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1. Views on Rel-17 FeMIMO UE features
After RAN1 #107 meeting, the UE feature list for Rel-17 FeMIMO was updated in [1]. In this contribution, we provided our view on the Rel-17 FeMIMO UE feature based on the latest updated UE feature list [1].
1.1 FG 23-1-1x (TCI framework)
In RAN1 #107, the following agreement on BM are achieved.
	Agreement: 
· [bookmark: _Hlk88173311]The following are the components of the feature “joint TCI for intra-cell operation”
1. Joint DL/UL TCI update with their components: (configuration mechanism, [QCL rules,] applicable source and target signals, MAC-CE -based TCI]  activation assignment) 
2. Common cross multi-CC TCI update and activation (involving RRC common TCI state pool)
3. Association between TCI state and UL PC settings except for PL RS [for PUCCH, PUSCH, and SRS] 
4. Beam misalignment between the DL source RS in the TCI state to provide spatial relation indication and the PL-RS 
5. [MAC-CE+DCI-based TCI state indication (including TCI state activation, use of DCI formats 1_1/1_2 with and without DL assignment)]
6. [TCI states pool for configured reference BWP/CC shared by a set of BWP/CC]
7. [Maximum number of CCs configured with BFR]
8. [R17 mechanism reusing R15/16 signalling to indicate R17 TCI for individual DL channel/RS that cannot share the same unified TCI as UE-dedicated PDCCH/PDSCH]
9. [Configuration of both R17 TCI and R15/16 TCI and spatial relation]
10. The maximum number of configured joint TCI state pools across all BWPs and all CCs in a band
11. [The maximum number of configured joint TCI states across all BWPs and all CCs in a band]
12. [The maximum number of configured joint TCI states per CC [in a band]]
13. [Support The maximum number of MAC-CE activated joint TCI states [per BWP per CC/across all BWPs and all CCs in a band]]
14. [Support any Whether a particular DL RS that is a valid target DL RS of a Rel-15/16 TCI state based on the Rel-15/16 QCL rules can be configured as a target DL RS of Rel-17 DL TCI (hence the Rel-17 DL TCI state pool)]
15. [The minimum beam application time between PUCCH of ACK and the first slot in Y symbols per SCS]
16. [The minimum time gap between the beam indication PDCCH and first slot where beam is applied]
· This list gives no guidance as to how to group these components into FGs. They may be mapped to one or more FGs and one or more of these FGs may be agreed as basic. Specifically, different FGs can be grouped together through notes “a UE supporting this FG must also support FG 23-x-y”. This allows to create “basic” FGs while allowing, e.g., different types for different components/candidate values.
· The purpose of this list is to find the individual components without having to worry about the signalling structure



For the remaining issues on joint TCI for intra-cell operation, our view is provided as follows:
1. QCL rule can be removed, since some QCL rules should be invalid if UE only supports common TCI update, i.e. UE does not support component 8 and 17; MAC CE based TCI indication can be removed, since it is covered in component 5.
2. RRC common TCI pool can be removed, since it is covered in component 6.
3. Currently PL-RS in TCI is common for all channels, so PUCCH/PUSCH/SRS can be removed
4. This has already been agreed
5. It has been agreed that TCI update based on DCI format 1_1 with data and without data is optional
6. For UE that does not support this feature, R16 behavior can be reused, and it can be combined with component 10.
7. Since common beam is used for multi-CC beam indication, to support separate BFR per CC would significantly increase UE power consumption.
8. This feature is important for UE to avoid potential beam collision
9. This feature does not exist, as it has been agreed spatial relation and R17 TCI cannot be configured in a band
10. This has been agreed
11. This is helpful to identify the upper bound for UE memory to store number of TCI states
12. This is helpful to identify the upper bound for UE memory to store number of TCI states when it does not support TCI pool sharing
13. This has been agreed
14. We do not understand motivation for this component, some clarification is needed
15. This has been agreed
16. We do not understand motivation for this component, some clarification is needed
17. This is a new feature based on agreement from RAN1 #107

