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1. Introduction
This contribution describes our views on UE features for supporting NR from 52.6 GHz to 71 GHz in Rel-17, captured in R1-2202927 [1]. 

2. Discussion
2.1. General views
A general issue would be how to consider FR-related differentiation. In this WI, companies discuss on various types of new features and enhancements of the existing NR functionalities to extend NR to 52.6 – 71 GHz frequency range. Any UE feature to be supported in this WI will then be applicable at least for 52.6 – 71 GHz. However, companies may or may not argue that some of the UE features to be specified in this WI could be technically beneficial even in another frequency range, and then desire to discuss whether/how to expand the applicability of such UE features to other frequency ranges. It may consume quite a lot of time in RAN1 to discuss the range of applicability one by one. Note that 52.6 – 71 GHz frequency range at least include unlicensed bands, while licensed bands may also be identified in the future. The WI also target the support for both licensed and unlicensed band in this frequency range. This fact may also make the discussion more complex. 

Also, frequency range notation itself should be carefully considered. In the latest WID for supporting NR from 52.6 GHz to 71 GHz [2], two important aspects on frequency range definition regarding beyond 24 GHz are captured; one is to extend the definition of FR2 up to 71GHz, and the other is to introduce new FR sub-labels, FR2-1 and FR2-2, to be used for differentiating 24.25 – 52.6 GHz and 52.6 – 71 GHz if needed. Therefore, as well as FR1/2 differentiation, FR2-1/2-2 differentiation may also need to be considered. 

With the consideration above, how to have FR-related differentiation would depend on each UE feature in our view. We see the following alternatives at this stage.
· One potential approach to easily solve this issue could be to define all the UE features to be specified in this WI per-band (or per BC). With this, UE can report its capability regarding functionalities for 52.6 – 71 GHz operation per band that the UE supports, which means vendors have a freedom for its own implementation. However, it may increase the overhead for UE capability signalling depending on the number of bands/band combinations to be specified. 
· For UE features which can be applied regardless of licensed or unlicensed band, extending per-FR capability signalling may be another possibility. For example, by enabling per-FR capability signalling to differentiate FR2-1 and FR2-2, it would be possible to indicate a certain UE feature is applicable for FR2-2 only if needed. Or, if a UE feature is applicable to both FR2-1 and FR2-2 without any difference, just to use the existing per-FR capability signalling would also be possible. By defining in this manner, vendors still have a freedom to implement a certain feature for a certain frequency range, while overhead for capability signalling can be suppressed. 
· To decrease signalling overhead more, per-UE signalling with some Notes can also be considered. This approach, however, may be applicable to particular UE features only, for which the targeted FR is crystal clear. For example, if a UE feature is clearly applicable for FR2-2 unlicensed band only, it could be possible to define it as a UE feature with per-UE capability signalling with a Note saying i.e., “this is applicable only for unlicensed band in FR2-2”. While this approach achieves much less overhead on UE capability signalling, an issue may be less implementation flexibility. 


Table 1. Comparison of FR differentiation approaches
	FR differentiation
	Flexibility for implementation 
	UE capability signalling overhead

	Per-band 
	Very flexible
	Heavy 

	Per FR
	Less flexible 
	Relatively light

	Per UE
	Much less flexible
	Light 




Proposal 1: For the discussion on Rel-17 UE features at least regarding 52.6 – 71 GHz WI, the following alternatives can be considered in case-by-case manner, in terms of FR differentiation.  
· Alt 1: define as per-band
· Alt 2: define as per-FR
· Differentiation of FR2-1/2-2 may or may not be needed
· Alt 3: define as per-UE
· A fixed limitation (e.g., as a Note) on applicable frequency range may be needed



2.2. Views on the latest Rel-17 UE feature list
We have the following comments/suggestions on the latest Rel-17 UE feature list related to NR 52.6 – 71GHz.

For FG24-1b/24-1c/24-4b/24-4c/24-5c, RAN#95-e has decided to replace “Note: This FG is only supported in bands for shared spectrum operation” for “this FG is only supported when PSD limitation applies within FR2-2 based on the regional regulations” given that these features are generally to deal with PSD limitation required in some regions. It can be confirmed without any technical discussion, in order to follow RAN decision. 

