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1 Introduction
This paper provides our views on Rel-17 UE features for NR feMIMO. Detailed proposals are described in the following sections and summarized in feature list table presented in Section 3.
2 Views on UE features for NR feMIMO
2.1 Views on UE features for multi-beam operation
FG 23-1-1 Unified TCI for [intra- and inter-cell] beam management
First, we see Rel-17 unified TCI for intra-cell and inter-cell cases needs to be split into two separated FGs, as opposed the current bundled capability. Some additional components need to be supported for inter-cell beam indication, but not for intra-cell case. For example, inter-cell beam indication needs to support SSB(s) with PCI(s) different from serving cell PCI as direct or indirect source RS, but intra-cell case doesn't. In addition, the FG for intra-cell case and the FG for inter-cell beam measurement and reporting (FG 23-1-2) should be the prerequisite FGs for inter-cell case.
Proposal 1: Introduce separate FGs for “Unified TCI for intra-cell beam management” and “unified TCI for inter-cell beam management ", e.g., 

· FG 23-1-1:“unified TCI for intra-cell beam management”
· FG 23-1-1a:“unified TCI for inter-cell beam management”, FG 23-1-1 and FG 23-1-2 are the prerequisite FGs
On components #4, #5, #6, #9, #10, and #11, we are supportive.

Proposal 2: Support components #4, #5, #6, #9, #10, and #11in FG 23-1-1
On component #1, we don't think joint DL/UL TCI update is the baseline, and whether UE can support joint DL/UL TCI update, separate DL/UL TCI update, or both can be reported from a set of candidate values, e.g., {joint, separate, both}.
Proposal 3: Introduce a set of candidate values {joint DL/UL TCI, separate DL/UL TCI, both} for component 1 in FG 23-1-1
For “common cross-CC TCI update and activation (involving RRC common TCI state pool)” in component #1, we are fine to support common TCI update and activation across a set of configured CCs (involving RRC common TCI state pool) as baseline in FG 23-1-1. However, we prefer to align the wording as following agreement, and clarify that it is only for intra-band CA.
	Agreement from RAN1#103

On Rel-17 unified TCI framework, support common TCI state ID update and activation to provide common QCL information and/or common UL TX spatial filter(s) across a set of configured CCs:
· The above applies to intra-band CA
· The above applies to joint DL/UL and separate DL/UL beam indications 

· Just as Rel.16, the RS in the TCI state that provides QCL-TypeA [or QCL-TypeB] shall be in the same CC as the target channel or RS

· The common TCI state ID implies that the same/single RS determined according to the TCI state(s) indicated by a common TCI state ID is used to provide QCL Type-D indication and to determine UL TX spatial filter across the set of configured CCs


In summary, we suggest to update component #1 in the following proposal.
Proposal 4: Update component 1 in FG 23-1-1 as follows:

· Support of joint DL/UL TCI update [and/or separate DL/UL TCI update] with their components (configuration mechanism, QCL rules, applicable source and target signals) [and Common cross-CC TCI update and activation across a set of configured CCs in the same band (involving RRC common TCI state pool)]
On component #2, we are fine to support this for PUSCH, PUCCH, and SRS as baseline. However, PL-RS related part need to be removed since component #9 already covers this PL-RS. We suggest the update as follows:
Proposal 5: Update component 2 in FG 23-1-1 as follows:

· Support of association between TCI state and UL PC parameters settings except for PL-RS (P0, alpha, closed loop index) [for each of PUCCH, PUSCH, and SRS] [(PLRS and other, including handling of beam [alignment /misalignment] for PLRS)]
On component #3, according to the following agreement, in order to let UE report the supported mechanism(s) for TCI update, we suggest to introduce a set of candidate values including:

· MAC-CE-based only

· MAC-CE-based + DCI-based w/ DLA
· MAC-CE-based + DCI-based w/ and w/o DLA 
Note that according to RAN1 agreement, if UE supports DCI-based TCI update, DCI-based TCI update w/ DLA should be the baseline, and support of DCI-based TCI update w/o DLA is UE optional.
	Agreement from RAN1#104bis

For beam indication with Rel-17 unified TCI, support DCI format 1_1/1_2 without DL assignment:

· …
· Support UE to report whether or not to support TCI update by DCI format 1_1/1_2. 
· For a UE supporting TCI update by DCI format 1_1/1_2, it must support TCI update by using DCI 1_1/1_2 with DL assignment, and support of the above feature for TCI update by DCI format 1_1/1_2 without DL assignment is UE optional