Proposal 1.1-1: Support the following change for the remaining issues for “joint TCI for intra-cell operation”
1. Joint DL/UL TCI update with their components: (configuration mechanism, [QCL rules,] applicable source and target signals, MAC-CE -based TCI]  activation assignment) 
2. Common cross multi-CC TCI update and activation (involving RRC common TCI state pool)
3. Association between TCI state and UL PC settings except for PL RS [for PUCCH, PUSCH, and SRS] 
4. Beam misalignment between the DL source RS in the TCI state to provide spatial relation indication and the PL-RS 
5. TCI indication mode (MAC CE, MAC CE + DCI format 1_1 with data, MAC CE + DCI format 1_1 with and without data) [MAC-CE+DCI-based TCI state indication (including TCI state activation, use of DCI formats 1_1/1_2 with and without DL assignment)]
6. [TCI states pool for configured reference BWP/CC shared by a set of BWP/CC]
7. [Maximum number of CCs among the CCs configured for common multi-CC TCI update and activation configured with BFR]
8. [R17 mechanism reusing R15/16 signalling to indicate R17 TCI for individual DL channel/RS that cannot share the same unified TCI as UE-dedicated PDCCH/PDSCH]
9. [Configuration of both R17 TCI and R15/16 TCI and spatial relation]void
10. The maximum number of configured joint TCI state pools across all BWPs and all CCs in a band
11. [The maximum number of configured joint TCI states across all BWPs and all CCs in a band]
12. [The maximum number of configured joint TCI states per CC [in a band]BWP]
13. [Support The maximum number of MAC-CE activated joint TCI states across [per BWP per CC/across all BWPs and all CCs in a band]]
14. [Support any Whether a particular DL RS that is a valid target DL RS of a Rel-15/16 TCI state based on the Rel-15/16 QCL rules can be configured as a target DL RS of Rel-17 DL TCI (hence the Rel-17 DL TCI state pool)]
15. [The minimum beam application time between PUCCH of ACK and the first slot in Y symbols per SCS]
16. [The minimum time gap between the beam indication PDCCH and first slot where beam is applied]
17. Separate TCI indication for SRS for CB/NCB/BM/AS 

For separate TCI for intra-cell operation, similar to joint TCI, the following is proposed:
Proposal 1.1-2: Support the following feature list for separate TCI for intra-cell operation
1. Separate DL/UL TCI update with their components
2-10. Reuse component 2,3,4,5,6,7,8, 15,17 from feature list for joint TCI for intra-cell operation
11. The maximum number of configured DL TCI state pools across all BWPs and all CCs in a band
12. The maximum number of configured UL TCI state pools across all BWPs and all CCs in a band
13. The maximum number of configured DL TCI states across all BWPs and all CCs in a band
14. The maximum number of configured UL TCI states across all BWPs and all CCs in a band
15. The maximum number of configured DL+UL TCI states across all BWPs and all CCs in a band
16. The maximum number of configured DL TCI states per BWP
17. The maximum number of configured UL TCI states per BWP
18. The maximum number of configured DL+UL TCI states per BWP
19. The maximum number of MAC CE activated DL TCI states across all CCs in a band
20. The maximum number of MAC CE activated UL TCI states across all CCs in a band
21. The maximum number of MAC CE activated DL+UL TCI states across all CCs in a band, and a DL and UL TCI is counted as 1 if they share the same QCL source (reuse the same rule for FG 2-62)

For join TCI for inter-cell operation, the following is proposed
Proposal 1.1-3: Support the following feature list for joint TCI for inter-cell operation
1-16. Reuse 1-17 from joint TCI for intra-cell operation except for component 9
17. Support of a CORESET associated with at least a Type3 CSS/USS and at least a Type 0/0a/1/2 CSS
18. Support of a PDSCH scheduled by PDCCH in Type3 CSS or USS with scheduling offset smaller than threshold reported in FG 2-2
19. Support of aperiodic CSI-RS with scheduling offset smaller than threshold reported in FG 2-28

For separate TCI for inter-cell operation, the following is proposed.
Proposal 1.1-4: Support the following feature list for separate TCI for inter-cell operation
1-21. Reuse 1-21 for separate TCI for intra-cell operation in proposal 2
22-24. Reuse 17-19 for joint TCI for inter-cell operation in proposal 3

