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Discussion on UE features
We have the following remarks on the UE features for NR coverage enhancement.
General remark applicable to all features for NR coverage enhancement
Proposal 1: Unless otherwise stated, the type for a UE feature should be at least per band (if not with finer granularity type), given the potential UE testing differentiation among licensed, unlicensed, and NTN band.
On DMRS bundling for PUSCH/PUCCH repetitions
Proposal 2: On UE features 30-4a to 30-4d: split these features into two components, one for back-to-back transmissions and another for non-back-to-back transmissions.
Proposal 3:  On UE features 30-4 to 30-4g: all features on DMRS Bundling (PUSCH and PUCCH) to be indicated at the per FS level. This is required due potential impact of operations such as uplink tx switching, uplink full power transmission, and interactions with other features such as UE’s MIMO coherence capability.
Proposal 4: On UE feature 30-4 for maximum duration for DMRS bundling, UE may report different values for (a) different modulation orders, (b) back-to-back and non-back-to-back transmissions. Consider splitting this into multiple components.
On TBOMS
Proposal 5: Consider the following additional feature for TBOMS:
· Maximum concurrent TBOMS transmissions supported by a UE across all carriers when operating in UL-CA.
Additional comments and suggested changes to the UE features table:
Proposal 6: Additional comments and suggested changes to the UE features table for coverage enhancement are included in the following table, with changes marked in red.


	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 nterpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	 30. NR_cov_enh
	30-1
	Increased maximum number of PUSCH Type A repetitions
	K = 1, 2, 3, 4, 7, 8, 12, 16, 20, 24, 28, 32 times repetitions.
The number of repetitions is jointly coded with SLIV in TDRA list. A row index of the TDRA list is indicated by a DCI.
	[5-17]
	Yes
	N/A
	UE does not support more than 16 repetitions.

In some cases repetitions are limited to 8 (legacy type 1 CG PUSCH)
	[Per UE] Per Band
	No N/A
	No N/A
	N/A
	
	[Optional with capability signalling]

	 30. NR_cov_enh
	30-1a
	Increased maximum number of Type 2 configured grant PUSCH Type A repetitions

Is this for Type 1 or Type 2? 
Please add 30-2b for the other type.
	K = 1, 2, 3, 4, 7, 8, 12, 16, 20, 24, 28, 32 times repetitions.
The number of repetitions is jointly coded with SLIV in TDRA list. A row index of the TDRA list is indicated by a Type 1 configured grant configuration.

The above text mentions Type 1, but feature group description points to Type 2. Needs clarification.
	[5-16], [30-1]

Dependence on [30-1] is not necessary.


	Yes
	N/A
	UE does not support more than 16 repetitions for Type 2 configurecd grant PUSCH.

In some cases repetitions are limited to 8 (legacy type 1 CG PUSCH)
	[Per UE] Per Band
	No N/A
	No N/A
	N/A
	
	[Optional with capability signalling]

	 30. NR_cov_enh
	30-2
	PUSCH Type A repetitions based on available slots
	Transmission occasions for K repetitions for PUSCH scheduled by DCI are determined on the basis of available slots. RV is cycled across transmission occasions.
	[5-17]
	Yes
	N/A
	UE does not support PUSCH repetitions counted on the basis of available slots.
	[Per UE] Per Band
	FFS N/A
	No N/A
	N/A
	
	[Optional with capability signalling]

	30. NR_cov_enh
	30-2a
	Configured grant PUSCH Type A repetitions based on available slots
	Transmission occasions for K repetitions for configured grant PUSCH are determined on the basis of available slots. RV is cycled across transmission occasions.
	[5-14 or 5-16], [30-2]
Dependence on [30-2] is not necessary.

	Yes
	N/A
	UE does not support configured grant PUSCH repetitions counted on the basis of available slots.
	[Per UE] Per Band
	FFS N/A
	No N/A
	N/A
	
	[Optional with capability signalling]

	30. NR_cov_enh
	30-3
	TB processing over multi-slot PUSCH
	Support of TB processing over multi-slot PUSCH in RRC connected mode.
	[11-6]
	Yes
	N/A
	UE does not support TB processing over multi-slot PUSCH.
	[Per UE] Per Band
	FFS N/A
	No N/A
	N/A
	
	[Optional with capability signalling]

	30. NR_cov_enh
	30-4
	[The maximum duration for DM-RS bundling]
	The maximum duration during which UE is able to maintain power consistency and phase continuity to support DM-RS bundling for PUSCH/PUCCH. Max duration is only applicable to modulation order not higher than QPSK. For other modulation orders, DMRS bundling is not supported. 

