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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we discuss our views on the UE features for extension to 71GHz according to Updated RAN1 UE features list for Rel-17 NR after RAN1 #107-e[1]. 
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[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK183]Discussion on the feature group table
FG24-1: Basic FR2-2 DL support
· “Type”: In the current table, the column of type is still pending on per band or per UE. Considering the basic FR2-2 DL support is identical for both licensed and unlicensed band operation, it is not necessary to differentiate the capability for individual band in frequency range 2-2. Moreover, the text of “A UE that supports FR2-2 must indicate this FG is supported” in the column of “Mandatory/Optional” also imply the capability report of this FG should be per UE. 
Proposal 1: The capability of FG24-1 should be per UE.

FG24-1a: Basic FR2-2 UL support
· “Prerequisite”: In RAN1#107e, RAN1 agreed to have separate FG for DL and UL because some UE operating in LAA mode in unlicensed band may only receiving downlink traffic and not necessarily to support UL transmission. So FG24-1should be Prerequisite to FG24-1a.
· “Type”: Considering LAA mode only applies to unlicensed band operation, the basic FR2-2 UL support may be different between licensed band and unlicensed band. So, FG24-1a should be per band.
· “Mandatory/Optional”: The sentence of “[A UE that supports FR2-2 must indicate this FG is supported]” in the column of “Mandatory/Optional” should be deleted because there is UE only operating with SDL mode in LAA.
Proposal 2: For FG24-1a, remove bracket on “[FG24-1]” in column “Prerequisite”. The FG should be per band and not necessarily to be supported by all UE support FR2-2.

FG24-1b and FG24-4b: Wideband PRACH
· “Feature group”: In RAN1#107e, there is different interpretation on the objective to support of wideband PRACH in the WID[2] as copied below.  · [bookmark: _Hlk58594915]Specify support for PRACH sequence lengths (i.e. L=139, L=571 and L=1151) and study, if needed, specify support for RO configuration for non-consecutive RACH occasions (RO) in time domain for operation in shared spectrum 

To our understanding, the highlighted text “for operation in shared spectrum” is applied for both PRACH sequence of L=571 and 1151 and non-consecutive RO. In addition, according to RAN1 discussion, the main motivation to introduce longer PRACH sequence is to make full use of UE TX power under the restriction of power spectrum density required by regional unlicensed band regulations. On the other side, concentrating the transmit power in narrower bandwidth by power control mechanism is more efficient than introducing long PRACH sequence in licensed band. So the support of wideband PRACH should only be applied for shared spectrum operation, which is identical in NRU Rel-16. 
·  “Type”: It should be per band and only be applied to band with shared spectrum channel access. 
· “Mandatory/Optional”: In NRU Rel-16, the support of wideband PRACH (FG10-27) is “Optional with capability signaling”. Considering the similar motivation to introducing such FGs, FG24-1b and 24-4b should be optional with capability signaling. As there might be UE do not support uplink at all, the text of “[A UE that supports FR2-2 must indicate this FG is supported]” is not necessary.
Proposal 3: The FG24-1b and 24-4b (wideband PRACH) should be per band and only applied with operation in shared spectrum. It is optional with capability signaling and not necessary to be supported for all UE claiming to support FR2-2.

FG24-1c, 24-4c and 24-5c: Multi-RB support PUCCH format 0/1/4
· “Feature group”: According to the WID, it is clearly stated that such feature is for unlicensed band only as copied below. From technical perspective, the introduction of multi RB is trying to make use of the total TX power under PSD limitation in unlicensed band.· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation. 

·  “Type”: They should be per band and only be applied to band with shared spectrum channel access. 
· “Mandatory/Optional”: In NRU Rel-16, the support of PRB interlace mapping for PUCCH (FG10-3a) is “per band” and “Optional with capability signaling”. Considering the similar motivation to introducing such FG, FG24-1c should also be “per band” and “optional with capability signaling”. As there might be UE do not support uplink at all, the text of “[A UE that supports FR2-2 must indicate this FG is supported]” is not necessary.
Proposal 4: The FG24-1c, 24-4c and 24-5c should be per band and only be applied with shared spectrum channel access. They should be optional with capability signaling and not necessary to be supported for all UE claiming to support FR2-2.

