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1. Introduction
In this contribution, we provide discussion on UE features for NR feMIMO based on the latest proposal in [1][2].
2. Discussion
2.1 Multi-beam operation
For UE features for Multi-beam operation, we have the following comments with the suggested changes shown in the table below each sub-topic in red text
Unified TCI framework
· For FG 23-1-1: 
· The brackets around “inter-cell” should be removed in the FG name
· In component 2, the WA should be confirmed, and the component should be per BWP per CC in a band
· Component 3 should be in a band
· In component 4, “in case of updates” is not needed and in 4a, the case is for single active TCI state and this part should be retained
· FG 23-1-1b:
· For component 1, it should be written as: “TCI state indication: update and activation”
· For component 2, the brackets should be removed
· For component 3, it should be per band
· The last unnumbered component for time gap seems redundant and should be removed
· FG 23-1-1c:
· Component 2 should be same as legacy, and we don’t see the need to introduce this for unified TCI framework and should be deleted.
	Index
	Feature group
	Components
	Notes

	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


	FFS: how to count the MAC-CE activated joint TCI

	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)
c) MAC-CE+DCI-based TCI state indication (use of DCI formats 1_1/1_2 without DL assignment)
2. [The minimum beam application time between PUCCH of ACK and the first slot in Y symbols per SCS]
3. 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]

	Component 3 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

	23-1-1c
	SCell BFR with unified TCI framework
	1. Support of SCell BFR with unified TCI framework 
[2. Maximum number of CCs configured with SCell BFR with unified TCI framework [in a band with SpCell BFR]
	



TCI State Pool Configuration for CA
· FG 23-1-1d:
· The FFS in the note should be assumed since this is similar to legacy operation
· FG 23-1-1e:	
· The reference BWP support can be an optional feature and hence the 2nd FFS in the note should not be needed
· For component 2, up to K=4 should be supported by UE. An option could be to support K where the component value of K is reported but we think K=4 can be supported. 

	Index
	Feature group
	Components
	Note

	23-1-1d
	Per BWP TCI state pool configuration for CA mode
	1. Support of TCI state pool configuration per BWP for CA mode
	FFS: A UE that supports 23-1-1 together with CA must indicate this FG is supported]

	23-1-1e
	TCI state pool configuration with TCI pool sharing for CA mode
	1. Support of reference BWP/CC configured with reference TCI state pool shared by a set of BWP/CC
2. The maximum number of configured joint TCI state pools across all BWPs and all CCs in a band 

	Component 2 candidate values: FFS

FFS: A UE that supports 23-1-1 together with CA must support this FG]


Inter-cell Beam Measurement:
· FG 23-1-2:
· This FG should apply to both inter-cell beam management and inter-cell mTRP
· Components 5-9 are not required

	Index
	Feature group
	Components
	Note

	23-1-2
	Inter-cell beam measurement and reporting [(for inter-cell BM [and mTRP])]
	1. Support of L1-RSRP measurement and reporting on SSB(s) with PCI(s) different from serving cell PCI
2. Support of up to K[=4] SSBRI-RSRP [pairs/beams] in one report [where at least one [pair/beam] associated with a PCI different from serving cell PCI can be reported] (FFS: if K is a component candidate value)
3. The maximum number of [RRC-configured] PCI(s) different from serving cell PCI for L1-RSRP measurement]  (FFS: whether to split this for FR1 and FR2) (FFS: whether/how to capture different values/behaviors for periodic/aperiodic/semi-persistent L1-RSRP measurement)
4. The max number of SSB resources configured to measure L1-RSRP within a slot with PCI(s) same as or different from serving cell PCI [across all CC]
[5. The max number of SSB resources configured to measure L1-RSRP with PCI(s) same as or different from serving cell PCI [across all CC]]
[6. Support on that SSB(s) with PCI(s) different from serving cell PCI configured for L1 beam measurement and report are not included in SSBs with PCIs configured for L3 mobility measurement]
[7. Supported mode inter-cell measurement: {inside SMTC, both inside and outside SMTC}]
[8. Supported mode of measurement over overlapped SSBs: {overlapped, both overlapped and non-overlapped}]
[9. Maximum number of overlapped SSBs in one SSB resource for L1-RSRP measurement]
	



2.2 Multi-TRP enhancements for PDCCH

Regarding UE capabilities for multi-TRP PDCCH repetitions, we have the following comments:
· for FG 23-2-1 component-1, FDM multiplexing in FR2 would need reception of 2 QCL Type-D beams, no need to consider SFN as a reference scheme, also not necessary that CORESETs should be TDM/FDM
· for FG 23-2-2, no need to consider SFN as a reference scheme 
· FG 23-2-X, for corresponding inter-span PDCCH monitoring add support of PDCCH repetition and restriction on the total number of linked candidates

	Index
	Feature group
	Components
	

	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
	

	23-2-1a
	Monitoring of individual candidates 
	Support of monitoring of individual candidates when one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET
	