TBD:
(a) whether another row for pi/2 BPSK is required. 
(b) Candidate values (c) whether different values for back to back and non back to back transmissions are reported.
	
	Yes
	N/A
	UE does not support DM-RS bundling for PUSCH/PUCCH
	[Per UE] Per FS
	FFS N/A
	No N/A
	N/A
	
	[Optional with capability signalling]

	 30. NR_cov_enh
	30-4a
	[DM-RS bundling for PUSCH repetition type A with back-to-back transmission]
	Support DM-RS bundling for PUSCH repetition type A. This is applicable for back-to-back transmissions.
	[30-4], [30-1] or [30-2]
	Yes
	N/A
	UE does not Support DM-RS bundling for PUSCH repetition type A with back-to-back transmission
	[Per UE] Per FS
	FFS N/A
	No N/A
	N/A
	
	[Optional with capability signalling]

	30. NR_cov_enh
	30-4h
	DMRS-bundling for PUSCH Repetition Type A with non-back-to-back transmission
	Support DM-RS bundling for PUSCH repetition type A. This is applicable for non-back-to-back transmissions.
	[30-4]
	Yes
	N/A
	UE does not Support DM-RS bundling for PUSCH repetition type A with non-back-to-back transmission
	Per FS
	 N/A
	N/A
	N/A
	
	Optional with capability signalling

	 30. NR_cov_enh
	30-4b
	[DM-RS bundling for PUSCH repetition type B with back-to-back transmission]
	Support DM-RS bundling for PUSCH repetition type B. This is applicable for back-to-back transmissions.
	[30-4], [11-5] [30-1]
	Yes
	N/A
	UE does not Support DM-RS bundling for PUSCH repetition type B with back-to-back transmission
	[Per UE] Per FS
	FFS N/A
	No N/A
	N/A
	
	[Optional with capability signalling]

	30. NR_cov_enh
	30-4i
	DMRS-bundling for PUSCH Repetition Type B with non-back-to-back transmission
	Support DM-RS bundling for PUSCH repetition type B. This is applicable for non-back-to-back transmissions.
	
	Yes
	N/A
	UE does not Support DM-RS bundling for PUSCH repetition type B with non-back-to-back transmission
	Per FS
	 N/A
	N/A
	N/A
	
	Optional with capability signalling

	 30. NR_cov_enh
	30-4c
	[DM-RS bundling for TB processing over multi-slot PUSCH with back-to-back transmissions]
	Support DM-RS bundling for TB processing over multi-slot PUSCH. This is applicable only for back-to-back transmissions.
	[30-4], [30-3],
[30-4a]
	Yes
	N/A
	UE does not Support DM-RS bundling for TB processing over multi-slot PUSCH with back-to-back transmissions
	[Per UE] Per FS
	FFS N/A
	No N/A
	N/A
	
	[Optional with capability signalling]

	30. NR_cov_enh
	30-4j
	DM-RS bundling for TB processing over multi-slot PUSCH with non-back-to-back transmission
	Support DM-RS bundling for TB processing over multi-slot PUSCH. This is applicable only for non-back-to-back transmissions.
	[30-4], [30-3],[30-4h]
	Yes
	N/A
	UE does not Support DM-RS bundling for TB processing over multi-slot PUSCH with non-back-to-back transmissions
	Per FS
	 N/A
	N/A
	N/A
	
	Optional with capability signalling

	30. NR_cov_enh
	30-4d
	[DMRS bunding for PUCCH repetitions with back-to-back transmissions]
	Support DM-RS bundling for PUCCH repetitions with back-to-back transmissions
	[30-4], [4-23]
	Yes
	N/A
	UE does not support DMRS bunding for PUCCH repetitions with back-to-back transmissions
	[Per UE] Per FS
	FFS N/A
	No N/A
	N/A
	
	[Optional with capability signalling]

	30. NR_cov_enh
	30-4k
	DMRS bunding for PUCCH repetitions with non-back-to-back transmissions
	Support DM-RS bundling for PUCCH repetitions with non-back-to-back transmissions
	[30-4], [4-23]
	Yes
	N/A
	UE does not support DMRS bunding for PUCCH repetitions with non-back-to-back transmissions
	Per FS
	 N/A
	 N/A
	N/A
	