1.2 FG 23-1-2 (Inter-cell beam measurement and report)
Based on previous agreement, the following change is proposed.
Proposal 1.2-1: Support the following change for the remaining issues on FG 23-1-2 for inter-cell beam measurement and report
1. Support of [L1-RSRP/beam] measurement and report on SSB(s) with PCI(s) different from serving cell PCI
2. Support of [L1-RSRP/beam] reporting of up to Kmax=4 SSBRI-RSRP[,SS-RSRP] [pairs/beams], with at least one [pair/beam] associated with a PCI different from serving cell PCI [in one report instance]
a. Maximum number of Kmax
3. [The maximum number of [RRC-configured/ MAC-CE activated] PCI(s) different from serving cell PCI for periodic beam measurement] [in FR1]
4. [The maximum number of [RRC- configured/ MAC-CE activated] PCI(s) different from serving cell PCI for semi-persistent beam measurement] [in FR2]
5. [The max number of SSB resources configured to measure L1-RSRP within a slot across all PCI(s) different from serving cell PCIacross all CCs]
6. [The max number of SSB resources configured to measure L1-RSRP across all PCI(s) different from serving cell PCIacross all CCs]
7. [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]
8. Maximum number of overlapped SSBs in one SSB resource for L1-RSRP measurement
9. The number of RRC-configured PCI(s) different from serving cell PCI for aperiodic beam measurement
10. 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)
11.  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)

1.3 FG 23-1-4 (MPUE support for UL)
The following is proposed based on the agreed working assumption in last meeting.
Proposal 1.3-1: Support the following element for FG 23-1-4 (MPUE support for UL)
1. Maximum number of SRS ports for each capability set
2. Capability set index report in a periodic beam report instance
3. Capability set index report in a semi-persistent beam report instance
4. Capability set index report in an aperiodic beam report instance

1.4 FG 23-2-1 (mTRP PDCCH)
With regard to additional processing delay for soft combining, we suggest we add an element to report additional delay required for mTRP PDCCH decoding as the fifth element. Meanwhile, for the second element, currently only 2 BD or 3 BDs are supported, where 2+3 is precluded since no RRC configuration for BD is supported.
Proposal 1.4-1: Support the following change for FG 23-2-1 (mTRP PDCCH)
1. Support of PDCCH repetition (based on two linked SS sets associated with corresponding CORESETs) [with non-SFN scheme TDM and FDM] [including PDCCH repetition for Type 3 CSS]
2. Support of reporting one [or more] number(s) as required number of BDs for the two PDCCH candidates
3. [If 3 or {2, 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 for the case that the linked PDCCH candidates is 3 BDs] [If 2 or {2,3} is reported in component 2, 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.]
4. FFS: Maximum number of such overlaps in 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 scheduling scheduled component carrier
5. Additional delay (number of symbols) for mTRP PDCCH processing

1.5 FG 23-3-1 (mTRP PUSCH)
With regard to the potential UE complexity to handle the overlapped CSI-RS+SRS pairs for non-codebook SRS transmission, we suggest adding additional elements 12 and 13. 
Proposal 1.5-1: Support the following change for FG 23-3-1 (mTRP PUSCH)
1. Support of multi-TRP PUSCH repetition (based on PUSCH repetition type A and B)
2. [Support of cyclic mapping when the number of repetitions is larger than 2 for single DCI based M-TRP PUSCH repetition Type A and B,]
3. [Support of second TPC field for per TRP closed-loop power control for PUSCH with DCI formats 0_1 / 0_2]
4. [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.)]
5. [Support of CG PUSCH transmission towards M-TRPs using a single CG configuration (Use same beam mapping principals as dynamic grant PUSCH repetition scheme.)]
6. [support of sequential mapping for single for single DCI based M-TRP PUSCH repetition Type A]
7. [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)]
8. [Support of A-CSI report on two PUSCH repetitions]
9. [Support of SP-CSI report on two PUSCH repetitions]
10. [Support dynamic switching between multi-TRP PUSCH scheme and single-TRP PUSCH transmission]
11. [Support PUSCH operations: CB based and NCB based and corresponding parameters including number of SRS resources
12. Maximum number of overlapped associated CSI-RS + SRS for NCB pairs in a CC
13. Maximum number of overlapped associated CSI-RS + SRS for NCB pairs across CCs in a band

