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1      Introduction
In RAN1#107b-e, the updated RAN1 UE features list was endorsed in [1]. In this contribution, we discuss UE features for Rel-17 NR coverage enhancements.
2      Discussion
2.1     UE features for PUSCH repetition type A enhancements

It was discussed whether a single FG or separate FGs should be defined for DG-PUSCH and CG-PUSCH. We don’t see much difference for DG-PUSCH and CG-PUSCH to support more than 16 repetitions as well as counting based on available slots. Therefore, FGs 30-1 and 30-1a should be merged into a single FG including DG-PUSCH, type 1 CG-PUSCH and type 2 CG-PUSCH. Likewise, FGs 30-2 and 30-2a should be merged into a single FG including DG-PUSCH, type 1 CG-PUSCH and type 2 CG-PUSCH. In RAN1#107b-e, a compromised way was proposed, i.e., one FG for both DG-PUSCH and CG-PUSCH with per band granularity. However, we don’t see the necessity for per band granularity. For merged FG 30-1, it seems not necessary to differentiate FDD/TDD. As for unpaired spectrum, available slot are determined based on tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and ssb-PositionsInBurst, while for paired spectrum and SUL except HD-FDD, all slots are considered as available slots and for HD-FDD, and available slot are determined based on ssb-PositionsInBurst, FDD/TDD differentiation for merged FG 30-2 needs further study.
Proposal 1: FGs for PUSCH repetition type A enhancements.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	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

	 30. NR_cov_enh
	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 or a configured grant configuration.
	[5-14] or [5-16], or [5-17]
	UE does not support more than 16 repetitions for dynamic grant PUSCH repetition type A.
	[Per UE]
	No
	No
	N/A

	 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 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]
	UE does not support more than 16 repetitions for Type 2configurecd grant PUSCH.
	[Per UE]
	No
	No
	N/A

	 30. NR_cov_enh
	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.
	[5-14] or [5-16], or [5-17]
	UE does not support dynamic grant PUSCH repetitions counted on the basis of available slots.
	[Per UE]
	FFS
	No
	N/A

	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. 

FFS whether to merge with FG 30-2
	[5-14 or 5-16], [30-2]
	UE does not support configured grant PUSCH repetitions counted on the basis of available slots.
	[Per UE]
	FFS
	No
	N/A


2.2     UE features for TB processing over multi-slots

Similar with PUSCH repetition type A, we don’t see much difference for DG-PUSCH and CG-PUSCH to support TBoMS, so separate FGs for DG-PUSCH and CG-PUSCH are not needed. Regarding the granularity, we think per UE is sufficient. It seems not necessary to differentiate FDD/TDD.
Proposal 2: FGs for TB processing over multi-slots.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	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

	30. NR_cov_enh
	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]
	UE does not support TB processing over multi-slot PUSCH.
	[Per UE]
	FFS

No
	No
	N/A

	30. NR_cov_enh
	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
	UE does not support repetition of TB processing over multi-slot PUSCH.
	[Per UE]
	FFS

No
	No
	N/A


2.3     UE features for DMRS bundling for PUSCH/PUCCH

Based on the reply LS [2] in RAN4, RAN4 has agreed that UE reports the single value per band from a set of up to 4 values, and RAN4 does not consider the value more than 32 slots for the capability for maximum duration. Values RAN4 being considered are 5, 8, 16 or 32 slots. Regarding whether maximum duration is dependent on modulation order, RAN4 has already agreed that the maximum duration is not dependent on modulation order in [3]. And RAN4 further agreed to only focus on the modulation orders not higher than QPSK. For the dependence on back-to-back or non-back-to-back transmission, RAN4 has agreed the number of slots for maximum duration means the consecutive slots and in case of non-scheduled gap and/or other channel transmission, the duration of the non-scheduled gap and/or other channel should be counted in [3]. Therefore, the maximum duration is not dependent on back-to-back or non-back-to-back transmission.

