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In this contribution, we will discuss and share our views on UE features for 52.6 to 71 GHz. The latest approved UE features list can be found in [1].
 UE features for above 52.6GHz
 General comments
The WID [2] notes the applicability of the UE features introduced for FR 2-2 should be discussed case by case. 
[bookmark: _Hlk58594589]Note 5: FR2 is extended to cover 24.25GHz to 71GHz with FR2-1 for 24.25-52.6GHz and FR2-2 for 52.6-71GHz. 
· The related UE capabilities and their applicability to the frequency range 52.6 to 71 GHz will have to be analysed on a case by case basis
· The application of any of the UE feature introduced for 52.6-71 GHz to existing FR1/FR2 should be discussed case by case.
Firstly, as described in second bullet in Note 5, we should consider application band range (i.e. FR2-2 only, FR2, both FR2 and FR1) of any of the UE feature. In our opinion, at least we need to consider the possibility of extending the UE features newly introduced for 120KHz or all SCSs to FR2-1 even FR1, e.g. multi-PDSCH scheduling by a single DCI. In addition, since FR2-2 involve both licensed and unlicensed spectrum operation, the application band type (i.e. licensed band only, unlicensed band only or both licensed and unlicensed band) for each FG should be discussed case by case.
[bookmark: _Ref83821882]Proposal 1: The application band range (i.e. FR2-2 only, FR2, both FR2 and FR1) and application band type (i.e. licensed band only, unlicensed band only or both licensed and unlicensed band) for each FG introduced for FR2-2 should be discussed case by case.
2.2	Comments on each FG
·  FG 24-1
3GPP TS 38.300 specifies five scenarios for shared spectrum access operation:
-	Scenario A: Carrier aggregation between NR in licensed spectrum (SpCell) and NR in shared spectrum (SCell);
-  Scenario A.1: SCell is not configured with uplink (DL only);
-  Scenario A.2: SCell is configured with uplink (DL+UL).
-	Scenario B: Dual connectivity between LTE in licensed spectrum and NR in shared spectrum (PSCell);
-	Scenario C: NR in shared spectrum (PCell);
-	Scenario D: NR cell in shared spectrum and uplink in licensed spectrum;
-	Scenario E: Dual connectivity between NR in licensed spectrum (PCell) and NR in shared spectrum (PSCell).
In Scenario A.1 as shown above, SCell is configured with downlink only. That means a UE can have no uplink transmission in FR2-2 at all. Thus, we propose to have separate FR2-2 FG for supporting DL reception and UL transmission.
Proposal 2: Propose to have separate FR2-2 FG for supporting DL reception and UL transmission.
Multiple PDSCHs/PUSCHs scheduled by a single DCI
According to the following agreements of RAN1 #104-e and #106b-e meeting, single DCI scheduled multiple PDSCHs/PUSCHs have been approved for FR2-2. But we need to further discuss whether component on single DCI scheduled multiple PDSCHs/PUSCHs should be regarded as the basic FG for DL/UL.
Agreement: (RAN1 #104-e)
· The maximum number of PDSCHs that can be scheduled with a single DCI in Rel-17 is 8 for SCS of 480 and 960 kHz.
· FFS: Further restrictions for 480 kHz to 4
· FFS: A UE capability to select between 4 and 8 for 480 kHz SCS
· Note: Multi-PDSCH scheduling for the case of 120 kHz SCS is still FFS as per prior agreement. This case can be addressed after this FFS has been decided.
· The maximum number of PUSCHs that can be scheduled with a single DCI in Rel-17 is 8.
· FFS: Further restrictions for 120 kHz and 480 kHz SCS
· FFS: A UE capability to select between different values for 120 kHz and 480 kHz SCS
Agreement: (RAN1 #106b-e)
Confirm the working assumption from RAN1#106-e with the following modification.
Working assumption: (RAN1#106-e)
Scheduling multiple PDSCHs by single DL DCI applies to 120 kHz in addition to 480 and 960 kHz at least in FR2-2.
· FFS: Further limitations on maximum number of PDSCHs
· Note: Further limitations (in addition to what was agreed earlier) on the maximum number of PDSCHs or PUSCHs can be separately discussed for all SCSs.
Proposal 3: Further discuss whether component on single DCI scheduled multiple PDSCHs/PUSCHs should be regarded as the basic FG for DL/UL.
PRACH
In RAN1 #104 e-meeting, the following agreement on supporting PRACH sequence length for 120kHz was achieved.
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.
· For non-initial access use cases, 
· if 480kHz and/or 960 kHz SSB SCS is agreed to be supported, support 480 and/or 960 kHz PRACH SCS with sequence length L=139 for PRACH Formats A1~A3, B1~B4, C0, and C2, respectively.
· FFS: support of sequence length L = 571, 1151
· FFS: Support of 480 and/or 960 kHz PRACH SCS for initial access use cases, if 480 and/or 960 kHz SSB SCS is agreed to be supported for initial access
We can observe for the above agreement that PRACH sequence length L=139, 571, 1151 have been supported for 120kHz SCS. Based on this, we have no see reason not to support PRACH sequence length L= 571, 1151 in basic FG for UL. But we are open to discuss whether 120KHz PRACH SCS with sequence length L=571/1151 should be regarded as basic feature for FR2-2. .
Proposal 4: 120KHz PRACH SCS with sequence length L=139 should at least be regarded as basic feature for FR2-2. 
Proposal 5: Modify basic FG24-1 for DL as follows:

	Index
	Feature group
	Components
	Prerequisite feature groups

	24-1
	Basic FR2-2 [DL] support
	1. Support 120KHz SCS SSB for initial/non-initial access[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]]
2. [ 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]
3. [6. Support multi-PUSCH[/PDSCH] scheduling by single DCI for the operation with 120 kHz SCS]
	



·  FG 24-2
For “FG 24-2 120KHz SSB based stand-alone support in FR2-2”, we do not think this FG is necessary. According to WID [2] and the following agreement reached in RAN Plenary #92-e meeting, supporting 120KHz SSB for initial access and non-initial access is mandatory and it should be a basic feature. Thus FG 24-2 can be deleted and merged with FG 24-1.
	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)




	Agreement in RAN#92-e, June 14-18, 2021
In addition to 120kHz, support 480 kHz SSB for initial access with support of CORESET0/Type0-PDCCH configuration in the MIB with following constraints:
· Limited sync raster entry numbers
· It is assumed that RAN4 supports a channelization design which results in the total number of synchronization raster entries considering both licensed and unlicensed operation in a 52.6 – 71 GHz band no larger than 665 (Note: the total number of synchronization raster entries in FR2 for band n259 + n257 is 599). If the assumption cannot be satisfied, it’s up to RAN4 to decide its applicability to bands in 52.6 – 71 GHz.
· only 480kHz CORESTE#0/Type0-PDCCH SCS supported for 480 kHz SSB SCS.
· SSB time domain candidate resource pattern (within a slot or pair of slots) for 480 and 960kHz SSB are identical
· Prioritize support SSB-CORESET0 multiplexing pattern 1. Other patterns discussed on a best effort basis.
· 960 kHz numerology for the SSB is not supported by the UE for initial access in Rel-17.
Note: Strive to minimize specification impact by reusing tables for CORESET#0 and type0-PDCCH CSS set configuration defined for FR2 in Rel-15, as much as possible
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)
Note: Dependency or lack thereof for a UE supporting 480kHz and/or 960kHz numerology for data and control to also support 480kHz SSB numerology for initial access is to be tackled as part of UE capability discussion.



Proposal 6: “FG 24-2 120KHz SSB based stand-alone support in FR2-2” is not necessary, which can be deleted and merged with FG 24-1 in FR2-2.
·  FG 24-3
For “FG 24-3 480KHz SSB for initial access in FR2-2”, so far, dependency or lack thereof for a UE supporting 480kHz numerology for data and control to also support 480kHz SSB numerology for initial access has not been decided. Thus, RAN1 should first agree that a UE supporting 480kHz SSB for initial access should also support 480kHz numerology for data and control, then FG 24-4 can be used as a prerequisite feature group for FG 24-3.
Observation 1: No agreements/conclusions to support that FG 24-4 can be used as a prerequisite feature group for FG 24-3.
Proposal 7: RAN1 should agree that a UE supporting 480KHz SSB for initial access also supports 480KHz numerology for data and control, and modify FG 24-3 as follows.
	Index
	Feature group
	Components
	Prerequisite feature groups

	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]