Also, for FG24-1b/24-1c, there is an FFS on whether to have a Note that makes these features mandatory in a certain case, e.g., when a UE supports FG24-2 (i.e., SA operation in FR2-2 with 120kHz SCS). We actually support the Note, i.e., prefer to ask UEs supporting SA to mandatorily support these FGs to make them available even during initial access. Without the Note, these FGs will be just optional ones in any scenario, which means gNB in general cannot configure them for initial access since gNB does not have prior knowledge on whether UEs support them or not. believe it is essential to have such a Note for these features since NW may not be able to configure these features for any UEs during initial access. We believe these FGs are well understood as features for improving coverage performance under PSD limitation. Thus, if they are not available during initial access, practical coverage is limited in SA scenario even if they are available after initial access. Although SA operation without them could work (with limited coverage), we hope to make these FGs available regardless of scenarios, including SA. We also believe the same note would be essential for FG24-4b and 24-4c for UE supporting 24-3. 

For FG24-2/3, RAN2 has sent an LS [2] to RAN1 in this e-meeting, in which the following has been asked:
	C) R1 24-2 and 24-3
Both of the features have N/A in the column of “Need for the gNB to know if the feature is supported” while indicate in the column of “Mandatory/Optional” as “optional with capability signalling”. From RAN2 perspective, if there is no need for gNB to know whether a feature is supported or not, no capability signalling should be defined. RAN2 also noticed that there are other features in NTN that have such ambiguities (e.g. R1 26-1/26-8 for NTN WI).  RAN2 would like to know whether such capabilities are really “optional with capability signalling”



In our understanding, these FGs are intended for UE supporting DC and/or SA operation, which requires similar PHY functionalities but potentially different implementations. 
· When DC is operated for a UE for which RRC connection has been established via another (e.g., lower) band already, NW needs to know whether the UE supports DC in FR2-2 or not. For this purpose, FG24-2/24-3 should be optional with capability signaling. 
· When SA is operation for a UE for which no RRC connection has been established, NW does not need to know whether the UE supports SA in FR2-2 (rather these is no way to do so before initial access). For this purpose, “Need for the gNB to know if the feature is supported” can be N/A. 

Since we believe the current FG structure captures the intention above well, we do not see the need to have changes in terms of RAN2’s question (though they are clarified for RAN2 in the form of reply LS). Meanwhile, if one argues that the current FG structure is confusing, we are open to consider measures to avoid that. One potential resolution could be to divide each FG into two, one is for DC, and the other is for SA. For DC, depending on the related SCS, FG24-2 or 24-3 can be reused with the change of “Need for the gNB to know if the feature is supported” from N/A to Yes. For SA, a new FG with similar contents to FG24-2 or FG24-3 depending on its relevant SCS can be considered, with the change on “Mandatory/optional” from “Optional with capability signaling” to “Optional without capability signaling”. FG24-2 or FG24-3 can be defined as prerequisite. 

For FG24-4 and FG24-5, an FFS point is component 7 for Type 0/0A/2 CSS and Type 1 CSS without dedicated RRC configuration. In WI, the detail is almost completed already, except for the handling of Type 1 CSS without dedicated RRC configuration. Since it is still under WI discussion, we think it would be better to wait for WI progress a bit more for this issue. 

For FG24-6 and FG24-7, an agreement has been made in the last e-meeting as follows. It should be reflected for both of them. 
	Agreement
For LBT for single carrier UL transmission, UE performs LBT over a BW that at least includes the active UL BWP bandwidth
· The BW that at least includes the active UL BWP bandwidth is captured as “channel” in 37.213



Type of FG24-8 and 24-9 is still FFS. Our preference is generally to avoid having too much reporting overhead, while we understand that there is a need for some implementations to have finer granularity for reporting of this FG. We would be ok with defining this as per-FSPC, if preferred by majority.

Given above, we suggest the following update for NR 52.6 – 71 GHz feature list:

Proposal 2: Update the latest UE feature list on 52.6 – 71 GHz as shown in the following Table 2.2-1  

Proposal 3: For the question asked by RAN2 on FG24-2/3, the following alternatives can be considered:
· Alt-1: No update on FG24-2/24-3. Clarify these are intended for both DC and SA operation in the form of LS reply to RAN2. 
· Alt-2: The existing FG24-2/24-3 are updated to clarify these FGs are dedicated for DC operation, with the change of “Need for the gNB to know if the feature is supported” from N/A to Yes. New FGs are introduced for SA operation for each of 120 and 480 kHz SCS, based on the existing FG24-2 and 24-3, respectively, with the change on “Mandatory/optional” from “Optional with capability signaling” to “Optional without capability signaling”. 
· The updated FG24-2 and 24-3 can be prerequisite of the new FGs, respectively. 

