for a given CSI report setting
	23-7-1
	Per band
	
	
	
	Optional with capability signalling

	23-7-5
	CMR sharing
	Support a NZP CSI-RS resource referred by both a CMR pair configured for NCJT measurement hypothesis and a CMR configured for Single-TRP measurement hypothesis
	23-7-1
	Per band
	
	FR2 only
	Note: ‘NCJT’ and ‘singel-TRP’ are not used in RAN1 specifications and will be aligned with 38.214
	Optional with capability signalling

	23-9-1
	Basic Features of Further Enhanced Port-Selection Type II Codebook (FeType-II)
	1. {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support Port-selection FeType-II with M=1 and R=1
1. Support rank 1,2
1. Support parameter combinations with M=1

	2-35
	FFS
	
	
	[Component 1 candidate values:
[Codebook 1 = {Type I SP, Type I MP}
{Codebook 2, Codebook 3} = {{FeType II PS M=1, NULL},{FeType II PS M=2 R=1, NULL}, {Type II, FeType II PS M=1}, {Type II, FeType II PS M=2 R=1} ,{eType II R=1, FeType II PS M=1},{eType II R=1, FeType II PS M=2 R=1}}

Component 2 candidate values: 
- Maximum 16 triplets for each codebook combination 
- Max # of Tx ports in one resource: {4,8,12,16,24,32} 
- Max # resources: {1 to 64} 
- Max # total ports: {4 to 256}]

Note 1：if a UE reports one or more codebook combinations in [23-9-5], then usage of active CSI-RS resources and ports for multiple codebooks in any slot is allowed only within those combinations

[Note 2: For coexisting of mixed codebooks in any slot, gNB need to honor 16-8, 23-10 and per-codebook capability 2-36/40/41/43, 16-3a/b and 16-3a-1/16-3b-1, and 23-9-1]
	Optional with capability signalling

	23-9-2
	Support of M=2 and R=1 for FeType-II
	1. {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support Port-selection FeType-II with M=2 and R=1
2. Support parameter combinations with M=2
	23-9-1
	per band and per BC
	
	
	Component 1 candidate values 
- Maximum 8 triplets 
- Max # of Tx ports in one resource: {4,8,12,16,24,32} 
- Max # resources: {1 to 64} 
- Max # total ports: {4 to 256}
	Optional with capability signalling

	23-9-3
	Support of rank 3, 4 for FeType-II
	Support of rank 3, 4 for FeType-II
	23-9-1
	Per band
	
	
	
	Optional with capability signalling

	23-9-4
	Support of R = 2 for FeType-II
	1. Support of R = 2 for FeType-II
2. {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support to support Port-selection FeType-II with M=2 and R=2
	23-9-2
	per band and per BC
	
	
	Component 1 candidate values 
- Maximum 8 triplets 
- Max # of Tx ports in one resource: {4,8,12,16,24,32} 
- Max # resources: {1 to 64} 
- Max # total ports: {4 to 256}
	Optional with capability signalling


	[bookmark: _Hlk88172859]23-9-5
	Active CSI-RS resources and ports for mixed codebook types in any slot
	1. List of codebook combinations
1. List of {max number of ports per resource, max number of resources, max number of total ports} for each codebook combination
	23-9-1, 16-3a, 16-3b, 16-3a-1, 16-3b-1, 2-36, 2-40, 2-41, 2-43
	Per Band and Per BC
	
	
	Component 1 candidate values:
Codebook 1 = {Type I SP, Type I MP}
{Codebook 2, Codebook 3} = {{FeType II PS M=1, NULL}, {FeType II PS M=2 R=1, NULL}[,  {FeType II PS M=2 R=2, NULL},] {Type II, FeType II PS M=1}, {Type II, FeType II PS M=2 R=1} ,{eType II R=1, FeType II PS M=1},{eType II R=1, FeType II PS M=2 R=1}}
FFS: The list of {Codebook 2, Codebook 3} may be refined depending on outcome of discussion for FG 23-9-2 Component 1 and FG 23-9-4 Component 2

Component 2 candidate values: 
- Maximum 16 triplets for each codebook combination 
- Max # of Tx ports in one resource: {4,8,12,16,24,32} 
- Max # resources: {1 to 64} 
- Max # total ports: {4 to 256}]

Note 1：if a UE reports one or more codebook combinations in [23-9-5], then usage of active CSI-RS resources and ports for multiple codebooks in any slot is allowed only within those combinations 

Note 2: For coexisting of mixed codebooks in any slot, gNB need to honor 16-8, 23-10 23-9-5and per-codebook capability 2-36/40/41/43, 16-3a/b and 16-3a-1/16-3b-1, and 23-9-1/23-9-2/23-9-4

[Note: If the list of triplets for a codebook combination is empty then the list of triplets is reused from the codebook combination indicated previously]
	Optional with capability signalling


