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In this contribution, we discuss aspects related to UE capability signaling for NR extension up to 71 GHz. The following table is copy of latest endorsed RAN1 UE feature list from [1].
	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
(Per UE or  Per Band or Per BC or Per FS or Per FSPC)
	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

	
	[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]
	
	
	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]
	
	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]
	
	
	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]
	
	
	Optional with capability signalling


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

	24-4b
	Wideband PRACH  for 480 kHz [with/without shared spectrum channel access]
	PRACH with 480KHz and length 571
 
	
	
	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

	
	
	
	Optional with capability signalling

	24-4f
	Enhanced PDCCH monitoring for 480KHz
	Multiple-slot PDCCH monitoring for 480KHz with X=[2] slots
	
	
	
	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
	[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]
	
	
	
	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
	
	
	
	Optional with capability signalling

	24-5f
	Enhanced PDCCH monitoring for 960KHz
	Multiple-slot PDCCH monitoring for 960KHz with X=4 slots
	
	
	
	Optional with capability signalling

	24-6
	Support [Type 1] channel access procedure in uplink for FR2-2 unlicensed operation
	0. Support [Type 1] channel access procedure
1. [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
	Support 32 HARQ processes in DL for 480/960 kHz
	
	[Per UE/per FSPC/per band]
	FFS: 120 kHz
	Optional with capability signalling

	24-9
	32 UL HARQ processes for FR 2-2
	Support 32 HARQ processes in UL for 480/960 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
	
	
	Candidate value set: 56 or 112 symbols
	Optional with capability signalling




Discussion on New UE Features
Basic Feature and Wideband PUCCH and PRACH

For UE operating with unlicensed SA mode, it needs to also support wideband PUCCH and wideband PRACH together. The main reason is that the wideband PUCCH and wideband PRACH were specifically targeted to improve the coverage issues due to power spectral density in unlicensed bands. However, if the UE optionally do not support this feature, this would shrink the potentially coverage for unlicensed cell deployments. Therefore, all UEs that is able to operate uplink transmission should support wideband PUCCH and wideband PRACH. Otherwise, the main motivation to introduce the feature is lost.
Proposal 1:
· 24-1b and 24-1c should be supported along with 24-1a when UE supports unlicensed SA operation with 120 kHz SCS.
· 24-4b and 24-4c should be supported along with 24-4a when UE supports unlicensed SA operation with 480 kHz SCS.
· 24-5c should be supported along with 24-5a when UE supports unlicensed SA operation with 960 kHz SCS.

Furthermore, while we acknowledge the potential use cases where the UE only supports downlink and not uplink in the 60 GHz band, we think such UE types (DL only UEs and DL and UL supporting UEs) may result in market fragmentation. While we can accept the feature distinction between DL and UL, our 1st preference is to combine basic feature 24-1 and 24-1a for 120kHz, and similarly for 480 and 960 kHz combine basic feature 24-4 and 24-4a, and combine basic feature 24-5 and 24-5a, respectively.
Proposal 2:
· Merge basic feature 24-1 and 24-1a into a single feature.
· Merge basic feature 24-4 and 24-4a into a single feature.
· Merge basic feature 24-5 and 24-5a into a single feature.

Multi-Slot Monitoring Capability
Based on the agreement in multi-slot PDCCH monitoring that was made in the end of RAN1#107-e meeting, FG 24-4/4f/5/5f needs to be updated. The agreements are mainly regarding group (1) SS handling. On the other hand, some details on group (2) SS are not finalized yet.  
FG 24-4: 
Since a UE capable of multi-slot monitoring mandatorily supports Y=1, The item 2 of FG 24-4 should be updated to reflect the default combination (X, Y), i.e. (4, 1). Further, the restriction on the number/position of spans for group (1) SS could be captured in item 2 too. On the other hand, it is expected certain restriction on the span(s) of group (2) SS will be specified, which is helpful for UE complexity reduction. We provide our views on the group (2) SS in a companion document [2]. FFS point regarding group (2) SS could be added to 24-4 for now.  
Regarding item 3 of FG 24-4, if multi-PDSCH/PUSCH scheduling is not supported, it is impractical to schedule all DL/UL slots to a UE since it is agreed that only one unicast DL assignment and UL grant can be processed by the UE in a slot group. Therefore, we prefer to include item 3 in 24-4. 
FG 24-4f: 
X=2 for SCS 480kHz was in bracket in the agreement from RAN1#106bis-e. However, it is not captured in the agreement in RAN1#107-e due to short of GTW meeting time. We still believe it is necessary to support X=2 for SCS 480kHz. As comparison, X=4 for SCS 960kHz was already agreed, which has a duration of slot group equals to half slot of SCS 120kHz. To allow the same flexibility on PDCCH transmission, the same shortened duration of slot group, i.e., X=2 for SCS 480kHz should be supported. If an agreement can not be made in the UE feature session, it is fine to come back to 24-4f after it is concluded in main session. 
The agreed optional combination (X, Y), i.e., (4, 2) could be captured in 24-4f.  
FG 24-5: 
The observation on FG 24-4 generally applies to FG 24-5 too. 
FG 24-5f: 
The agreed optional combination (X, Y), i.e., (8, 4), (4, 2), (4, 1) could be captured in 24-4f.  
Proposal 3: FG 24-4/4f/5/5f can be updated to reflect RAN1 agreements till now and include necessary FFS points
· FG 24-4: 
· Item 2: update to reflect the default combination (X, Y) = (4, 1) and add necessary FFS points for group (2) SS. 
· Item 3: Items should be included in 24-4. 
· FG 24-4f: 
· Item 1: revise to capture combination (X, Y) = (2, 1) 
· Capture agreed combination (X, Y) = (4, 2) 
· FG 24-5: 
· Item 2: update to reflect the default combination (X, Y) = (8, 1) and add necessary FFS points for group (2) SS. 
· Item 3: Item 3 should be included in 24-5. 
· FG 24-4f: 
· Capture agreed combination (X, Y) = (8, 4), (4, 2), (4, 1)