Table 2.2-1: The proposed update for UE feature list
1. [bookmark: _Hlk88508175]NR_ext_to_71GHz
	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 reception of 120kHz subcarrier spacing for DL data and control channels, SSB,  and reference signals in FR2-2 for non-initial access

	
	Yes
	N/A
	FR2-2 is not supported
	per band
	N/A
	N/A
	N/A
	A UE that supports FR2-2 must indicate this FG is supported
	Optional with capability signalling

	 24. NR_ext_to_71GHz
	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
	Yes
	N/A
	UL in FR2-2 is not supported
	per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	 24. NR_ext_to_71GHz
	24-1b
	Wideband PRACH for 120 kHz in FR2-2
	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
	Yes
	N/A
	Wideband PRACH for 120 kHz in FR2-2 is not supported
	Per band
	N/A
	N/A
	N/A
	[A UE that supports FG 24-2 in a band where PSD limitation applies must indicate this FG is supported]

[Note: This FG is only supported when PSD limitation applies within FR2-2 based on the regional regulationsThis FG is only supported in bands for shared spectrum operation]
	Optional with capability signalling



	 24. NR_ext_to_71GHz
	24-1c
	Multi-RB support
PUCCH format 0/1/4 for 120 kHz in FR2-2 
	1. Support multi-RB PUCCH format 4 for 120 kHz 
2. Support multi-RB PUCCH format 0/1 for 120 kHz

	24-1a
	Yes
	N/A
	Multi-RB support
PUCCH format 0/1/4 for 120 kHz in FR2-2 is not supported
	Per band
	N/A
	N/A
	N/A
	[A UE that supports [24-1a/24-2/FR2-2] in a band where PSD limitation applies must indicate this FG is supported]

This FG is only supported when PSD limitation applies within FR2-2 based on the regional regulationsThis FG is only supported in bands under PSD limitation in shared spectrum operation
	Optional with capability signalling



	 24. NR_ext_to_71GHz
	24-1d
	Multiple PDSCH scheduling by single DCI for 120kHz in FR2-2
	1. Multi-PDSCH scheduling by single DCI for the operation with 120 kHz SCS
2. HARQ enhancements for both type 1 and type 2 HARQ codebook for supporting multi-PDSCH scheduling with singe DCI
	24-1
	Yes
	N/A
	Multiple PDSCH scheduling by single DCI for 120kHz is not supported in FR2-2
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling


	 24. NR_ext_to_71GHz
	24-1f
	Multiple PDSCH scheduling by single DCI for 120kHz in FR2-1
	1. Multi-PDSCH scheduling by single DCI for the operation with 120 kHz SCS
2. HARQ enhancements for both type 1 and type 2 HARQ codebook for supporting multi-PDSCH scheduling with singe DCI
	
	Yes
	N/A
	Multiple PDSCH scheduling by single DCI for 120kHz is not supported in FR2-1
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling


	 24. NR_ext_to_71GHz
	24-1e
	Multiple PUSCH scheduling by single DCI for 120kHz in FR2-2
	1. Multi-PUSCH scheduling by single DCI for the operation with 120 kHz SCS
	24-1a
	Yes
	N/A
	Multiple PUSCH scheduling by single DCI for 120kHz is not supported in FR2-2
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	 24. NR_ext_to_71GHz
	24-1g
	Multiple PUSCH scheduling by single DCI for 120kHz in FR2-1
	1. Multi-PUSCH scheduling by single DCI for the operation with 120 kHz SCS with non-contiguous allocation 
	
	Yes
	N/A
	Multiple PUSCH scheduling by single DCI for 120kHz is not supported in FR2-1 with non-contiguous allocation
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	[bookmark: _Hlk96897336] 24. NR_ext_to_71GHz
	24-2
	120KHz SSB support for initial access in FR2-2
	1. Support 120KHz SSB for initial access in FR2-2


	24-1, 24-1a
	N/A
	N/A
	120KHz SSB based initial access in FR2-2 is not supported
	per band