·  FG 24-4
For FR 2-2, 480KHz SCS SSB can be supported both for initial access and non-initial access. FG 24-3 is defined for supporting 480KHz SSB for initial access in FR2-2. Thus for “FG 24-4 480KHz SCS support”, we think it is necessary to clarify that Component 3 “480KHz for SSB monitoring” is only used for non-initial access case. Brackets in Component 3 can be deleted.
Proposal 8: It is necessary to clarify that Component 3 “480KHz for SSB monitoring” in FG 24-4 is only used for non-initial access. Square brackets in Component 3 can be deleted.
In RAN1#106bis e-meeting, multi-slot PDCCH monitoring capability is still under discussion. Other values less than 4/8 for 480 kHz/960 kHz can be further discussed and determined after multi-slot PDCCH monitoring capability is supported for X=4/8 for 480 kHz/960 kHz. Thus, we propose to de-prioritize discussion other values less than X for the sake of progress and support at least one workable solution to define the multi-slot PDCCH monitoring capability. Therefore, square brackets of two sides 4 in Component 4 can be deleted.
Moreover, if there is no consensus made in the upcoming meeting, per-slot PDCCH monitoring for 480KHz should be supported.
Proposal 9: De-prioritize discussion other values of X if multiple-slot monitoring capability is supported in FR2-2.
Proposal 10: Propose to support multiple-slot PDCCH monitoring for 480KHz with X=4 slots first if multiple-slot monitoring capability is supported in FR2-2.
Proposal 11: If multiple-slot monitoring capability is not introduced in FR2-2, it is recommended to support per-slot PDCCH monitoring for 480KHz.
It is agreed that L=571 is supported for 480kHz in RAN1 #106bis e-meeting, so square brackets in Component 5 can be deleted.
	Agreement

Additionally, support PRACH length L=571 for 480kHz


Proposal 12: “ PRACH with 480KHz and length 139/571” should be supported for FR2-2. 
For PUCCH format 0/1/4 for 480kHz SCS, muti-RB is also supported, the processing is the same as 120 kHz SCS.The agreements are as follows:
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).
Proposal 13: .Support component 6 and remove the FFS of component 6 in FG 24-4.
Single DCI scheduled multi-PDSCH/PUSCH has been approved in RAN1 #104-e meeting and the following agreement is as bellow:
Agreement:
· The maximum number of PDSCHs that can be scheduled with a single DCI in Rel-17 is 8 for SCS of 480 and 960 kHz.
· FFS: Further restrictions for 480 kHz to 4
· FFS: A UE capability to select between 4 and 8 for 480 kHz SCS
· Note: Multi-PDSCH scheduling for the case of 120 kHz SCS is still FFS as per prior agreement. This case can be addressed after this FFS has been decided.
· The maximum number of PUSCHs that can be scheduled with a single DCI in Rel-17 is 8.
· FFS: Further restrictions for 120 kHz and 480 kHz SCS
· FFS: A UE capability to select between different values for 120 kHz and 480 kHz SCS
Single DCI scheduled multi-PDSCH/PUSCH should be approved without FFS for SCS of 480 and 960 kHz.
Proposal 14: Support component 7 and remove the FFS of component 7 in FG 24-4.
·  FG 24-5
In regards to PDCCH monitoring enhancement for FR2-2, we propose to de-prioritize discussion other values less than X for the sake of progress and support at least one workable solution (X=4/8 for 960 kHz) to define the multi-slot PDCCH monitoring capability, and square brackets of two sides 8 in Component 4 can be deleted and X=4 slots for 960kHz should be added as an optional value according to the agreement made in RAN1#106bis e-meeting. Moreover, if there is no consensus made in the upcoming meeting, per-slot PDCCH monitoring for 480KHz should be supported.
Proposal 15: Same method as component 4 in FG 24-4 can be used for component 4 in FG 24-5, square brackets of two sides 8 in Component 4 can be deleted and X=4 slots for 960kHz should be added as an optional value.
For PUCCH format 0/1/4 for 960kHz SCS, muti-RB is also supported, the processing is the same as 120 kHz SCS.The agreements are as follows:
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).
Proposal 16: Support component 6 and remove the FFS of component 6 in FG 24-5.
Similar with FG24-4, Single DCI scheduled multi-PDSCH/PUSCH should be approved without FFS for SCS 960 kHz.
Proposal 17: Support component 7 and remove the FFS of component 7 in FG 24-5.
·  FG 24-6 
In RAN1#106bis e-meeting, the following agreement on CWs adjustment was achieved, it means that Cat3 LBT is supported for above 52.6GHz, not Cat4 LBT. Hence, we propose to remove Cat 4 and related descriptions from components.
	Conclusion:
There is no consensus to introduce CWS Adjustment for unlicensed operation in FR2-2
Conclusion:
There is no consensus to introduce CAPC for unlicensed operation in FR2-2


Regarding LBT bandwidth, we think the conclusion on LBT bandwidth reached in RAN1 #106 e-meeting is only applied for per carrier, not per BWP since the functionality of accessing a carrier if there is interference in part of the carrier in frequency is not supported (conclusion is copied below). So we propose to remove BWP bandwidth from supporting LBT bandwidth.
	Conclusion:
There is no consensus in RAN1 to support the functionality of accessing a carrier if there is interference in part of the carrier in frequency. 


