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In this contribution, our analysis on UE features for NR coverage enhancement is provided. The discussion is based on  the preliminary RAN1 UE features list for Rel-17 NR in [1].
Discussion 
Enhanced PUSCH Type A repetitions
Increased maximum number of PUSCH Type A repetitions
In [1], two separate UE feature groups (FG 30-1 and 30-1a) are introduced for dynamic grant (DG) and configured grant (CG) PUSCH respectively. In our view, there is no need two separate UE FGs as there is no complexity difference to support increased maximum number of repetitions between DG and CG PUSCH. This is similar as Rel-16 URLLC FG 11-5, where only one FG is introduced for dynamic PUSCH repetition indication for both DG and CG PUSCH. 
Based on above, we propose to merge FG 30-1 and FG 30-1a. In such case, the prerequisite FG should be updated correspondingly. Regarding the reporting type, we think per UE reporting is sufficient. 
Proposal 1: Merge FG 30-1 and FG 30-1a with the following revisions. 
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	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)

	 30. NR_cov_enh
	30-1
	Increased maximum number of PUSCH Type A repetitions
	Support the number of repetitions K = 1, 2, 3, 4, 7, 8, 12, 16, 20, 24, 28, 32 for PUSCH Type A repetitions times repetitions.
The number of repetitions is jointly coded with SLIV in TDRA list, by adding an additional column for the number of repetitions in the TDRA table. A row index of the TDRA list is indicated by a DCI or a Type 1 configured grant configuration.
	[5-17]
One of {5-14, 5-16, 5-17}
	[Per UE]

	 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]
	[Per UE]



Counting based on available slots
Similar as Proposal 1, we propose to merge FG 30-2 and FG 30-2a. The prerequisite FG is not needed as legacy FG is based on counting by physical slots. Regarding the reporting type, we think per UE reporting is sufficient. As for the ‘Need of FDD/TDD differentiation’, it depends on further discussion in AI 8.8.1.1.
Proposal 2: Merge FG 30-2 and FG 30-2a with the following revisions. 

	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	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

	 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 including both dynamic grant and configured grant PUSCH repetition type A. RV is cycled across transmission occasions.
	[5-17]
	[Per UE]
	FFS

	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]
	[Per UE]
	FFS



TBoMS
For UE FG 30-3 for TBoMS, we basically agree with that one FG is sufficient based on the agreements so far. More components could be added once all related functionalities are clear.
However, we don’t think the prerequisite FG is needed as FG 11-6 is for single TB operation and TBoMS only borrows part of the features from FG 11-6, i.e., the time domain location, while not others e.g., RV design. Regarding the reporting type, we think per UE reporting is sufficient. As for the ‘Need of FDD/TDD differentiation’, it depends on further discussion in AI 8.8.1.2.
As a result, we have the following proposal. 
Proposal 3: For FG 30-3 for TBoMS, no prerequisite FG is needed and per UE reporting is sufficient.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	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

	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]
	[Per UE]
	FFS



DM-RS bundling among PUSCH/PUCCH transmissions
Regarding DMRS bundling among PUSCH/PUCCH transmissions, the current FG list is a good starting point. However, we may not be able to further refine these FGs before more input from RAN4, or we can also decide some of the UE FGs could be left for RAN4, i.e., regarding as RAN4 FGs. For instance, RAN4 is still discussing whether the UE should report a maximum duration and the potential factors may have impact on the duration. 
Proposal 4: RAN1 further revisits the FGs related to DM-RS bundling among PUSCH/PUCCH transmissions based on further input from RAN4 or leave some of UE FGs as RAN4 FGs. 
If a maximum duration can be reported by UE, it would imply the UE supports DM-RS bundling at least for one of PUSCH repetition type A, repetition type B and TBoMS once the UE reports a value for maximum duration. Therefore, at least one of FG 30-4a, 30-4b and 30-4c should be merged into FG 30-4 if it is agreed by RAN4. In addition, RAN4 has agreed the maximum duration should be the same for different cases for both PUSCH and PUCCH. Therefore, we don’t think a separate FG 30-4d for DMRS bundling for PUCCH is needed. 
Proposal 5: If RAN 4 would agree a maximum duration can be reported by UE (i.e. confirming FG 30-4), at least one of FG 30-4a, 30-4b and 30-4c should be merged into FG 30-4, and a separate FG 30-4d for DMRS bundling for PUCCH is not needed. 
Dynamic PUCCH repetitions
For dynamic PUCCH repetition indication, we agree that one single FG is sufficient. We also confirm that the prerequisite FG 4-23 is needed and per UE reporting is sufficient. As for the ‘Need of FDD/TDD differentiation’, we don’t identify any differentiation is needed. 
Proposal 6: Adopt the following revisions for FG 30-5 for dynamic PUCCH repetition indication. 
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	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