	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 combination (X, Y) = (4, 1) slots.  For Y=1, support maximum two monitoring occasions in the Y=1 slot with a distance of at least 4 symbols for group (1) SS. For Y>1, support one span in the beginning 3 symbols in each of the Y slots for group (1) SS. FFS group (2) SS. 
3. Multi- PDSCH scheduling by single DCI for the operation with 480 kHz SCS and corresponding HARQ enhancements
	24-1
	[Per UE/band]
	
	Optional with capability signalling


	24-4f
	Enhanced PDCCH monitoring for 480KHz
	1. Multiple-slot PDCCH monitoring for 480KHz with combination (X, Y) = (2, 1)X=[2] slots
2. Multiple-slot PDCCH monitoring for 480KHz with combination (X, Y) = (4, 2)
	24-4
	
	
	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 combination (X, Y) = (8, 1)X=8 slots. For Y=1, support maximum two monitoring occasions in the Y=1 slot with a distance of at least 7 symbols for group (1) SS. For Y>1, support one span in the beginning 3 symbols in each of the Y slots for group (1) SS. FFS group (2) SS.
3. MultiPDSCH scheduling by single DCI for the operation with 960 kHz SCS and corresponding HARQ enhancements

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


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



Beam Switching Capability
During the discussions in previous RAN1 meeting, it was acknowledged that some UEs may need certain time to switch their beam especially for SCS 480 kHz/960 kHz as the corresponding CP duration may not be enough for absorbing uncertainties during transient time of the beam switching. For this purpose, an optional UE capability signalling is proposed in order to indicate a gap of 1 OFDM symbol (at least) for UE beam switching.
	24-11
	Time gap for UE beam switching
	A time gap of 1 OFDM symbol for UE beam switching for 480 kHz/960 kHz
	
	
	
	Optional with capability signalling



Proposal 4:
· Add new optional with capability signaling feature “time gap for UE beam switching” with following description
·  A time gap of 1 OFDM symbol for UE beam switching for 480 kHz/960 kHz


Conclusions
In this contribution, we discussed issues related to UE capability signaling for NR extension up to 71 GHz. The following is a summary of the observation and proposals:
Proposal 1:
· 24-1b and 24-1c should be supported along with 24-1a when UE supports unlicensed SA operation with 120 kHz SCS.
· 24-4b and 24-4c should be supported along with 24-4a when UE supports unlicensed SA operation with 480 kHz SCS.
· 24-5c should be supported along with 24-5a when UE supports unlicensed SA operation with 960 kHz SCS.
Proposal 2:
· Merge basic feature 24-1 and 24-1a into a single feature.
· Merge basic feature 24-4 and 24-4a into a single feature.
· Merge basic feature 24-5 and 24-5a into a single feature.
Proposal 3: FG 24-4/4f/5/5f can be updated to reflect RAN1 agreements till now and include necessary FFS points
· FG 24-4: 
· Item 2: update to reflect the default combination (X, Y) = (4, 1) and add necessary FFS points for group (2) SS. 
· Item 3: Items should be included in 24-4. 
· FG 24-4f: 
· Item 1: revise to capture combination (X, Y) = (2, 1) 
· Capture agreed combination (X, Y) = (4, 2) 
· FG 24-5: 
· Item 2: update to reflect the default combination (X, Y) = (8, 1) and add necessary FFS points for group (2) SS. 
· Item 3: Item 3 should be included in 24-5. 
· FG 24-4f: 
· Capture agreed combination (X, Y) = (8, 4), (4, 2), (4, 1)
· 
	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 combination (X, Y) = (4, 1) slots.  For Y=1, support maximum two monitoring occasions in the Y=1 slot with a distance of at least 4 symbols for group (1) SS. For Y>1, support one span in the beginning 3 symbols in each of the Y slots for group (1) SS. FFS group (2) SS. 
3. Multi- PDSCH scheduling by single DCI for the operation with 480 kHz SCS and corresponding HARQ enhancements
	24-1
	[Per UE/band]
	
	Optional with capability signalling


	24-4f
	Enhanced PDCCH monitoring for 480KHz
	1. Multiple-slot PDCCH monitoring for 480KHz with combination (X, Y) = (2, 1)X=[2] slots
2. Multiple-slot PDCCH monitoring for 480KHz with combination (X, Y) = (4, 2)
	24-4
	
	
	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 combination (X, Y) = (8, 1)X=8 slots. For Y=1, support maximum two monitoring occasions in the Y=1 slot with a distance of at least 7 symbols for group (1) SS. For Y>1, support one span in the beginning 3 symbols in each of the Y slots for group (1) SS. FFS group (2) SS.
3. MultiPDSCH scheduling by single DCI for the operation with 960 kHz SCS and corresponding HARQ enhancements

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


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



Proposal 4:
· Add new optional with capability signaling feature “time gap for UE beam switching” with following description
·  A time gap of 1 OFDM symbol for UE beam switching for 480 kHz/960 kHz
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