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[bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _Ref129681832]Introduction
In this contribution, our views on UE capabilities of NR coverage enhancement are provided.
[bookmark: OLE_LINK203][bookmark: OLE_LINK177]Discussion on NR coverage enhancement UE capabilities
2.1 The structure of UE features about DMRS bundling
Based on the agreements reached in AI 8.8.1.3, whether DMRS bundling for repetition type B and TBoMS are supported, should depend on the respective UE capabilities. The structure of FG 30-4a/4b/4c should be kept.
[bookmark: OLE_LINK1]Proposal 1: The current structure of FG 30-4a/4b/4c should be kept, i.e. separate FGs of DMRS bundling should be kept for each transmission scheme repetition type A, repetition type B and TBoMS.
In general, it is reasonable to set the features for PUCCH and PUSCH, inter-slot bundling for PUCCH and PUSCH separately.
[bookmark: OLE_LINK2]Proposal 2: The current structure of FG 30-4d/4e/4f should be kept.

The capabilities of DMRS bundling for back-to-back case and non-back-to-back case may be different, because the gap between transmissions of non-back-to-back case brings in other uncertainties that may affect power consistency and phase continuity, e.g. a UE has to additionally support the event with other uplink transmission within the gap and its resulting TDW splitting. Thus, it is preferable that back-to-back cases and non-back-to-back cases have separate FGs. Besides, there is no need to split 30-4a/4b/4c to within-slot back-to-back transmissions and across-slot back-to-back transmissions.
Thus, there are two possible modification methods:
· Alt 1: add “This is applicable for back-to-back transmissions” in the Components of FG 30-4a/4b/4c/4d, and introduce only one additional FG for DMRS bundling for non-back-to-back cases.
· Alt 2: split FG 30-4a/4b/4c/4d to features for back-to-back transmissions and non-back-to-back transmissions.
Alt 1 is more preferred between the two alternatives.
[bookmark: OLE_LINK3]Proposal 3: DMRS bundling for back-to-back cases and non-back-to-back cases should have separate FGs, e.g. add “This is applicable for back-to-back transmissions” in the Components of FG 30-4a/4b/4c/4d, and introduce only one additional FG for DMRS bundling for non-back-to-back cases.

For PUSCH repetition type B, there is no evidence that DMRS bundling within-slot back-to-back transmission and across-slot back-to-back transmission have different requirements for UE capabilities. It is unnecessary to split FG 30-4b.
Proposal 4: FG 30-4b should be kept as a single FG.

2.2 The value of maximum duration for DMRS bundling
The values of the maximum duration are related to the phase continuity and power consistency tolerance, which is under discussion in RAN4 now. The tolerance may be related to modulation order. Thus, whether and how to report different value of the maximum duration for DMRS bundling for different modulation orders is up to RAN4. 
For the back-to-back transmissions and non-back-to-back transmissions, although a single value of maximum duration may be sufficient, it is safer to wait for RAN4’s input.
Proposal 5: For FG 30-4, whether and how to report different value of the maximum duration for DMRS bundling for (a) different modulation orders (b) back-to-back and non-back-to-back, is up to RAN4.

2.3 [bookmark: OLE_LINK157]The type of the granularity
First of all, for a given tolerance, the CFOs of different operating frequency are different, which may cause the “compensation leftover for frequency error” be different. And UE’s implementation and RF characteristics on different band to maintain the phase continuity could be different. So it is reasonable to define that the UE features of DMRS bundling is set to per band.
For other features except for FG 30-4/4a/4b/4c/4d/4e/4f/4g, there is no particular reason to apply other granularities. Per UE is sufficient.
Proposal 6: For the type of the granularity, per band for FG 30-4/4a/4b/4c/4d/4e/4f/4g and per UE for other FGs are preferable.

2.4 The need of FDD/TDD differentiation
[bookmark: OLE_LINK176]For the features for PUSCH Type A repetitions based on available slots, i.e. current FG 30-2 and FG 30-2a, according to the agreements that counting based on available slots is supported in unpaired spectrum and SUL in AI 8.8.1.1 in RAN#107-e meeting, FDD/TDD differentiation is not necessary. Similar views are applied to FG 30-6. 
For other features except for FG 30-2, FG 30-2a and FG 30-6, there is no justification or evidence to support the need for FDD/TDD differentiation.
[bookmark: OLE_LINK154][bookmark: OLE_LINK155][bookmark: OLE_LINK158]Proposal 7: For FG 30-1 to FG 30-6, FDD/TDD differentiation is not necessary.

2.5 The need of FR1/FR2 differentiation
For the features for DMRS bundling, i.e. current FG 30-4 and FG 30-4x, UE’s implementation and RF characteristics on different band to maintain the phase continuity could be different. If the type of the granularity is per band, FR1/FR2 differentiation is not necessary
For other features except for FG 30-4 and FG 30-4x, there is no justification or evidence to support the need for FR1/FR2 differentiation. 
Proposal 8: For FG 30-1 to FG 30-6, FR1/FR2 differentiation is not necessary.

