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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.
2 Views on UE features for NR feMIMO
2.1 Views on UE features for multi-beam operation
FG 23-1-1 Unified TCI with joint DL/UL TCI update for intra-[and inter-cell] beam management
On component 2 in current FG 23-1-1, following the principle of Rel-15/16 UE capability, the maximum number of configured joint TCI states is reported per BWP per CC. We suggest to confirm the WA with the following change:
· 2. The maximum number of configured joint TCI states [per BWP per CC] [in a band] [in a band combination]
On component 3 in current FG 23-1-1, since the component is already agreed to be per CC, “in band” and “in a band combination” are not needed. We suggest the followings:
· 3. One MAC-CE activated joint TCI states per CC [in a band] [in a band combination]
On component 4 in current FG 23-1-1, the main bullet is redundant thus can be removed, and the sub-bullet can be modified as the main bullet of this component. For the bracketed contend is the sub-bullet is also redundant and can be removed since it is already clear in spec that MAC-CE based TCI state indication is used only when only a single TCI state is activated. We suggest the following change:
· 4. TCI state indication [mode]: update and activation [in case of updates]
a) MAC CE based TCI state indication [for one active TCI state]
On how to count the MAC-CE activated joint TCI, it should be clarified in the note that the MAC-CE activated joint TCI state(s) should include the activated joint TCI states for all PDCCH/PDSCH receptions and PUSCH/PUCCH transmissions. Otherwise, it may be ambiguous that whether the TCI state(s) not activated for the indicated Rel-17 TCI state (e.g., a TCI state activated for a CORESET not following the indicated Rel-17 TCI state) should be taken into account.
Proposal 1: On FG 23-1-1, adopt the following changes marked in red:
	23. NR_FeMIMO
	23-1-1
	Unified TCI with joint DL/UL TCI update for intra- [and inter-cell] beam management
	1. Joint DL/UL TCI update with their components: (configuration mechanism, QCL rules, applicable source and target signals)

2. WA: The maximum number of configured joint TCI states [per BWP per CC] [in a band] [in a band combination]
3. One MAC-CE activated joint TCI state per CC [in a band] [in a band combination]

4. TCI state indication [mode]: update and activation [in case of updates] a) MAC CE based TCI state indication [for one active TCI state]
5. The maximum number of MAC-CE activated joint TCI states across all CC(s) in a band
	
	Yes
	
	Unified TCI with joint DL/UL TCI update for intra- [and inter-cell] beam management is not supported
	Per band
	n/a
	n/a
	n/a
	FFS: how to count the MAC-CE activated joint TCI

Note: The MAC-CE activated joint TCI state(s) should include the activated joint TCI states for all PDCCH/PDSCH receptions and PUSCH/PUCCH transmissions
	Optional with capability signalling


FG 23-1-1b Unified TCI with joint DL/UL TCI update for intra- [and inter-cell] beam management with more than one MAC-CE activated joint TCI state per CC
On component 1 in current FG 23-1-1b, the main bullet is redundant thus can be removed, and the two sub-bullets can be modified as two individual components.
· 1. TCI state indication [mode]: update and activation [in case of updates] 
b) 1. MAC-CE+DCI-based TCI state indication (use of DCI formats 1_1/1_2 with DL assignment)
c) 2. MAC-CE+DCI-based TCI state indication (use of DCI formats 1_1/1_2 without DL assignment)

On component 2 in current FG 23-1-1b, the wording is incorrect. The definition of Y symbols is not the offset between PUCCH of ACK and the first slot. In order to avoid confusion, we suggest the following change:

· 2. The minimum configured BeamAppTime_r17 beam application time between PUCCH of ACK and the first slot in Y symbols per SCS
	Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication, the first slot to apply the indicated TCI is at least Y symbols after the last symbol of the acknowledgment of the joint or separate DL/UL beam indication.

· Note: The Y symbols are configured by the gNB based on UE capability, which is also reported in units of symbols.


On component 3 in current FG 23-1-1b, since the component is already agreed to be reported per CC, “in band” and “in a band combination” are not needed. We suggest the followings:
· 3. The maximum number of MAC-CE activated joint TCI states per CC [in a band] [in a band combination]
On component 4 in current FG 23-1-1b, some companies mentioned that this one is captured by the following agreement:

	Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication, the first slot that is at least X ms or Y symbols after the last symbol of the acknowledgment of the joint or separate DL/UL beam indication.
· Note: The gap between the last symbol of the beam indication DCI and that first slot shall satisfy the UE capability


However, it is just a note to clarify the gap between the last symbol of the beam indication DCI and that first slot shall satisfy the UE capability captured in component 2, as shown in the following figure, instead of introducing a UE capability (note that it is a “note”).
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Figure 1. The gap between the last symbol of the beam indication DCI and that first slot always satisfies the UE capability
Proposal 2: On FG 23-1-1b, adopt the following changes marked in red:
	 23. NR_FeMIMO
	23-1-1b
	Unified TCI with joint DL/UL TCI update for intra- [and inter-cell] beam management with more than one MAC-CE activated joint TCI state per CC
	1. TCI state indication [mode]: update and activation [in case of updates] b) MAC-CE+DCI-based TCI state indication (use of DCI formats 1_1/1_2 with DL assignment)

2. c) MAC-CE+DCI-based TCI state indication (use of DCI formats 1_1/1_2 without DL assignment)

