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In RAN1#107-e, updated Rel-17 UE feature lists for NR is endorsed in R1-2112902 [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
1) FG 30-1a
	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 indicated in a TDRA list. A row index of the TDRA list is indicated by a Type 21 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
	
	[Optional with capability signalling]


It is FFS whether to merge FG 30-1a with FG 30-1. FG 30-1 is the feature of increased repetition number of dynamic grant. In Rel-15, the UE features for repetition for DG-PUSCH and Type2 CG-PUSCH are independent with each other. We think the same principle can be followed, so no need to merge FG 30-1a with FG 30-1.
Proposal 1: No need to merge FG 30-1a with FG 30-1.
It is also FFS whether to have a separate FG for CG with repK-r17. It might be considerable, since RAN1 has agreed to support up-to-32 repetitions for Type 1 CG-PUSCH by repK-r17 only. The candidate value set of repK-r17 is agreed to be {1, 2, 4, 8, 12, 16, 24, 32}, which is different from that of numberOfRepetitions-r17. A new UE feature can be defined to capture such capability.
Proposal 2: Prefer to have a separate FG for CG-PUSCH with repK-r17, especially considering that Type 1 CG-PUSCH can only support up-to-32 repetitions by repK-r17.

2) FG 30-2a
	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.
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
	
	[Optional with capability signalling]


It is FFS whether to merge FG 30-2a with FG 30-2. FG 30-2 is about the dynamic grant PUSCH Type A repetitions based on available slots. In our view, there is no benefit to differentiate DG or CG for counting based on available slots. It is preferred to merge FG 30-2a with FG 30-2 for simplicity.
Proposal 3: Prefer to merge FG 30-2a with FG 30-2.

3) FG 30-3
	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
	
	[Optional with capability signalling]


There is an FFS on whether to split FG 30-3 into 2 or more separate FGs, e.g. for DG and CG respectively. In our view, TBS calculation and coding across different slots is a common function/capability for both DG and CG. There is no need to split FG 30-3 into separate FGs.
Proposal 4: No need to split FG 30-3 into separate FGs.

4) FG 30-3a
	30-3a
	Repetition of TB processing over multi-slot PUSCH
	Support repetition of TB processing over multi-slot PUSCH in RRC connected mode.
FFS whether to merge with FG 30-3
	TBD
	Yes
	N/A
	
	[Per UE]
	FFS
	No
	N/A
	
	Optional with capability signalling


There is an FFS on whether to merge FG 30-3a with FG 30-3. We think it is fine to keep FG 30-3a independent with FG 30-3, since there is no strong motivation to mandate the combination of TBoMS and repetition. 
Proposal 5: Prefer to have separate FG 30-3a independent from FG 30-3.
Regarding to the prerequisite FGs for FG 30-3a, we think FG 30-3 should be enough. There seems no strong correlation between repetition of TBoMS and repetition of single slot transmission, and thus no need to include other FG as prerequisite FG.
Proposal 6: The prerequisite feature group(s) for FG 30-3a is FG 30-3.

5) FG 30-4
	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
	
	[Optional with capability signalling]


It is FFS the dependence on modulation order. In RAN4 reply LS [2], it is unclear whether the maximum duration depends on modulation order.
	· RAN1 question: Whether the maximum duration is dependent on the modulation order of transmission, e.g., QPSK, 16QAM, 64QAM? 
· RAN4 answer: Considering the scenario of coverage extension, RAN4 recommends to only focus on modulation orders not higher than QPSK, i.e., focus on QPSK (PUCCH and PUSCH), Pi/2 BPSK (PUCCH and PUSCH), BPSK (PUCCH). RAN4 is still discussing whether maximum duration depends on modulation order for the above modulation schemes.


However, as recommended by RAN4, only low modulation order should be applied in coverage limited case. Therefore, we think it is too complicated to consider maximum duration as a modulation order-specific parameter. A unique maximum duration should be enough, which may be inferred by a typical low modulation order in coverage limited scenario (e.g. QPSK). 
Proposal 7: No need to consider maximum duration as modulation order-dependent capability.
It is also FFS the dependence on back-to-back vs. non-back-to-back repetitions. In the reply LS [2], RAN4 did not think maximum duration is affected by the gap (zero or non-zero). We think there is no need to differentiate these two cases. 
Proposal 8: No need to differentiate back-to-back or non-back-to-back repetitions for maximum duration.