Regarding the contents in the brackets, we don't see the need to keep them. In summary, we propose the following update for component #3.
Proposal 6: Update component #3 in FG 23-1-1 as follows:

· Supported mode of [MAC-CE and/or MAC-CE+DCI]-based beam TCI state indication (including the associated MAC-CE-based TCI state activation) [(including TCI state activation, use of DCI formats 1_1/1_2 with and without DL assignment)]
Proposal 7: Introduce a set of candidate values as follows for component #3 in FG 23-1-1:

· MAC-CE-based only

· MAC-CE-based + DCI-based w/ DLA
· MAC-CE-based + DCI-based w/ and w/o DLA
On components #7 and #8, we are fine in principle, however, current wording is not correct since there is no specific TCI states for joint, separate DL, or separate UL. Thus, we suggest the following update.
Proposal 8: Update component #7 in FG 23-1-1 as follows:

· The maximum number of MAC-CE activated joint TCI states for joint DL/UL TCI update across all BWPs and all CCs in a band when the UE is configured
Proposal 9: Update component #8 in FG 23-1-1 as follows:

· The maximum number of MAC-CE activated separate DL and UL TCI states for separate DL/UL TCI update across all BWPs and all CCs in a band
On component #12, we think this one should be the component in the FG for inter-cell beam indication since intra-cell case doesn't need to support PCID other than the one of the serving cell. Meanwhile, current wording is not correct according to the following RAN1 agreement.

	Agreement from RAN1#106

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


Thus, we suggest to move component #12 to the FG for inter-cell beam indication, and update as follows.
Proposal 10: Move component #12 to the FG for “unified TCI for inter-cell beam management ", and update as follows:
· The maximum number of PCI(s) (including that of the serving cell)different from serving cell PCI that can be associated with activated TCI states 
In addition to component #12, we see at least the following components should be also included in the FG for “unified TCI for inter-cell beam management":
· Support of SSB associated with a physical cell ID different from that of the serving cell is used as an indirect QCL reference for DL TCI (in case of separate DL/UL TCI) or joint TCI, or an indirect/direct QCL reference for UL TCI (in case of separate DL/UL TCI)
· Support Rel-17 MAC-CE-based and/or DCI-based beam indication for the applicable channels and signals as for intra-cell beam management except for non-UE dedicated channels/signals 
· The minimum beam application time in Y symbols for inter-cell beam indication
Proposal 11: Support the at least the following components in the FG for “unified TCI for inter-cell beam management ":
· Support of SSB associated with a physical cell ID different from that of the serving cell is used as an indirect QCL reference for DL TCI (in case of separate DL/UL TCI) or joint TCI, or an indirect/direct QCL reference for UL TCI (in case of separate DL/UL TCI)

· Support Rel-17 MAC-CE-based and/or DCI-based beam indication for the applicable channels and signals as for intra-cell beam management except for non-UE dedicated channels/signals 
· The maximum number of PCI(s) (including that of the serving cell) that can be associated with activated TCI states
· The minimum beam application time in Y symbols for inter-cell beam indication

FG 23-1-2 Inter-cell measurement and reporting (for inter-cell BM [and mTRP])
First, we see FG 23-1-2 should be used for both inter-cell BM and inter-cell mTRP. However, it may not need to mention this in the FG since this FG should be the prerequisite FG for inter-cell BM and inter-cell MTRP. On the other hand, in order to avoid confusion, we prefer to clarify this feature is “beam” measurement/reporting instead of “cell” measurement/reporting. 
Proposal 12: Update the title of FG 23-1-2 as follows:

· Inter-cell beam measurement and reporting (for inter-cell BM [and mTRP])
Proposal 13: FG 23-1-2 should be the prerequisite FG of the following FGs:

· FG 23-1-1a for “Unified TCI for inter-cell beam management”
· FG 23-4 for “IntCell-mTRP”
On component #1, we prefer to clarify only L1-RSRP measurement/reporting is supported in this feature. 
Proposal 14: Update component #1 in FG 23-1-2 as follows:
· Support of [L1-RSRP/beam] measurement and reporting on SSB(s) with PCI(s) different from serving cell PCI
On component #2, we think this one should be the reporting of the maximum number of SSBRI-SSRSRP pairs that UE can supported in one reporting instance with candidate values {1, 2, 3, 4}. Thus, we suggest the following update.
Proposal 15: Update component #2 in FG 23-1-2 as follows:
· Support of [L1-RSRP/beam] reporting of up to Kmax=4 The maximum number of SSBRI-SSRSRP [pairs/beams] in one reporting instance, with at least one [pair/beam] associated with a PCI different from serving cell PCI [in one report instance]
On components #3~#7, we are fine to further discuss the details.
Proposal 16: Support components #3~#7 in FG 23-1-2, further discuss the details.
2.2 Views on UE features for multi-TRP PDCCH