1.6 FG 23-4 (Inter-cell mTRP)
Our proposed change is in Appendix 

1.6 FG 23-5-x (mTRP beam management)
Our proposed change is in Appendix 

1.7 FG 23-6-x (HST enhancement)
· FG 23-6-1: scheme A for PDCCH and PDSCH should be separate component, i.e., remove the yellow background 
· FG 23-6-1a: This has been agreed, i.e., remove the yellow background 
· FG 23-6-2: scheme B for PDCCH and PDSCH should be separate component, i.e., remove the yellow background 
· FG 23-6-2a: This has been agreed, i.e., remove the yellow background 
· FG 23-6-4: Default beam needs more discussion pending the maintenance of Rel-17 HST enhancement. At least, we should separate the DL and UL default beam as what we did in Rel-16
· We also proposed to have the following two FG
· FG 23-6-5: Support implicit configuration of RS(s) with two TCI states for beam failure detection
· FG23-6-6: Support of HST-SFN scheme 1 PDCCH scheduling Single-TRP PDSCH. This has been agreed.

1.8 FG 23-7-x (mTRP CSI enhancement)
· FG23-7-1: we propose to add two components for the maximum total number of ports and the X related to the joint Single-TRP and Multi-TRP measurement reporting 
· We propose to introduce FG23-7-6 for the support of CSI-IMR

1.9 FG 23-8-x (SRS enhancement)
· FG23-8-3: For SRS antenna switching, we propose the candidate value for the components

1.9 FG 23-9-x (Port selection codebook enhancement)
· FG23-9-2: We prefer to have separate triplets reporting for Mv=2 and R=1
· FG23-9-4: We prefer to have separate triplets reporting for R=2 similar as Rel-16 Type II codebook enhancement 

The updated UE feature list with our proposal and with track change on is provided in Appendix in this contribution. 

2. Reference
[1] R1-2112902, "Updated RAN1 UE features list for Rel-17 NR after RAN1 #107-e", 3GPP TSG RAN WG1 #107-e e-Meeting, November 11th – 19th, 2021

3. Appendix (Proposed UE feature list)
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	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	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 FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	23. NR_FeMIMO
	23-1-1
	Unified TCI for [intra- and inter-cell] beam management
	[FGs and components depends on the outcome of proposals in section 1.1 for FG 23-1-1x]
	
	
	
	
	
	
	
	
	
	Optional with capability signalling

	 23. NR_FeMIMO
	23-1-2
	Inter-cell measurement and reporting (for inter-cell BM [and mTRP])
	1. Support of [L1-RSRP/beam] measurement and report on SSB(s) with PCI(s) different from serving cell PCI
2. Support of [L1-RSRP/beam] reporting of up to Kmax=4 SSBRI-RSRP[,SS-RSRP] [pairs/beams], with at least one [pair/beam] associated with a PCI different from serving cell PCI [in one report instance]
3. Maximum number of Kmax
4. [The maximum number of [RRC-configured/ MAC-CE activated] PCI(s) different from serving cell PCI for periodic beam measurement] [in FR1]
5. [The maximum number of [RRC- configured/ MAC-CE activated] PCI(s) different from serving cell PCI for semi-persistent beam measurement] [in FR2]
6. [The max number of SSB resources configured to measure L1-RSRP within a slot across all PCI(s) different from serving cell PCIacross all CCs]
7. [The max number of SSB resources configured to measure L1-RSRP across all PCI(s) different from serving cell PCIacross all CCs]
8. [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]
9. Maximum number of overlapped SSBs in one SSB resource for L1-RSRP measurement
10. The number of RRC-configured PCI(s) different from serving cell PCI for aperiodic beam measurement
11. 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)
12. 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]
	
	
	
	
	
	
	
	{Support, Not support}

[2. Candidate value of {1,2,3,4}]

[3. candidate values {1, 2, 43, 67}]

[4. candidate values {0, 1, 2, 43, 7}]

[5. candidate values: {0, 2, 4, 8, FFS1, 2, 3, 7}]