Proposal 18: Modify FG24-6 as follows:
	Index
	Feature group
	Components
	Prerequisite feature groups
	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)

	24-6
	Uplink channel access procedure for FR2-2 unlicensed operation
	0.  Support Cat 3 [or Cat 4] LBT [(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



·  FG 24-7 
So far, it was only agreed that Cat2 LBT can be supported for the responding device of COT sharing. But there is still no conclusion on whether other use cases can use Cat2 LBT. Hence, for COT sharing case, we propose to remove square brackets of FG 24-6, that is, FG 24-6 is a prerequisite for FG 24-7 until RAN1 concludes on Cat2 LBT support other use cases except COT sharing.
Proposal 19: Modify FG24-7 as follows:
	Index
	Feature group
	Components
	Prerequisite feature groups
	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)

	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



·  FG 24-8 and FG 24-9
According to the following agreement, support 32 as the maximum number of HARQ process for Rel-17 NTN and NR FR2-2 at least for 480/960 kHz SCS. However, NTN may only introduce the UE feature for FR1. Therefore, a separate FG 24-8 and 24-9 with restrict of FR2-2 and 480/960 kHz should be approved. Square brackets of two sides “for FR2-2” and “for 480/960kHz” in FG 24-8 and 24-9 should be deleted.
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.
Proposal 20: Modify FG 24-8 and FG 24-9 as follows:

	Index
	Feature group
	Components

	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]



Conclusion
In this contribution, we share some our views on UE features for 52.6 GHz to 71GHz and provide the following observations and proposals:
Proposal 1: The application band range (i.e. FR2-2 only, FR2, both FR2 and FR1) and application band type (i.e. licensed band only, unlicensed band only or both licensed and unlicensed band) for each FG introduced for FR2-2 should be discussed case by case.
Proposal 2: Propose to have separate FR2-2 FG for supporting DL reception and UL transmission.
Proposal 3: Further discuss whether component on single DCI scheduled multiple PDSCHs/PUSCHs should be regarded as the basic FG for DL/UL.
Proposal 4: 120KHz PRACH SCS with sequence length L=139 should at least be regarded as basic feature for FR2-2. 
Proposal 5: Modify basic FG24-1 for DL as follows:

	Index
	Feature group
	Components
	Prerequisite feature groups

	24-1
	Basic FR2-2 [DL] support
	1. Support 120KHz SCS SSB for initial/non-initial access[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]]
2. [ 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]
3. [6. Support multi-PUSCH[/PDSCH] scheduling by single DCI for the operation with 120 kHz SCS]
	



Proposal 6: “FG 24-2 120KHz SSB based stand-alone support in FR2-2” is not necessary, which can be deleted and merged with FG 24-1 in FR2-2.
Observation 1: No agreements/conclusions to support that FG 24-4 can be used as a prerequisite feature group for FG 24-3.
Proposal 7: RAN1 should agree that a UE supporting 480KHz SSB for initial access also supports 480KHz numerology for data and control, and modify FG 24-3 as follows.
	Index
	Feature group
	Components
	Prerequisite feature groups

	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]



Proposal 8: It is necessary to clarify that Component 3 “480KHz for SSB monitoring” in FG 24-4 is only used for non-initial access. Square brackets in Component 3 can be deleted.
Proposal 9: De-prioritize discussion other values of X if multiple-slot monitoring capability is supported in FR2-2.
Proposal 10: Propose to support multiple-slot PDCCH monitoring for 480KHz with X=4 slots first if multiple-slot monitoring capability is supported in FR2-2.
Proposal 11: If multiple-slot monitoring capability is not introduced in FR2-2, it is recommended to support per-slot PDCCH monitoring for 480KHz.
Proposal 12: “ PRACH with 480KHz and length 139/571” should be supported for FR2-2. 
Proposal 13: .Support component 6 and remove the FFS of component 6 in FG 24-4.
Proposal 14: Support component 7 and remove the FFS of component 7 in FG 24-5.
Proposal 15: Same method as component 4 in FG 24-4 can be used for component 4 in FG 24-5, square brackets of two sides 8 in Component 4 can be deleted and X=4 slots for 960kHz should be added as an optional value.
Proposal 16: Support component 6 and remove the FFS of component 6 in FG 24-5.
Proposal 17: Support component 7 and remove the FFS of component 7 in FG 24-5.
Proposal 18: Modify FG24-6 as follows:
	Index
	Feature group
	Components
	Prerequisite feature groups
	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)

	24-6
	Uplink channel access procedure for FR2-2 unlicensed operation
	2.  Support Cat 3 [or Cat 4] LBT [(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)]
3. [Support LBT performed per carrier/BWP bandwidth]
	24-1
	Per band


Proposal 19: Modify FG24-7 as follows:
	Index
	Feature group
	Components
	Prerequisite feature groups
	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)

	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



Proposal 20: Modify FG 24-8 and FG 24-9 as follows:

	Index
	Feature group
	Components

	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]
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