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1	Introduction
In this contribution we discuss open issues regarding the UE features list for the WI Extending current NR operation to 71 GHz [1].
Please note that we try to group related issues together and propose changes to FGs related to each particular issue, rather than going through each FG separately and proposing all changes for a FG. In that sense, each sub-section corresponding to an issue may not contain all changes we propose for a FG. For a view on the consolidated changes considering all issues, please see Appendix A. 
[bookmark: _Ref178064866]2	Proposed Modifications to UE Feature Group List
2.1	FGs for 120 kHz SCS
2.1.1	FGs for Basic Operation
In RAN1 #107-e, it was discussed which FGs should be defined for basic operation in FR2-2 for 120 kHz. So far it has been agreed only that FG 24-1 is defined for basic operation; it is still FFS whether FGs 24-1a/1b/c/2 are defined this way. In our view, the definition of FGs for basic operation should account for three fundamental deployment scenarios as follows:
1. Scenario A (DL-only)
· CA with PCell in FR1 (or FR2-1) + SCell (DL-only) in FR2-2
2. Scenario B (DL + UL)
· CA/DC with PCell in FR1 (or FR2-1) + (P)SCell (DL+UL) in FR2-2
3. Scenario C (Standalone)
· Standalone operation in FR2-2, i.e., PCell in FR2-2

To lower the bar for development of a device ecosystem, only FG 24-1 should be defined for basic operation with 120 kHz which would support the most basic deployment scenario of DL-only SCells in FR2-2, i.e., Scenario A. Then, for devices that support Scenario B, FG 24-1 can be made as a pre-requisite for FG 24-1a which defines components for UL operation. Finally, for devices that support Scenario C, FGs 24-1 and 24-1a can be made as pre-requisites for FG 24-2 which defines components for standalone operation. This results in the following structure for 120 kHz SCS:
· Scenario A supported with FG 24-1
· Scenario B supported with FG 24-1a with pre-requisite FG 24-1
· Scenario C supported with FG 24-2 with pre-requisite FGs 24-1 and 24-1a
[bookmark: _Toc92724047]For 120 kHz SCS, only FG 24-1 is defined for basic operation; FGs 24-1a/b/c/2 are not defined for basic operation. Support the following change to the FG list:
	Index
	Feature group
	Components
	Prerequisite feature groups
	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

	
	
	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]

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


	[24-1, 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]




2.1.2	Potential Split of FGs for Standalone / Dual-Connectivity Scenarios
In RAN1#107-e there was some discussion on whether or not to split the PRACH-related FGs into separate FGs, one for standalone and one for dual-connectivity (DC); however, we don't see why this would be necessary. In our view, these FGs are relevant for both Scenarios B and C listed above, i.e., any scenario in which an UL carrier is deployed in FR2-2, since wideband PRACH can be transmitted on an SCell in a CA/DC deployment, PSCell in a DC deployment, or PCell in a standalone deployment. Instead of splitting these FGs, the UL-related FGs 24-1a/4a can be made as pre-requisites for the wideband PRACH-related FGs.
We understand that for Scenario C (standalone deployment), there is no mechanism to indicate UE capability for wideband PRACH during initial access; however, if a network indicates in SIB1 that wideband PRACH should be used, and the UE does not support it, the UE simply cannot access the system. However, even if the network indicates legacy PRACH (L = 139), it is still useful for the UE to indicate capability for wideband PRACH after initial access from the perspective that the network can capture statistics on UE support for wideband PRACH. Note that the same is true for multi-RB PUCCH if indicated in SIB1 for initial access. If a significant fraction of the UE fleet supports wideband PRACH/multi-RB PUCCH, then the feature can be activated. This can be useful for an operator to decide which features should be deployed and when in a network. Hence, in our view the feature should still be specified as "Optional with capability signaling." Furthermore, if the UE indicates capability for wideband PRACH/multi-RB PUCCH after initial access, such a UE can be handed over to a target cell in which these feature(s) is/are being used even if the source cell is not.
[bookmark: _Toc92724048]For the wideband PRACH-related FG 24-1b do not split this into separate FGs for SA/DC. The FG should be specified as "Optional with capability signaling." Support the following change to the FG list:
	Index
	Feature group
	Components
	Prerequisite feature groups
	Note
	Mandatory/Optional