[6. candidate values: {4, 8, 16, 32, 64, FFS}]

[7. candidate values {not support}]

8. candidate values {1, 2, 3, 4, 5, 6, 7, 8}

9. candidate values {1, 2, 3, 4}

10. candidate values {0, 1, 2, 3, 7} 

11. candidate value set is {2, 4, 8, 12, 16, 32, 64, 128}

12. candidate value set is {2, 4, 8, 12, 16, 32, 40, 48, 64, 72, 80, 96, 128, 256}

	Optional with capability signalling

	 23. NR_FeMIMO
	23-1-3
	MPE mitigation
	1. Support of enhanced reporting for MPE mitigation (with SSBRI/CRI and [associated] P-MPR in PHR reporting)
[2. Support of reporting up to Nmax P-MPR and SSBRI/CRI pairs]
[3. Maximum number of candidate RS(s) configured in a RRC pool for MPE mitigation]
	
	
	
	
	
	
	
	
	{Support, Not support}
[2. Candidate value of {1,2 3,,4}]
[3. Candidate value at least includes {644}]
	Optional with capability signalling

	23. NR_FeMIMO
	23-1-4
	MPUE support for UL 
	1. Maximum number of SRS ports for each capability set
2. Capability set index report in a periodic beam report instance
3. Capability set index report in a semi-persistent beam report instance
4. Capability set index report in an aperiodic beam report instance
[depending on agreement]
	
	
	
	
	
	
	
	
	{Support, Not support}
1. candidate value {1_2}

2. {support, not support}

3. {support, not support}

4. {support, not support}
	Optional with capability signalling

	23. NR_FeMIMO
	23-2-1
	[Multi-TRP] PDCCH repetition
	1. Support of PDCCH repetition (based on two linked SS sets associated with corresponding CORESETs) [with non-SFN scheme TDM and FDM] [including PDCCH repetition for Type 3 CSS]
2. Support of reporting one [or more] number(s) as required number of BDs for the two PDCCH candidates
3. [If 3 or {2, 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 for the case that the linked PDCCH candidates is 3 BDs] [If 2 or {2,3} is reported in component 2, 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.]
FFS: 4. Maximum number of such overlaps in 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 scheduling scheduled component carrier
5. Additional delay (number of symbols) for mTRP PDCCH processing
	
	
	
	
	
	
	
	
	Component1: {Support, Not support} details FFS  {Support, Not support}
Component2: {2, 3} details FFS {2, 3, [{2,3}]}
Component3: {monitored, not monitored} details FFS  {monitored, not monitored}
Component4: details FFS{0, 1, 2, 3}
Component5: {7, 14}


[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]
	Optional with capability signalling

	23. NR_FeMIMO
	23-2-2
	Two QCL TypeD for [CORESET monitoring in] PDCCH [repetition]
	Support of determining two QCL-TypeD for overlapping CORESETs in the same CC or for intra-band CA [when UE is configured with PDCCH repetition]
	[23-2-1, 23-6-1, 23-6-2]
	
	
	
	
	
	
	FR2 only
	{Support, Not support}
	Optional with capability signalling

	23. NR_FeMIMO
	23-2-3
	PDCCH repetition for Type3 CSS
	Support of PDCCH repetition for Type3 CSS
	
	
	
	
	
	
	
	
	{Support, Not support}
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1
	Multi-TRP PUSCH repetition (type A)
	1. Support of multi-TRP PUSCH repetition (based on PUSCH repetition type A and B)
[2. Support of cyclic mapping when the number of repetitions is larger than 2 for single DCI based M-TRP PUSCH repetition Type A and B,]
[3. Support of second TPC field for per TRP closed-loop power control for PUSCH with DCI formats 0_1 / 0_2]
[4. 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.)]
[5. Support of CG PUSCH transmission towards M-TRPs using a single CG configuration (Use same beam mapping principals as dynamic grant PUSCH repetition scheme.)]
[6. support of sequential mapping for single for single DCI based M-TRP PUSCH repetition Type A]
[7. 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)]
[8. Support of A-CSI report on two PUSCH repetitions]
[9. Support of SP-CSI report on two PUSCH repetitions]
[10: Support dynamic switching between multi-TRP PUSCH scheme and single-TRP PUSCH transmission]
[11. Support PUSCH operations: CB based and NCB based and corresponding parameters including number of SRS resources]
12. Maximum number of overlapped associated CSI-RS + SRS for NCB pairs in a CC
13. Maximum number of overlapped associated CSI-RS + SRS for NCB pairs across CCs in a band