3. [The minimum configured BeamAppTime_r17 beam application time between PUCCH of ACK and the first slot in Y symbols per SCS]
4. The maximum number of MAC-CE activated joint TCI states per CC [in a band] [in a band combination]
5. [The minimum time gap between the beam indication PDCCH and first slot where beam is applied]
	23-1-1
	Yes
	
	Unified TCI with joint DL/UL TCI update for intra- [and inter-cell] beam management with more than one MAC-CE activated joint TCI state per CC is not supported 
	Per band
	n/a
	n/a
	n/a
	Component 3 4 candidate values: [{2, …}]
Note: The maximum number of MAC-CE activated joint TCI states across all CC(s) in a band for more than one MAC-CE activated joint TCI state is signaled in 23-1-1, component 5

Note: The MAC-CE activated joint TCI state(s) should include the activated joint TCI states for all PDCCH/PDSCH receptions and PUSCH/PUCCH transmissions
	Optional with capability signalling


FG 23-1-1h Association between TCI state and UL PC settings for PUCCH, PUSCH, and SRS
On FG 23-1-1h, we see this can be supported as basic functionality of unified TCI framework. Thus, we suggest to remove the brackets from the note.
Proposal 3: On FG 23-1-1h, adopt the following changes marked in red:
	23. NR_FeMIMO
	23-1-1h
	Association between TCI state and UL PC settings for PUCCH, PUSCH, and SRS
	For PUCCH, PUSCH, and SRS, association between TCI state and UL PC settings except for PL RS
	23-1-1
	Yes
	
	Association between TCI state and UL PC settings for PUCCH, PUSCH, and SRS is not supported 
	Per band
	n/a
	n/a
	n/a
	[Note: A UE that supports FG 23-1-1 must indicate this FG is supported]
	Optional with capability signaling


FG 23-1-1i Indication/configuration of R17 TCI states for aperiodic CSI-RS, PDCCH, PDSCH [, and SRS]
On FG 23-1-1i, we prefer to separate SRS as a new FG since UE may have different capabilities to support DL and UL. Meanwhile, this should not be a basic functionality of unified TCI framework. 
Proposal 4: On FG 23-1-1i, adopt the following changes marked in red:
	23. NR_FeMIMO
	23-1-1i
	Indication/configuration of R17 TCI states for aperiodic CSI-RS, PDCCH, PDSCH [, and SRS]
	Support of indication/configuration of R17 TCI states for aperiodic CSI-RS, PDCCH, PDSCH [, and SRS] (except for TRS and for CORESET #0 and the respective PDSCH reception) reusing the Rel-15/16 signaling/configuration design(s) 
	23-1-1
	Yes 
	
	Indication/configuration of R17 TCI states for aperiodic CSI-RS, PDCCH, PDSCH [, and SRS] reusing the Rel-15/16 signaling/configuration design(s) is not supported
	Per band
	n/a
	n/a
	n/a
	Note: This has no impact on detail signaling design for SRS TCI indication

[A UE that supports 23-1-1 must indicate this FG is supported]
	Optional with capability signalling


Proposal 5: Introduce the following new FG:
	23. NR_FeMIMO
	23-1-1k
	Indication/configuration of R17 TCI states for SRS
	Support of indication/configuration of R17 TCI states for SRS (except for periodic/semi-persistent SRS for BM) reusing the Rel-15/16 signaling/configuration design(s) 
	23-1-1
	Yes 
	
	Indication/configuration of R17 TCI states for SRS reusing the Rel-15/16 signaling/configuration design(s) is not supported
	Per band
	n/a
	n/a
	n/a
	Note: This has no impact on detail signaling design for SRS TCI indication


	Optional with capability signalling


FG 23-1-1j Indication/configuration of R17 TCI states for CORESET #0
On FG 23-1-1j, this should not be a basic functionality of unified TCI framework.
Proposal 6: On FG 23-1-1j, adopt the following changes marked in red:
	23. NR_FeMIMO
	23-1-1j
	Indication/configuration of R17 TCI states for CORESET #0
	Support of indication/configuration of R17 TCI states for CORESET #0 and the respective PDSCH reception reusing the Rel-15/16 signaling/configuration design(s)
	23-1-1
	Yes 
	
	Support of indication/configuration of R17 TCI states for CORESET #0 and the respective PDSCH reception reusing the Rel-15/16 signaling/configuration design(s) is not supported 
	Per band
	n/a
	n/a
	n/a
	[A UE that supports 23-1-1 must indicate this FG is supported]
	Optional with capability signalling


FGs for separate DL/UL TCI update
On FGs for separate DL/UL TCI update, it can be modified from 23-1-1 and remove the redundant component (e.g., component 4 in 23-1-1 and component 1 & 2 in 23-1-1b).
Proposal 7: Introduce the following new FG:
	23. NR_FeMIMO
	23-1-1l
	Unified TCI with separate DL/UL TCI update for intra- [and inter-cell] beam management
	1. Separate DL/UL TCI update with their components: (configuration mechanism, QCL rules, applicable source and target signals)

2. The maximum number of configured DL TCI states per BWP per CC 

3. The maximum number of configured UL TCI states per BWP per CC

4. One MAC-CE activated DL TCI state and one MAC-CE activated UL TCI state per CC
5. The maximum number of MAC-CE activated DL TCI states across all CC(s) in a band