	Optional with capability signalling

	30. NR_cov_enh
	30-4e
	[Inter-slot frequency hopping with inter-slot DMRS bundling for PUSCH]
	Support inter-slot frequency hopping with inter-slot bundling for PUSCH
	[30-4a] or [30-4b] or [30-4c]
	Yes
	N/A
	UE does not support inter-slot frequency hopping with inter-slot bundling for PUSCH
	[Per UE] Per FS
	FFS N/A
	No N/A
	N/A
	
	[Optional with capability signalling]

	30. NR_cov_enh
	30-4f
	[Enhanced inter-slot frequency hopping for PUCCH repetitions with DMRS bundling]

Unclear why this says “enhanced” but not 30-4e.
	Enhanced inter-slot frequency hopping for PUCCH repetitions with DMRS bundling
	[30-4d]
	Yes
	N/A
	UE does not support Enhanced inter-slot frequency hopping for PUCCH repetitions with DMRS bundling
	[Per UE] Per FS
	FFS N/A
	No N/A
	N/A
	
	[Optional with capability signalling]

	30. NR_cov_enh
	30-4g
	[Restart DM-RS bundling after the events that violate power consistency and phase continuity within a configured TDW]


	Support restarting DM-RS bundling after the events that violate power consistency and phase continuity
	[30-4]
	Yes
	N/A
	UE does not support restarting DM-RS bundling after the events that violate power consistency and phase continuity within a configured TDW
	[Per UE] Per FS
	FFS N/A
	No N/A
	N/A
	
	[Optional with capability signalling]

	30. NR_cov_enh
	30-5
	Dynamic PUCCH repetition indication
	Support dynamic PUCCH repetition indication
	[4-23]
	Yes
	N/A
	UE does not support Dynamic PUCCH repetition indication
	[Per UE] Per band
	FFS N/A
	No N/A
	N/A
	
	[Optional with capability signalling]

	30. NR_cov_enh
	30-6
	Msg3 repetition

[This feature group seems unnecessary since UE capability of msg3 repetition is implicitly indicated by UE RACH transmission. Indication of msg3 repetition is not necessary after initial access.]
	Support of Msg3 repetition for Msg3 initial transmission and re-transmission in RRC connected mode. 
	
	 Yes

No, gNB doesn’t not need to know this via UE capability reporting.
	N/A
	UE does not support Msg3 repetition for Msg3 initial transmission and re-transmission in RRC connected mode.
	[Per UE] Per band
	No N/A
	No N/A
	N/A 
	
	[Optional with capability signalling]

Optional without capability signalling
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Appendix A: UE Features for NR Coverage Enhancement (as in R1-2108679)

	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

	 30. NR_cov_enh
	30-1
	Increased maximum number of PUSCH Type A repetitions
	K = 1, 2, 3, 4, 7, 8, 12, 16, 20, 24, 28, 32 times repetitions.
The number of repetitions is jointly coded with SLIV in TDRA list. A row index of the TDRA list is indicated by a DCI.
	[5-17]
	Yes
	N/A
	UE does not support more than 16 repetitions.
	[Per UE]
	No
	No
	N/A
	
	[Optional with capability signalling]

	 30. NR_cov_enh
	30-1a
	Increased maximum number of Type 2 configurecd grant PUSCH Type A repetitions
	K = 1, 2, 3, 4, 7, 8, 12, 16, 20, 24, 28, 32 times repetitions.
The number of repetitions is jointly coded with SLIV in TDRA list. A row index of the TDRA list is indicated by a Type 1 configured grant configuration.
	[5-16], [30-1]
	Yes
	N/A
	UE does not support more than 16 repetitions for Type 2configurecd grant PUSCH.
	[Per UE]
	No
	No
	N/A
	
	[Optional with capability signalling]

	 30. NR_cov_enh
	30-2
	PUSCH Type A repetitions based on available slots
	Transmission occasions for K repetitions are determined on the basis of available slots. RV is cycled across transmission occasions.
	[5-17]
	Yes
	N/A
	UE does not support PUSCH repetitions counted on the basis of available slots.
	[Per UE]
	FFS
	No
	N/A
	
	[Optional with capability signalling]

	30. NR_cov_enh
	30-2a
	Configurecd grant PUSCH Type A repetitions based on available slots
	Transmission occasions for K repetitions for configured grant PUSCH are determined on the basis of available slots. RV is cycled across transmission occasions.
	[5-14 or 5-16], [30-2]
	Yes
	N/A
	UE does not support configured grant PUSCH repetitions counted on the basis of available slots.
	[Per UE]
	FFS
	No
	N/A
	