2.6 [bookmark: OLE_LINK175]Whether the features are Mandatory or Optional
For Msg3 repetition, capability signaling after the RACH procedure can help the gNB properly configure RACH resources for different purposes. What’s more, in RAN1#107-e, the following Working Assumption is reached:
	Working assumption 
· support repetition for a PUSCH scheduled by RAR UL grant, including both Msg3 PUSCH and CFRA PUSCH.
· Use the same mechanism of Msg3 PUSCH repetition, when applicable, for CFRA PUSCH with repetitions.
· No separate CFRA preamble/RO for repetition of CFRA PUSCH is introduced.
· No additional optimization specific for CFRA PUSCH is considered for CFRA PUSCH with repetition.
· No additional RAN1 specification impact
Note: UE reports Msg3 repetition capability after initial access.
Note: The working assumption can be confirmed only if no additional RAN1 specification impact nor optimization specific for CFRA PUSCH. 



It is necessary for UE to report Msg3 repetition capability after RRC is established during initial access, so that NW is able to configure repetitions for CFRA PUSCH. Thus, FG 30-6 should be optional with capability signaling.
[bookmark: OLE_LINK151][bookmark: OLE_LINK152][bookmark: OLE_LINK145][bookmark: OLE_LINK146][bookmark: OLE_LINK134]Proposal 9: FG 30-6 should be optional with capability signaling.

2.7 The structure of the features about enhanced PUSCH repetition type A and TBoMS
For enhanced PUSCH repetition type A and TBoMS, only one FG for both CG and DG is sufficient, Because there is no difference for UE capability to support that for CG and DG. But we are also open to splitting that into CG and DG, or into type 1 CG, type 2 CG and DG, which enables more flexibility in supporting and reporting UE capabilities. 
Repetition of TBoMS can be kept as a separate FG for flexibility.
Proposal 10: For the features about enhanced PUSCH repetition type A and TBoMS,
· Only one FG for both CG and DG is sufficient.
· Repetition of TBoMS should be kept as a separate FG.

2.8 Prerequisite feature groups
We summary the prerequisite feature groups of R17 FGs as following table.

[bookmark: _GoBack]Table 1 Prerequisites
	Features
	Index
	Feature group
	Prerequisite feature groups

	30. NR_cov_enh
	30-1
	Increased maximum number of dynamic grant PUSCH Type A repetitions
	5-14 or 5-16 or [5-17]

	 30. NR_cov_enh
	30-1a
	Increased maximum number of Type 2 configured grant PUSCH Type A repetitions
	[5-16], [30-1]

	30. NR_cov_enh
	30-2
	Dynamic grant PUSCH Type A repetitions based on available slots
	5-14 or 5-16 or [5-17]

	30. NR_cov_enh
	30-2a
	Configured grant PUSCH Type A repetitions based on available slots
	[5-14 or 5-16], [30-2]

	30. NR_cov_enh
	30-3
	TB processing over multi-slot PUSCH
	[11-6]

	30. NR_cov_enh
	30-3a
	Repetition of TB processing over multi-slot PUSCH
	TBD30-3

	30. NR_cov_enh
	30-4
	[The maximum duration for DM-RS bundling]
	

	 30. NR_cov_enh
	30-4a
	[DM-RS bundling for PUSCH repetition type A]
	[30-4], [30-1] or [30-2] 5-14 or 5-16 or 5-17

	 30. NR_cov_enh
	30-4b
	[DM-RS bundling for PUSCH repetition type B]
	[30-4], [11-5] [30-1] 

	 30. NR_cov_enh
	30-4c
	[DM-RS bundling for TB processing over multi-slot PUSCH]
	[30-4], [30-3]

	30. NR_cov_enh
	30-4d
	[DMRS bunding for PUCCH repetitions]
	[30-4], [4-23]

	30. NR_cov_enh
	30-4e
	Enhanced Inter-slot frequency hopping with inter-slot bundling for PUSCH
	[30-4a] or [30-4b] or [30-4c]

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

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

	30. NR_cov_enh
	30-4h
	DMRS bundling for non-back-to-back transmissions
	30-4a or 
30-4b or 
30-4c or 
30-4d

	30. NR_cov_enh
	30-5
	Slot based dynamic PUCCH repetition indication for PUCCH formats 0/1/2/3/4
	4-23
and/or
25-2

	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
	



Proposal 11: Adopt the changes to prerequisites as shown in the last column of Table 1.
Proposal 12: All proposed changes above are summarized in Appendix. They can be adopted.