6. The maximum number of MAC-CE activated UL TCI states across all CC(s) in a band
	23-1-1
	Yes
	
	Unified TCI with separate DL/UL TCI update for intra- [and inter-cell] beam management is not supported
	Per band
	n/a
	n/a
	n/a
	Note: The MAC-CE activated DL TCI state(s) should include the activated DL TCI states for all PDCCH/PDSCH receptions
	Optional with capability signalling


Proposal 8: Introduce the following new FG:
	 23. NR_FeMIMO
	23-1-1m
	Unified TCI with separate DL/UL TCI update for intra- [and inter-cell] beam management with more than one MAC-CE activated DL and UL TCI states per CC
	1. The maximum number of MAC-CE activated DL TCI states per CC

2. The maximum number of MAC-CE activated UL TCI states per CC
	23-1-1
	Yes
	
	Unified TCI with separate DL/UL TCI update for intra- [and inter-cell] beam management with more than one MAC-CE activated DL and TCI states per CC is not supported 
	Per band
	n/a
	n/a
	n/a
	Component 1 candidate values: [{2, …}]
Component 2 candidate values: [{2, …}]
Note: The maximum numbers of MAC-CE activated DL and UL TCI states across all CC(s) in a band for more than one MAC-CE activated DL and UL TCI states are signaled in 23-1-1l, components 5 and 6, respectively

Note: The MAC-CE activated DL TCI state(s) should include the activated DL TCI states for all PDCCH/PDSCH receptions
	Optional with capability signalling


FG 23-1-2 Inter-cell beam measurement and reporting [(for inter-cell BM [and mTRP])]
On component 3 in current FG 23-1-2, it should be clarified that the maximum number of additional PCIs for L1-RSRP measurement should be counted across all CCs or per CC, and prefer to count it across all CCs. Meanwhile, we don't see the need to have different values for different time domain behaviours of measurement. However, we prefer to have different reports for FR1 and FR2 since the implementation overhead could be different in FR1 and FR2. 
Proposal 9: On FG 23-1-2, adopt the following changes to component 3:

· The maximum number of RRC-configured PCI(s) different from serving cell PCI for L1-RSRP measurement across all CCs
· Separation for FR1 and FR2
FG 23-1-3 MPE mitigation
On component 3 in current FG 23-1-3, the candidate RS resources for MPE mitigation should be counted in FG16-1g/16-1g-1 as well since they can be considered as BM RS. Then, we can confirm the candidate value for component 3. Regarding the consequence if the feature is not supported by the UE, it should be “Enhanced [PHR] reporting is not supported”.

Proposal 10: On FG 23-1-3, adopt the following changes marked in red:
	 23. NR_FeMIMO
	23-1-3
	MPE mitigation
	1. Support of enhanced [PHR] reporting which includes pairs of (P-MPR, SSBRI/CRI)

2. Maximum number of reported P-MPR and SSBRI/CRI pairs

3. Maximum number of candidate RS(s) configured in a RRC pool for MPE mitigation
	
	Yes
	
	[MPE mitigation is not supported]

Enhanced [PHR] reporting is not supported
	Per Band
	n/a
	n/a
	n/a
	2. Candidate value of {1,2,3, 4}

3. Candidate value [{8, 12, 16, 28, 32, 48, 64}]
Note: FR2 only

Note: Component 3 is also counted in FG16-1g/16-1g-1
	Optional with capability signalling


FG 23-1-4 MPUE support for UL
On FG 23-1-4, this feature has been already agreed by RAN1, thus it is not a WA. On the other hand, since reporting “DL-only” panel is not supported in this feature due to no RAN1 consensus, the candidate value 0 for component 1 should be removed. Regarding the consequence if the feature is not supported by the UE, it should be “reporting of UE capability value [sets] is not supported”.

Proposal 11: On FG 23-1-4, adopt the following changes marked in red:
	23. NR_FeMIMO
	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]
	
	Yes
	
	[MPUE support for UL is not supported]
Reporting of UE capability value [sets] is not supported
	per band
	n/a
	n/a
	n/a
	Component 1 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


2.2 Views on UE features for multi-TRP PDCCH

FG 23-2-1 PDCCH repetition
We propose to add a note for this FGI to clarify this feature is only applicable for Multi-TRP scenarios. It should be noted that the WID under which this feature was developed specifically notes the objective to be improvements in the Multi-TRP scenarios:

Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
Proposal 12: Add a note to clarify FG 23-2-1 is applicable to Multi-TRP scenarios only.  
We agree with the description of component 1 of FG 23-2-1 and propose to remove the square brackets.

Proposal 13: Remove the square brackets from description of component 1 of FG 23-2-1. 

