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In RAN1#107bis-e, updated Rel-17 UE feature lists for NR is endorsed in R1-2200780 [1]. There are still some open issues in the UE features of NR coverage enhancement, spreading from FG 30-1 to FG 30-6.



In this contribution, we discuss the remaining issues of UE features for Rel-17 NR coverage enhancement.



Discussion
FGs for PUSCH repetition type A enhancement
	30-1
	Increased maximum number of dynamic 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 indicated in a 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 for dynamic grant PUSCH.
	[Per UE]
	No
	No
	N/A
	

	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 indicated in a TDRA list. A row index of the TDRA list is indicated by a Type 2 configured grant configuration.
FFS whether to merge with FG 30-1
FFS whether to have a separate FG for CG (including both Type 1 and Type 2) with repK-r17
	[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
	

	30-2
	Dynamic grant PUSCH Type A repetitions based on available slots
	Transmission occasions for K repetitions are determined on the basis of available slots.
	[5-17]
	Yes
	N/A
	UE does not support dynamic grant PUSCH repetitions counted on the basis of available slots.
	[Per UE]
	FFS
	No
	N/A
	

	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. 
FFS whether to merge with FG 30-2
	[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
	


The following FL proposal was made but no consensus was reached [1].
	High priority compromised proposal 2-1’/2-2’/3-1’/3-5’:
· Merge FGs 30-1 and 30-1a into an FG for DG, type 1 and 2 CG. Merged FG 30-1 has per band granularity
· Merge FGs 30-2 and 30-2a into an FG for DG, type 1 and 2 CG. Merged FG 30-2 has per band granularity 
· FG 30-3 is not split into 2 separate FGs: 1st one for DG, 2nd one for CG. FG 30-3 has per band granularity
· FG 30-3a is not separated to multiple FGs. FG 30-3a has per band granularity


We are fine to merge FG 30-1 and 30-1a into a FG for as a unified UE capability. It may also be OK to make it ‘per band’ granularity, since for K>1 in non-shared spectrum, the UE capabilities generally have ‘per band’ level in Rel-15/16 [2]. 
Similar merging can be applied to FG 30-2 and FG 30-2a. Concretely, we do not see strong need to differentiate TDD and FDD bands for the merged FG 30-2, since available slot counting can be applied to both TDD and FDD bands.
In addition, in RAN1#107-e, RAN1 make the following agreements for Type 1 CG-PUSCH and Type 2 CG-PUSCH using repK-r17 [3].
	Agreement
  For repK-r17,
  The value range of repK-17 is {1, 2, 4, 8, 12, 16, 24, 32}.
  repK-r17 is included in ConfiguredGrantConfig.
  When repK-r17 is provided, the legacy repK is not provided.


Hence, the repetition number K that configured by repK-r17, is different from that enabled by numberOfRepetitions-r17 in TDRA table for DG-PUSCH or Type 2 CG-PUSCH, as agreed in RAN1#105-e [4].
	Agreement:
In addition to {1, 2, 3, 4, 7, 8, 12, 16} and {32}, the following additional value set for repetition factor is supported in Rel-17.
· {20, 24, 28}


However, the current FG 30-1a only captures the value of K from numberOfRepetitions-r17 for DG-PUSCH and Type 2 CG-PUSCH. We suggest to add the supported value K from repK-r17 for Type 1 CG-PUSCH and Type 2 CG-PUSCH in the new merged FG 30-1. 
Proposal 1: Merge FG 30-1 and FG 30-1a into an FG for DG, Type 1 and Type 2 CG PUSCH with per band granularity. The merged FG 30-1 is updated as follows:
	30-1
	Increased maximum number of dynamic grant, Type 1 configured grant, and Type 2 configured grant PUSCH Type A repetitions
	K = 1, 2, 3, 4, 7, 8, 12, 16, 20, 24, 28, 32 times repetitions, if the number of repetitions is indicated in a TDRA list. A row index of the TDRA list is indicated by a DCI.
K = 1, 2, 4, 8, 12, 16, 24, 32 times repetitions, if the number of repetition is RRC configured by repK-r17.
	5-14, 5-16 or [5-17], 
	Yes
	N/A
	UE does not support more than 16 repetitions for dynamic grant PUSCH, Type 1 configured grant PUSCH nor Type 2 configured grant PUSCH.
	[Per UE]
Per band
	No
	No
	N/A
	