	
	
	
	
	
	
	
	
	1-10. {Support, Not support}
11. {1, 2, 3, 4}
12. {1, 2, 3, 4}
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1-1
	Multi-TRP PUSCH repetition (type B)
	1. Support of multi-TRP PUSCH repetition (based on PUSCH repetition type B)
FFS: discuss details (to be discussed after type A is stable_
	
	
	
	
	
	
	
	
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-2
	Multi-TRP PUCCH repetition
	1. Support of PUCCH repetition scheme 1 (inter-slot repetition)
2. Support of PUCCH repetition scheme 3 (intra-slot repetition)
3. Support of cyclic mapping for beam mapping/power control parameter set mapping [when the number of repetitions is larger than 2] for PUCCH repetitions scheme 1 and 3 when the number of repetitions is larger than 2
4. Support of second TPC field for per TRP closed-loop power control for PUCCH with DCI formats [1_0] / 1_1 / 1_2

	
	
	
	
	
	
	
	
	{Support, Not support}
	Optional with capability signalling

	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 including other cell info in RRC TCI state config
[2. Support of X>1 (max number of PCIs different from serving cell)]
[23. Supported max number of RRC-configured  PCIs different from serving cell PCI for [FR1/case1] (X1) ] [SSB time domain positions or periodicity of additional PCIs is not exactly the same as serving cell PCI)]
[34. Supported max number of RRC-configured PCIs different from serving cell PCI for [FR2/case2] (X2)] [SSB time domain positions and periodicity are is not exactly the same among the additional PCIs and the same as serving cell PCI]
4. Maximum number of overlapped SSBs in one SSB resource for L1-RSRP measurement
[5. default case to be supported, e.g., case2 with X2=1]
	
	
	
	
	
	
	
	
	1. candidate values {Support, Not support}
2. candidate values {0, 1, 2, 3, 7}
3. candidate values {0, 1, 2, 3, 7}
4. candidate values {1, 2, 3, 4, 5, 6, 7, 8}
	Optional with capability signalling

	23. NR_FeMIMO
	23-5-1
	Group based L1-RSRP Beam reporting enhancements
	1. Support a single L1-RSRP reporting instance consisting of N of the maximum number of beam groups and M=2 beams per [pair/group] [in one report instance]
2. [Support of enhanced group-based reporting for Rel-17 M-TRP]
3. [Maximum number of SSB and CSI-RS resources for measurement in both CMR sets within a slot across all CCs]
4. [Maximum number of configured SSB and CSI-RS resources for measurement in both CMR sets across all CCs]
5. [Support beam measurement on two CMR resource sets]
6. [Support of enhanced group-based reporting for Rel-17 intra-cell and inter-cell mTRP]

	
	
	
	
	
	
	
	
	1. Candidate values: {1,2,3,4}
2. Candidate values: {Support, not support}
3. Candidate values: {1,2,3,4}
4. Candidate values: {8, 16, 24, 32, 48, 64}
5. Candidate values: {intra-cell mTRP, inter-cell mTRP, intra-cell+inter-cell mTRP}
	Optional with capability signalling

	23. NR_FeMIMO
	23-5-2
	Maximum number of BFD-RS resources per set for 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. [Maximum number of CSI-RS resources of both BFRBFD-RS sets across all CCs] 
4. [Maximal number of different SSBs of both BFD-RS sets across all CCs] 
5. [Maximal number of different CSI-RS and/or SSB resources of both NBI-RS sets across all CCs]
6. [Support up to twonumber of PUCCH-SR resources for MTRP BFRQ]
7. [Supported maximum number of BFD-RS resources across two BFD-RS sets per BWP]
8. [Support of [single DCI/multi-DCI] based BFR enhancement]
9. Support of association between PUCCH-SR and BFD RS set
	