	23. NR_FeMIMO
	23-2-1
	PDCCH repetition
	1. Support of intra-slot PDCCH repetition based on two linked SS sets associated with corresponding CORESETs [with [non-SFN scheme] TDM and FDM (except FDM based PDCCH repetition for FR2)] including PDCCH repetition for Type 3 CSS

2. Required number of BDs for the two PDCCH candidates

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 per slot
	
	Yes
	
	PDCCH repetition is not supported
	Per FS
	n/a
	n/a
	n/a
	Component 2 candidate values: 2 or 3

Component 3 candidate values: {1,2,3, FFS more}

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, each unique pair of overlaps is counted as one.
Note: This FG is applicable to Multi-TRP Scenarios only.
	Optional with capability signalling


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 14: Add optional UE feature, FG 23-2-5 to indicate support for inter-span PDCCH repetition 
	23. NR_FeMIMO
	23-2-5
	Inter-span PDCCH repetition
	Support of Inter-span repetition for PDCCH
	23-2-1 
	
	
	
	
	
	
	
	{Supported, Not supported}
	Optional with capability signalling


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

FG 23-3-1 Multi-TRP PUSCH repetition (type A) -codebook based

In component 4, the number of SRS resources is signalled per SRS resource set, so a value 4 in Component 4 is not needed.

Proposal 15: The candidate value set of Component 4 in FG 23-3-1 is {1, 2}.

	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)

- sequential mapping for repetitions larger than 2

- cyclic mapping for 2 repetitions

3. Support of two SRS resource sets with usage set to 'codebook'

4. Supported number of SRS resources in one SRS resource set


	FFS
	Yes
	
	Multi-TRP PUSCH repetition (type A) is not supported for codebook based
	per FS
	n/a
	n/a
	n/a
	Component 4 candidate values: {1,2}
	Optional with capability signalling


FG 23-3-1-2b CSI-RS processing framework for SRS with two associated CSI-RS resources
Since the number of SRS resources in the two SRS resource sets are restricted to be the same by the specification, Components 1-4 do not need to have odd values as candidate values.

As for Component 5, we support to have candidate values {1, 2} for simultaneous processing of CSI-RS resources.

Proposal 16:  The candidate values for the components of FG 23-3-1-2b are 

· Component 1: {2, 4, 6, 8}

· Component 2: {2, 4, 6, 8}

· Component 3: {0, 2, 4, 6, 8}

· Component 4: {2, 4, 6, 8, 10, 12, 14, 16}

· Component 5: {1, 2}

	23. NR_FeMIMO
	23-3-1-2b
	CSI-RS processing framework for SRS with two associated CSI-RS resources
	1. Maximum number of periodic SRS resources associated with first and second CSI-RS per BWP

2. Maximum number of aperiodic SRS resources associated with first and second CSI-RS per BWP

3. Maximum number of semi-persistent SRS resources associated with first and second CSI-RS per BWP

4. UE can process Y SRS resources associated with first and second CSI-RS resources simultaneously in a CC. Includes P/SP/A SRS

5. UE can process up to X CSI-RS resources associated with SRS for non-codebook based transmission simultaneously
	23-3-1-2a
	Yes
	
	CSI-RS processing framework for SRS with two associated CSI-RS resources is not supported
	Per Band
	n/a
	n/a
	n/a
	Component 1: {2, 4, 6, 8}

Component 2: {2, 4, 6, 8}

Component 3: {0, 2, 4, 6, 8}

Component 4: {2, 4, 6, 8, 10, 12, 14, 16}

Component 5: {1, 2}


	Optional with capability signalling


FG 23-3-1-1g CG PUSCH transmission
One of the prerequisite FGs should be FG 23-3-1 (repetition type A), instead of FG 23-3-1-1 (repetition type B). 
Proposal 17: The prerequisite FG 23-3-1-1 of FG 23-3-1-1g is replaced by FG 23-3-1.
	23. NR_FeMIMO
	23-3-1g
	CG PUSCH transmission
	Support of CG PUSCH transmission towards M-TRPs using a single CG configuration (Use same beam mapping principals as dynamic grant PUSCH repetition scheme.) 
	23-3-1 or 23-3-1-2
	Yes
	
	CG PUSCH transmission towards M-TRPs using a single CG configuration is not supported
	Per Band
	n/a
	n/a
	n/a
	
	Optional with capability signalling


FG 23-3-1-1 Multi-TRP PUSCH repetition (type B) -codebook based

In component 3, the number of SRS resources is signalled per SRS resource set, so a value 4 in Component 3 is not needed.

Proposal 18: The candidate value set of Component 3 in FG 23-3-1-1 is {1, 2}.
	23. NR_FeMIMO
	23-3-1-1 -codebook based 
	Multi-TRP PUSCH repetition (type B)
	1. Support of multi-TRP PUSCH repetition (based on PUSCH repetition type B) for codebook based 
- sequential mapping for repetitions larger than 2

- cyclic mapping for 2 repetitions

2. Support of two SRS resource sets with usage set to ‘codebook’

3. Supported number of SRS resources in one SRS resource set
	
	Yes
	
	Codebook based multi-TRP PUSCH repetition (type B) is not supported
	Per FSPC
	No
	No
	No
	Component 3 candidate values: {1,2}
	Optional with capability signalling


FG 23-3-2 Multi-TRP PUCCH repetition scheme 1 (inter-slot)
The term “Scheme 1” is only used in the RAN1 discussions. We prefer to use “slot-based repetition” for Scheme 1.