	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]



There was also some discussion on whether or not to split the standalone-related FG 24-2 into separate FGs, one for standalone and one for DC. Following the same logic as above for wideband PRACH, we don't think this FG should be split. Furthermore, we think the name for the FGs should be changed to remove the wording "SSB support for SA/DC" replacing it with "SSB support for initial access on PCell in FR2-2" This is complementary to the component description for the basic FG 24-1 which specifies "SSB for non-initial access."
[bookmark: _Toc92724049]For the standalone related FG 24-2, do not split this into separate FGs for SA/DC. The FG should be specified as "Optional with capability signaling". Support the following change to the FG list:

	Index
	Feature group
	Components
	Prerequisite feature groups
	Note
	Mandatory/Optional

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


	[24-1, 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]




2.2	FGs for 480 kHz
2.2.1	FGs for Basic Operation
Following the same logic for supporting Scenarios A, B, and C in an incremental manner (see Section 2.1.1), we propose that only FG 24-4 is defined for basic operation with 480 kHz which enables Scenario A. Scenarios B and C are then enabled by appropriately defining the pre-requisite FGs.
This results in the following structure for 480 kHz SCS:
· Scenario A supported with FG 24-4
· Scenario B supported with FG 24-4a with pre-requisite FG 24-4
· Scenario C supported with FG 24-3 with pre-requisite FGs 24-4 and 24-4a

[bookmark: _Toc92724050]For 480 kHz SCS, only FG 24-4 is defined for basic operation; FGs 24-4a/b/c/3 are not defined for basic operation. Support the following change to the FG list:

	Index
	Feature group
	Components
	Prerequisite feature groups
	Note
	Mandatory/Optional

	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
	0. 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
	
	Optional with capability signalling

A UE that supports 480 kHz SCS must indicate this FG is supported

	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
	24-4
	
	Optional with capability signalling

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

	24-4a
	
	Optional with capability signalling



2.2.2	Potential Split of FGs for Standalone / Dual-Connectivity Scenarios
According to the same logic as presented in Section 2.1.2 for 120 kHz, we propose to not split the wideband PRACH and standalone FGs into separate FGs.
[bookmark: _Toc92724051]For the wideband PRACH-related FGs 24-4b do not split this into separate FGs for SA/DC. This FGs should be specified as "Optional with capability signaling." Support the following change to the FG list:
	Index
	Feature group
	Components
	Prerequisite feature groups
	Note
	Mandatory/Optional

	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



[bookmark: _Toc92724052]For the standalone related FGs 24-3, do not split this into separate FGs for SA/DC. The FG should be specified as "Optional with capability signaling". Support the following change to the FG list:
	Index
	Feature group
	Components
	Prerequisite feature groups
	Note
	Mandatory/Optional