	
	
	
	
	
	
	
	[Candidate values: {1, 2, …}]1. Candidate values: {1, 2}
2. Candidate values: {1, 2, 3, 4}
3. Candidate values: {8, 16, 24, 32, 48, 64}
4. Candidate values: {0, 1, 2}
5. Candidate values: {1, 2, 3, 4}
6. Candidate values: {single-DCI, multi-DCI, both}
7. Candidate values: {Support, not support}
	Optional with capability signalling

	23. NR_FeMIMO
	23-6-1
	SFN scheme A (scheme 1)
	1. [Support of scheme A for PDCCH] [and default QCL assumption with two TCI states for PDCCH]
2. Support of scheme A for PDSCH [scheduled by [single TRP/ Scheme A] PDCCH] [and default QCL assumption with two TCI states for PDSCH]
	
	
	
	
	
	
	
	
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-6-1a
	Dynamic switching - scheme A
	Support of dynamic switching between single-TRP and SFN PDSCH scheme A by TCI state field in DCI formats 1_1, 1_2
	
	
	
	
	
	
	
	
	
	

	23. NR_FeMIMO
	23-6-2
	SFN scheme B (TRP based pre-compensation)
	1. [Support of scheme B for PDCCH]
2. Support of scheme B for PDSCH  [scheduled by [single TRP/Scheme B] PDCCH]
	[23-6-1]
	
	
	
	
	
	[FR1 only]
	
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-6-2a
	Dynamic switching - scheme B
	Support of dynamic switching between single-TRP and SFN PDSCH scheme B by TCI state field in DCI formats 1_1, 1_2
	
	
	
	
	
	
	
	
	
	

	23. NR_FeMIMO
	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. NR_FeMIMO
	23-6-4
	Default beam setup [for HST]
	1. Support of PDSCH reception using default beam for Rel-17 enhanced SFN scheme when PDSCH is scheduled with offset less than threshold
FFS: 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
FFS: 4. Support of single-TRP PUCCH transmission using default beam when enhanced SFN PDCCH transmission scheme is configured
FFS: 5. Support of single-TRP PUSCH transmission using default beam when enhanced SFN PDCCH transmission scheme is configured
FFS: 6. Support of single-TRP SRS resource transmission using default beam when enhanced SFN PDCCH transmission scheme is configured
	
	
	
	
	
	
	
	
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-6-5
	Support implicit/explicit configuration of RS(s) with two TCI states for beam failure detection
	Support RS(s) with two TCI states configured, either implicitly or explicitly, for beam failure detection enhancement for SFN scheme A for HST
	23-6-1
	Y
	N/A
	
	Per band
	N
	N
	
	{Support, Not support}
	Optional

	23. NR_FeMIMO
	23-6-6
	Support of SFN scheme A PDCCH scheduling Single-TRP PDSCH
	Support of SFN scheme A PDCCH scheduling Single-TRP PDSCH
	23-6-1
	Y
	N/A
	
	Per band
	N
	N
	
	{Support, Not support}
	Optional

	23. NR_FeMIMO
	23-7-1
	Basic Features of CSI Enhancement for Multi-TRP
	1. Maximum number of NZP CSI-RS resource pairs used as CMR (channel measurement resource) pairs for NCJT measurement hypothesis:  Nmax=1
2. FFS: Maximum number of NZP CSI-RS resources in one CSI-RS resource set: Ks,max
3. CSI report mode selection
4. Support of maximum total number of ports across two CMRs in a pair of CMRs for Multi-TRP CSI measurement 
5. Support of X CSI associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis

FFS others (supported options; values for X, codebook types, number of ports of CMRs, CMR sharing among NCJT and sTRP measurement hypotheses for FR1, two CMR groups with Ks=K1+K2 CMRs in CSI-RS resource set, reporting of 2 PMIs, 2 RIs and 2 Lis for NCJT measurement hypothesis …)
	FFS
	
	
	
	[Per band / per BC]
	
	
	
	[Component 2 candidate value set: {2, 3, 4, 5, 6, 7, 8}]