For Feature group 23-7-1, it was agreed in RAN1#106bis-e [4] that for CSI measurement associated with a CSI-ReportingConfig for NCJT, two CMRs within the same CMR pair configured for NCJT measurement hypothesis are restricted within K continuous slot(s) without DL/UL switch between two CMRs, where K=1,2. We propose setting K=2 as a basic feature of CSI Enhancement for Multi-TRP under FG 23-7-1, whereas K=1 is set as an optional feature. 
For the basic UE FG 23-7-1 for CSI enhancements under multi-TRP, add a component indicating that two CMRs within the same CMR pair configured for NCJT measurement hypothesis are restricted within K=2 continuous slots
Add an optional UE FG for CSI enhancements under multi-TRP, indicating that two CMRs within the same CMR pair configured for NCJT measurement hypothesis are restricted within K=1 slot
Also, for sub-components (e), (f), and (g) of component 5 in FG 23-7-1, the granularity in the number of CSI-RS ports is set to one, which in our opinion has no benefit for UE features. Using a granularity of 2a, e.g., a=2,4 would suffice. For instance, we propose the candidate values for sub-components 5(e), 5(f) and 5(g) in FG 23-7-1 to be {4, 8, 16, 32, 64, 128, 256}. 
For sub-components 5(e), 5(f) and 5(g) of FG 23-7-1, increase the granularity of the candidate values, e.g., {4, 8, 16, 32, 64, 128, 256}
For Port Selection Type-II codebook, we suggest merging both FG 23-9-2 and FG 23-9-4, since the complexity of supporting M=2 with R=1 and M=2 with R=2 is not significant, i.e., both correspond to PMI sub-band granularities of 2, 4 per BWP. Under a common FG 23-9-2, the first component of FG 23-9-4 can be represented as an additional component of FG 23-9-2.
Merge FG 23-9-2 and FG 23-9-4 into one FG, with the first component of FG 23-9-4 incorporated as an additional component of FG 23-9-2
Conclusion
This contribution discussed Rel. 17 UE features for further enhanced MIMO. Based on the discussion above we have the following proposals:
1. For FG 23-1-1, alt 1 is preferred for component 13, i.e., the maximum number of PDSCH-Configs containing that can be referred to from a PDSCH-Config without TCI states
1. Clarification of component 8 of FG 23-1-1 is needed, whether more than one TCI state indication mode can be reported by a UE
1. For FG 23-1-4, the term of “UE capability values set” should be used to align with RAN1 agreement and RAN1 specification
1. Remove component 7 and component 8 from FG 23-1-4 or remove component 2 and component 3 from FG 23-4
1. Revise component 9 of FG 23-1-2 as “[Supported mode inter-cell measurement mode: {inside SMTC, both inside and outside SMTC}]
1. Add new FG 23-2-4 or FG 23-2-1b for supporting intra-span 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
1. For newly introduced FG 23-2-4 or FG 23-2-1b, introduce two new components “limit of total number of linked candidates per CC with receiving the first candidate but not receiving the second candidate at any given span” and “limit of total number of linked candidates across all CCs with receiving the first candidate but not receiving the second candidate at any given span”
1. For each of FG 23-3-2 and FG 23-3-3, introduce a new component “the maximum number of power control sets configured for multi-PUCCH in FR1”
1. FG 23-5-1a is needed and the resources in both FG 23-5-1 and 23-5-2 for beam management, BFD and NBI should be part of FG 23-5-1a
1. For FG 23-5-2a, component 1 should be revised as “Max number of PUCCH-SR resources for MTRP BFRQ per cell group”
1. Component 2 of FG 23-5-2a is needed based on RAN1 agreement
1. For FG 23-8-3, component 1 candidate values should only include
13. 't1r1-t1r2-t1r4-t1r6’ for 1T=1R/1T2R/1T4R/1T6R
13. 't1r1-t1r2-t2r2-t1r4-t2r4-t1r6-t2r6' for 1T=1R/1T2R/2T=2R/1T4R/2T4R/1T6R/2T6R
13. 't1r1-t1r2-t1r4-t1r6-t1r8’ for 1T=1R/1T2R/1T4R/1T6R/1T8R
13. 't1r1-t1r2-t2r2-t1r4-t2r4-t1r6-t2r6-t1r8-t2r8' for 1T=1R/1T2R/2T=2R/1T4R/2T4R/1T6R/2T6R/1T8R/2T8R
13. 't1r1-t1r2-t2r2-t1r4-t2r4-t1r6-t2r6t1r8-t2r8-t4r8' for 1T=1R/1T2R/2T=2R/1T4R/2T4R/1T6R/2T6R1T8R/2T8R/4T8R
1. For FG 23-6-1, add new FG 23-6-1c to support of SFN scheme A for PDCCH scheduling single TRP PDSCH
1. For FG 23-6-2, remove the pre-requisite FG 23-6-1
1. Limit capability interpretation for frequency range of FG 23-6-2 to FR1
1. Add a new FG for SFN Scheme B support in FR2, with FG 23-6-2 as a pre-requisite
1. For the basic UE FG 23-7-1 for CSI enhancements under multi-TRP, add a component indicating that two CMRs within the same CMR pair configured for NCJT measurement hypothesis are restricted within K=2 continuous slots
1. Add an optional UE FG for CSI enhancements under multi-TRP, indicating that two CMRs within the same CMR pair configured for NCJT measurement hypothesis are restricted within K=1 slot
1. For sub-components 5(e), 5(f) and 5(g) of FG 23-7-1, increase the granularity of the candidate values, e.g., {4, 8, 16, 32, 64, 128, 256}
1. Merge FG 23-9-2 and FG 23-9-4 into one FG, with the first component of FG 23-9-4 incorporated as an additional component of FG 23-9-2
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