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




2.2.3	Multi-Slot PDCCH Monitoring Capability
As can be seen above, Component #2 of basic FG 24-4 relates to multi-slot PDCCH monitoring for 480 kHz SCS. The following agreement was made in RAN1#107-e on multi-slot monitoring capability, and the highlighted text is relevant for 480 kHz SCS. Since this text has not been captured in 38.213, it needs to be captured in the appropriate places in the UE feature list with sufficient detail according to the agreement, considering both what is mandatory for the UE to support and what is optional. 
[bookmark: _Hlk88187306]Agreement
· For Group (1) SS: Type 1 CSS with dedicated RRC configuration and type 3 CSS, UE specific SS
· A SS is monitored within Y consecutive slots within a slot group of X slots
· The Y consecutive slots can be located anywhere within the slot group of X slots
· Note: There is no requirement to align the Y consecutive slots across UEs or with slot n0
· The location of the Y consecutive slots within the slot group of X slots is maintained across different slot groups
· BD attempts for all Group (1) SSs are restricted to fall within the same Y consecutive slots
· For Group (2) SS: Type 1 CSS without dedicated RRC configuration and type 0, 0A, and 2 CSS
· SS monitoring locations can be anywhere within a slot group of X slots, with the following exception
· BD attempts for Type0-CSS for SSB/CORESET 0 multiplexing pattern 1, and additionally for Type0A/2-CSS if searchSpaceId = 0, occur in slots with index n0 and n0+X0, where n0 is as in Rel-15, X0=4 for 480 kHz SCS and X0=8 for 960 kHz SCS.
· Supported combinations of (X,Y)
· A UE capable of multi-slot monitoring mandatorily supports
· For SCS 480 kHz: (X,Y) = (4,1)
· For SCS 960 kHz: (X,Y) = (8,1)
· A UE capable of multi-slot monitoring optionally supports
· For SCS 480 kHz: (X,Y) = (4,2)
· For SCS 960 kHz: (X,Y) = (8,4), (4,2), (4,1)
· Working assumption: BD/CCE budget for (4,2), (4,1) is half that of X=8
· A UE capable of multi-slot monitoring mandatorily supports the following PDCCH monitoring within Y slots
· For Y>1: FG3-1 (monitoring Group (1) SSs in the first 3 OFDM symbols of each of the Y slots)
· For 960 kHz SCS For Y=1: FG3-5b with set1 = (7, 3)
· [FL Note: The first number is the minimum gap in symbols between the start of two spans, the second number is the span duration in symbols (cf. TS 38.822)]
· For 480 kHz SCS For Y=1: FG3-5b with set2 = (4, 3) and (7, 3) with a modification with maximum two monitoring spans in a slot
· [FL Note: The first number is the minimum gap in symbols between the start of two spans, the second number is the span duration in symbols (cf. TS 38.822)]
· The following supersedes FG3-5b and FG3-1 definition:
· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot group of X slots per scheduled CC for FDD
· Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot group of X slots per scheduled CC for TDD

[bookmark: _Toc92724053]Multi-slot PDCCH monitoring capability for 480 kHz SCS is captured for mandatory (Xs,Ys) = (4,1) by updating Component 2 of FG 24-4. Optional (Xs,Ys) = (4,2) is captured in new FG 24-4g. FG 24-4f is removed since there is no correspoinding RAN1 agreement. Support the following changes to the FG list:
	Index
	Feature group
	Components
	Prerequisite feature groups
	Note
	Mandatory/Optional

	24-4
	480KHz SCS support for DL
	1. 480KHz 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 (Xs,Ys) = (4,1) slots 
3. Within the Ys = 1 slot, monitoring of type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS according to FG 3-5b with set2 = (4, 3) and (7, 3) symbols
4. Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot group of Xs slots per scheduled CC for FDD (This supersedes corresponding component of FG 3-5b)
5. Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot group of Xs slots per scheduled CC for TDD (This supersedes Component 6 of FG 3-5b) 
FFS: 3. Multi- PDSCH scheduling by single DCI for the operation with 480 kHz SCS and corresponding HARQ enhancements
	24-1, 3-5b
	
	Optional with capability signalling

A UE that supports 480 kHz SCS must indicate this FG is supported

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

	24-4g
	Enhanced multi-slot PDCCH monitoring for 480 kHz
	1. Multiple-slot PDCCH monitoring for 480KHz with (Xs,Ys) = (4,2) slots
2. Within each of the Ys = 2 slots, monitoring of type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS according to FG 3-1
3. Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot group of Xs slots per scheduled CC for FDD (This supersedes the corresponding component of FG 3-1)
4. Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot group of Xs slots per scheduled CC for TDD (This supersedes corresponding component of FG 3-1)
	24-4, 3-1
	
	Optional with capability signalling



2.2.4	Multi-PDSCH/PUSCH Scheduling
Due to the short slot length with 480 kHz SCS, it has been agreed that multi-slot PDCCH monitoring capability is mandatory which means that that the UE will monitor once per 4 slots. Single-slot monitoring is not supported. To compensate the loss in scheduling flexibility, multi-PDSCH/PUSCH scheduling has been agreed in RAN1, and in our view multi-slot PDCCH monitoring and multi-PxSCH scheduling go hand-in-hand. Without these two features together, it will be impossible to sustain high throughput, thus removing one of the main motivations for supporting large SCS in FR2-2. For this reason, we propose that multi-PDSCH scheduling is a component within the basic FG 24-4 and that multi-PUSCH scheduling is a component of FG 24-4a.
[bookmark: _Toc92724054]Multi-PDSCH scheduling with single DCI is a component of the FG 24-4 (Basic DL support) for 480 kHz SCS. Multi-PUSCH scheduling with single DCI is a component of FG 24-4a (UL support). Support the following changes to the FG list:
	Index
	Feature group
	Components
	Prerequisite feature groups
	Note
	Mandatory/Optional