	N/A
	N/A
	N/A
	
	Optional with capability signalling



	 24. NR_ext_to_71GHz
	24-3
	480KHz SSB support for initial access in FR2-2
	1. Support 480KHz SSB for initial in FR2-2
	24-2, 24-4, 24-4a
	N/A
	N/A
	480KHz SSB for initial access in FR2-2 is not supported
	per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling


	 24. NR_ext_to_71GHz
	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 (Xs,Ys) = (4,1)
3. Multi- PDSCH scheduling by single DCI for the operation with 480 kHz SCS and corresponding HARQ enhancements
4. Within the Ys = 1 slot (with Xs=4), monitoring of type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS with a maximum of two monitoring spans per slot with a span duration of Y symbols and a minimum gap of X symbols between the start of two spans, where  (X,Y) = (4, 3) and (7, 3) are supported
5. Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot group of Xs slots per scheduled CC for FDD
6. Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot group of Xs slots per scheduled CC for TDD
[7. For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS, the monitoring occasion can be any OFDM symbol(s) of each slot of the slot group, with the monitoring occasions for any of Type 1- CSS without dedicated RRC configuration, or Types 0, 0A, or 2 CSS configurations within a single span of three consecutive OFDM symbols within each slot of the slot group.]
	24-1
	Yes
	N/A
	480KHz SCS for DL is not supported
	Perband
	N/A
	N/A
	N/A
	
	Optional with capability signalling


	 24. NR_ext_to_71GHz
	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
	24-1a, 24-4
	Yes
	N/A
	480KHz SCS support for UL is not supported
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	 24. NR_ext_to_71GHz
	24-4b
	Wideband PRACH  for 480 kHz in FR2-2
	PRACH with 480KHz and length 571
 
	24-4a
	Yes
	N/A
	Wideband PRACH  for 480 kHz in FR2-2 is not supported
	Per band
	N/A
	N/A
	N/A
	[Note: This FG is only supported when PSD limitation applies within FR2-2 based on the regional regulationsThis FG is only supported in bands for shared spectrum operation]

A UE that supports FG 24-3 in a band where PSD limitation applies must indicate this FG is supported
	Optional with capability signalling

	 24. NR_ext_to_71GHz
	24-4c
	Multi-RB PUCCH format 0/1/4 for 480 kHz in FR2-2
	Support multi-RB PUCCH format 0/1/4 for 480 kHz

	24-4a
	Yes
	N/A
	Multi-RB PUCCH format 0/1/4 for 480 kHz in FR2-2 is not supported
	Per band
	N/A
	N/A
	N/A
	This FG is only supported when PSD limitation applies within FR2-2 based on the regional regulationsThis FG is only supported in bands under PSD limitation in shared spectrum operation

A UE that supports FG 24-3 in a band where PSD limitation applies must indicate this FG is supported
	Optional with capability signalling

	 24. NR_ext_to_71GHz
	24-4f
	Enhanced PDCCH monitoring for 480KHz in FR2-2
	1. Multiple-slot PDCCH monitoring for 480KHz with (Xs,Ys)=(4,2)
2.) Within each of the Ys = 2 slots (with Xs=4), monitoring of type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS in the first 3 OFDM symbols of each slot 
	24-4
	Yes
	N/A
	Enhanced PDCCH monitoring for 480KHz in FR2-2 is not supported
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	 24. NR_ext_to_71GHz
	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 (Xs,Ys)=(8,1)
3. Multi-PDSCH scheduling by single DCI for the operation with 960 kHz SCS and corresponding HARQ enhancements
4. Within the Ys = 1 slot  (with Xs=8), monitoring of type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS with a span duration of Y symbols and a minimum gap of X symbols between the start of two spans, where (X,Y)= (7, 3) is supported
5. Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot group of Xs slots per scheduled CC for FDD
6. Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot group of Xs slots per scheduled CC for TDD
[7. For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS, the monitoring occasion can be any OFDM symbol(s) of each slot of the slot group, with the monitoring occasions for any of Type 1- CSS without dedicated RRC configuration, or Types 0, 0A, or 2 CSS configurations within a single span of three consecutive OFDM symbols within each slot of the slot group.]
	24-1
	Yes
	N/A
	960KHz SCS support for DL is not supported
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling


	 24. NR_ext_to_71GHz
	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
	24-1a, 24-5
	Yes
	N/A
	960KHz SCS support for UL is not supported
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	 24. NR_ext_to_71GHz
	24-5c
	Multi-RB PUCCH format 0/1/4 for 960 kHz in FR2-2
	Support multi-RB PUCCH format 0/1/4 for 960 kHz
	24-5a
	Yes
	N/A
	Multi-RB PUCCH format 0/1/4 for 960 kHz in FR2-2 is not supported
	Per band
	N/A
	N/A
	N/A
	This FG is only supported when PSD limitation applies within FR2-2 based on the regional regulationsThis FG is only supported in bands under PSD limitation in shared spectrum operation
	Optional with capability signalling

	 24. NR_ext_to_71GHz
	24-5f
	Enhanced PDCCH monitoring for 960KHz in FR2-2
	1. Multiple-slot PDCCH monitoring for 960KHz with (Xs,Ys)
2.) Within each of the Ys = 2 (with Xs=4) or Ys = 4 (with Xs=8) slots, monitoring of type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS in the first 3 OFDM symbols of each slot or within the Ys = 1 (with Xs=4) slot, monitoring of type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS with a span duration of Y symbols and a minimum gap of X symbols between the start of two spans, where (X,Y) = (7, 3)
	24-5
	Yes
	N/A
	Enhanced PDCCH monitoring for 960KHz is not supported
	Per band
	N/A
	N/A
	N/A
	Component 1 candidate values: one or more of {(4,1), (4,2), (8,4)}
	Optional with capability signalling

	 24. NR_ext_to_71GHz
	24-6
	Type 1 channel access procedure in uplink for FR2-2 with shared spectrum channel access
	1. Support Type 1 channel access procedure
[2. Support LBT performed per at least UL carrier/BWP bandwidth]
	24-1a
	Yes
	N/A
	Type 1 channel access procedure in uplink for FR2-2 with shared spectrum channel access is not supported
	per band
	N/A
	N/A
	N/A
	A UE that supports FR2-2 must indicate this FG is supported when required by regulation
	Optional with capability signalling

	 24. NR_ext_to_71GHz
	24-7
	Type 2 channel access procedure in uplink for FR2-2 with shared spectrum channel access
	1. Support Type 2 channel access procedure
[2. Support LBT performed per at least UL carrier/BWP bandwidth]
	24-1a, 24-6
	Yes
	N/A
	Type 2 channel access procedure in uplink for FR2-2 with shared spectrum channel access is not supported
	per band
	N/A
	N/A
	N/A
	A UE that supports FR2-2 must indicate this FG is supported when required by regulation
	Optional with capability signalling

	24. NR_ext_to_71GHz
	24-8
	32 DL HARQ processes for FR 2-2
	Support 32 HARQ processes in DL for 120/480/960 kHz
	24-1
	Yes
	N/A
	32 DL HARQ processes for FR 2-2 is not supported
	FFSper UE
	N/A
	N/A
	N/A
	A UE supporting 32 maximum number of HARQ processes for 480/960 kHz SCS for DL shall support 32 as the maximum number of HARQ processes for 120 kHz SCS for DL in FR2-2
	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 120/480/960 kHz
	24-1
	Yes
	N/A
	32 DL HARQ processes for FR 2-2 is not supported
	FFSper UE
	N/A
	N/A
	N/A
	A UE supporting 32 maximum number of HARQ processes for 480/960 kHz SCS for DL shall support 32 as the maximum number of HARQ processes for 120 kHz SCS for DL in FR2-2
	Optional with capability signalling

	24. NR_ext_to_71GHz
	24-10
	Reduced beam switching time delay
	Support of reduced beam switching time delay d = 56 symbols for 480 kHz SCS
	
	Yes 
	N/A
	Reduced beam switching time delay d = 56 symbols is not supported for 480kHz SCS
	per band
	N/A
	N/A
	N/A
	If this capability is not reported and the UE supports both FG 24-4 and 24-5, the default value of 112 symbols is assumed
	Optional with capability signalling



Moreover, we believe additional FG(s) need to be defined for HARQ-ACK bundling. We believe it should be associated with the support of multi-PDSCH scheduling. Since separate FG is defined multi-PDSCH scheduling per SCS, the FG for HARQ-ACK bundling may also have to be defined per SCS. Another issue is whether to have a unified FG for both Type 1 and Type 2 HARQ-ACK codebook. We are open for this issue. Based on that, we suggest adding the following. Note that we are also fine with merging FG24-11 and FG24-11a, FG24-12 and FG24-12a, and FG24-13 and FG24-13a (i.e., having single capability for each SCS on HARQ-ACK bundling).  