	30. NR_cov_enh
	30-5
	Dynamic PUCCH repetition indication
	Support dynamic PUCCH repetition indication
	[4-23]
	[Per UE]
	FFS No



Msg3 repetition
As whether to introduce FG 30-6, it has been discussed once in AI 8.8.3. Below our view on the necessity of this FG is provided. 
· If a UE requests Msg3 repetition, it implicitly means the UE reports its capability. However, gNB would not know how many of UEs in the cell is capable of Msg3 repetition. Because, only those Msg3 capable UEs in poor coverage will make a request. Allowing UE to report its capability of Msg3 repetition after initial access could let gNB know this information (i.e., how many of UEs in the cell is capable of Msg3 repetition), then gNB can know the maximum number of separate PRACH resources needed. In addition, NW generally has the knowledge of channel variation of a UE (e.g., moving) by various means (e.g., mobility management). Therefore, knowing the number of UEs needed Msg3 repetition (by request) and the total number of UEs supporting Msg3 repetition (by capability reporting after initial access) would certainly help NW find a more appropriate PRACH configuration based on it’s monitoring. In this sense, reporting the capability after initial access is beneficial in general including CBRA case. 
· For CFRA case, it allows gNB can configure less separate PRACH resources for CE UEs. Because, in CFRA case, even if UE uses legacy PRACH resource for transmission, gNB can still schedule Msg3 with or without repetition based on gNB's measurement, since gNB would know whether the UE has the capability or not, thanks to the capability reporting after initial access. 
· Theoretically, if a UE requests Msg3 repetition and the RACH procedure is successfully completed, NW can know UE’s capability of supporting Msg3 repetition. While, the RACH procedure with Msg3 repetition may also fail, and if UE accesses to the NW without requesting Msg3 repetition later, capability reporting after initial access is also needed in such case. 
[bookmark: _GoBack]Regarding the reporting type, we think per UE reporting is sufficient. In addition, it may or may not need to differentiate FDD or TDD based on further discussion of HD FDD UEs regarding how to handle SSB and Msg3 PUSCH transmission in RedCap WI. At this moment, we prefer to leave this open. 
Proposal 7: Adopt the following revisions for FG 30-6 for Msg3 PUSCH repetition. 
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	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

	30. NR_cov_enh
	30-6
	Msg3 repetition
	Support of Msg3 repetition for Msg3 initial transmission and re-transmission in RRC connected mode. 
	
	[Per UE]
	No FFS



Conclusion
Proposal 1: Merge FG 30-1 and FG 30-1a with the following revisions. 
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	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)

	 30. NR_cov_enh
	30-1
	Increased maximum number of PUSCH Type A repetitions
	Support the number of repetitions K = 1, 2, 3, 4, 7, 8, 12, 16, 20, 24, 28, 32 for PUSCH Type A repetitions times repetitions.
The number of repetitions is jointly coded with SLIV in TDRA list, by adding an additional column for the number of repetitions in the TDRA table. A row index of the TDRA list is indicated by a DCI or a Type 1 configured grant configuration.
	[5-17]
One of {5-14, 5-16, 5-17}
	[Per UE]

	 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]
	[Per UE]



Proposal 2: Merge FG 30-2 and FG 30-2a with the following revisions. 

	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	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

	 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 including both dynamic grant and configured grant PUSCH repetition type A. RV is cycled across transmission occasions.
	[5-17]
	[Per UE]
	FFS

	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]
	[Per UE]
	FFS



Proposal 3: For FG 30-3 for TBoMS, no prerequisite FG is needed and per UE reporting is sufficient.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	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

	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]
	[Per UE]
	FFS



Proposal 4: RAN1 further revisits the FGs related to DM-RS bundling among PUSCH/PUCCH transmissions based on further input from RAN4 or leave some of UE FGs as RAN4 FGs. 
Proposal 5: If RAN 4 would agree a maximum duration can be reported by UE (i.e. confirming FG 30-4), at least one of FG 30-4a, 30-4b and 30-4c should be merged into FG 30-4, and a separate FG 30-4d for DMRS bundling for PUCCH is not needed. 
Proposal 6: Adopt the following revisions for FG 30-5 for dynamic PUCCH repetition indication. 
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	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

	30. NR_cov_enh
	30-5
	Dynamic PUCCH repetition indication
	Support dynamic PUCCH repetition indication
	[4-23]
	[Per UE]
	FFS No



Proposal 7: Adopt the following revisions for FG 30-6 for Msg3 PUSCH repetition. 
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	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

	30. NR_cov_enh
	30-6
	Msg3 repetition
	Support of Msg3 repetition for Msg3 initial transmission and re-transmission in RRC connected mode. 
	
	[Per UE]
	No FFS



Reference
R1-2108679, Preliminary RAN1 UE features list for Rel-17 NR, Moderators (AT&T, NTT DOCOMO, INC.)
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Appendix 
	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]