Conclusions 
In this contribution, we discussed the various aspects for the NR coverage enhancement UE capabilities for Rel-17. The proposals are listed in the following:
Proposal 1: The current structure of FG 30-4a/4b/4c should be kept, i.e. separate FGs of DMRS bundling should be kept for each transmission scheme repetition type A, repetition type B and TBoMS.
Proposal 2: The current structure of FG 30-4d/4e/4f should be kept.
Proposal 3: DMRS bundling for back-to-back cases and non-back-to-back cases should have separate FGs, e.g. add “This is applicable for back-to-back transmissions” in the Components of FG 30-4a/4b/4c/4d, and introduce only one additional FG for DMRS bundling for non-back-to-back cases.
Proposal 4: FG 30-4b should be kept as a single FG.
Proposal 5: For FG 30-4, whether and how to report different value of the maximum duration for DMRS bundling for (a) different modulation orders (b) back-to-back and non-back-to-back, is up to RAN4.
Proposal 6: For the type of the granularity, per band for FG 30-4/4a/4b/4c/4d/4e/4f/4g and per UE for other FGs are preferable.
Proposal 7: For FG 30-1 to FG 30-6, FDD/TDD differentiation is not necessary.
Proposal 8: For FG 30-1 to FG 30-6, FR1/FR2 differentiation is not necessary.
Proposal 9: FG 30-6 should be optional with capability signaling.
Proposal 10: For the features about enhanced PUSCH repetition type A and TBoMS,
· Only one FG for both CG and DG is sufficient.
· Repetition of TBoMS should be kept as a separate FG.
Proposal 11: Adopt the changes to prerequisites as shown in the last column of Table 1.
Proposal 12: All proposed changes above are summarized in Appendix. They can be adopted.
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Appendix


	[bookmark: _Hlk83201015]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)”.
	[bookmark: OLE_LINK63]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 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 Type 2 configured grant configuration, or indicated by a Type 1 configured grant configuration.

	5-14 or 5-16 or [5-17]
	Yes
	N/A
	UE does not support more than 16 repetitions for dynamic grant PUSCH.
	[Per UE]
	No
	No
	N/A
	
	Optional with capability signalling

	 30. NR_cov_enh
	30-1a
	Increased maximum number of Type 2 configured 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.

	[5-16], [30-1]
	Yes
	N/A
	UE does not support more than 16 repetitions for Type 2 configured grant PUSCH.
	[Per UE]
	No
	No
	N/A
	
	Optional with capability signalling

	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]
	Yes
	N/A
	UE does not support dynamic grant PUSCH repetitions counted on the basis of available slots.
	[Per UE]
	FFS No
	No
	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. 

	[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
	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 for DG and CG in RRC connected mode.

	[11-6]
	Yes
	N/A
	UE does not support TB processing over multi-slot PUSCH.
	[Per UE]
	FFS No
	No
	N/A
	
	Optional with capability signalling

	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.
	TBD30-3
	Yes
	N/A
	UE does not support repetition of TB processing over multi-slot PUSCH.
	[Per UE]
	FFS No
	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
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]Per Band
	FFS No
	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. This is applicable for back-to-back transmissions.

	[30-4], [30-1] or [30-2] 5-14 or 5-16 or 5-17
	Yes
	N/A
	UE does not Support DM-RS bundling for PUSCH repetition type A
	[Per UE]Per Band
	FFS No
	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. 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
	[Per UE]Per Band
	FFS No
	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. This is applicable for back-to-back transmissions.

	[30-4], [30-3]
	Yes
	N/A
	UE does not Support DM-RS bundling for TB processing over multi-slot PUSCH
	[Per UE]Per Band
	FFS No
	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. This is applicable for back-to-back transmissions.

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

	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]
	Yes
	N/A
	UE does not support enhanced inter-slot frequency hopping with inter-slot bundling for PUSCH
	[Per UE]Per Band
	FFS No
	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]Per Band
	FFS No
	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]Per Band
	FFS No
	No
	N/A
	
	Optional with capability signalling

	30. NR_cov_enh
	30-4h
	DMRS bundling for non-back-to-back transmissions
	Support for DMRS bundling for non-back-to-back transmissions
	30-4a or 
30-4b or 
30-4c or 
30-4d
	Yes
	N/A
	UE does not support for DMRS bundling for non-back-to-back transmissions across consecutive slots with unscheduled symbols in the gap between transmissions
	Per Band
	No
	Yes
	N/A
	
	Optional with capability signalling

	30. NR_cov_enh
	30-5
	Slot based dynamic PUCCH repetition indication for PUCCH formats 0/1/2/3/4
	Support slot based dynamic PUCCH repetition indication for PUCCH formats 0/1/2/3/4. 
	4-23
and/or
25-2
	Yes
	N/A
	UE does not support Dynamic PUCCH repetition indication for PUCCH formats 0/1/2/3/4
	[Per UE]
	No
	No
	N/A
	
	Optional with capability signalling

	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
	
	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]