Proposal 19: Rename FG 23-3-2 as “Multi-TRP PUCCH repetition - slot based”.
Proposal 20: The description of Component 1 in FG 23-3-2 is modified as “Support of multi-TRP PUCCH slot-based repetition”.
	23. NR_FeMIMO
	23-3-2
	Multi-TRP PUCCH repetition - slot based
	1. Support of multi-TRP PUCCH slot-based repetition
- cyclic mapping for 2 repetitions

2. Support of up to two PUCCH power control parameter sets/spatial relation info per PUCCH resource


	FFS
	Yes
	
	PUCCH repetition scheme 1 (inter-slot repetition) is not supported
	Per band
	n/a
	n/a
	n/a
	Note: power control parameter sets only apply to FR1

Note: spatial relation info only applies to FR2
	Optional with capability signalling


FG 23-3-3 Multi-TRP PUCCH repetition-intra-slot
The term “Scheme 3” is only used in the RAN1 discussions. Besides, “intra-slot” can have different implementations, so we prefer to use “subslot-based repetition” for Scheme 3.

Proposal 21: Rename FG 23-3-3 as “Multi-TRP PUCCH repetition - subslot based”.
Proposal 22: The description of Component 1 in FG 23-3-3 is modified as “Support of multi-TRP PUCCH subslot-based repetition”.

	23. NR_FeMIMO
	23-3-3
	Multi-TRP PUCCH repetition - subslot based
	Multi-TRP PUCCH repetition - subslot based 

- sequential mapping for repetitions larger than 2

- cyclic mapping for 2 repetitions
	FFS
	Yes
	
	PUCCH repetition scheme 3 (intra-slot repetition) is not supported
	Per FS
	n/a
	n/a
	n/a
	
	Optional with capability signalling


2.4 Views on UE features for multi-TRP BM

2.5 SFN deployment

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

	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


2.6 Views on UE features of CSI enhancement for multi-TRP
FG 23-7-1 Basic Features of CSI Enhancement for Multi-TRP
The current capability signalling design leads to underreporting of UE’s capability of processing single-TRP CSI. Therefore, the listed Component 5 and Component 6 are preferable as UE can inform gNB about its processing capability in the tradeoff between NCJT CSI measurement hypotheses and single-TRP CSI measurement hypotheses. Furthermore, the listed candidate values make sense.

Proposal 24: Support Component 5 and Component 6 in FG 23-7-1 and their candidate values.
	23. NR_FeMIMO
	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 N=1
2. Maximum number of NZP CSI-RS resources in one CSI-RS resource set: Ks,max

3. CSI report mode selection of mode 1 with X=0 and/or mode 2
4. A list of supported combinations, up to 16, across all CCs simultaneously, where each combination is

b) Maximum number of Tx ports in one NZP CSI-RS resource associated with an NCJT measurement hypothesis 

c) Maximum total number of CMRs for NCJT measurement

d) Maximum total number of Tx ports of NZP CSI-RS resources associated with NCJT measurement hypotheses

5. [A list of (Y1,Y2): UE can process Y1 NCJT CSI and Y2 sTRP CSI measurement hypothesis simultaneously in a CC]
6. [A list of (X1,X2): UE can process X1 NCJT CSI and X2 sTRP CSI measurement hypothesis simultaneously across all CCs]

	
	Yes
	
	CSI Enhancement for Multi-TRP is not supported
	Per band and per BC
	n/a
	n/a
	n/a
	Component 2 candidate value set: {2, 3, 4, 5, 6, 7, 8}

Component 3 candidate value set: { mode 1 with X=0, mode 2, both}

Component 4 candidate values:

a) {2, 4, 8, 12, 16, 24, 32}
b) {2,3,4 … 64}
c) {2,3,4, …, 256}

[Component 5: The list can have maximum of 16 pairs.

- Y1: {1 to 4}

- Y2: {1 to 8}]
[Component 6: 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


New FG: Support of maximum slot offset X=2 for two resources in a resource pair 
In the RAN1#106bis-e meeting, we have the following agreement:

	Agreement

For CSI measurement associated with a CSI-ReportingConfig for NCJT, support two CMRs within the same CMR pair configured for NCJT measurement hypothesis to be restricted within X continuous slot(s) without DL/UL switch between two CMRs

· X=1, 2

· whereas X=1 implying the same slot and X=2 implying two adjacent slots

· FFS other restrictions for FR2

· FFS whether UE capability is needed for X=2


We propose to add a new optional UE FG to indicate support of two resources in a resource pair configured within two adjacent slots. The reasons are two-fold: First, maintaining phase coherency across two slots increases UE implementation complexity. Second, awake for an additional slot consumes extra power. 

Proposal 25: Add FG to indicate support of maximum slot offset X=2 for two resources in a resource pair.
	23. NR_FeMIMO
	23-7-6
	Slot offset of CMRs in a CMR pair
	Support of two CMRs in a CMR pair transmitted in two contiguous slots
	23-7-1
	
	
	
	Per band
	
	
	
	
	Optional with capability signalling


New FG: 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.

Proposal 26: Add a new FG to indicate support for Codebook type I Mode 2 in Multi-TRP CSI.
	23. NR_FeMIMO
	23-7-7
	Codebook type I Mode 2 in Multi-TRP CSI
	Support for Codebook type I Mode 2 in Multi-TRP CSI
	23-7-1
	
	
	
	Per band
	
	
	
	
	Optional with capability signalling


2.7 Views on UE features of SRS enhancement

FG 23-8-3: SRS Antenna switching for >4Rx
In 23-8-3 note, it has “Component 2 and component 3 is not reported if component 1 is reported as xTyR with x=y”. However, component 1 can report a combination with multiple values, it is not clear which xTyR is considered.