In RAN1#107b-e, the following agreement was achieved. We suggest the same modification for FG30-4g to make it clear.

Agreement:
Update the description of the RRC parameters PUSCH-Window-Restart and PUCCH-Window-Restart as follows.

· UE bundles PUSCH DM-RS remaining in a nominal time domain window after event(s) triggered by DCI or MAC-CE that violate power consistency and phase continuity requirements

· UE bundles PUCCH DM-RS remaining in a nominal time domain window after event(s) triggered by DCI or MAC-CE that violate power consistency and phase continuity requirements
Note: Events which are triggered by DCI or MAC CE, but regarded as semi-static events, e.g. frequency hopping, UL beam switching for multi-TRP operation, or other if defined, are excluded.
Proposal 3: FGs for DMRS bundling for PUSCH/PUCCH.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	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

	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.
Note: Support modulation order not higher than QPSK.
FFS dependence on modulation order

FFS dependence on back-to-back vs. non-back-to-back repetitions
	
	UE does not support DM-RS bundling for PUSCH/PUCCH
	[Per UE]

Per band
	FFS
	No
	N/A

	 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]
	UE does not Support DM-RS bundling for PUSCH repetition type A
	[Per UE]

Per band
	FFS
	No
	N/A

	 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]
	UE does not Support DM-RS bundling for PUSCH repetition type B
	[Per UE]

Per band
	FFS
	No
	N/A

	 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]
	UE does not Support DM-RS bundling for TB processing over multi-slot PUSCH
	[Per UE]

Per band
	FFS
	No
	N/A

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


	[30-4], [4-23]
	UE does not support DMRS bundling for PUCCH repetitions
	[Per UE]

Per band
	FFS
	No
	N/A

	30. NR_cov_enh
	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]
	UE does not support enhanced inter-slot frequency hopping with inter-slot bundling for PUSCH
	[Per UE]

Per band
	FFS
	No
	N/A

	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]
	UE does not support Enhanced inter-slot frequency hopping for PUCCH repetitions with DMRS bundling
	[Per UE]

Per band
	FFS
	No
	N/A

	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 triggered by DCI or MAC-CE that violate power consistency and phase continuity.
Note: Events which are triggered by DCI or MAC CE, but regarded as semi-static events, e.g. frequency hopping, UL beam switching for multi-TRP operation, or other if defined, are excluded.
	[30-4]
	UE does not support restarting DM-RS bundling after the events that violate power consistency and phase continuity
	[Per UE]

Per band
	FFS
	No
	N/A

	30. NR_cov_enh
	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
	UE does not Support DM-RS bundling for non-back-to-back transmission
	[Per UE]

Per band
	FFS
	No
	N/A


2.4     UE features for dynamic PUCCH repetition indication
For dynamic PUCCH repetition indication, we think the granularity of per UE is sufficient. We don’t think there is a need to differentiate for FDD/TDD and FR1/FR2. We prefer a single FG, and don’t support to split FG 30-5 into 2 FGs for different formats. Moreover, we think the description “Support slot based dynamic PUCCH repetition indication for PUCCH formats 0/1/2/3/4” already implicitly indicates that slot based dynamic PUCCH repetition for PUCCH formats 0/1/2/3/4 is supported.
Proposal 4: FGs for dynamic PUCCH repetition indication.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	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

	30. NR_cov_enh
	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
	UE does not support Dynamic PUCCH repetition indication
	[Per UE]
	FFS.
No
	No
	N/A


2.5     UE features for Msg.3 repetition
For Msg.3 repetition, we think the granularity of per UE is sufficient. We are fine with other parts. 
Proposal 5: FGs Msg.3 repetition.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	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

	30. NR_cov_enh
	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 
	
	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 


3      Conclusions
In this contribution, we discussed UE features for Rel-17 NR coverage enhancements and propose following FGs:
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	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