FG 23-2-1 [Multi-TRP] PDCCH repetition
We propose to remove the square brackets in the description of component 1 of FG 23-2-1, i.e., [with non-SFN scheme TDM and FDM] [including PDCCH repetition for Type 3 CSS]. Firstly, the new FG 23-2-3 already captures Type3 CSS repetition supports separately, secondly, PDCCH repetition and SFN are not be confused, hence, it needs to be removed from the description.
Proposal 16: Remove the square brackets from description of FG 23-2-1 component 1, to:

· Support of PDCCH repetition (based on two linked SS sets associated with corresponding CORESETs)
Regarding FG 23-2-1 component 3 we propose to revert to the original wording (prior to the changes made as outcome of RAN-106-e). The current wording for this component is rather confusing and creates unnecessary controversy. Consequently, candidate values for this FG will also revert to {monitored, not monitored}. 
Proposal 17: Revert the description of FG 23-2-1 component 3 to its original wording, i.e., 

·  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
With candidate values {monitored, not monitored}.
Due to dependency of component 4 in FG 23-2-1 on support of component 3, i.e., component is only applicable for UEs which support component 3, we propose to have a separate FG capturing this feature. This new structure will allow for reduced signalling overhead.

Proposal 18: Make a separate FG for component 4 of FG 23-2-1, i.e., FG 23-2-1a. The candidate values can be {4, 8, 16, 32}.

FG 23-2-4 Inter-span repetition
Add the new optional FG 23-3-4 to capture the following agreement reached in RAN1 #106 bis-e:

Agreement

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.
· Note: Inter-span repetition is UE optional
Proposal 19: Add optional UE feature, FG 23-2-4 to indicate support for inter-span PDCCH repetition 

2.3 Views on UE features for multi-TRP PUCCH, PUSCH

FG 23-3-1/23-3-1-1 Multi-TRP PUSCH repetition (Type A)/(Type B)
We propose to have separate capabilities for codebook-based and non-codebook based mTRP PUSCH, hence, new FG is needed to capture this as opposed to only having component 11 within 23-3-1 to determine if a UE supports codebook/non-codebook based PUSCH. Having separate FG for codebook and non-codebook uplink capabilities is inline with R15 design and we propose to keep the same consistency. 

Proposal 20: Have separate FG for codebook and non-codebook based mTRP PUSCH for both Type A and Type B.
Since the components other than the first ones in FG 23-3-1 and FG 23-3-2 are agreed as UE optional features of multi-TRP PUCCH/PUSCH repetitions, these features should be listed as separate feature groups.

Proposal 21:  Move Components 2, 3, 4, 5 in FG 23-3-1 into distinct feature groups FG 23-3-1c, FG 23-3-1d, FG 23-3-1e, FG 23-3-1f. 

Proposal 22:  Move Components 2, 3, 4 in FG 23-3-2 into distinct feature groups FG 23-3-2a, FG 23-3-2b, FG 23-3-2c.

2.4 Views on UE features for multi-TRP intercell-operation

FG 23-4 IntCell-mTRP
We propose to update the description of component 3 and 4 as the current description tend to indicate that these features are applicable to FR1 and FR2 respectively, which is not inline with the WI discussions and definitions. We propose to update the wording such that the FG description.
Proposal 23: In order to have more consistent definitions update the definition for FG-23-4 component 3 and 4 to:

3. Supported max number of RRC-configured PCIs different from serving cell PCI for X1 [SSB time domain positions or periodicity of additional PCIs is not exactly the same as serving cell PCI)]

4. Supported max number of RRC-configured PCIs different from serving cell PCI for X2 [SSB time domain positions and periodicity are exactly the same among the additional PCIs and the same as serving cell PCI]

2.5 Views on UE features for multi-TRP BM

FG 23-5-1 Group based L1-RSRP Beam reporting enhancements
On component #1, current wording is a bit confused, thus we suggest the following update. 
Proposal 24: Update component #1 in FG 23-5-1 as follows:
· The maximum number of beam groups (M=2 beams per beam group) in one L1-RSRP reporting instance
· Component 1: Candidate values: {1,2,3,4}

On component #2, this is the same as component #1, we suggest to remove.
Proposal 25: Remove component #2 in FG 23-5-1
On components #3~#5, we support and can further discuss the details.
Proposal 26: Support components #3~#5 in FG 23-5-1 , further discuss the details.
On component #6, RAN1 never agrees the enhanced group-based reporting can be used for inter-cell MTRP. We suggest to remove this component.