Furthermore, FG 23-8-3 should be reported only when the largest y>4, so it never has x=y for the most capable xTyR.
Proposal 27: remove or review the need of “Note: Component 2 and component 3 is not reported if component 1 is reported as xTyR with x=y”.
	23. NR_FeMIMO
	23-8-3
	SRS Antenna switching for >4Rx
	1. Support of SRS antenna switching xTyR with y>4

2. Report the entry number of the first-listed band with UL in the band combination that affects this DL

3. Report the entry number of the first-listed band with UL in the band combination that switches together with this UL
	2-55
	Yes
	
	SRS Antenna switching for >4Rx is not supported
	Per FS
	n/a
	n/a
	n/a
	Component 1 candidate values: a combination from the set {t1r1, t2r2, t1r2, t4r4, t2r4, t1r4, t2r6, t1r6, t4r8, t2r8, t1r8}

Note: For any indicated value, x shall be equal to or smaller than the one associated with the largest y

Component 2 candidate values: {1 to 32}

Component 3 candidate values: {1 to 32}

Note: Component 2 and component 3 is not reported if component 1 is reported as xTyR with x=y.
	Optional with capability signalling


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 with joint DL/UL TCI update for intra- [and inter-cell] beam management
	6. Joint DL/UL TCI update with their components: (configuration mechanism, QCL rules, applicable source and target signals)

7. WA: The maximum number of configured joint TCI states [per BWP per CC] [in a band] [in a band combination]
8. One MAC-CE activated joint TCI state per CC [in a band] [in a band combination]

9. TCI state indication [mode]: update and activation [in case of updates] a) MAC CE based TCI state indication [for one active TCI state]
The maximum number of MAC-CE activated joint TCI states across all CC(s) in a band
	
	Yes
	
	Unified TCI with joint DL/UL TCI update for intra- [and inter-cell] beam management is not supported
	Per band
	n/a
	n/a
	n/a
	FFS: how to count the MAC-CE activated joint TCI

Note: The MAC-CE activated joint TCI state(s) should include the activated joint TCI states for all PDCCH/PDSCH receptions and PUSCH/PUCCH transmissions
	Optional with capability signalling

	 23. NR_FeMIMO
	23-1-1b
	Unified TCI with joint DL/UL TCI update for intra- [and inter-cell] beam management with more than one MAC-CE activated joint TCI state per CC
	6. TCI state indication [mode]: update and activation [in case of updates] b) MAC-CE+DCI-based TCI state indication (use of DCI formats 1_1/1_2 with DL assignment)

7. c) MAC-CE+DCI-based TCI state indication (use of DCI formats 1_1/1_2 without DL assignment)

8. [The minimum configured BeamAppTime_r17 beam application time between PUCCH of ACK and the first slot in Y symbols per SCS]
9. The maximum number of MAC-CE activated joint TCI states per CC [in a band] [in a band combination]
[The minimum time gap between the beam indication PDCCH and first slot where beam is applied]
	23-1-1
	Yes
	
	Unified TCI with joint DL/UL TCI update for intra- [and inter-cell] beam management with more than one MAC-CE activated joint TCI state per CC is not supported 
	Per band
	n/a
	n/a
	n/a
	Component 3 4 candidate values: [{2, …}]
Note: The maximum number of MAC-CE activated joint TCI states across all CC(s) in a band for more than one MAC-CE activated joint TCI state is signaled in 23-1-1, component 5

Note: The MAC-CE activated joint TCI state(s) should include the activated joint TCI states for all PDCCH/PDSCH receptions and PUSCH/PUCCH transmissions
	Optional with capability signalling

	23. NR_FeMIMO
	23-1-1h
	Association between TCI state and UL PC settings for PUCCH, PUSCH, and SRS
	For PUCCH, PUSCH, and SRS, association between TCI state and UL PC settings except for PL RS
	23-1-1
	Yes
	
	Association between TCI state and UL PC settings for PUCCH, PUSCH, and SRS is not supported 
	Per band
	n/a
	n/a
	n/a
	[Note: A UE that supports FG 23-1-1 must indicate this FG is supported]
	Optional with capability signaling

	23. NR_FeMIMO
	23-1-1i
	Indication/configuration of R17 TCI states for aperiodic CSI-RS, PDCCH, PDSCH [, and SRS]
	Support of indication/configuration of R17 TCI states for aperiodic CSI-RS, PDCCH, PDSCH [, and SRS] (except for TRS and for CORESET #0 and the respective PDSCH reception) reusing the Rel-15/16 signaling/configuration design(s) 
	23-1-1
	Yes 
	
	Indication/configuration of R17 TCI states for aperiodic CSI-RS, PDCCH, PDSCH [, and SRS] reusing the Rel-15/16 signaling/configuration design(s) is not supported
	Per band
	n/a
	n/a
	n/a
	Note: This has no impact on detail signaling design for SRS TCI indication

[A UE that supports 23-1-1 must indicate this FG is supported]
	

	23. NR_FeMIMO
	23-1-1k
	Indication/configuration of R17 TCI states for SRS
	Support of indication/configuration of R17 TCI states for SRS (except for periodic/semi-persistent SRS for BM) reusing the Rel-15/16 signaling/configuration design(s) 
	23-1-1
	Yes 
	