	23-2-2
	Two QCL TypeD for CORESET monitoring in PDCCH repetition
	Support of determining two QCL-TypeD for time-domain overlapping CORESETs in the same CC or for intra-band CA when UE is configured with PDCCH repetition [with non-SFN TDM and/or FDM sheme]
	[23-2-1, 23-6-1, 23-6-2]

	23-2-X
	PDCCH inter-span repetition
	1. Support of PDCCH repetition
2. The total number of linked candidates of which the first candidate is received and the second one has not been received at any given span (X1 per CC, X2 across CCs)
	23-2-1




2.3 Multi-TRP enhancements for PUCCH, PUSCH
In this section, we provide input on UE feature for multi-TRP PUCCH, PUSCH repetitions. 
· For FG 23-3-1, support component 4 candidate values to be {1, 2, 4}.
· For FG 23-3-1-2b, the component 3 candidate values can be {0 to 8}, support other components’ candidate         values.
Add a new UE feature group FG 23-3-1-x. Since the M-TRP PUSCH repetition Type A is based on Rel-16, only consecutive slots are considered. However, for Rel-17 coverage enhancement, non-consecutive slots can be also used for PUSCH repetition type A, where the counting is based on available slots. The related coverage enhancement UE feature group is FG 30-2. Thus, if a UE has Rel-17 coverage enhancement capability and can also support M-TRP PUSCH repetition Type A, additional UE capability to support non-consecutive slot-based M-TRP PUSCH repetition Type A is beneficial. We propose to add FG 23-3-1-x to support non-consecutive slot-based M-TRP PUSCH repetition Type A, where prerequisite feature groups include FG 23-3-1, FG 23-3-1-2, and FG 30-2.
 
	Index
	Feature group
	Components
	 

	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 equal to or 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
 
	Component 4 candidate values: {1,2 [,4]}

	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]
	[Component 1: {1 to 8}
Component 2: {1 to 8}
Component 3: {1 0 to 8}
Component 4: {1 to 16}
Component 5: {1,2}]

	23-3-1-x
	non-consecutive slot based PUSCH repetition Type A
	Support non-consecutive slot based M-TRP PUSCH repetition Type A
	Prerequisite feature groups includes FG 23-3-1, FG 23-3-1-2, and FG 30-2




2.4 Multi-TRP beam management

we have the following comments regarding MTRP beam management FGs
· FG 23-5-2, if MAC-CE is introduced to activate BFD-RS resources, the activated BFD-RS resources should be indicated in the FG
· FG 23-5-2b – there is no use-case for a UE to support 23-5-2a with candidate value 2 but not 23-5-2b, so the note should be kept.

	Index
	Feature group
	Components
	Type

	23-5-2
	MTRP BFR enhancements
	1. Maximum number of supported active BFD-RS resources per set per BWP
2. Supported maximum number of active BFD-RS resources across two BFD-RS sets per BWP 

	Per band

	23-5-2a
	PUCCH-SR resources for MTRP BFRQ
	1. Max number of PUCCH-SR resources for MTRP BFRQ per cell group

	

	23-5-2b
	Association between a BFD-RS resource set on SpCell and a PUCCH SR resource
	Support of association between a BFD-RS resource set on SpCell and a PUCCH SR resource 
	




2.5 UE feature on SRS enhancement
In this section, we provide input on UE feature for SRS enhancement.
In RAN1 #108-e meeting, the below agreements were reached on SRS. Since the agreed operation is UE optional, two new FGs should be introduced accordingly.
	Agreement
RPFS is applicable for both frequency hopping and non-frequency hopping cases, where support of RPFS for non-FH case is an optional UE feature for UEs supporting RPFS.
Agreement
FL Proposal 3-1: Support N = 1 for aperiodic SRS configuration for 1T4R
· This new configuration is UE optional.



The proposed modifications of the FGs for SRS enhancement are summarized as below.
	Index
	Feature group
	Components
	Candidate values

	23-8-10
	Partial frequency sounding of SRS for non-frequency hopping
	Support of partial frequency sounding for SRS for non-frequency hopping case
	

	23-8-11
	Support 1 aperiodic SRS resource set for 1T4R
	Support of 1 aperiodic SRS resource set for 1T4R antenna switching
	



3. Conclusion
In this contribution, we provide our views on Rel-17 UE features for NR eMIMO. 
References
[1] [bookmark: _Ref100766612]R1-2202850, Summary of UE features for further enhancements on NR-MIMO, Moderator (AT&T), 3GPP TSG RAN WG1 #108-e, e-Meeting, February 21st – March 3rd, 2022
[2] [bookmark: _Ref100766614]R1-2202859, Session Notes for Agenda Item 8.16.1, Ad-Hoc Chair (AT&T), 3GPP TSG RAN WG1 #107bis-e, e-Meeting, February 21st – March 3rd, 2022



11/20
