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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 #106bis-e[1]. 
[bookmark: _Ref129681832][bookmark: OLE_LINK82][bookmark: OLE_LINK39][bookmark: OLE_LINK40]General discussion
In the WID [2], it is identified that the proximity of the frequency range of 52.6-71GHz to the original FR2 (24.25-52.6GHz) and the similar commercial opportunities for high data rate communications makes it possible to maximize the leverage of FR2 based implementation in Rel-15/16. During the discussion on FR definition, it is also agreed and reflected in the WID that FR2 is extended to cover the frequency range from 24.25GHz to 71GHz with FR2-1 and the frequency range from 52.6GHz to 71GHz with FR2-2. The commonality in specification between FR2-1 and FR2-2 at least in RAN1 and RAN2 is the main reason to define 52.6-71GHz as a frequency sub-range instead of a new frequency range. Although it is noted in the WID that “The related UE capabilities and their applicability to the frequency range 52.6 to 71 GHz will have to be analyzed on a case by case basis”, we observed that at least for 120 kHz SCS and licensed band operation, it is common understanding among companies to reuse the existing design in FR2-1. So in order to reduce the workload for UE feature discussion we have the following proposal. 
Proposal 1: The R15/16 feature groups for FR2-1 should be supported by default at least for 120 kHz SCS and licensed band operation, except for those explicitly identified
In FR2-2, in addition to 120 kHz SCS with NCP, 480 kHz and 960 kHz SCS are optionally supported. Many of UE features agreed so far are either numerology agnostic or having trivial difference in parameters. For example, the support of channel access procedures, basic data/control channels and reference signals transmission/reception and multi PDSCH/PUSCH scheduling by single DCI are numerology agnostic. The capability of beam management may only differ in the values related to timeline. There are also UE features only supported by specific numerologies. For example, 120 kHz SSB for initial access will be supported for all UE while 480 kHz SSB is only optionally supported for initial access and 960 kHz SSB is not supported for initial access. In order to leave the flexibility while maintaining reasonable amount of UE capability report, we have the following proposal. 
Proposal 2: The feature groups defined in Rel-17 for FR2-2 should be supported for all numerologies, except for those explicitly identified. 
In NR-U Rel-16, it had been agreed that the feature groups designed for unlicensed band operation should be discussed case by case whether they are applicable to licensed band operation. Finally, there are several features also adopted by licensed band operation in Rel-16, such as PDSCH mapping Type B other than 2,4,7 OS, enhanced type 2 and type 3 HARQ codebook, SRS location other than last 6 OS and multiple PUSCH scheduling by single DCI. At same time, most of feature groups design for FR1 licensed band in NR Rel-15 is directly inherited. We meet a similar situation in Rel-17 for the feature groups for FR2-2. For example, multiple PDSCH scheduling and multi-slot PDCCH monitoring will be applied to both licensed and unlicensed band operation. While wideband PRACH and channel access procedure will only be valid for unlicensed band operation. Thus, we have the following proposal. 
Proposal 3: It should be studied case by case for each feature group defined in Rel-17 for FR2-2 whether it can be applied only in unlicensed band or both unlicensed and licensed band operation. The feature group applicable to licensed or unlicensed band(s) should be explicitly captured in the table.
It is noted in WID after frequency sub-range FR2-2 is agreed that “The application of any of the UE feature introduced for 52.6-71 GHz to existing FR1/FR2 should be discussed case by case.” Most of feature group may only be used in FR2-2, e.g. the enhancements corresponding to the new SCS. On the other side, we do observe feature group can be applicable to FR2-1 or even FR1, such as multiple PDSCH scheduling by single DCI. 
Proposal 4: It should be studied case by case for each feature group defined in Rel-17 for FR2-2 whether it can be extended to FR2-1. The applicable FR should be explicitly captured in the table.