	Indication/configuration of R17 TCI states for SRS reusing the Rel-15/16 signaling/configuration design(s) is not supported
	Per band
	n/a
	n/a
	n/a
	Note: This has no impact on detail signaling design for SRS TCI indication


	Optional with capability signalling

	23. NR_FeMIMO
	23-1-1j
	Indication/configuration of R17 TCI states for CORESET #0
	Support of indication/configuration of R17 TCI states for CORESET #0 and the respective PDSCH reception reusing the Rel-15/16 signaling/configuration design(s)
	23-1-1
	Yes
	
	Support of indication/configuration of R17 TCI states for CORESET #0 and the respective PDSCH reception reusing the Rel-15/16 signaling/configuration design(s) is not supported
	Per band
	n/a
	n/a
	23. NR_FeMIMO
	23-1-1j
	Indication/configuration of R17 TCI states for CORESET #0

	23. NR_FeMIMO
	23-1-1l
	Unified TCI with separate DL/UL TCI update for intra- [and inter-cell] beam management
	7. Separate DL/UL TCI update with their components: (configuration mechanism, QCL rules, applicable source and target signals)

8. The maximum number of configured DL TCI states per BWP per CC 

9. The maximum number of configured UL TCI states per BWP per CC

10. One MAC-CE activated DL TCI state and one MAC-CE activated UL TCI state per CC
11. The maximum number of MAC-CE activated DL TCI states across all CC(s) in a band

The maximum number of MAC-CE activated UL TCI states across all CC(s) in a band
	23-1-1
	Yes
	
	Unified TCI with separate DL/UL TCI update for intra- [and inter-cell] beam management is not supported
	Per band
	n/a
	n/a
	n/a
	Note: The MAC-CE activated DL TCI state(s) should include the activated DL TCI states for all PDCCH/PDSCH receptions
	Optional with capability signalling

	 23. NR_FeMIMO
	23-1-1m
	Unified TCI with separate DL/UL TCI update for intra- [and inter-cell] beam management with more than one MAC-CE activated DL and UL TCI states per CC
	3. The maximum number of MAC-CE activated DL TCI states per CC

The maximum number of MAC-CE activated UL TCI states per CC
	23-1-1
	Yes
	
	Unified TCI with separate DL/UL TCI update for intra- [and inter-cell] beam management with more than one MAC-CE activated DL and TCI states per CC is not supported 
	Per band
	n/a
	n/a
	n/a
	Component 1 candidate values: [{2, …}]
Component 2 candidate values: [{2, …}]
Note: The maximum numbers of MAC-CE activated DL and UL TCI states across all CC(s) in a band for more than one MAC-CE activated DL and UL TCI states are signaled in 23-1-1l, components 5 and 6, respectively

Note: The MAC-CE activated DL TCI state(s) should include the activated DL TCI states for all PDCCH/PDSCH receptions
	Optional with capability signalling

	 23. NR_FeMIMO
	23-1-3
	MPE mitigation
	1. Support of enhanced [PHR] reporting which includes pairs of (P-MPR, SSBRI/CRI)

2. Maximum number of reported P-MPR and SSBRI/CRI pairs

3. Maximum number of candidate RS(s) configured in a RRC pool for MPE mitigation
	
	Yes
	
	[MPE mitigation is not supported]

Enhanced [PHR] reporting is not supported
	Per Band
	n/a
	n/a
	n/a
	2. Candidate value of {1,2,3, 4}

3. Candidate value [{8, 12, 16, 28, 32, 48, 64}]
Note: FR2 only

Note: Component 3 is also counted in FG16-1g/16-1g-1
	Optional with capability signalling

	23. NR_FeMIMO
	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]
	
	Yes
	
	[MPUE support for UL is not supported]

Reporting of UE capability value [sets] is not supported
	per band
	n/a
	n/a
	n/a
	Component 1 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 
	23. NR_FeMIMO

	23. NR_FeMIMO
	23-2-1
	PDCCH repetition
	1. Support of intra-slot PDCCH repetition based on two linked SS sets associated with corresponding CORESETs [with [non-SFN scheme] TDM and FDM (except FDM based PDCCH repetition for FR2)] including PDCCH repetition for Type 3 CSS

2. Required number of BDs for the two PDCCH candidates

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 per slot
	
	Yes
	
	PDCCH repetition is not supported
	Per FS
	n/a
	n/a
	n/a
	Component 2 candidate values: 2 or 3

Component 3 candidate values: {1,2,3, FFS more}

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, each unique pair of overlaps is counted as one.

Note: This FG is applicable to Multi-TRP Scenarios only.
	Optional with capability signalling

	23. NR_FeMIMO
	23-2-5
	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)

- sequential mapping for repetitions larger than 2

- cyclic mapping for 2 repetitions

3. Support of two SRS resource sets with usage set to 'codebook'

4. Supported number of SRS resources in one SRS resource set


	FFS
	Yes
	
	Multi-TRP PUSCH repetition (type A) is not supported for codebook based
	per FS
	n/a
	n/a
	n/a
	Component 4 candidate values: {1,2}
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1-2b
	CSI-RS processing framework for SRS with two associated CSI-RS resources
	1. Maximum number of periodic SRS resources associated with first and second CSI-RS per BWP