6) FG 30-4a/FG 30-4b/ FG 30-4c/ FG 30-4d
	30-4a
	[DM-RS bundling for PUSCH repetition type A]
	Support DM-RS bundling for PUSCH repetition type A
FFS whether to merge with FGs 30-4b/4c/4d
FFS whether to split to back-to-back transmission and non-back-to-back transmission
	[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]

	30-4b
	[DM-RS bundling for PUSCH repetition type B]
	Support DM-RS bundling for PUSCH repetition type B
FFS whether to merge with FGs 30-4a/4c/4d
FFS whether to split to back-to-back transmission and non-back-to-back transmission
FFS whether to split to within-slot back-to-back transmission and across-slot back-to-back transmission
	[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]

	30-4c
	[DM-RS bundling for TB processing over multi-slot PUSCH]
	Support DM-RS bundling for TB processing over multi-slot PUSCH
FFS whether to merge with FGs 30-4a/4b/4d
FFS whether to split to back-to-back transmission and non-back-to-back transmission
	[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]

	30-4d
	[DMRS bunding for PUCCH repetitions]
	Support DM-RS bundling for PUCCH repetitions
FFS whether to merge with FGs 30-4a/4b/4c
FFS whether to split to back-to-back transmission and non-back-to-back transmission
	[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]


For FG 30-4a/ FG 30-4b/ FG 30-4c/ FG 30-4d, it is FFS whether to merge them together. From capability point of view, when performing DMRS bundling, UE only cares the power consistency and phase continuity of the transmitted signal, but does not care the channel type. Hence, it is preferable to merge them into one feature group for simplicity.
Proposal 9: Prefer to merge FG 30-4a/ FG 30-4b/ FG 30-4c/ FG 30-4d together.
It is also FFS whether to split FG 30-4a/ FG 30-4b/ FG 30-4c/ FG 30-4d into back-to-back and non-back-to-back cases. With similar reason explained in the case of FG 30-4 above, we do not think there is a need to differentiate these two cases.
Proposal 10: No need to differentiate back-to-back or non-back-to-back case for FG 30-4a/ FG 30-4b/ FG 30-4c/ FG 30-4d.

7) FG 30-4e/FG 30-4f
	30-4e
	[Enhanced Iinter-slot frequency hopping with inter-slot bundling for PUSCH]
	Support enhanced inter-slot frequency hopping with inter-slot bundling for PUSCH
FFS whether to merge with FG 30-4f
	[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
	
	[Optional with capability signalling]

	30-4f
	[Enhanced inter-slot frequency hopping for PUCCH repetitions with DMRS bundling]
	Enhanced inter-slot frequency hopping for PUCCH repetitions with DMRS bundling
FFS whether to merge with FG 30-4e
	[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]


It is FFS whether to merge FG 30-4e and FG 30-4f together. We think it is considerable to merge them, since there seems no reason why a UE can support enhanced inter-slot frequency hopping pattern in only one of PUSCH/PUCCH but not in the other one. 
Proposal 11: Prefer to merge FG 30-4e with FG 30-4f.

8) FG 30-5
	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
	
	Optional with capability signalling


[bookmark: _GoBack]There is an FFS on whether to split FG 30-5 into 2 FGs for different PUCCH formats. From view of functionality, the mechanism of dynamic PUCCH repetition does not need to differentiate the PUCCH format. The dynamic indication is enabled by DCI indication and a repetition factor newly added in PUCCH resource configuration, regardless of PUCCH formats. Thus we think there is no need to differentiate PUCCH formats in FG 30-5.
Proposal 12: No need to split FG 30-5 into 2 FGs for different PUCCH formats.

Conclusion
In this contribution, we discussed remaining issues of UE features for Rel-17 NR coverage enhancement with the following proposals.
Proposal 1: No need to merge FG 30-1a with FG 30-1.
Proposal 2: Prefer to have a separate FG for CG-PUSCH with repK-r17, especially considering that Type 1 CG-PUSCH can only support up-to-32 repetitions by repK-r17.
Proposal 3: Prefer to merge FG 30-2a with FG 30-2.
Proposal 4: No need to split FG 30-3 into separate FGs.
Proposal 5: Prefer to have separate FG 30-3a independent from FG 30-3.
Proposal 6: The prerequisite feature group(s) for FG 30-3a is FG 30-3.
Proposal 7: No need to consider maximum duration as modulation order-dependent capability.
Proposal 8: No need to differentiate back-to-back or non-back-to-back repetitions for maximum duration.
Proposal 9: Prefer to merge FG 30-4a/ FG 30-4b/ FG 30-4c/ FG 30-4d together.
Proposal 10: No need to differentiate back-to-back or non-back-to-back case for FG 30-4a/ FG 30-4b/ FG 30-4c/ FG 30-4d.
Proposal 11: Prefer to merge FG 30-4e with FG 30-4f.
Proposal 12: No need to split FG 30-5 into 2 FGs for different PUCCH formats.
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