[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK183]Discussion on the feature group table
Following feature has been captured in the reference [1]. The discussion on the yellow text and rows are avoided in the meeting as suggested by moderator. 
	Index
	Feature group
	Components

	24-1
	Basic FR2-2 [DL] support
	1. Support 120KHz SCS [transmission and] reception [for initial/non-initial access]
[2. Support multi-RB PUCCH format 0/1/4 for 120 kHz]
[3. PRACH with 120KHz SCS and length 139[/571/1151]]
[4. Support 120kHz subcarrier spacing for DL data and control channels and reference signals in FR2-2]
[5. Support 120kHz subcarrier spacing for UL data and control channels and reference signals in FR2-2]
[6. Support multi-PUSCH[/PDSCH] scheduling by single DCI for the operation with 120 kHz SCS]


	24-2
	120KHz SSB based stand-alone support in FR2-2
	1. Support 120KHz SSB for initial access in FR2-2



	24-3
	480KHz SSB for initial access in FR2-2
	1. Support 480KHz SSB for initial access in FR2-2

	24-4
	480KHz SCS support
	1. 480KHz SCS for UL data and control channels and reference signal transmission in FR2-2
2. 480KH SCS for DL data and control channels and reference signal reception in FR2-2
3. 480KHz for SSB monitoring [for non-initial access]
4. Multiple-slot PDCCH monitoring for 480KHz with X=[4] slots [FFS: Component description to be updated once further details of multi-slot monitoring capability are known, e.g., definition of Y]
5. PRACH with 480KHz and length 139/[571]
FFS: 6. Support multi-RB PUCCH format 0/1/4 for 480 kHz
FFS: 7. Multi-PUSCH/PDSCH scheduling by single DCI for the operation with 480 kHz SCS

	24-5
	960KHz SCS support
	1. 960KHz SCS for UL data and control channels and reference signal transmission in FR202
2. 960KHz SCS for DL data and control channels and reference signal reception in FR2-2
3. 960KHz for SSB monitoring
4. Multiple-slot PDCCH monitoring for 960KHz with X=[8] slots [FFS: Component description to be updated once further details of multi-slot monitoring capability are known, e.g., definition of Y]
5. PRACH with 960KHz and length 139
FFS: 6. Support multi-RB PUCCH format 0/1/4 for 960 kHz
FFS: 7. Multi-PUSCH/PDSCH scheduling by single DCI for the operation with 960 kHz SCS


	24-6
	Uplink channel access procedure for FR2-2 unlicensed operation
	1. Cat 3 [or Cat 4] LBT support [(not agreed yet if CW is supported, so it can be either Cat 3 or Cat 4 LBT for now. Will update when we have agreement)]
[Support LBT performed per carrier/BWP bandwidth]

	24-7
	Cat 2 LBT support for uplink channel access procedure for FR2-2 unlicensed operation
	1. Support Cat 2 LBT


	24-8
	32 DL HARQ processes [for FR 2-2]
	Support 32 HARQ processes in DL [for 480/960 kHz]

	24-9
	32 UL HARQ processes [for FR 2-2]
	Support 32 HARQ processes in UL [for 480/960 kHz]