	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 indicated in a TDRA list. A row index of the TDRA list is indicated by a Type 2 configured grant configuration.
FFS whether to merge with FG 30-1
FFS whether to have a separate FG for CG (including both Type 1 and Type 2) with repK-r17
	[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
	


Proposal 2: Merge FG 30-2 and FG 30-2a into an FG for DG, Type 1 and Type 2 CG PUSCH with per band granularity. The merged FG 30-2 is updated as follows:
	30-2
	Dynamic grant and configured grant PUSCH Type A repetitions based on available slots
	Transmission occasions for K repetitions for dynamic grant and configured grant PUSCH are determined on the basis of available slots.
	5-14, 5-16 or [5-17]
	Yes
	N/A
	UE does not support dynamic grant or configured grant PUSCH repetitions counted on the basis of available slots.
	[Per UE] Per band
	FFS No
	No
	N/A
	

	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. 
FFS whether to merge with FG 30-2
	[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
	



FGs for TBoMS
	30-3
	TB processing over multi-slot PUSCH
	Support of TB processing over multi-slot PUSCH for DG and CG in RRC connected mode.
FFS whether to split FG 30-3 into at least 2 separate FGs: 1st one for DG, 2nd one for CG
	[11-6]
	Yes
	N/A
	UE does not support TB processing over multi-slot PUSCH.
	[Per UE]
	FFS
	No
	N/A
	

	30-3a
	Repetition of TB processing over multi-slot PUSCH
	Support repetition of TB processing over multi-slot PUSCH in RRC connected mode.
	TBD
	Yes
	N/A
	
	[Per UE]
	FFS
	No
	N/A
	


Similar to FG 30-1 and FG 30-2, we are fine with not to split them into separate FGs, with a granularity of ‘per band’ level.
Specifically, we do not see strong need to differentiate TDD and FDD bands, as available slot counting can be applied to both TDD and FDD bands. Regarding to the prerequisite of FG 30-3, we do not think there is strong correlation with FG 11-6, so no prerequisite is preferred. For FG 30-3a, the prerequisite can be FG 30-3.
Proposal 3: FG 30-3 and FG 30-3a are updated with ‘per band’ granularity as follows.
	30-3
	TB processing over multi-slot PUSCH
	Support of TB processing over multi-slot PUSCH for DG and CG in RRC connected mode.
FFS whether to split FG 30-3 into at least 2 separate FGs: 1st one for DG, 2nd one for CG
	[11-6]
	Yes
	N/A
	UE does not support TB processing over multi-slot PUSCH.
	[Per UE] Per band
	FFS No
	No
	N/A
	

	30-3a
	Repetition of TB processing over multi-slot PUSCH
	Support repetition of TB processing over multi-slot PUSCH in RRC connected mode.
	TBD 30-3
	Yes
	N/A
	
	[Per UE] Per band
	FFS No
	No
	N/A
	



FGs for joint channel estimation
	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
FFS dependence on modulation order
FFS dependence on back-to-back vs. non-back-to-back repetitions
	
	Yes
	N/A
	UE does not support DM-RS bundling for PUSCH/PUCCH
	[Per UE]
	FFS
	No
	N/A
	

	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
	

	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
	

	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
	FFS whether to Add a note in FG 30-4c: “Note: If a UE reports support of FG [30-4a], 30-4c, [30-3] and/or 30-3a, the UE supports DMRS bundling for the repetitions of TBoMS”

	30-4d
	DMRS bunding for PUCCH repetitions
	Support DM-RS bundling for PUCCH repetitions for PUCCH formats 1/3/4