Proposal 4: Add new FGs for HARQ-ACK bundling, e.g., as in Table 2.2-2
· It should be per SCS
· It can be per type of HARQ-ACK codebook

Table 2.2-2: The proposed additional FGs
	24. NR_ext_to_71GHz
	24-11
	HARQ-ACK bundling for Type 1 HARQ codebook multi-PDSCH scheduling for 120 kHz SCS
	Support HARQ-ACK bundling for Type 1 HARQ codebook for multi-PDSCH scheduling for 120 kHz SCS
	24-1d
	Yes
	N/A
	Time domain HARQ-ACK bundling for Type 1 HARQ codebook for 120 kHz SCS is not supported
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	24. NR_ext_to_71GHz
	24-11a
	HARQ-ACK bundling for Type 2 HARQ codebook for multi-PDSCH scheduling for 120 kHz SCS
	Support HARQ-ACK bundling for Type 2 HARQ codebook for multi-PDSCH scheduling for 120 kHz SCS
	24-1d
	Yes
	N/A
	Time domain HARQ-ACK bundling for Type 2 HARQ codebook for 120 kHz SCS is not supported
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	24. NR_ext_to_71GHz
	24-12
	HARQ-ACK bundling for Type 1 HARQ codebook for multi-PDSCH scheduling for 480 kHz SCS
	Support HARQ-ACK bundling for Type 1 HARQ codebook for multi-PDSCH scheduling for 480 kHz SCS
	24-4
	Yes
	N/A
	Time domain HARQ-ACK bundling for Type 1 HARQ codebook for 480 kHz SCS is not supported
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	24. NR_ext_to_71GHz
	24-12a
	HARQ-ACK bundling for Type 2 HARQ codebook for multi-PDSCH scheduling for 480 kHz SCS
	Support HARQ-ACK bundling for Type 2 HARQ codebook for multi-PDSCH scheduling for 480 kHz SCS
	24-4
	Yes
	N/A
	Time domain HARQ-ACK bundling for Type 2 HARQ codebook for 480 kHz SCS is not supported
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	24. NR_ext_to_71GHz
	24-13
	HARQ-ACK bundling for Type 1 HARQ codebook for multi-PDSCH scheduling for 960 kHz SCS
	Support HARQ-ACK bundling for Type 1 HARQ codebook for multi-PDSCH scheduling for 120 kHz SCS
	24-5
	Yes
	N/A
	Time domain HARQ-ACK bundling for Type 1 HARQ codebook for 960 kHz SCS is not supported
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	24. NR_ext_to_71GHz
	24-13a
	HARQ-ACK bundling for Type 2 HARQ codebook for multi-PDSCH scheduling for 960 kHz SCS
	Support HARQ-ACK bundling for Type 2 HARQ codebook for multi-PDSCH scheduling for 120 kHz SCS
	24-5
	Yes
	N/A
	Time domain HARQ-ACK bundling for Type 2 HARQ codebook for 960 kHz SCS is not supported
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling



There are also other issues for which some new capabilities has to be introduced, based on the following agreement reached at the last e-meeting: 
	Agreement
· For serving cells configured with 480 or 960 kHz SCS, the serving cells with the same SCS and  value are grouped together to determine a total BD/CCE budget for that group and the per-cell BD/CCE budget within the group.
· Support UE capability signaling for 4 additional cases :
· Case 4: Capability on the number of CCs with Rel-17 monitoring capability only
· Range of pdcch-BlindDetectionCA-R17: {[4, 5, …, , 16]}
· Case 5: Capability on the number of CCs with Rel-15 monitoring capability and Rel-17 monitoring capability on different serving cells
· pdcch-BlindDetectionCA-R15 for Rel-15 PDCCH monitoring capability
· pdcch-BlindDetectionCA-R17 for Rel-17 PDCCH monitoring capability
· Range of pdcch-BlindDetectionCA-R17 and pdcch-BlindDetectionCA-R15: {[1, 2, …, 15]}
· Range of pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R17: {[4, 5, …, 16]}
· Case 6: Capability on the number of CCs with Rel-16 monitoring capability and Rel-17 monitoring capability on different serving cells
· pdcch-BlindDetectionCA-R16 for Rel-16 PDCCH monitoring capability
· pdcch-BlindDetectionCA-R17 for Rel-17 PDCCH monitoring capability
· Range of pdcch-BlindDetectionCA-R17 and pdcch-BlindDetectionCA-R16: {[1, 2, …, 15]} 
· Range of pdcch-BlindDetectionCA-R16 + pdcch-BlindDetectionCA-R17: {[3, 4, …, 16]}
· Case 7: Capability on the number of CCs with Rel-15 monitoring capability , Rel-16 monitoring capability and Rel-17 monitoring capability on different serving cells
· pdcch-BlindDetectionCA-R15 for Rel-15 PDCCH monitoring capability
· pdcch-BlindDetectionCA-R16 for Rel-16 PDCCH monitoring capability
· pdcch-BlindDetectionCA-R17 for Rel-17 PDCCH monitoring capability
· Range of pdcch-BlindDetectionCA-R17, pdcch-BlindDetectionCA-R16, and pdcch-BlindDetectionCA-R15: {[1, 2, …, 15]}
· Range of pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 + pdcch-BlindDetectionCA-R17 : {[4, 5, …, 16]}
· For the case with Rel-15 monitoring capability, Rel-16 monitoring capability and Rel-17 monitoring capability on different serving cells (case 7) or any combination of 2 of the capabilities (i.e. case 5, and case 6), the UE will report one or more combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16, pdcch-BlindDetectionCA-R17) as UE capability. If UE reports more than one combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16, pdcch-BlindDetectionCA-R17), as in Rel-16, the gNB configures which combination for the UE to use for scaling PDCCH monitoring capability if the number of CCs configured is larger than the reported capability.
· FFS: Extension to NR-DC scenario




In short, similar to pdcch-BlindDetectionCA-R16, some new FGs related to pdcch-BlindDetectionCA-R17 needs to be implemented as per the agreement above. 

In general, we believe Rel-16 URLLC FGs (i.e., FG11-2 series) would be very good references to implement the agreement above. Just to follow the same formulation could be almost sufficient. An issue we would like to raise here would be whether/how to define reporting on the support of non-aligned PDCCH monitoring resource across CCs. In Rel-16, span-level arrangement is reported via supportedSpanArrangement. With this, UE can report whether to support PDCCH monitoring in non-aligned span in a slot. For multi-slot PDCCH monitoring, meanwhile, slot-level alignment as well as span-level alignment may need to be considered. That is, the following four cases can be identified:
· Case 1: Support aligned PDCCH monitoring resource only, with both slot-level and span-level (or symbol-level) granularity
· Case 2: Support aligned and non-aligned PDCCH monitoring resource with span-level (or symbol-level) granularity, while supporting aligned PDCCH monitoring resource only with slot-level granularity
· Case 3: Support aligned and non-aligned PDCCH monitoring resource with both slot-level and span-level (or symbol-level) granularity
· Case 4 (but we see no need to consider): Support aligned and non-aligned PDCCH monitoring resource with slot-level granularity, while supporting aligned PDCCH monitoring resource only with span-level (or symbol-level) granularity

We think whether to differentiate the first three cases per UE capability reporting should be discussed. Case 4 seems not essential since symbol-level alignment in different slots would not be meaningful in our view. For the first three cases, we believe case 1 should be differentiated from the other two, while whether to differentiate case 2 and case 3 may be divergent. We slightly prefer to differentiate case 2 and case 3, i.e., define separate reporting between whether to support symbol-level non-aligned PDCCH monitoring and slot-level non-aligned PDCCH monitoring, since it could achieve a good trade-off between 1) alleviating the concern on UE implementation complexity and 2) alleviating the concern on operation flexibility. 

In summary, we propose the following new FGs as in Table 2.2-3: 

Proposal 5: Add new FGs for multi-slot PDCCH monitoring in case of CA, as in Table 2.2-3

Table 2.2-3: The proposed additional FGs
	24. NR_ext_to_71GHz
	24-14
	Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs per slot-group when configured with DL CA with Rel-17 PDCCH monitoring capability on all the serving cells 
	1.	Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs per slot group when configured with DL CA with Rel-17 PDCCH monitoring capability on all the serving cells
-	Candidate value for the component: {4, 5, …, 16)
2.	Supported span arrangement for CA
-	Candidate value for the component: 
a) aligned monitoring only with both slot-level and span-level granularity; or
b) aligned monitoring only with slot-level granularity, and aligned monitoring and non-aligned monitoring with span-level granularity; or
c) aligned monitoring and non-aligned monitoring with both slot-level and span-level granularity