For FG24-1: 
· FG name: We think the basic support of FR2-2 should include both DL and UL. This FG applies to both licensed and unlicensed band operation. Although the LAA with DL only mode is one of the supported scenario as NRU, it does not mean to support a UE only support DL.  
· Component 1: This component is duplicating the rest of components in the FG. It can be removed if more detail components in the bracket are finally approved. 
· Component 2: The component of enhanced PUCCH format 0/1/4 with multi-RB should be a separated FG because it is also supported for 480 kHz and 960 kHz SCS. In addition, the support of enhanced PUCCH format 0/1/4 is only applicable to unlicensed band operation due to limitation on PSD in regulation. At maximum 16 RB are supported for all numerologies according to the agreement in RAN1#106. In NR-U Rel-16, enhanced PUCCH format 0/1/2/3 with PRB interlace resource mapping is set as a separate FG10-3a [4].
· Component 3: The component of wideband PRACH for 120 kHz SCS with sequence length of 571 and 1171 should be a separate FG because it is only applicable for unlicensed band. Considering wideband PRACH with length of 571 is supported for 480 kHz SCS in RAN1#106b-e, it can be listed as one of the component. Similar method is adopted in NRU that wideband PRACH is set as a separate FG10-27 [4].
· Component 4/5: we support to remove the bracket.
· Component 6: The component of “Support multi-PUSCH/PDSCH scheduling by single DCI for the operation with 120 kHz SCS” should be a separate FG from Basic FR2-2 [DL] support, similar as FG10-17 in NR-U Rel-16 and finally extended to FR2-1 for 120kHz SCS. 
For FG24-2:
· According to the WID, there is a note saying “ Note: 480 kHz is an optional SSB numerology for initial access for the UE. A UE supporting a band in 52.6-71 GHz must at least support 120 kHz SCS (for initial access and after initial access)”. so FG24-2 should be a component of basic FR2-2 support (FG24-1) 
For FG24-4:
· Component 3: We support the remove the bracket on “for non-initial access”. The SSB monitoring for initial access is covered by FG24-3. 
· Component 5: The support of wideband PRACH with length of 571 can be a component of the separate FG for wideband PRACH as it is only used in unlicensed band. 
· Component 6: The multi RB PUCCH format 0/1/4 for 480 kHz SCS should be a component of the separate FG for multi RB PUCCH format 0/1/4 as it is only for unlicensed band.
· Component 7: We support to have the component of multi PDSCH/PUSCH scheduled by single DCI in the basic support of 480 kHz SCS. It allows schedule all slots in the X slot group for multi slot PDCCH monitoring which is one of the component of basic support of 480kHz SCS. 
For FG24-5:
· Component 3: The support of 960KHz for SSB monitoring should only be applied for non-initial access according to the WID.
· Component 6: The multi RB PUCCH format 0/1/4 for 480 kHz SCS should be a component of the separate FG for multi RB PUCCH format 0/1/4 as it is only for unlicensed band.
· Component 7: We support to have the component of multi PDSCH/PUSCH scheduled by single DCI in the basic support of 480 kHz SCS. It allows schedule all slots in the X slot group for multi slot PDCCH monitoring which is one of the component of basic support of 480kHz SCS.
For FG24-6: Cat 3 or Cat 4 LBT support for FR2-2 unlicensed operation
· Component 2: the bracket on “Support LBT performed per carrier/BWP bandwidth” should be removed according to the following agreement in RAN1#106-e. 
Agreement:
· For LBT for single carrier transmission, gNB/UE performs LBT over the channel bandwidth (or BWP bandwidth) (Alt SC.1. in earlier agreements)
· For LBT for multi-carrier transmission in intra-band CA, gNB/UE performs multiple LBT, one for each channel bandwidth separately (Alt CA.1. in earlier agreements)
· FFS: Additional support of performing single LBT over all CCs (Alt CA.2. in earlier agreements)

For FG24-8/9: 
	In RAN1#106-e, it is agreed that 
Agreement: 
For NR FR2-2 at least for 480/960 kHz SCS, support 32 as the maximum number of HARQ processes for DL and UL, subject to UE capability.
· Note: Up to 32 maximal supported HARQ process number is already agreed in Rel-17 NTN WI.
· Working assumption: The same solution to support up to 32 HARQ process number in Rel-17 NTN WI is reused for NR FR2-2.
	According to the agreement, the support of such feature depends on UE capability. Considering NTN may 	only support FR1, it should be set a separate FG for FR2-2 with support 480 kHz and 960 kHz as 	prerequisite.  So the brackets on [FR2-2] and [480/960kHz] can be removed

Proposal 5: it is proposed to take the changes on the FGs in the appendix into consideration.