FG24-2：120 kHz SSB support for SA/DC in FR2-2
· “Prerequisite”: Both downlink and uplink are required to fulfill the initial access procedure for SA and DC. The bracket for 24-1 and 24-1a in the column of “prerequisite” should be removed.
· “Mandatory/Optional”: The sentence of “[A UE that supports FR2-2 must indicate this FG is supported]” is not necessary as some LAA UE may not support SA/DC mode in FR2-2.
Proposal 5: Support to have 24-1 and 24-1a as prerequisite for 24-2. Delete “[A UE that supports FR2-2 must indicate this FG is supported]” in the column of “Mandatory/Optional” in FG24-2

FG24-3: 480 kHz SSB support for SA/DC in FR2-2
· “Prerequisite”: According to the WID, A UE supporting a band in 52.6-71 GHz must at least support 120 kHz SCS (for initial access and after initial access). FG24-2 (120 kHz SSB based stand-alone support for SA/DC in FR2-2) should be the prerequisite for FG24-3. Assuming both 24-1 and 24-1a are prerequisite of 24-2 as proposed in proposal 5, the 24-1 is not necessary to be the prerequisite of 24-3 anymore. In order to fulfill whole initial access procedure with 480 kHz SCS, both DL and UL with 480 kHz SCS should be supported. Thus 24-4 and 24-4a should be prerequisite of 24-3.  
Proposal 6: FG24-2, 24-4 and 24-4a should be the prerequisite for FG24-3. FG24-1 is not necessary to be prerequisite as it is already involved in 24-2.

FG24-4: 480 kHz SCS support for DL
· “Component”: According to the agreement in RAN1#107e, the multi slot PDCCH monitoring capability with (X,Y) = (4,1) is mandatory support for 480kHz SCS. So the description for the 2nd component should be updated as “Multiple-slot PDCCH monitoring for 480KHz with (X,Y)=(4,1)”. Considering the reduced monitoring occasion within X slot group, support of multi PDSCH/PUSCH scheduling with single DCI is essential to maintain the peak throughput. We support to remove FFS before the 3rd component.
Proposal 7: Clarify the 2nd component by defining multiple slot PDCCH monitoring with (X,Y)=(4,1). Support to have multi PDSCH scheduling by single DCI as component of FG24-4.

FG24-4f: Enhanced PDCCH monitoring for 480 kHz
· “Component”: In RAN1#107e, there is no consensus to introduce multi slot PDCCH monitoring capability with slot group of X=2 slots. Instead, Y=2 is supported as optional capability for the slot group of X=4 slots. So the component should be updated.
Proposal 8: The component of FG24-4f should be changed to support the optional capability with (X,Y)=(4,2) 

FG24-5: 960 kHz SCS support for DL
· “Component”: According to the agreement in RAN1#107e, the multi slot PDCCH monitoring capability with (X,Y) = (8,1) is mandatory support for 960kHz SCS. So the description for the 2nd component should be updated as “Multiple-slot PDCCH monitoring for 960KHz with (X,Y)=(8,1)”. Considering the reduced monitoring occasion within X slot group, support of multi PDSCH/PUSCH scheduling with single DCI is essential to maintain the peak throughput. We support to remove FFS before the 3rd component.
Proposal 9: Clarify the 2nd component by defining multiple slot PDCCH monitoring with (X,Y)=(8,1). Support to have multi PDSCH scheduling by single DCI as component of FG24-5.

FG24-5a: 960 kHz SCS support for UL
· “Component”: Considering the reduced monitoring occasion within X slot group, support of multi PUSCH scheduling with single DCI is essential to maintain the peak throughput. We support to remove bracket on the 3rd component.
Proposal 10: Support to have multi PUSCH scheduling by single DCI as component of FG24-5a.