2. Maximum number of aperiodic SRS resources associated with first and second CSI-RS per BWP

3. Maximum number of semi-persistent SRS resources associated with first and second CSI-RS per BWP

4. UE can process Y SRS resources associated with first and second CSI-RS resources simultaneously in a CC. Includes P/SP/A SRS

5. UE can process up to X CSI-RS resources associated with SRS for non-codebook based transmission simultaneously
	23-3-1-2a
	Yes
	
	CSI-RS processing framework for SRS with two associated CSI-RS resources is not supported
	Per Band
	n/a
	n/a
	n/a
	Component 1: {2, 4, 6, 8}

Component 2: {2, 4, 6, 8}

Component 3: {0, 2, 4, 6, 8}

Component 4: {2, 4, 6, 8, 10, 12, 14, 16}

Component 5: {1, 2}


	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1g
	CG PUSCH transmission
	Support of CG PUSCH transmission towards M-TRPs using a single CG configuration (Use same beam mapping principals as dynamic grant PUSCH repetition scheme.) 
	23-3-1 or 23-3-1-2
	Yes
	
	CG PUSCH transmission towards M-TRPs using a single CG configuration is not supported
	Per Band
	n/a
	n/a
	n/a
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1-1 -codebook based 
	Multi-TRP PUSCH repetition (type B)
	1. Support of multi-TRP PUSCH repetition (based on PUSCH repetition type B) for codebook based 
- sequential mapping for repetitions larger than 2

- cyclic mapping for 2 repetitions

2. Support of two SRS resource sets with usage set to ‘codebook’

3. Supported number of SRS resources in one SRS resource set
	
	Yes
	
	Codebook based multi-TRP PUSCH repetition (type B) is not supported
	Per FSPC
	No
	No
	No
	Component 3 candidate values: {1,2}
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-2
	Multi-TRP PUCCH repetition - slot based
	1. Support of multi-TRP PUCCH slot-based repetition
- cyclic mapping for 2 repetitions

2. Support of up to two PUCCH power control parameter sets/spatial relation info per PUCCH resource


	FFS
	Yes
	
	PUCCH repetition scheme 1 (inter-slot repetition) is not supported
	Per band
	n/a
	n/a
	n/a
	Note: power control parameter sets only apply to FR1

Note: spatial relation info only applies to FR2
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-3
	Multi-TRP PUCCH repetition - subslot based
	Multi-TRP PUCCH repetition - subslot based 

- sequential mapping for repetitions larger than 2

- cyclic mapping for 2 repetitions
	FFS
	Yes
	
	PUCCH repetition scheme 3 (intra-slot repetition) is not supported
	Per FS
	n/a
	n/a
	n/a
	
	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
	7. Support of NZP CSI-RS resource pairs used as CMR (channel measurement resource) pairs for NCJT measurement hypothesis: Support of N=1
8. Maximum number of NZP CSI-RS resources in one CSI-RS resource set: Ks,max

9. CSI report mode selection of mode 1 with X=0 and/or mode 2
10. A list of supported combinations, up to 16, across all CCs simultaneously, where each combination is

e) Maximum number of Tx ports in one NZP CSI-RS resource associated with an NCJT measurement hypothesis 

f) Maximum total number of CMRs for NCJT measurement

g) Maximum total number of Tx ports of NZP CSI-RS resources associated with NCJT measurement hypotheses

11. [A list of (Y1,Y2): UE can process Y1 NCJT CSI and Y2 sTRP CSI measurement hypothesis simultaneously in a CC]
12. [A list of (X1,X2): UE can process X1 NCJT CSI and X2 sTRP CSI measurement hypothesis simultaneously across all CCs]

	
	Yes
	
	CSI Enhancement for Multi-TRP is not supported
	Per band and per BC
	n/a
	n/a
	n/a
	Component 2 candidate value set: {2, 3, 4, 5, 6, 7, 8}

Component 3 candidate value set: { mode 1 with X=0, mode 2, both}

Component 4 candidate values:

d) {2, 4, 8, 12, 16, 24, 32}
e) {2,3,4 … 64}
f) {2,3,4, …, 256}

[Component 5: The list can have maximum of 16 pairs.

- Y1: {1 to 4}

- Y2: {1 to 8}]
[Component 6: 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. NR_FeMIMO
	23-7-6
	Slot offset of CMRs in a CMR pair
	Support of two CMRs in a CMR pair transmitted in two contiguous slots
	23-7-1
	
	
	
	Per band
	
	
	
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-7-7
	Codebook type I Mode 2 in Multi-TRP CSI
	Support for Codebook type I Mode 2 in Multi-TRP CSI
	23-7-1
	
	
	
	Per band
	
	
	
	
	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 the entry number of the first-listed band with UL in the band combination that affects this DL

3. Report the entry number of the first-listed band with UL in the band combination that switches together with this UL
	2-55
	Yes
	
	SRS Antenna switching for >4Rx is not supported
	Per FS
	n/a
	n/a
	n/a
	Component 1 candidate values: a combination from the set {t1r1, t2r2, t1r2, t4r4, t2r4, t1r4, t2r6, t1r6, t4r8, t2r8, t1r8}

Note: For any indicated value, x shall be equal to or smaller than the one associated with the largest y

Component 2 candidate values: {1 to 32}

Component 3 candidate values: {1 to 32}

Note: Component 2 and component 3 is not reported if component 1 is reported as xTyR with x=y.
	Optional with capability signalling