There are some feature groups already existing in Rel-15[3]. The values are extended for 480 kHz and 960 kHz SCS in FR2-2. These features includes:
	Index
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331 [2]

	2-2
	PDSCH beam switching
	1) Time duration (definition follows clause 5.1.5 in TS 38.214), Xi, to determine and apply spatial QCL information for corresponding PDSCH reception.
Time duration is defined counting from end of last symbol of PDCCH to beginning of the first symbol of PDSCH.
Xi is the number of OFDM symbols, i is the index of SCS, l=1,2, corresponding to 60,120 kHz SCS.
	2-1
	timeDurationForQCL

	2-25
	Beam reporting timing
	The number of symbols, Xi, between the last symbol of SSB/CSI-RS and the first symbol of the transmission channel containing beam report is at least RBi, where
i is the index of SCS, i=1,2,3,4 corresponding to 15,30,60,120 kHz SCS.
	2-24
	beamReportTiming

	2-27
	Beam switching
	Maximum number of Tx + Rx beam changes a UE can conduct during a slot across the whole band CC B_(B_Total,). This number is defined as per SCS
	2-24
	maxNumberRxTxBeamSwitchDL

	2-28
	A-CSI-RS beam switching timing
	Minimum time between the DCI triggering of AP-CSI-RS and aperiodic CSI-RS transmission shall be at least KBi symbols. (Symbols measured from last symbol containing the indication to first symbol of CSI-RS), where
i is the index of SCS, l=1,2 corresponding to 60,120 kHz SCS.
	
	beamSwitchTiming



[bookmark: _GoBack]There is RAN2 agreement in RAN2#115e[5]. The above 4 FGs satisfy the working assumption in bullet 4 and should be replicated for FR2-2. 
No FRx diff
2: 	An existing UE capability applicable to FR2 is also applicable to FR2-2, unless otherwise stated (i.e. in the field description of the UE capability that it is not applicable to FR2-2) in TS38.306,
3: 	If a new UE capability introduced for FR2-2 is also applicable to FR2-1 and/or FR1 and the UE capability is per band, this can be expressed in the field description of the UE capability.
FRx diff
4: For an existing UE capability already requires FR1-FR2 Diff and further differentiation between FR2-1 and FR2-2 is needed, the existing UE capability is replicated for FR2-2.
5: For UE capability that has to be per UE, “FR1-FR2 Diff” column can be used to express the need of the FRx differentiation (via the ‘Yes/No’ and also whether it needs FR2-1 and FR2-2 differentiation).
Both 4 and 5 are taken as working assumption (can be revisited once we see the capabilities from RAN1/4)
Proposal 6: replicate the FGs of PDSCH beam switching, Beam reporting timing, Beam switching and A-CSI-RS beam switching timing for FR2-2. 

Conclusions
Based on the discussion above, we had following proposals
Proposal 1: The R15/16 feature groups for FR2-1 should be supported by default at least for 120 kHz SCS and licensed band operation, except for those explicitly identified
Proposal 2: The feature groups defined in Rel-17 for FR2-2 should be supported for all numerologies, except for those explicitly identified. 
Proposal 3: It should be studied case by case for each feature group defined in Rel-17 for FR2-2 whether it can be applied only in unlicensed band or both unlicensed and licensed band operation. The feature group applicable to licensed or unlicensed band(s) should be explicitly captured in the table.
Proposal 4: It should be studied case by case for each feature group defined in Rel-17 for FR2-2 whether it can be extended to FR2-1. The applicable FR should be explicitly captured in the table.
Proposal 5: it is proposed to take the changes on the FGs in the appendix into consideration.
Proposal 6: replicate the FGs of PDSCH beam switching, Beam reporting timing, Beam switching and A-CSI-RS beam switching timing for FR2-2. 
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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. NR_ext_to_71GHz
	24-1
	Basic FR2-2 [DL] support
	 1. Support 120KHz SCS [transmission and] reception [for initial/non-initial access]
 [2. Support multi-RB PUCCH format 0/1/4 for 120 kHz]
1. Support 120KHz SSB for initial access in FR2-2
[3. PRACH with 120KHz SCS and length 139[/571/1151]]
[4. Support 120kHz subcarrier spacing for DL data and control channels and reference signals in FR2-2]
[5. Support 120kHz subcarrier spacing for UL data and control channels and reference signals in FR2-2]
[6. Support multi-PUSCH[/PDSCH] scheduling by single DCI for the operation with 120 kHz SCS]