	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
	
	Optional with capability signalling

A UE that supports 480 kHz SCS must indicate this FG is supported

	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
	24-4
	
	Optional with capability signalling



2.3	FGs for 960 kHz SCS
2.3.1	FGs for Basic Operation
Following the same logic for supporting Scenarios A, and B in an incremental manner (see Section 2.1.1), we propose that only FG 24-5 is defined for basic operation with 960 kHz which enables Scenario A. Scenarios B is then enabled by appropriately defining the pre-requisite FGs. Note: standalone is not supported for 960 kHz SCS.
This results in the following structure for 960 kHz SCS:
· Scenario A supported with FG 24-5
· Scenario B supported with FG 24-5a with pre-requisite FG 24-5

[bookmark: _Toc92724055]For 960 kHz SCS, only FG 24-5 is defined for basic operation; FGs 24-5a and 24-4c are not defined for basic operation. Support the following change to the FG list:
	Index
	Feature group
	Components
	Prerequisite feature groups
	Note
	Mandatory/Optional

	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
	
	Optional with capability signalling

A UE that supports 960 kHz SCS must indicate this FG is supported

	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]
	24-5
	
	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
	24-5a
	
	Optional with capability signalling



2.3.2	Multi-slot PDCCH Monitoring Capability
As can be seen above, Component #2 of basic FG 24-4 relates to multi-slot PDCCH monitoring for 960 kHz SCS. The following agreement was made in RAN1#107-e on multi-slot monitoring capability, and the highlighted text is relevant for 960 kHz SCS. Since this text has not been captured in 38.213, it needs to be captured in the appropriate places in the UE feature list with sufficient detail according to the agreement, considering both what is mandatory for the UE to support and what is optional. 
Agreement
· For Group (1) SS: Type 1 CSS with dedicated RRC configuration and type 3 CSS, UE specific SS
· A SS is monitored within Y consecutive slots within a slot group of X slots
· The Y consecutive slots can be located anywhere within the slot group of X slots
· Note: There is no requirement to align the Y consecutive slots across UEs or with slot n0
· The location of the Y consecutive slots within the slot group of X slots is maintained across different slot groups
· BD attempts for all Group (1) SSs are restricted to fall within the same Y consecutive slots
· For Group (2) SS: Type 1 CSS without dedicated RRC configuration and type 0, 0A, and 2 CSS
· SS monitoring locations can be anywhere within a slot group of X slots, with the following exception
· BD attempts for Type0-CSS for SSB/CORESET 0 multiplexing pattern 1, and additionally for Type0A/2-CSS if searchSpaceId = 0, occur in slots with index n0 and n0+X0, where n0 is as in Rel-15, X0=4 for 480 kHz SCS and X0=8 for 960 kHz SCS.
· Supported combinations of (X,Y)
· A UE capable of multi-slot monitoring mandatorily supports
· For SCS 480 kHz: (X,Y) = (4,1)
· For SCS 960 kHz: (X,Y) = (8,1)
· A UE capable of multi-slot monitoring optionally supports
· For SCS 480 kHz: (X,Y) = (4,2)
· For SCS 960 kHz: (X,Y) = (8,4), (4,2), (4,1)
· Working assumption: BD/CCE budget for (4,2), (4,1) is half that of X=8
· A UE capable of multi-slot monitoring mandatorily supports the following PDCCH monitoring within Y slots
· For Y>1: FG3-1 (monitoring Group (1) SSs in the first 3 OFDM symbols of each of the Y slots)
· For 960 kHz SCS For Y=1: FG3-5b with set1 = (7, 3)
· [FL Note: The first number is the minimum gap in symbols between the start of two spans, the second number is the span duration in symbols (cf. TS 38.822)]
· For 480 kHz SCS For Y=1: FG3-5b with set2 = (4, 3) and (7, 3) with a modification with maximum two monitoring spans in a slot
· [FL Note: The first number is the minimum gap in symbols between the start of two spans, the second number is the span duration in symbols (cf. TS 38.822)]
· The following supersedes FG3-5b and FG3-1 definition:
· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot group of X slots per scheduled CC for FDD
· Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot group of X slots per scheduled CC for TDD

[bookmark: _Toc92724056]Multi-slot PDCCH monitoring capability for 960 kHz SCS is captured for mandatory (Xs,Ys) = (8,1) by updating Component 2 of FG 24-5. Optional (Xs,Ys) = (8,4), (4,2) and (4,1) are captured by updating FG 24-5f.

