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Background
In [1], the updated list of UE features for Rel-17 has been provided. In this contribution, we discuss UE features for Rel-17 coverage enhancement.
Discussion
1.1. Enhancements on PUSCH repetition type A
FG 30-1 and FG 30-1a
The updated Rel-17 UE feature list captures two FGs for the increased maximum number of PUSCH Type A repetitions, one is FG 30-1 and the other is FG 30-1a. The description on FG 30-1a still has two FFS bullet points. 
	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 jointly coded with SLIV indicated in a TDRA list. A row index of the TDRA list is indicated by a DCI.

	 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 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



Regarding the potential merging of FG 30-1a to FG 30-1, both features can be considered as the extensions of Rel-16 dynamic repetition factor indication, and there is no separation in terms of the feature group between Rel-16 repetitions with DC-PUSCH and Type-2 CG-PUSCH. Therefore, we propose merging FG 30-1a into FG 30-1.
Proposal 1: 
· FG 30-1a is merged into FG 30-1.
As for the repK-r17, it is not an enhancement of Rel-16 feature, and it does not require dynamic change of repetition factor. Therefore, it is preferable to have a separate FG.
Proposal 2: 
· Introduce the following FG 30-1b “Increased maximum number of configured grant PUSCH Type A repetitions”.
	30. NR_cov_enh
	30-1b
	Increased maximum number of configured grant PUSCH Type A repetitions
	K = 1, 2, 4, 8, 12, 16, 24, 32 times repetitions.
The number of repetitions is indicated by repK-r17.
	5-14 or 5-16
	Yes
	N/A
	UE does not support more than 16 repetitions with repK-r17 for Type 1 and Type 2 configured grant PUSCH.
	Per UE
	No
	No
	N/A
	
	Optional with capability signalling



FG 30-2 and FG 30-2a
The updated Rel-17 UE feature list captures two FGs for the available slot counting of PUSCH Type A repetitions, one is FG 30-2 and the other is FG 30-2a. The description on FG 30-2a still has an FFS bullet point saying that “FFS whether to merge with FG 30-2”. 
	 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. RV is cycled across transmission occasions.

	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.
FFS whether to merge with FG 30-2



We do not see much difference between them in terms of complexity, because the definition of the available slots is the same for both DG-PUSCH repetitions and CG-PUSCH repetitions. Therefore, for simplicity, our preference is to merge FG 30-2a into FG 30-2.
Proposal 3: 
· FG 30-2a is merged into FG 30-2.

1.2. TB processing over multi-slot PUSCH
FG 30-3 and FG 30-3a
The updated Rel-17 UE feature list captures two FGs for TBoMS, one is FG 30-3 (i.e.  regular TBoMS) and the other is FG 30-3a (i.e.  repetitions of TBoMS). The description on FG 30-3 still has one FFS bullet point saying “FFS whether to split FG 30-3 into at least 2 separate FGs: 1st one for DG, 2nd one for CG”. FG 30-3a also has an FFS point “FFS whether to merge with FG 30-3”.
	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.
[bookmark: _Hlk90996990]FFS whether to split FG 30-3 into at least 2 separate FGs: 1st one for DG, 2nd one for CG

	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.
[bookmark: _Hlk90997045]FFS whether to merge with FG 30-3



We do not see much difference between DG-TBoMS and CG-TBoMS in terms of complexity, because the only difference is how the UL grant is provided. Therefore, for simplicity, our preference is to not split FG 30-3 into 2 separate FGs.
Proposal 4: 
· Keep FG 30-3 as is, i.e., FG 30-3 covers both DG and CG.
As for whether to merge FG 30-3a into FG 30-3 or not, We do not have a strong preference on it. But, the TBoMS with repetitions is not a simple combination of the TBoMS feature and the PUSCH-repetition feature, because the TBoMS itself borrows the Type A repetition framework. Therefore, we are fine with having FG 30-3a separately from FG 30-3.
Proposal 5: 
· Keep FG 30-3a as is, i.e., FG 30-3a is not merged to FG 30-3.