FG24-5f: Enhanced PDCCH monitoring for 960 kHz
· “Component”: In RAN1#107e, multi-slot PDCCH monitoring capability with (X,Y)= (8,4), (4,2), (4,1) are supported as optional capabilities. So the components should be updated.
Proposal 11: The component of FG24-5f should be updated to support the optional capability with (X,Y)= (8,4), (4,2), (4,1).

FG24-8 and FG24-9: 32 HARQ processes
In RAN1#107e, whether 32 HARQ processes are supported for 120 kHz has been discussed in the email thread of [107-e-NR-52-71GHz-06]. Based on the feedback, 7 companies supported the proposal 3.6 while 4 companies did not see the necessity. The reason from opposing companies is that the additional 16 HARQ processes is not necessary for 120 kHz SCS because the existing design for FR2-1 works well. In Rel-17, the multi PDSCH/PUSCH scheduling by single DCI is introduced for 120 kHz SCS as well and the timeline for HARQ-ACK feedback is based on the last scheduled PDSCH/PUSCH. The starvation of HARQ processes occurring in 480 kHz and 960 kHz SCS also applies to 120 kHz SCS.  Moreover, as mentioned by some companies in the email discussion, if there are different number of HARQ processes for different SCS, the solution to soft combining during switching of BWP with different SCS is not clear. So we support to extend the capability of 32 HARQ processes to 120 kHz SCS.  
The support of 32 HARQ processes was also introduced in NTN WI (FG26-5) for NTN cell in FR1 and FR2-1. It is under discussion under NTN UE feature whether such capability can be extended to other non-NTN cell. The answer should obviously be yes since it was also agreed to support 32 HARQ processes for FR2-2 as part of this WI. Moreover, if the support of multiple PDSCH/PUSCH scheduling by single DCI is extended to bands outside of FR2-2, as in NRU Rel-16, the support of 32 HARQ processes should be extended together to avoid HARQ processing starvation. So we think the FG26-5 discussed in NTN WI can be applied to all numerologies in both FR1 and FR2. The FG24-8 and FG24-9 are overlapping with FG26-5. 

Observation 1: FG24-8 and FG24-9 are overlapping with FG26-5 (Increasing the number of HARQ processes) discussed in NTN WI. The FG26-5 could be reported “per band” and defined independently of the numerologies and the feature (i.e. not limited to NTN or 60 GHz, etc.).  

Conclusions
Based on the discussion above, we had following observation and proposals.
Observation 1: FG24-8 and FG24-9 are overlapping with FG26-5 (Increasing the number of HARQ processes) discussed in NTN WI. The FG26-5 could be reported “per band” and defined independently of the numerologies and the feature (i.e. not limited to NTN or 60 GHz, etc.).

Proposal 1: The capability of FG24-1 should be per UE.
Proposal 2: For FG24-1a, remove bracket on “[FG24-1]” in column “Prerequisite”. The FG should be per band and not necessarily to be supported by all UE support FR2-2.
Proposal 3: The FG24-1b and 24-4b (wideband PRACH) should be per band and only applied with operation in shared spectrum. It is optional with capability signaling and not necessary to be supported for all UE claiming to support FR2-2.
Proposal 4: The FG24-1c, 24-4c and 24-5c should be per band and only be applied with shared spectrum channel access. They should be optional with capability signaling and not necessary to be supported for all UE claiming to support FR2-2.
Proposal 5: Support to have 24-1 and 24-1a as prerequisite for 24-2. Delete “[A UE that supports FR2-2 must indicate this FG is supported]” in the column of “Mandatory/Optional” in FG24-2
Proposal 6: FG24-2, 24-4 and 24-4a should be the prerequisite for FG24-3. FG24-1 is not necessary to be prerequisite as it is already involved in 24-2.
Proposal 7: Clarify the 2nd component by defining multiple slot PDCCH monitoring with (X,Y)=(4,1). Support to have multi PDSCH scheduling by single DCI as component of FG24-4.
Proposal 8: The component of FG24-4f should be changed to support the optional capability with (X,Y)=(4,2) 
Proposal 9: Clarify the 2nd component by defining multiple slot PDCCH monitoring with (X,Y)=(8,1). Support to have multi PDSCH scheduling by single DCI as component of FG24-5.
Proposal 10: Support to have multi PUSCH scheduling by single DCI as component of FG24-5a.
Proposal 11: The component of FG24-5f should be updated to support the optional capability with (X,Y)= (8,4), (4,2), (4,1).
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Appendix: proposed changes to the UE feature list corresponding to [1]
	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