	[30-4], [4-23]
	Yes
	N/A
	UE does not support DMRS bunding for PUCCH repetitions
	[Per UE]
	FFS
	No
	N/A
	

	30-4e
	Enhanced inter-slot frequency hopping with inter-slot bundling for PUSCH
	Support enhanced 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 enhanced inter-slot frequency hopping with inter-slot bundling for PUSCH
	[Per UE]
	FFS
	No
	N/A
	

	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
	

	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
	

	30-4h
	DM-RS bundling for non-back-to-back transmission
	Support DM-RS bundling for non-back-to-back transmission for consecutive slots for PUSCH and PUCCH only for corresponding supported back-to-back transmission FGs (30-4a, 30-4b, 30-4c, or 30-4d)
	30-4a, 30-4b, 30-4c, or 30-4d
	Yes
	N/A
	UE does not Support DM-RS bundling for non-back-to-back transmission
	[Per UE]
	FFS
	No
	N/A
	


Regarding to the granularity of FGs for JCE (joint channel estimation), it is reasonable to make them as ‘per band’ level, since they are highly related to RF implementation, which should be sensitive to the working band. 
Proposal 4: FGs for JCE (FG 30-4/4a/4b/4c/4d/4f/4g/4h) are updated with ‘per band’ granularity.

FGs for PUCCH enhancement
	30-5
	Slot based dynamic PUCCH repetition indication
	Support slot based dynamic PUCCH repetition indication for PUCCH formats 0/1/2/3/4
support slot based dynamic PUCCH repetition for PUCCH formats 0/1/2/3/4
FFS whether to split FG 30-5 into 2 FGs; one for PUCCH formats 0/2 and the other for PUCCH formats 1/3/4
	4-23 and/or 25-2
	Yes
	N/A
	UE does not support Dynamic PUCCH repetition indication
	[Per UE]
	FFS
	No
	N/A
	


There is an FFS on whether to split FG 30-5 into 2 FGs for different PUCCH formats. Unlike joint channel estimation, the mechanism of dynamic PUCCH repetition does not need to differentiate the PUCCH format. For all PUCCH formats, dynamic indication is enabled by DCI indication and PUCCH-nrofSlots-r17 newly added in the corresponding PUCCH resource configuration. Thus we think there is no need to differentiate PUCCH formats in FG 30-5. 
Concretely, FG 25-2 is about the capability for repetition of PUCCH format 0/2, whose prerequisite is FG 4-23 [1]. Hence, for FG 30-5, its prerequisite should be FG 4-23 or FG 25-2. If only FG 4-23 and FG 30-5 are reported, the UE supports dynamic indication of repetition only for PUCCH format 1/3/4. On the other hand, if FG 25-2 and FG 30-5 are reported, the UE supports dynamic indication of repetition for all PUCCH format 0/1/2/3/4.
Proposal 5: No need to split FG 30-5 into 2 FGs for different PUCCH formats. FG 30-5 is updated as follows:
	30-5
	Slot based dynamic PUCCH repetition indication
	Support slot based dynamic PUCCH repetition indication for PUCCH formats only for corresponding supported PUCCH repetition FGs (4-23 or 25-2) 0/1/2/3/4
support slot based dynamic PUCCH repetition for PUCCH formats 0/1/2/3/4
FFS whether to split FG 30-5 into 2 FGs; one for PUCCH formats 0/2 and the other for PUCCH formats 1/3/4
	4-23 and/or 25-2
	Yes
	N/A
	UE does not support Dynamic PUCCH repetition indication
	[Per UE]
	FFS
	No
	N/A
	



FGs for Msg3 repetition
	30-6
	Repetition of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI
	Support of repetition of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI 
	
	Yes
	N/A
	UE does not support repetition of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI.
	[Per UE]
	No
	No
	N/A 
	
	[Optional with capability signalling]


During RAN1#107-e, introducing the capability for PUSCH scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI was agreed [3]. Thus FG 30-6 should be optional with capability signaling. We are open to make it with ‘per UE’ or ‘per band’ granularity.
Proposal 6: FG 30-6 should be optional with capability signaling.

