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[bookmark: _Ref506539118]Introduction
At the RAN1#110 meeting, the following agreements were made regarding UE features for NR coverage enhancement [1].
[bookmark: _Hlk112275571]Agreement:
· Apply following proposals in R1-2207702.
· 2-2-1
· 2-3-8
· 2-3-10
· 2-3-13
· 2-3-14
· 2-3-16
· 2-3-21
· 2-5-1
· 2-1-1
· 2-1-2
· 2-1-3
· 2-2-2
· 2-2-3
· 2-2-4 with adding “without repetition”
Agreement:
· Apply following proposals in R1-2207937.
· 2-3-1 with removing “, as defined in TS 38.101-1 & 38.101-2”
· 2-3-9
· 2-3-11
· 2-3-12
· 2-3-15
Agreement:
· Apply following proposals in R1-2208115.
· 2-3-17 with option 1
· 2-4-1 with “4-23 or 25-2”
In the contribution, we discuss UE features for NR coverage enhancement. The updated UE features for NR coverage enhancement after RAN1#109-e meeting was captured in [2] and are listed in the Appendix. 

Discussion on UE features for NR coverage enhancement
UE features for DMRS bundling for PUSCH and PUCCH
At the RAN1#107b-e meeting, the following agreement was made for DMRS bundling restart during a nominal TDW [3]. 

	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.



According to the agreement, it is evident that subject to UE capability, UE restarts DMRS bundling within a nominal TDW only for the dynamic events that violate power consistency and phase continuity. For semi-static events that not triggered by DCI or MAC-CE, UE is mandatory to restart the DMRS bundling within a normal TDW. Hence, the description on FG30-4g needs to be updated. 
Further, for DMRS bundling, UE is required to maintain power consistency and phase continuity during an actual TDW. In order to meet the requirement, UE may need to consider or implement different RF components for different bands or in FR1 and FR2, especially when considering that residual absolute frequency offset may have different characteristics in low band and mmWave band. 
Based on reply LS [4], RAN4 has not concluded on whether the UE capability signalling to support each of these configurations should be defined per-band, or per-band per band combination. For DMRS bundling, UE is required to maintain power consistency and phase continuity during an actual TDW. In order to meet the requirement, UE may need to consider or implement different RF components for different bands or in FR1 and FR2, especially when considering that residual absolute frequency offset may have different characteristics in low band and mmWave band. Hence, it may be more appropriate to define UE feature groups for DMRS bundling per band.
Based on the discussions above, Table 1 illustrates suggested updates for UE feature groups for DMRS bundling. 
[bookmark: _Ref94282039]Table 1. UE feature groups for DMRS bundling
	Index
	Feature group
	Components
	Consequence if the feature is not supported by the UE

	30-4g
	[Restart DM-RS bundling after the events triggered by DCI or MAC-CE 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]

	[UE does not support restarting DM-RS bundling after the events triggered by DCI or MAC-CE that violate power consistency and phase continuity]


Proposal 1
· For UE feature groups of DMRS bundling for PUSCH and PUCCH
· UE features for DMRS bundling are defined per band.
· Consider Table 1 for UE feature groups of DMRS bundling.

[bookmark: _Ref52481833]Conclusions
In this contribution, we discussed UE features for NR coverage enhancement. Further, we summarize the proposals as follows:
Proposal 1
· For UE feature groups of DMRS bundling for PUSCH and PUCCH
· UE features for DMRS bundling are defined per band.
· Consider Table 1 for UE feature groups of DMRS bundling.
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7/7
	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
	Maximum value of K (the number of repetitions) = 32
For DG PUSCH, the number of repetitions is indicated in a TDRA list. A row index of the TDRA list is indicated by a DCI.
For Type 1 CG PUSCH, the number of repetitions is indicated by repK-r17
For Type 2 CG PUSCH, the number of repetitions is indicated in a TDRA list or by repK-r17.
	One of {5-14, 5-16, 11-6}
	Yes
	N/A
	UE does not support more than 16 repetitions PUSCH.
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	 30. NR_cov_enh
	30-2
	PUSCH Type A repetitions based on available slots
	Transmission occasions for repetitions for dynamic and configured grant PUSCH are determined on the basis of available slots.
	One of {5-14, 5-16, 5-17}
	Yes
	N/A
	UE does not support dynamic or configured grant PUSCH repetitions counted on the basis of available slots.
	Per band
	N/A
	N/A
	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 Type 2 CG without repetition in RRC connected mode.

	
	Yes
	N/A
	UE does not support TB processing over multi-slot PUSCH.
	Per band
	N/A
	N/A
	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.

	30-3
	Yes
	N/A
	UE does not support repetition of TB processing over multi-slot PUSCH
	Per band
	N/A
	N/A
	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 consistency 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 band
	N/A
	N/A
	N/A
	Candidate values for the maximum duration for FDD are {4, 8, 16, 32}
Candidate values for the maximum duration for TDD are {2, 4, 8, 16}

NOTE: DM-RS bundling is only applicable for UL transmissions with pi/2 BPSK, BPSK, and QPSK modulation orders for the corresponding physical channels.
	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 over consecutive symbols
	30-4 and one of {5-14, 5-16, 5-17}
	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 over consecutive symbols

	30-4, 11-5
	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 over consecutive symbols
 
	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]
	Note: If a UE reports support of FG 30-3a and 30-4c, the UE supports DMRS bundling for the repetitions of TBoMS
	Optional with capability signalling

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

	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
	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]
	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
	30-4h
	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
	Yes
	N/A
	UE does not Support DM-RS bundling for non-back-to-back transmission
	[Per UE]
	FFS
	[No]
	[N/A]
	
	Optional with capability signalling

	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

	4-23 or 25-2
	Yes
	N/A
	UE does not support Dynamic PUCCH repetition indication
	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 band
	N/A
	N/A
	N/A
	
	Optional with capability signalling