	
	24-1
	Basic FR2-2 DL support
	 1. Support reception of 120kHz subcarrier spacing for DL data and control channels, SSB,  and reference signals in FR2-2 for non-initial access

	
	
	
	FR2-2 is not
 supported
	[per UE][per
 band]
	
	
	
	
	Optional with capability signalling

A UE that supports FR2-2 must indicate this FG is supported

	
	24-1a
	Basic FR2-2 UL support
	1. PRACH with 120KHz SCS and length 139
2. Support transmission of 120kHz subcarrier spacing for UL data and control channels and reference signals in FR2-2
	[24-1]
	
	
	
	Per band
	
	
	
	
	Optional with capability signalling

[A UE that supports FR2-2 must indicate this FG is supported]

	
	24-1b
	Wideband PRACH  [with/without shared spectrum channel access]
	Enhanced PRACH design for operation by adopting a single long ZC sequence, with ZC sequence equal to 1151 for 120kHz and ZC sequence equal to 571 for 120kHz 
 
	[24-1a]
	
	
	
	Per band
	
	
	
	· FFS: whether to split this FG for SA and DC
	Optional [with/without]capability signalling

[A UE that supports FR2-2 must indicate this FG is supported]

	
	24-1c
	Multi-RB support
PUCCH format 0/1/4 for 120 kHz [with/without shared spectrum channel access]
	1. Support multi-RB PUCCH format 4 for 120 kHz 
2. Support multi-RB PUCCH format 0/1 for 120 kHz

	[24-1a]
	
	
	
	Per band
	
	
	
	
	Optional with capability signalling

[A UE that supports FR2-2 must indicate this FG is supported]

	
	24-1d
	Multiple PDSCH scheduling by single DCI for 120kHz
	1. Multi-PDSCH scheduling by single DCI for the operation with 120 kHz SCS
2. HARQ enhancements
	[24-1]
	
	
	
	Per band
	
	
	
	
	Optional with capability signalling


	
	24-1e
	Multiple PUSCH scheduling by single DCI for 120kHz
	1. 1. Multi-PUSCH scheduling by single DCI for the operation with 120 kHz SCS
	[24-1a]
	
	
	
	Per band
	
	
	
	
	Optional with capability signalling

	
	24-2
	120KHz SSB support for SA/DC in FR2-2
	1. Support 120KHz SSB for SA/DC in FR2-2


	[24-1, 24-1a]
	N/A
	N/A
	120KHz SSB 
based stand-
alone in FR2-2 
is not 
supported
	N/A
	N/A
	N/A
	N/A
	per band

FFS: whether to split this FG for SA and DC
	Optional [with/without] capability signalling

[A UE that supports FR2-2 must indicate this FG is supported]


	
	24-3
	480KHz SSB support for SA/DC in FR2-2
	1. Support 480KHz SSB for SA/DC in FR2-2
	24-1[, 24-2, 24-4, 24-4a]
	FFS
	
	
	 [per UE][per
 band]
	
	
	
	FFS: whether to split this FG for SA and DC
	Optional [with/without] capability signalling


	
	24-4
	480KHz SCS support for DL
	1. 480KH SCS for DL data and control channels, SSB, and reference signal reception in FR2-2 for non-initial access
2. Multiple-slot PDCCH monitoring for 480KHz with X=4 slots  
FFS: 3. Multi- PDSCH scheduling by single DCI for the operation with 480 kHz SCS and corresponding HARQ enhancements
	24-1
	Yes
	
	
	[Per 
UE/band]
	
	
	
	
	Optional with capability signalling


	
	24-4a
	480KHz SCS support for UL
	1. PRACH with 480KHz and length 139
2. 480KHz SCS for UL data and control channels and reference signal transmission in FR2-2
3. Multi-PUSCH scheduling by single DCI for the operation with 480 kHz SCS
	