	Index
	Feature group
	Components
	Prerequisite feature groups
	Note
	Mandatory/Optional

	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 (Xs,Ys) = (8,1) slots 
3. Within the Ys = 1 slot, monitoring of type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS according to FG 3-5b with set1 = (7, 3) symbols
4. Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot group of Xs slots per scheduled CC for FDD (This supersedes corresponding component of FG 3-5b)
5. Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot group of Xs slots per scheduled CC for TDD (This supersedes Component 6 of FG 3-5b) 
FFS: 3. MultiPDSCH scheduling by single DCI for the operation with 960 kHz SCS and corresponding HARQ enhancements


	24-1, 3-5b
	
	Optional with capability signalling

A UE that supports 960 kHz SCS must indicate this FG is supported

	24-5f
	Enhanced multi-slot PDCCH monitoring for 960KHz
	1. Multiple-slot PDCCH monitoring for 960KHz with X=4 slots (Xs,Ys) = (8,4), (4,2), (4,1) slots
2. Within each of the Ys = 1, 2, or 4 slots, monitoring of type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS according to FG 3-1
3. Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot group of Xs slots per scheduled CC for FDD (This supersedes the corresponding component of FG 3-1)
4. Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot group of Xs slots per scheduled CC for TDD (This supersedes corresponding component of FG 3-1)
	24-5, 3-1
	
	Optional with capability signalling




2.3.3	Multi-PDSCH/PUSCH Scheduling
For the same reason explained in Section 2.2.4 for 480 kHz SCS, we propose that multi-PDSCH scheduling is a component within the basic FG 24-5 and that multi-PUSCH scheduling is a component of FG 24-5a.
[bookmark: _Toc92724057]Multi-PDSCH scheduling with single DCI is a component of the FG 24-5 (Basic DL support) for 960 kHz SCS. Multi-PUSCH scheduling with single DCI is a component of FG 25-5a (UL support). Support the following changes to the FG list:
	Index
	Feature group
	Components
	Prerequisite feature groups
	Note
	Mandatory/Optional

	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
	
	Optional with capability signalling

A UE that supports 960 kHz SCS must indicate this FG is supported

	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]
	24-5
	
	Optional with capability signalling



2.4	Operation With/Without Shared Spectrum Channel Access
In Rel-16 NR-U, some features were supported only for operation with shared spectrum channel access, while others were supported also for licensed operation (operation without shared spectrum channel access). For Rel-16, the way that this was handled was that the default FG definition was for both with/without shared spectrum channel access, but if a FG was to be restricted for operation only with shared spectrum channel access, then the following was added to the "Note" column in the UE feature list (see for example, FG 10-3a in 38.822 [2] corresponding to interlace mapping for PUCCH).
	Note

	The signaling is per band but is only expected for a band where shared spectrum channel access must be used



We observe that the same practice is being used in Rel-17 for the NR_IIOT_URLLC_enh WI (see for example, FG 25-12 and 25-13 in the Rel-17 UE feature list [1]).
For consistency, we think the same practice should be used for this WI if there are features to be restricted to operation only with shared spectrum channel access. This implies that for the channel access-related FGs 24-6 and 24-7, the above Note should be added. 
In addition, FGs 24-6 and 24-7 are for uplink channel access procedures, hence the pre-requisite FGs should be 24-1a (UL support), not FG 24-1 which applies to DL.
[bookmark: _Toc92724058]For FGs applicable to operation only with shared spectrum channel access, follow the same practice as in Rel-16 NR-U and Rel-17 URLLC enhancements and add the note "The signaling is per band but is only expected for a band where shared spectrum channel access must be used." Support the following changes to the FG list:

	Index
	Feature group
	Components
	Prerequisite feature groups
	Note
	Mandatory/Optional

	24-6
	Support [Type 1] channel access procedure in uplink for FR2-2 unlicensed operation
	1. Support [Type 1] channel access procedure
2. [Support LBT performed per carrier/BWP bandwidth]
	24-1a
	The signaling is per band but is only expected for a band where shared spectrum channel access must be used
	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
	24-1a, 24-6
	The signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signalling

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




For FGs 1b/1c/4b/4c/5 related to wideband PRACH multi-RB PUCCH, the FG names currently include the wording "with/without shared spectrum channel access". These are generic "tools in the toolbox" hence this wording should not be included in the FG name. After further discussion in RAN1, if there is some need to restrict to operation only with shared spectrum channel access, then the above note can be added to the FG. However, we observe that at least for wideband PRACH, the following WID objective [3] does not restrict to operation only with shared spectrum channel access; it applies for both with and without shared spectrum channel access.

· 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

Regarding multi-RB PUCCH, the WID objective is as follows

· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.

Which indeed refers to a PSD limitation for operation with shared spectrum channel access; however, there may be PSD limitations even for operation without shared spectrum channel access in FR2-2. Based on the above discussion we propose the following.

[bookmark: _Toc92724059]In the FG name for wideband PRACH and multi-RB PUCCH-related FGs 1b/1c/4b/4c/5, remove the wording "with/without shared spectrum channel access" from the FG name. Later, if there is a need to introduce some restriction, it can be done with the same note as described for the channel access-related FGs. Support the following changes to the FG list:

	Index
	Feature group
	Components
	Prerequisite feature groups
	Note
	Mandatory/Optional

	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]

	24-4b
	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

	24-5c
	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



Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	For 120 kHz SCS, only FG 24-1 is defined for basic operation; FGs 24-1a/b/c/2 are not defined for basic operation. Support the following change to the FG list:
Proposal 2	For the wideband PRACH-related FG 24-1b do not split this into separate FGs for SA/DC. The FG should be specified as "Optional with capability signaling." Support the following change to the FG list:
Proposal 3	For the standalone related FG 24-2, do not split this into separate FGs for SA/DC. The FG should be specified as "Optional with capability signaling". Support the following change to the FG list:
Proposal 4	For 480 kHz SCS, only FG 24-4 is defined for basic operation; FGs 24-4a/b/c/3 are not defined for basic operation. Support the following change to the FG list:
Proposal 5	For the wideband PRACH-related FGs 24-4b do not split this into separate FGs for SA/DC. This FGs should be specified as "Optional with capability signaling." Support the following change to the FG list:
Proposal 6	For the standalone related FGs 24-3, do not split this into separate FGs for SA/DC. The FG should be specified as "Optional with capability signaling". Support the following change to the FG list:
Proposal 7	Multi-slot PDCCH monitoring capability for 480 kHz SCS is captured for mandatory (Xs,Ys) = (4,1) by updating Component 2 of FG 24-4. Optional (Xs,Ys) = (4,2) is captured in new FG 24-4g. FG 24-4f is removed since there is no correspoinding RAN1 agreement. Support the following changes to the FG list:
Proposal 8	Multi-PDSCH scheduling with single DCI is a component of the FG 24-4 (Basic DL support) for 480 kHz SCS. Multi-PUSCH scheduling with single DCI is a component of FG 24-4a (UL support). Support the following changes to the FG list:
Proposal 9	For 960 kHz SCS, only FG 24-5 is defined for basic operation; FGs 24-5a and 24-4c are not defined for basic operation. Support the following change to the FG list:
Proposal 10	Multi-slot PDCCH monitoring capability for 960 kHz SCS is captured for mandatory (Xs,Ys) = (8,1) by updating Component 2 of FG 24-5. Optional (Xs,Ys) = (8,4), (4,2) and (4,1) are captured by updating FG 24-5f.
Proposal 11	Multi-PDSCH scheduling with single DCI is a component of the FG 24-5 (Basic DL support) for 960 kHz SCS. Multi-PUSCH scheduling with single DCI is a component of FG 25-5a (UL support). Support the following changes to the FG list:
Proposal 12	For FGs applicable to operation only with shared spectrum channel access, follow the same practice as in Rel-16 NR-U and Rel-17 URLLC enhancements and add the note "The signaling is per band but is only expected for a band where shared spectrum channel access must be used." Support the following changes to the FG list:
Proposal 13	In the FG name for wideband PRACH and multi-RB PUCCH-related FGs 1b/1c/4b/4c/5, remove the wording "with/without shared spectrum channel access" from the FG name. Later, if there is a need to introduce some restriction, it can be done with the same note as described for the channel access-related FGs. Support the following changes to the FG list:
[bookmark: _In-sequence_SDU_delivery]
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Appendix A – Consolidated Changes to UE Feature List 
In this Appendix we show our complete proposal merging the proposed changes from all sections of this paper into the same table with change tracking.
	Index
	Feature group
	Components
	Prerequisite feature groups
	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