	
	
	
	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. NR_ext_to_71GHz
	24-2
	120KHz SSB based stand-alone support in FR2-2
	1. Support 120KHz SSB for initial access in FR2-2


	24-1
	
	
	
	
	
	
	
	
	Optional with capability signalling


	24. NR_ext_to_71GHz
	24-3
	480KHz SSB for initial access in FR2-2
	1. Support 480KHz SSB for initial access in FR2-2
	24-1[, 24-2, 24-4]
	FFS
	
	
	[per UE][per
band]
	
	
	
	From WID:
· In addition to 120kHz, support 480 kHz SSB for initial access with support of CORESET#0/Type0-PDCCH configuration in the MIB with following constraints:
· Note: 480 kHz is an optional SSB numerology for initial access for the UE. A UE supporting a band in 52.6-71 GHz must at least support 120 kHz SCS (for initial access and after initial access)
· [only 480kHz CORESET#0/Type0-PDCCH SCS supported for 480 kHz SSB SCS]
	Optional with capability signalling


	24. NR_ext_to_71GHz
	24-4
	480KHz SCS support
	1. 480KHz SCS for UL data and control channels and reference signal transmission in FR2-2
2. 480KH SCS for DL data and control channels and reference signal reception in FR2-2
3. 480KHz for SSB monitoring [for non-initial access]
4. Multiple-slot PDCCH monitoring for 480KHz with X=[4] slots [FFS: Component description to be updated once further details of multi-slot monitoring capability are known, e.g., definition of Y]
5. PRACH with 480KHz and length 139/[571]
FFS: 6. Support multi-RB PUCCH format 0/1/4 for 480 kHz
FFS: 7. Multi-PUSCH/PDSCH scheduling by single DCI for the operation with 480 kHz SCS
	24-1
	Yes
	
	
	[per UE/band]
	
	
	
	From WID:
[bookmark: _Hlk58583563]In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported.

[Agreement:
A UE supporting 480 kHz SCS supports multi-slot PDCCH monitoring for 480 kHz SCS.
Agreement:
Do not support PRACH length L=571, 1151 for 960kHz PRACH and at least L =1151 for 480kHz PRACH]

Note:
• Resolve the issues of wideband PRACH, multi-RB PUCCH format 0/1/4, and multi-PUSCH/PDSCH scheduling by single DCI, i.e., whether to have components of a single FG or separate FGs, for 120 kHz first, then use the same structure for 480 kHz
• Resolve the issue of having separate capabilities for DL and UL (data and control channels as well as reference signals) for 120 kHz first, then use the same structure for 480 kHz
	Optional with capability signalling


	24. NR_ext_to_71GHz
	24-5
	960KHz SCS support
	1. 960KHz SCS for UL data and control channels and reference signal transmission in FR202
2. 960KHz SCS for DL data and control channels and reference signal reception in FR2-2
3. 960KHz for SSB monitoring for non-initial access
4. Multiple-slot PDCCH monitoring for 960KHz with X=[8] slots [FFS: Component description to be updated once further details of multi-slot monitoring capability are known, e.g., definition of Y]
5. PRACH with 960KHz and length 139
FFS: 6. Support multi-RB PUCCH format 0/1/4 for 960 kHz
FFS: 7. Multi-PUSCH/PDSCH scheduling by single DCI for the operation with 960 kHz SCS

	24-1
	Yes
	
	
	[per UE
/band ]
	
	
	
	From WID
· In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported.