Proposal 27: Remove component #6 in FG 23-5-1
FG 23-5-2 MTRP BFR enhancements

On components #1, #2, #6 and #7, we are supportive since they are already captured in the RAN1 agreements, and we suggest the following candidate values for components #1 and #7. 
Proposal 28: Support components #1, #2, #6 and #7 in FG 23-5-2

Proposal 29: Support component #1 in FG 23-5-2 with the candidate values {1,2}
Proposal 30: Support component #7 in FG 23-5-2 with the candidate values {2,3,4}

On components #3~#5, we are fine in principle, but the details need to be further discussed.

On component #8, we suggest to remove this component since we don't see UE implementations for S-DCI and M-DCI   MTRP BFR need to be different. Furthermore, S-DCI may not work in Rel-17 MTRP BFR since it still unclear to configure BFD-RS for S-DCI case.

Proposal 31: Support to remove component #8 from FG 23-5-2

2.6 SFN deployment

FG 23-6-4 Default beam setup for HST
UE can only support default DL beam not default UL beam. Also, UE can only support default UL beam not default DL beam. Thus, we would like to propose the following.
Proposal 32: FG 23-6-4 should be separated to two FG 23-6-4 (Default DL beam setup for HST) and FG 23-6-4a (Default UL beam setup for HST). Components 1, 2, 3 are included in original FG 23-6-4 and components 4, 5, 6 are included in FG 23-6-4a. 

FG 23-6-5 Support combination of Rel-17 SFN PDCCH scheme 1 and single-TRP PDSCH
We propose to add a new FG, 23-6-5 to capture the following agreement reach in RAN1 #106 bis-e

Agreement

Support combination of Rel-17 SFN PDCCH scheme 1 and single-TRP PDSCH 
· This is optional UE feature

· Note: The support of such combination scheme is for URLLC use-case only.

Proposal 33: Add the optional UE feature FG 23-6-5 to indicate support combination of Rel-17 SFN PDCCH scheme 1 and single-TRP PDSCH

2.7 Views on UE features of CSI enhancement for multi-TRP
FG 23-7-1 Basic features of CSI enhancement for multi-TRP
This baseline FG needs to be consistent with the Rel-15 and Rel-16 CSI capability framework design. As of definitions specified in RAN1 106 bis-e we don’t find this consistency. Hence, we proposal to include additional components to this FG. Furthermore, we propose to merge FG 23-7-2 and FG 23-7-3 to the basic FG, i.e., 23-7-1. This merge would allow for more concise and clear definitions. 

Proposal 34: Merge FG 23-7-2 and FG 23-7-3 with FG 23-7-1.

Proposal 35: Add the following components to the basic FG:
· Support of two resource groups and one resource pair configured in one CSI-RS resource set

· Support of Type I codebookMode set to 'Mode1‘ 
· Support of Multi-TRP CSI Report Mode 1
· Maximum value of numberOfSingleTRP-CSI-Mode1 : {0, 1, 2}

· Maximum number of NZP CSI-RS resources configured in one CSI resource set: {2, 3, 4, 5, 6, 7, 8}

· A list of supported combinations, up to 16, across all CCs simultaneously, where each combination is

 {

· Maximum number of Tx ports in one NZP CSI-RS resource associated with a single-TRP measurement hypothesis: {4, 8, 12, 16, 24, 32}

· Maximum number of Tx ports in one NZP CSI-RS resource associated with an NCJT measurement hypothesis: {4, 8, 12, 16, 24, 32}

· Maximum total number of calculated single-TRP measurement hypotheses: {from 1 to 64}

· Maximum total number of calculated NCJT measurement hypotheses: {from 1 to 16}

· Maximum total number of Tx ports of NZP CSI-RS resources associated with single-TRP measurement hypotheses: {4, 8, 12, …, 256}

· Maximum total number of Tx ports of NZP CSI-RS resources associated with NCJT measurement hypotheses: {4, 8, 12, …, 256}

}

· UE can process Y1 CSI report(s) for single-TRP and Y2 report(s) for NCJT simultaneously in a CC:

· Y1: FFS range, Y2: FFS range

· UE can process X1 CSI report(s) for single-TRP and X2 report(s) for NCJT simultaneously across all CCs:

· X1: FFS range, X2: FFS range

FG 23-7-4 Support of Type I codebookMode 'Mode2’ for multi-TRP CSI
We propose to add a new optional UE FG to indicate support for Codebook type I Mode 2 in Multi-TRP CSI, with candidate values {Supported, Not supported}.
Proposal 36: Add FG 23-7-4 to indicate support for Codebook type I Mode 2 in Multi-TRP CSI.
FG 23-7-5 Support of Multi-TRP CSI Report Mode 2
We propose to add a new optional UE FG to indicate support for Multi-TRP CSI Report Mode 2, with candidate values {Supported, Not supported}.

Proposal 37: Add FG 23-7-5 to indicate support for Multi-TRP CSI Report Mode 2.
2.8 Views on UE features of SRS enhancement

FG 23-8-3 SRS Antenna switching for >4Rx
Regarding the candidate values for FG 23-8-3 component 1, i.e., xTyR , we propose to have similar approach to R16.

Proposal 38: Candidate values for FG 23-8-3 component 1, xTyR, follows the same logic as R16
2.9 Views on UE features of CSI enhancement for FDD reciprocity

FG 23-9-2 Support of Mv=2 for FeType-II

For FeType-II codebook enhancement with M=2 feature, a window of N DFT vectors is configured to UE. The value of N decides the UE complexity of computing the precoder. Therefore, the support for configuration of DFT FD bases of size N should be a component of the M=2 feature. The candidate values of this component can be {N=2 only, N=2 and N=4}.
Proposal 39: For FG 23-9-2 of “Support of M=2 for FeType-II”, add one component “Support of window size N”. The candidate values of this component are {N=2 only, N=2 and N=4}.
FG 23-9-4 Support of PMI subbands with R=2 for FeType-II

Proposal 40: Add a new FG 23-9-4 of “Support of PMI subbands with R=2 for FeType-II” as a separated UE capability. The prerequisite for this FG would be FG 23-9-2 since R=2 is supported only for M=2. The components of this FG would be a CSI-RS triplet similar to that of Rel-16 eType II.  
3 UE feature list for feMIMO

We provide the UE feature list for feMIMO considering our proposals. Revised parts are written with track change.
	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-cell beam management
	[For both intra- and inter-cell beam management:]
1. Support of joint DL/UL TCI update [and/or separate DL/UL TCI update] with their components (configuration mechanism, QCL rules, applicable source and target signals) [and Common cross-CC TCI update and activation across a set of configured CCs in the same band (involving RRC common TCI state pool)]

2. Support of association between TCI state and UL PC parameters settings except for PL-RS (P0, alpha, closed loop index) [for each of PUCCH, PUSCH, and SRS] [(PLRS and other, including handling of beam [alignment /misalignment] for PLRS)]
3. Supported mode of [MAC-CE and/or MAC-CE+DCI]-based beam TCI state indication (including the associated MAC-CE-based TCI state activation)  [(including TCI state activation, use of DCI formats 1_1/1_2 with and without DL assignment)]
[4. The maximum number of configured TCI state pools across all BWPs and all CCs in a band]
[5. The maximum number of configured TCI states across all BWPs and all CCs in a band]
[6. The maximum number of configured TCI states per CC in a band]
[7. Support number of MAC-CE activated joint TCI states across all BWPs and all CCs in a band The maximum number of MAC-CE activated joint TCI states for joint DL/UL TCI update across all BWPs and all CCs in a band when the UE is configured]
[8. The maximum number of MAC-CE activated separate DL and UL TCI states for separate DL/UL TCI update across all BWPs and all CCs in a band]
[9. Support of association between a TCI state and PL-RS, where the “beam alignment” between the DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication and the PL-RS is assumed by the UE

[10. Support any 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)

[11. The minimum beam application time in Y symbols]
[12. The maximum number of PCI(s) different from serving cell PCI that can be associated with activated TCI states]
	
	
	
	
	[per band]
	
	
	
	{Support, Not support}

[4. candidate values {1, …, 32}

5. candidate values {64, 72, 80, 96, 128, 192, 256, 128*4*32}

6. candidate values {8, 16, 32, 64, 128, 256}

3. candidate values FFS {no, with DA, w/o DA, both} {MAC-CE-based only,
MAC-CE-based + DCI-based w/ DLA,
MAC-CE-based + DCI-based w/ and w/o DLA }
7. candidate values {1, 2, 3, 4, 5, 6, 7, 8}