	
	
	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 initial access on PCell in FR2-2
	1. Support 120KHz SSB for SA/DC initial access on PCell in FR2-2


	[24-1, 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]


	24-3
	480KHz SSB support for SA/DC initial access on PCell in FR2-2
	1. Support 480KHz SSB for SA/DC initial access on PCell in FR2-2
	24-1[, 24-2, 24-4], 24-4a
	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 (Xs,Ys) = (4,1) slots
3. Within the Ys = 1 slot, monitoring of type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS according to FG 3-5b with set2 = (4, 3) and (7, 3) symbols
4. Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot group of Xs slots per scheduled CC for FDD (This supersedes corresponding component of FG 3-5b)
5. Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot group of Xs slots per scheduled CC for TDD (This supersedes Component 6 of FG 3-5b)   
FFS: 63. Multi- PDSCH scheduling by single DCI for the operation with 480 kHz SCS and corresponding HARQ enhancements
	24-1, 3-5b
	
	Optional with capability signalling

A UE that supports 480 kHz SCS must indicate this FG is supported

	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
	24-4
	
	Optional with capability signalling

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

	24-4a
	
	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

	24-4g
	Enhanced multi-slot PDCCH monitoring for 480 kHz
	1. Multiple-slot PDCCH monitoring for 480KHz with (Xs,Ys) = (4,2) slots
2. Within each of the Ys = 2 slots, monitoring of type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS according to FG 3-1
3. Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot group of Xs slots per scheduled CC for FDD (This supersedes the corresponding component of FG 3-1)
4. Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot group of Xs slots per scheduled CC for TDD (This supersedes corresponding component of FG 3-1)
	24-4, 3-1
	
	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 (Xs,Ys) = (8,1) slots
3. Within the Ys = 1 slot, monitoring of type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS according to FG 3-5b with set1 = (7, 3) symbols
4. Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot group of Xs slots per scheduled CC for FDD (This supersedes corresponding component of FG 3-5b)
5. Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot group of Xs slots per scheduled CC for TDD (This supersedes Component 6 of FG 3-5b) 
FFS: 63. MultiPDSCH scheduling by single DCI for the operation with 960 kHz SCS and corresponding HARQ enhancements

	24-1, 3-5b
	
	Optional with capability signalling

A UE that supports 960 kHz SCS must indicate this FG is supported

	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]
	24-5
	
	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
	24-5a
	
	Optional with capability signalling

	24-5f
	Enhanced multi-slot PDCCH monitoring for 960KHz
	1. Multiple-slot PDCCH monitoring for 960KHz with X=4 (Xs,Ys) = (8,4), (4,2), (4,1) slots
2. Within each of the Ys = 1, 2, or 4 slots, monitoring of type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS according to FG 3-1
3. Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot group of Xs slots per scheduled CC for FDD (This supersedes the corresponding component of FG 3-1)
4. Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot group of Xs slots per scheduled CC for TDD (This supersedes corresponding component of FG 3-1)
	24-5, 3-1
	
	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
2. [Support LBT performed per carrier/BWP bandwidth]
	24-1a
	The signaling is per band but is only expected for a band where shared spectrum channel access must be used
	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
	24-1a, 24-6
	The signaling is per band but is only expected for a band where shared spectrum channel access must be used
	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
	
	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
	
	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
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