Conclusion
In this contribution, we discussed remaining issues of UE features for Rel-17 NR coverage enhancement, and provide our proposals in the following.
Proposal 1: Merge FG 30-1 and FG 30-1a into an FG for DG, Type 1 and Type 2 CG PUSCH with per band granularity. The merged FG 30-1 is updated as follows:
	30-1
	Increased maximum number of dynamic grant, Type 1 configured grant, and Type 2 configured grant PUSCH Type A repetitions
	K = 1, 2, 3, 4, 7, 8, 12, 16, 20, 24, 28, 32 times repetitions, if the number of repetitions is indicated in a TDRA list. A row index of the TDRA list is indicated by a DCI.
K = 1, 2, 4, 8, 12, 16, 24, 32 times repetitions, if the number of repetition is RRC configured by repK-r17.
	5-14, 5-16 or [5-17], 
	Yes
	N/A
	UE does not support more than 16 repetitions for dynamic grant PUSCH, Type 1 configured grant PUSCH nor Type 2 configured grant PUSCH.
	[Per UE]
Per band
	No
	No
	N/A
	

	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 indicated in a TDRA list. A row index of the TDRA list is indicated by a Type 2 configured grant configuration.
FFS whether to merge with FG 30-1
FFS whether to have a separate FG for CG (including both Type 1 and Type 2) with repK-r17
	[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
	


Proposal 2: Merge FG 30-2 and FG 30-2a into an FG for DG, Type 1 and Type 2 CG PUSCH with per band granularity. The merged FG 30-2 is updated as follows:
	30-2
	Dynamic grant and configured grant PUSCH Type A repetitions based on available slots
	Transmission occasions for K repetitions for dynamic grant and configured grant PUSCH are determined on the basis of available slots.
	5-14, 5-16 or [5-17]
	Yes
	N/A
	UE does not support dynamic grant or configured grant PUSCH repetitions counted on the basis of available slots.
	[Per UE] Per band
	FFS No
	No
	N/A
	

	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. 
FFS whether to merge with FG 30-2
	[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
	


Proposal 3: FG 30-3 and FG 30-3a are updated with ‘per band’ granularity as follows.
	30-3
	TB processing over multi-slot PUSCH
	Support of TB processing over multi-slot PUSCH for DG and CG in RRC connected mode.
FFS whether to split FG 30-3 into at least 2 separate FGs: 1st one for DG, 2nd one for CG
	[11-6]
	Yes
	N/A
	UE does not support TB processing over multi-slot PUSCH.
	[Per UE] Per band
	FFS No
	No
	N/A
	

	30-3a
	Repetition of TB processing over multi-slot PUSCH
	Support repetition of TB processing over multi-slot PUSCH in RRC connected mode.
	TBD 30-3
	Yes
	N/A
	
	[Per UE] Per band
	FFS No
	No
	N/A
	


Proposal 4: FGs for JCE (FG 30-4/4a/4b/4c/4d/4f/4g/4h) are updated with ‘per band’ granularity.
Proposal 5: No need to split FG 30-5 into 2 FGs for different PUCCH formats. FG 30-5 is updated as follows:
	30-5
	Slot based dynamic PUCCH repetition indication
	Support slot based dynamic PUCCH repetition indication for PUCCH formats only for corresponding supported PUCCH repetition FGs (4-23 or 25-2) 0/1/2/3/4
support slot based dynamic PUCCH repetition for PUCCH formats 0/1/2/3/4
FFS whether to split FG 30-5 into 2 FGs; one for PUCCH formats 0/2 and the other for PUCCH formats 1/3/4
	4-23 and/or 25-2
	Yes
	N/A
	UE does not support Dynamic PUCCH repetition indication
	[Per UE]
	FFS
	No
	N/A
	


Proposal 6: FG 30-6 should be optional with capability signaling.
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