1.3. Joint channel estimation for PUSCH
FG 30-4
The updated Rel-17 UE feature list captures several sets of FGs for DM-RS bundling which still have FFS points. The first one is the maximum duration for DM-RS bundling.
	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



Regarding the dependency on modulation order and back-to-back vs. non-back-to-back, RAN1 has not yet received the formal response from RAN4. Therefore, it is better to postpone the discussion until RAN1 receives the reply.

FG 30-4a, FG 30-4b, FG 30-4c, and FG 30-4d
The second set of FGs is about whether to support DM-RS bundling. 
	 30. NR_cov_enh
	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. NR_cov_enh
	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. 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
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. NR_cov_enh
	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



For PUSCH repetitions Type A and Type B and TBoMS, we see no functional difference in terms of DM-RS bundling, and as such a single FG is sufficient. In other words, FG 30-4a, FG 30-4b and FG 30-4c should be merged into one FG. On the other hand, it would be better to define a FG for DM-RS bundling for PUCCH separately from the one for PUSCH, because there could be some functional difference. For example, whether the configuration of DM-RS bundling for PUCCH is per-BWP or per-PUCCH resource/format is still under discussion, while the configuration of DM-RS bundling for PUSCH is per-BWP. To be safer, we propose keeping FG 30-4d separate from 30-4a/4b/4c.
Proposal 6: 
· FG 30-4b and FG 30-4c should be merged to FG 30-4a.
· Keep FG 30-4d separately from FG 30-4a.

FG 30-4e and FG 30-4f
The last set of FGs for DM-RS bundling is about inter-slot frequency hopping.
	30. NR_cov_enh
	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. 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
FFS whether to merge with FG 30-4e



As discussed above, it is better to have separate FGs for PUSCH and PUCCH, at least for now. Therefore, we propose keeping FG 30-4e and FG 30-4f separate.
Proposal 7: 
· Keep FG 30-4e and FG 30-4f separate.

1.4. PUCCH enhancements
FG 30-5
The updated Rel-17 UE feature list captures one FG for PUCCH enhancement. The description on FG 30-5 still has one FFS bullet point saying “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”.
	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



In our view, there is no need to make separate FGs for formats 0/2 and formats 1/3/4.
Proposal 8: 
· Keep FG 30-5 as is, i.e., FG 30-5 covers all the PUCCH formats 0/1/2/3/4.

1.5. Type A PUSCH repetitions for Msg3
FG 30-6
The updated Rel-17 UE feature list captures one FG for this sub-agenda. The descriptions on FG 30-6 have been stable, and the only thing we should decide on would be its “Mandatory/Optional” column. Currently, the column is filled with “[Optional with capability signalling]”. 
	30. NR_cov_enh
	30-6
	Msg3 repetitionRepetition of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI
	Support of Msg3 repetition of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI for Msg3 initial transmission and re-transmission in RRC connected mode. 



In our view, the square bracket should be removed, i.e., this feature should be Optional with capability signalling.
Proposal 9: 
· FG 30-6 is Optional with capability signalling.


Conclusion
In this contribution, we have the following proposals:
Proposal 1: 
· FG 30-1a is merged into FG 30-1.
Proposal 2: 
· Introduce the following FG 30-1b “Increased maximum number of configured grant PUSCH Type A repetitions”.
Proposal 3: 
· FG 30-2a is merged into FG 30-2.
Proposal 4: 
· Keep FG 30-3 as is, i.e., FG 30-3 covers both DG and CG.
Proposal 5: 
· Keep FG 30-3a as is, i.e., FG 30-3a is not merged to FG 30-3.
Proposal 6: 
· FG 30-4b and FG 30-4c should be merged to FG 30-4a.
· Keep FG 30-4d separately from FG 30-4a.
Proposal 7: 
· Keep FG 30-4e and FG 30-4f separate.
Proposal 8: 
· Keep FG 30-5 as is, i.e., FG 30-5 covers all the PUCCH formats 0/1/2/3/4.
Proposal 9: 
· FG 30-6 is Optional with capability signalling.
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