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

Note 1: for component 7 & 8, if two TCI states are in one codepoint, it should be counted as 2.]
	Optional with capability signalling

	23. NR_FeMIMO
	23-1-1a
	Unified TCI for inter-cell beam management
	1. Support of joint DL/UL TCI update [and separate DL/UL TCI update] with their components (configuration mechanism, QCL rules, applicable source and target signals) [and Common TCI update and activation (involving RRC common TCI state pool)]

2. Support of association between TCI state and UL PC parameters except for PL-RS (P0, alpha, closed loop index) [for each of PUCCH, PUSCH, and SRS

3. Supported mode of [MAC-CE and/or DCI]-based beam TCI state indication (including the associated MAC-CE-based TCI state activation)  
4. The maximum number of configured TCI state pools across all BWPs and all CCs in a band

5. The maximum number of configured TCI states across all BWPs and all CCs in a band

6. The maximum number of configured TCI states per CC in a band

7. The maximum number of MAC-CE activated joint TCI states for joint DL/UL TCI update across all BWPs and all CCs in a band when the UE is configured
[8. The maximum number of MAC-CE activated TCI states for separate DL/UL TCI update across all BWPs and all CCs in a band]
9. Support of association between a TCI state and PL-RS, where the “beam alignment” between the DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication and the PL-RS is assumed by the UE

10. Support any 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)

11. The minimum beam application time in Y symbols

12. 
The maximum number of PCI(s) (including that of the serving cell) different from serving cell PCI that can be associated with activated TCI states

13. Support of SSB associated with a physical cell ID different from that of the serving cell is used as an indirect QCL reference for DL TCI (in case of separate DL/UL TCI) or joint TCI, or an indirect/direct QCL reference for UL TCI (in case of separate DL/UL TCI)

14. 
Support Rel-17 MAC-CE-based and/or DCI-based beam indication for the applicable channels and signals as for intra-cell beam management except for non-UE dedicated channels/signals

15. The maximum number of PCI(s) (including that of the serving cell) that can be associated with activated TCI states

16. The minimum beam application time in Y symbols for inter-cell beam indication


	23-1-1 and 23-1-2
	
	
	
	[per band]
	
	
	
	[4. candidate values {1, …, 32}

5. candidate values {64, 72, 80, 96, 128, 192, 256, 128*4*32}

6. candidate values {8, 16, 32, 64, 128, 256}

3. candidate values FFS {no, with DA, w/o DA, both} {MAC-CE-based only,

MAC-CE-based + DCI-based w/ DLA,

MAC-CE-based + DCI-based w/ and w/o DLA }

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

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

Note 1: for component 7 & 8, if two TCI states are in one codepoint, it should be counted as 2.]
	Optional with capability signalling

	 23. NR_FeMIMO
	23-1-2
	Inter-cell beam measurement and reporting (for inter-cell BM [and mTRP])
	1. Support of [L1-RSRP/beam] measurement and reporting on SSB(s) with PCI(s) different from serving cell PCI

2. Support of [L1-RSRP/beam] reporting of up to Kmax=4 The maximum number of SSBRI-SSRSRP [pairs/beams] in one reporting instance, with at least one [pair/beam] associated with a PCI different from serving cell PCI [in one report instance]
[3. The number of [RRC-configured/ MAC-CE activated] PCI(s) different from serving cell PCI for beam measurement] [in FR1]

[4. The number of [RRC- configured/ MAC-CE activated] PCI(s) different from serving cell PCI for 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 PCI]
[6. The max number of SSB resources configured to measure L1-RSRP across all PCI(s) different from serving cell PCI]
[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]
	[2-24, 2-29]
	
	
	
	
	
	
	
	{Support, Not support}

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

[3. candidate values {1, 2, 4, 6}]

[4. candidate values {1, 2, 4}]

[5. candidate values: {2, 4, 8, FFS}]

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

[7. candidate values {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
	
	
	
	
	
	
	
	
	Component1: details FFS  {Support, Not support}
Component2: details FFS {2, 3, [{2,3}]}
Component3: details FFS  {monitored, not monitored}
Component4: details FFS
[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
	23-2-1a
	PDCCH repetition with overlapped CCEs
	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
	23-2-1 Component 3
	
	
	
	
	
	
	