	
	
	
	Per band
	
	
	
	
	Optional with capability signalling

	
	24-4b
	Wideband PRACH  for 480 kHz [with/without shared spectrum channel access]
	PRACH with 480KHz and length 571
 
	
	
	
	
	Per band
	
	
	
	FFS: whether to split this FG for SA and DC

[Agreement:
Do not support PRACH length L=571, 1151 for 960kHz PRACH and at least L =1151 for 480kHz PRACH]
	Optional with capability signalling

	
	24-4c
	Multi-RB PUCCH format 0/1/4 for 480 kHz [with/without shared spectrum channel access]
	Support multi-RB PUCCH format 0/1/4 for 480 kHz

	
	
	
	
	Per band
	
	
	
	
	Optional with capability signalling

	
	24-4f
	Enhanced PDCCH monitoring for 480KHz
	Multiple-slot PDCCH monitoring for 480KHz with (X,Y)=[2](4,2) slots
	
	
	
	
	Per band
	
	
	
	
	Optional with capability signalling

	
	24-5
	960KHz SCS support for DL
	1. 960KHz SCS for DL data and control channels, SSB, and reference signal reception in FR2-2 for non-initial access
2. Multiple-slot PDCCH monitoring for 960KHz with X=8 slots
FFS: 3. MultiPDSCH scheduling by single DCI for the operation with 960 kHz SCS and corresponding HARQ enhancements

	24-1
	Yes
	
	
	[Per 
UE/band]
	
	
	
	
	Optional with capability signalling


	
	24-5a
	960KHz SCS support for UL
	1. PRACH with 960KHz and length 139
2. 960KHz SCS for UL data and control channels and reference signal transmission in FR2-2
[3. Multi-PUSCH scheduling by single DCI for the operation with 960 kHz SCS]
	
	
	
	
	Per band
	
	
	
	
	Optional with capability signalling

	
	24-5c
	Multi-RB PUCCH format 0/1/4 for 960 kHz [with/without shared spectrum channel access]
	Support multi-RB PUCCH format 0/1/4 for 960 kHz
	
	
	
	
	Per band
	
	
	
	
	Optional with capability signalling

	
	24-5f
	Enhanced PDCCH monitoring for 960KHz
	Multiple-slot PDCCH monitoring for 960KHz with (X,Y)=(8,4), (4,2),(4,1)4 slots
	
	
	
	
	Per band
	
	
	
	
	Optional with capability signalling

	
	24-6
	Support [Type 1] channel access procedure in uplink for FR2-2 unlicensed operation
	1. Support [Type 1] channel access procedure
[Support LBT performed per carrier/BWP bandwidth]
	24-1
	
	
	
	per band
	
	
	
	
	Optional with capability signalling

[A UE that supports FR2-2 must indicate this FG is supported when required by regulation]

	
	24-7
	Support [Type 2] channel access procedure in uplink for FR2-2 unlicensed operation
	1. Support [Type 2] channel access procedure
	24-1, 24-6
	
	
	
	per band
	
	
	
	
	Optional with capability signalling

[A UE that supports FR2-2 must indicate this FG is supported when required by regulation]

	
	24-8
	32 DL HARQ processes for FR 2-2
	1. 1. Support 32 HARQ processes in DL for 480/960 kHz
2. Support 32 HARQ processes in DL for 120kHz
	
	
	
	
	[Per UE/per
 FSPC/per 
band]
	
	
	
	FFS: 120 kHz
	Optional with capability signalling

	
	24-9
	32 UL HARQ processes for FR 2-2
	1． Support 32 HARQ processes in UL for 480/960 kHz
2. Support 32 HARQ processes in UL for120 kHz
	
	
	
	
	[Per UE/per 
FSPC/per 
band]
	
	
	
	FFS: 120 kHz
	Optional with capability signalling

	
	24-10
	Additional beam switching time delay
	Supported additional beam switching time delay d for 480 kHz SCS
	
	
	
	
	Per UE
	
	
	
	Candidate value set: 56 or 112 symbols
	Optional with capability signalling