	[Optional with capability signalling]

	30. NR_cov_enh
	30-3
	TB processing over multi-slot PUSCH
	Support of TB processing over multi-slot PUSCH in RRC connected mode.
	[11-6]
	Yes
	N/A
	UE does not support TB processing over multi-slot PUSCH.
	[Per UE]
	FFS
	No
	N/A
	
	[Optional with capability signalling]

	30. NR_cov_enh
	30-4
	[The maximum duration for DM-RS bundling]
	The maximum duration during which UE is able to maintain power consisitency and phase continuity to support DM-RS bundling for PUSCH/PUCCH
	
	Yes
	N/A
	UE does not support DM-RS bundling for PUSCH/PUCCH
	[Per UE]
	FFS
	No
	N/A
	
	[Optional with capability signalling]

	 30. NR_cov_enh
	30-4a
	[DM-RS bundling for PUSCH repetition type A]
	Support DM-RS bundling for PUSCH repetition type A
	[30-4], [30-1] or [30-2]
	Yes
	N/A
	UE does not Support DM-RS bundling for PUSCH repetition type A
	[Per UE]
	FFS
	No
	N/A
	
	[Optional with capability signalling]

	 30. NR_cov_enh
	30-4b
	[DM-RS bundling for PUSCH repetition type B]
	Support DM-RS bundling for PUSCH repetition type B
	[30-4], [11-5] [30-1]
	Yes
	N/A
	UE does not Support DM-RS bundling for PUSCH repetition type B
	[Per UE]
	FFS
	No
	N/A
	
	[Optional with capability signalling]

	 30. NR_cov_enh
	30-4c
	[DM-RS bundling for TB processing over multi-slot PUSCH]
	Support DM-RS bundling for TB processing over multi-slot PUSCH
	[30-4], [30-3]
	Yes
	N/A
	UE does not Support DM-RS bundling for TB processing over multi-slot PUSCH
	[Per UE]
	FFS
	No
	N/A
	
	[Optional with capability signalling]

	30. NR_cov_enh
	30-4d
	[DMRS bunding for PUCCH repetitions]
	Support DM-RS bundling for PUCCH repetitions
	[30-4], [4-23]
	Yes
	N/A
	UE does not support DMRS bunding for PUCCH repetitions
	[Per UE]
	FFS
	No
	N/A
	
	[Optional with capability signalling]

	30. NR_cov_enh
	30-4e
	[Inter-slot frequency hopping with inter-slot bundling for PUSCH]
	Support inter-slot frequency hopping with inter-slot bundling for PUSCH
	[30-4a] or [30-4b] or [30-4c]
	Yes
	N/A
	UE does not support inter-slot frequency hopping with inter-slot bundling for PUSCH
	[Per UE]
	FFS
	No
	N/A
	
	[Optional with capability signalling]

	30. NR_cov_enh
	30-4f
	[Enhanced inter-slot frequency hopping for PUCCH repetitions with DMRS bundling]
	Enhanced inter-slot frequency hopping for PUCCH repetitions with DMRS bundling
	[30-4d]
	Yes
	N/A
	UE does not support Enhanced inter-slot frequency hopping for PUCCH repetitions with DMRS bundling
	[Per UE]
	FFS
	No
	N/A
	
	[Optional with capability signalling]

	30. NR_cov_enh
	30-4g
	[Restart DM-RS bundling after the events that violate power consistency and phase continuity]
	Support restarting DM-RS bundling after the events that violate power consistency and phase continuity
	[30-4]
	Yes
	N/A
	UE does not support restarting DM-RS bundling after the events that violate power consistency and phase continuity
	[Per UE]
	FFS
	No
	N/A
	
	[Optional with capability signalling]

	30. NR_cov_enh
	30-5
	Dynamic PUCCH repetition indication
	Support dynamic PUCCH repetition indication
	[4-23]
	Yes
	N/A
	UE does not support Dynamic PUCCH repetition indication
	[Per UE]
	FFS
	No
	N/A
	
	[Optional with capability signalling]

	30. NR_cov_enh
	30-6
	Msg3 repetition
	Support of Msg3 repetition for Msg3 initial transmission and re-transmission in RRC connected mode. 
	
	Yes
	N/A
	UE does not support Msg3 repetition for Msg3 initial transmission and re-transmission in RRC connected mode.
	[Per UE]
	No
	No
	N/A 
	
	[Optional with capability signalling]