Component 4: {4,8,12,16,24,32,48,64}

Component 5: bitmap {0, 1, 2}

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

	23. NR_FeMIMO
	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. NR_FeMIMO
	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. NR_FeMIMO
	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. NR_FeMIMO
	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 ‘single-TRP’ are not used in RAN1 specifications and will be aligned with 38.214
	Optional with capability signalling

	23. NR_FeMIMO
	23-7-6
	Support of CSI-IM for CSI enhancement for Multi-TRP
	Support CSI-IM for CSI enhancement for Multi-TRP
	23-7-1
	Y
	N/A
	
	Per UE
	N
	Y
	
	{Support, Not support}
	Optional

	23. NR_FeMIMO
	23-8-1
	SRS triggering offset enhancement
	Support of determining aperiodic SRS location based on available slot [and dynamically based on Rel-17 introduced new field in DCI Format 0_1/0_2/1_1/1_2]
	
	
	
	
	
	
	
	
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-8-2
	Triggering SRS only in DCI 0_1/0_2
	Support of triggering SRS in DCI 0_1/0_2 without data and without CSI
	2-52
	
	
	
	
	
	
	
	
	Optional with capability signalling

	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: a list of TRx pairs, candidates are bitmap {"Not supported", “1T6R”, “1T8R”, “2T6R”, “2T8R”, “4T6R”, “4T8R”}

Component 2: Candidate value set: {yes, no}

Component 3: Candidate value set: {yes, no}Component 1 candidate values: FFS
	Optional with capability signalling

	23. NR_FeMIMO
	23-8-4
	Maximum 2 SP and 1 periodic SRS sets for antenna switching
	Support of maximum 2 SP SRS resource sets and maximum 1 periodic SRS resource set for antenna switching
	2-53
	
	
	
	
	
	
	
	Note1: 
· Applies for all supported xTyR where y<=8
· For xTyR where y>4, if UE does NOT support this feature, support maximum one SRS resource set for periodic SRS and maximum one SRS resource set for semi-persistent SRS
· For xTyR where y<=4, if UE does not support this feature, follow Rel-15 on the number of resource sets for periodic and semi-persistent SRS
· The two SP-SRS resource sets are not activated at the same time

	Optional with capability signalling

	23. NR_FeMIMO
	23-8-5
	Increased repetition for SRS
	Support of increased repetition patterns (8, 10, 12, 14 symbols) for SRS resource
	10-11, 2-52
	
	
	
	
	
	
	
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-8-6
	Partial frequency sounding of SRS
	Support of partial  frequency sounding for SRS
	2-52
	
	
	
	
	
	
	
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-8-7
	Start RB location hopping for partial frequency SRS
	Support of start RB location hopping in partial  frequency SRS transmission [across different SRS frequency hopping periods for periodic/semi-persistent SRS]
	23-8-6
	
	
	
	
	
	
	
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-8-8
	Comb-8 SRS
	Support of comb-8 for SRS other than for positioning
	
	
	
	
	
	
	
	
	
	Optional with capability signalling

	23. NR_FeMIMO
	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
2. Support rank 1,2
3. Support parameter combinations with M=1

	2-35
	
	
	
	Per band and per BC
	
	
	
	Component 1 candidate values:
· Maximum 16 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. NR_FeMIMO
	23-9-5
	Active CSI-RS resources and ports for mixed codebook types in any slot
	1. List of codebook combinations
2. List of {max number of ports per resource, max number of resources, max number of total ports} for each codebook combination
	[23-9-1]
	
	
	
	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. NR_FeMIMO
	23-9-2
	Support of Mv=2 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
[3. Support of DFT FD bases of size N]

	23-9-1
	
	
	
	[per band and per BC]
	
	
	
	[Component 1 candidate values 
- Maximum 16 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}]

[Component 4 candidate values: {N=2 only, N=2 and N=4}]
	Optional with capability signalling

	23. NR_FeMIMO
	23-9-3
	Support of rank 3, 4 for FeType-II
	Support of rank 3, 4 for FeType-II
FFS separate capabilities for M = 1 and M = 2
	23-9-1[, 23-9-2]
	
	
	
	Per band
	
	
	
	
	Optional with capability signalling

	23. NR_FeMIMO
	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 2 candidate values:
· Maximum 16 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
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