	 30. NR_cov_enh
	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 or a configured grant configuration.
	[5-14] or [5-16], or [5-17]
	UE does not support more than 16 repetitions for dynamic grant PUSCH repetition type A.
	[Per UE]
	No
	No
	N/A

	 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 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]
	UE does not support more than 16 repetitions for Type 2configurecd grant PUSCH.
	[Per UE]
	No
	No
	N/A

	 30. NR_cov_enh
	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.
	[5-14] or [5-16], or [5-17]
	UE does not support dynamic grant PUSCH repetitions counted on the basis of available slots.
	[Per UE]
	FFS
	No
	N/A

	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. 

FFS whether to merge with FG 30-2
	[5-14 or 5-16], [30-2]
	UE does not support configured grant PUSCH repetitions counted on the basis of available slots.
	[Per UE]
	FFS
	No
	N/A

	30. NR_cov_enh
	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]
	UE does not support TB processing over multi-slot PUSCH.
	[Per UE]
	FFS

No
	No
	N/A

	30. NR_cov_enh
	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
	UE does not support repetition of TB processing over multi-slot PUSCH.
	[Per UE]
	FFS

No
	No
	N/A

	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.

Note: Support modulation order not higher than QPSK.

FFS dependence on modulation order

FFS dependence on back-to-back vs. non-back-to-back repetitions
	
	UE does not support DM-RS bundling for PUSCH/PUCCH
	[Per UE]

Per band
	FFS
	No
	N/A

	 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]
	UE does not Support DM-RS bundling for PUSCH repetition type A
	[Per UE]

Per band
	FFS
	No
	N/A

	 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]
	UE does not Support DM-RS bundling for PUSCH repetition type B
	[Per UE]

Per band
	FFS
	No
	N/A

	 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]
	UE does not Support DM-RS bundling for TB processing over multi-slot PUSCH
	[Per UE]

Per band
	FFS
	No
	N/A

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


	[30-4], [4-23]
	UE does not support DMRS bundling for PUCCH repetitions
	[Per UE]

Per band
	FFS
	No
	N/A

	30. NR_cov_enh
	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]
	UE does not support enhanced inter-slot frequency hopping with inter-slot bundling for PUSCH
	[Per UE]

Per band
	FFS
	No
	N/A

	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]
	UE does not support Enhanced inter-slot frequency hopping for PUCCH repetitions with DMRS bundling
	[Per UE]

Per band
	FFS
	No
	N/A

	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 triggered by DCI or MAC-CE that violate power consistency and phase continuity.

Note: Events which are triggered by DCI or MAC CE, but regarded as semi-static events, e.g. frequency hopping, UL beam switching for multi-TRP operation, or other if defined, are excluded.
	[30-4]
	UE does not support restarting DM-RS bundling after the events that violate power consistency and phase continuity
	[Per UE]

Per band
	FFS
	No
	N/A

	30. NR_cov_enh
	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
	UE does not Support DM-RS bundling for non-back-to-back transmission
	[Per UE]

Per band
	FFS
	No
	N/A

	30. NR_cov_enh
	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
	UE does not support Dynamic PUCCH repetition indication
	[Per UE]
	FFS.

No
	No
	N/A

	30. NR_cov_enh
	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 
	
	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 


4      References

[1] 3GPP R1-2200780, “Updated RAN1 UE features list for Rel-17 NR after RAN1 #107bis-e”, Moderators (AT&T, NTT DOCOMO, INC.), RAN1#107b-e, January 17th – 25th, 2022.

[2] 3GPP R4-2202368, Reply LS on Maximum duration for DMRS bundling, RAN4, Qualcomm, RAN4#101b-e, January 17th – 25th, 2022.

[3] 3GPP R4-2120003, WF on phase continuity and power consistency for PUCCH and PUSCH transmissions, Huawei, HiSilicon, RAN4#101-e, November 1st – 12th, 2021.
[image: image1.png]



1