[Agreement:
A UE supporting 960 kHz SCS supports multi-slot PDCCH monitoring for 960 kHz SCS.
Agreement:
Do not support PRACH length L=571, 1151 for 960kHz PRACH and at least L =1151 for 480kHz PRACH]

Note:
• Resolve the issues of wideband PRACH, multi-RB PUCCH format 0/1/4, and multi-PUSCH/PDSCH scheduling by single DCI, i.e., whether to have components of a single FG or separate FGs, for 120 kHz first, then use the same structure for 480 kHz
• Resolve the issue of having separate capabilities for DL and UL (data and control channels as well as reference signals) for 120 kHz first, then use the same structure for 480 kHz
	Optional with capability signalling


	24. NR_ext_to_71GHz
	24-6
	Uplink channel access procedure for FR2-2 unlicensed operation
	1. Cat 3 [or Cat 4] LBT support [(not agreed yet if CW is supported, so it can be either Cat 3 or Cat 4 LBT for now. Will update when we have agreement)]
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. NR_ext_to_71GHz
	24-7
	Cat 2 LBT support for uplink channel access procedure for FR2-2 unlicensed operation
	1. Support Cat 2 LBT

	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. NR_ext_to_71GHz
	24-8
	32 DL HARQ processes [for FR 2-2]
	Support 32 HARQ processes in DL [for 480/960 kHz]
	
	
	
	
	
	
	
	
	
	Optional with capability signalling

	24. NR_ext_to_71GHz
	24-9
	32 UL HARQ processes [for FR 2-2]
	Support 32 HARQ processes in UL [for 480/960 kHz]
	
	
	
	
	
	
	
	
	
	Optional with capability signalling

	 24. NR_ext_to_71GHz
	24-?
	Wideband PRACH
	Enhanced PRACH design for operation with shared spectrum channel access by adopting a single long ZC sequence, with ZC sequence = 1151 for 120kHz and ZC sequence = 571 for 120kHz /480kHz.
 
	24-1, [24-4] 
	
	
	
	
	
	
	
	Agreement:
· For initial access and non-initial access use cases, support 120kHz PRACH SCS with sequence length L=571, 1151 (in addition to L=139) for PRACH Formats A1~A3, B1~B4, C0, and C2.
…

Agreement:
Do not support PRACH length L=571, 1151 for 960kHz PRACH and at least L =1151 for 480kHz PRACH. 

Agreement:
Additionally, support PRACH length L=571 for 480kHz


	

	 24. NR_ext_to_71GHz
	24-?
	PUCCH format 0/1/4 with multi RB
	1. Support [2,…, 16] RB for PUCCH format 0 and format 1 for 120kHz/480kHz/960kHz
2. Support [2,…, 16] RB for PUCCH format 4 for 120kHz/480kHz/960kHz
	24-1, 24-4, 24-5
	
	
	
	
	
	
	
	Agreement:
The maximum configured number of RBs, N_RB, for enhanced PF 0/1/4 is given by 16 RBs for 120 kHz SCS

Agreement:
The maximum configured number of RBs, N_RB, for enhanced PF 0/1/4 is given by 16 RBs for 480 and 960 kHz SCS (same as for 120 kHz SCS).

	

	 24. NR_ext_to_71GHz
	24-?
	Multiple PDSCH/PUSCH scheduling by single DCI for 120kHz
	1. Multi-PUSCH/PDSCH scheduling by single DCI for the operation with 960 kHz SCS
	24-1, 
	
	
	
	
	
	
	
	Agreement:
· The maximum number of PDSCHs/ PUSCHs that can be scheduled with a single DCI in Rel-17 is 8 for SCS of 120, 480 and 960 kHz.
FFS: Whether UE capability is introduced for restricting the maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI.


	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	