	{4, 8, 16, 32}
	Optional with capability signalling

	23. NR_FeMIMO
	23-2-4
	Inter-span PDCCH repetition
	Support of Inter-span repetition for PDCCH
	23-2-1 
	
	
	
	
	
	
	
	{Supported, Not supported}
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1
	Multi-TRP PUSCH repetition (type A) – Codebook Based
	1. Support of multi-TRP PUSCH repetition (based on PUSCH repetition type A and B)

[2. support of sequential mapping for single for single DCI based M-TRP PUSCH repetition Type A]

[3. 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)]

[4. Support of A-CSI report on two PUSCH repetitions]

[5. Support of SP-CSI report on two PUSCH repetitions]

[6: Support dynamic switching between multi-TRP PUSCH scheme and single-TRP PUSCH transmission]

[7. Support PUSCH operations: CB based and NCB based and corresponding parameters including number of SRS resources]
	
	
	
	
	
	
	
	
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1a
	Multi-TRP PUSCH repetition (type A) – Non-codebook Based
	1. Support of multi-TRP PUSCH repetition (based on PUSCH repetition type A)

[2. support of sequential mapping for single for single DCI based M-TRP PUSCH repetition Type A]

[3. 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)]

[4. Support of A-CSI report on two PUSCH repetitions]

[5. Support of SP-CSI report on two PUSCH repetitions]

[6: Support dynamic switching between multi-TRP PUSCH scheme and single-TRP PUSCH transmission]

[7. Support PUSCH operations: CB based and NCB based and corresponding parameters including number of SRS resources]
	
	
	
	
	
	
	
	
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1b
	Multi-TRP PUSCH repetition (type B)-Non-Codebook Based
	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
	23-3-1c
	Multi-TRP PUSCH repetition (type A) with 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 
	23-3-1
	
	
	
	
	
	
	
	{Supported, Not supported}
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1d
	Multi-TRP PUSCH repetition (type A) with second TPC field
	 Support of second TPC field for per TRP closed-loop power control for PUSCH with DCI formats 0_1 / 0_2
	23-3-1
	
	
	
	
	
	
	
	{Supported, Not supported}
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1e
	Multi-TRP PUSCH repetition (type A) support of 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.)
	23-3-1
	
	
	
	
	
	
	
	{Supported, Not supported}
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1f
	Multi-TRP PUSCH repetition (type A) 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.)


	23-3-1
	
	
	
	
	
	
	
	{Supported, Not supported}
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-2
	Multi-TRP PUCCH repetition Codebook Based
	1. Support of PUCCH repetition scheme 1 (inter-slot repetition)
	
	
	
	
	
	
	
	
	{Supported, Not supported}
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-2a
	Multi-TRP PUCCH intra-slot repetition
	Support of PUCCH repetition scheme 3 (intra-slot repetition)
	23-3-2
	
	
	
	
	
	
	
	{Supported, Not supported}
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-2b
	Multi-TRP PUCCH repetition with cyclic mapping
	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
	23-3-2
	
	
	
	
	
	
	
	{Supported, Not supported}
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-2c
	Multi-TRP PUCCH repetition with second TPC field
	Support of second TPC field for per TRP closed-loop power control for PUCCH with DCI formats [1_0] / 1_1 / 1_2
	23-3-2  
	
	
	
	
	
	
	
	{Supported, Not supported}
	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)]

[3. 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)]

[4. Supported max number of RRC-configured PCIs different from serving cell PCI for [FR2/case2] (X2)] [SSB time domain positions and periodicity are exactly the same among the additional PCIs and the same as serving cell P[5. default case to be supported, e.g., case2 with X2=1]
	
	
	
	
	
	
	
	
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-5-1
	Group based L1-RSRP Beam reporting enhancements
	1. The maximum number of beam groups (M=2 beams per beam group) in one L1-RSRP reporting instance 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]


	
	
	
	
	
	
	
	
	Componet 1: Candidate values: {1,2,3,4}
	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 BFR-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 two 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]
	
	
	
	
	
	
	
	
	Component 1: [Candidate values: {1, 2}]

Component 7: {2, 3, 4}
	Optional with capability signalling

	23. NR_FeMIMO
	23-6-4
	Default DL 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


	
	
	
	
	
	
	
	
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-6-4a
	Default UL beam setup [for HST]
	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
	
	
	
	
	
	
	
	
	{Supported, Not supported}
	Optional with capability signalling

	23. NR_FeMIMO
	23-6-5
	Support of Rel-17 SFN PDCCH scheme 1 and single-TRP PDSCH combination
	Support combination of Rel-17 SFN PDCCH scheme 1 and single-TRP PDSCH
	
	
	
	
	
	
	
	
	{Supported, Not supported}
	Optional with capability signalling

	23. NR_FeMIMO
	23-7-1
	Basic Features of CSI Enhancement for Multi-TRP
	1. Support of two resource groups and one resource pair configured in one CSI-RS resource set

2. Support of Type I codebookMode set to 'Mode1‘

3. Support of csi-ReportMode set to 'Mode1‘

4. Maximum value of numberOfSingleTRP-CSI-Mode1 : {0, 1, 2}

5. Maximum number of NZP CSI-RS resources configured in one CSI resource set: {2, 3, 4, 5, 6, 7, 8}
6. A list of supported combinations, up to 16, across all CCs simultaneously, where each combination is 
{
a. Maximum number of Tx ports in one NZP CSI-RS resource associated with a single-TRP measurement hypothesis: {4, 8, 12, 16, 24, 32}

b. Maximum number of Tx ports in one NZP CSI-RS resource associated with an NCJT measurement hypothesis: {4, 8, 12, 16, 24, 32}

c. Maximum total number of calculated single-TRP measurement hypotheses: {from 1 to 64}

d. Maximum total number of calculated NCJT measurement hypotheses: {from 1 to 16}

e. Maximum total number of Tx ports of NZP CSI-RS resources associated with single-TRP measurement hypotheses: {4, 8, 12, …, 256}

f. Maximum total number of Tx ports of NZP CSI-RS resources associated with NCJT measurement hypotheses: {4, 8, 12, …, 256}

}

7. UE can process Y1 CSI report(s) for single-TRP and Y2 report(s) for NCJT simultaneously in a CC

8. UE can process X1 CSI report(s) for single-TRP and X2 report(s) for NCJT simultaneously across all CCs


	
	
	
	
	
	
	
	
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-7-2
	Two CMR pairs in a CSI-RS resource set
	Support of maximum 2 CSI-RS resource pairs configured in a CSI-RS resource set
	
	
	
	
	
	
	
	
	{Support, Not support}


	Optional with capability signalling

	23. NR_FeMIMO
	23-7-3
	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

[FR2 only]
	
	
	
	
	
	
	
	
	{Support, Not support}


	Optional with capability signalling

	23. NR_FeMIMO
	23-7-4
	Codebook type I Mode 2 in Multi-TRP CSI
	Support for Codebook type I Mode 2 in Multi-TRP CSI
	
	
	
	
	
	
	
	
	{Support, Not support}


	Optional with capability signalling

	23. NR_FeMIMO
	23-7-5
	Multi-TRP CSI Report Mode 2
	Support for Multi-TRP CSI Report Mode 2
	
	
	
	
	
	
	
	
	{Support, Not support}


	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 uplink TX switching impact to downlink receiving in a band]

[3. Report whether the UL Tx is switched together with UL Tx in another band]
	
	
	
	
	
	
	
	
	[{1T6R, 1T8R, 2T6R, 2T8R, 4T6R, 4T8R}]

Component 1: {1T8R-1T6R-1T4R-1T2R-1T1R,

1T6R-1T4R-1T2R-1T1R,

2T8R-2T6R-2T4R-2T2R-1T8R-1T6R-1T4R-1T2R-1T1R,

2T6R-2T4R-2T2R-1T6R-1T4R-1T2R-1T1R,

4T8R-4T6R-4T4R-2T8R-2T6R-2T4R-2T2R-1T8R-1T6R-1T4R-1T2R-1T1R,

4T6R-4T4R-2T6R-2T4R-2T2R-1T6R-1T4R-1T2R-1T1R}
	Optional with capability signalling

	23. NR_FeMIMO
	23-9-2
	Support of Mv=2 for FeType-II
	[1. Support rank 1,2]

2. Support parameter combinations with Mv=2

[3. {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support Port-selection FeType-II with Mv=12]

4. Support of window size N

	[23-9-1]
	
	
	
	
	
	
	
	{Support, Not support}

Component 4: {N=2 only, N=2 and N=4}.
	Optional with capability signalling

	23. NR_FeMIMO
	23-9-4
	Support of PMI subbands with R=2 for FeType-II
	{Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support Port-selection FeType-II with Mv=2 and R=2]
	23-9-2
	
	
	
	
	
	
	
	
	Optional with capability signalling