	24-4 or 24-5
	Yes
	N/A
	Rel. 17 PDCCH monitoring for CA is not supported
	Per BC
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	24. NR_ext_to_71GHz
	24-14a
	Mix of Rel-17 PDCCH monitoring capability and Rel. 15 PDCCH monitoring capability on different carriers
	Support Rel-15 monitoring capability and Rel-17 monitoring capability on different serving cells
	24-4 or 24-5
	Yes
	N/A
	Mix of Rel-17 PDCCH monitoring capability and Rel. 15 PDCCH monitoring capability on different carriers is not supported
	Per FS
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	24. NR_ext_to_71GHz
	24-14b
	Number of carriers for CCE/BD scaling with DL CA with mix of Rel. 15 and Rel-17 PDCCH monitoring capabilities on different carriers
	1.	Supported combination(s) of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R17)
-	Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
-	Candidate values for pdcch-BlindDetectionCA-R17 is 1 to 15
2.	Supported span arrangement for CA
-	Candidate value for the component: 
a) aligned monitoring only with both slot-level and span-level granularity; or
b) aligned monitoring only with slot-level granularity, and aligned monitoring and non-aligned monitoring with span-level granularity; or
c) aligned monitoring and non-aligned monitoring with both slot-level and span-level granularity

	24-14a
	Yes
	N/A
	Mix of Rel-17 PDCCH monitoring capability and Rel. 15 PDCCH monitoring capability on different carriers is not supported
	Per BC
	N/A
	N/A
	N/A
	The minimum of the summation of capability on the number of CCs with Rel-15 PDCCH monitoring capability and the capability on the number of CCs with Rel-17 PDCCH monitoring capability is 4
	Optional with capability signalling

	24. NR_ext_to_71GHz
	24-14c
	Mix of Rel-17 PDCCH monitoring capability and Rel. 16 PDCCH monitoring capability on different carriers
	Support Rel-16 monitoring capability and Rel-17 monitoring capability on different serving cells
	24-4 or 24-5
	Yes
	N/A
	Mix of Rel-17 PDCCH monitoring capability and Rel. 16 PDCCH monitoring capability on different carriers is not supported
	Per FS
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	24. NR_ext_to_71GHz
	24-14d
	Number of carriers for CCE/BD scaling with DL CA with mix of Rel. 16 and Rel-17 PDCCH monitoring capabilities on different carriers
	1.	Supported combination(s) of (pdcch-BlindDetectionCA-R16, pdcch-BlindDetectionCA-R17)
-	Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15
-	Candidate values for pdcch-BlindDetectionCA-R17 is 1 to 15
2.	Supported span arrangement for CA
-	Candidate value for the component: 
a) aligned monitoring only with both slot-level and span-level granularity; or
b) aligned monitoring only with slot-level granularity, and aligned monitoring and non-aligned monitoring with span-level granularity; or
c) aligned monitoring and non-aligned monitoring with both slot-level and span-level granularity

	24-14c
	Yes
	N/A
	Mix of Rel-17 PDCCH monitoring capability and Rel. 16 PDCCH monitoring capability on different carriers is not supported
	Per BC
	N/A
	N/A
	N/A
	The minimum of the summation of capability on the number of CCs with Rel-16 PDCCH monitoring capability and the capability on the number of CCs with multi-slot PDCCH monitoring capability is 3
	Optional with capability signalling

	24. NR_ext_to_71GHz
	24-14e
	Mix of Rel-17 PDCCH monitoring capability and Rel. 15 PDCCH monitoring capability and Rel. 16 PDCCH monitoring capability on different carriers
	Support Rel-15 monitoring capability and Rel-16 monitoring capability and Rel-17 monitoring capability on different serving cells
	24-4 or 24-5
	Yes
	N/A
	Mix of Rel-17 PDCCH monitoring capability and Rel-15 monitoring capability and Rel. 16 PDCCH monitoring capability on different carriers is not supported
	Per FS
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	24. NR_ext_to_71GHz
	24-14f
	Number of carriers for CCE/BD scaling with DL CA with mix of Rel. 15, Rel. 16 and Rel-17 PDCCH monitoring capabilities on different carriers
	1.	Supported combination(s) of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16, pdcch-BlindDetectionCA-R17)
-	Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
-	Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15
-	Candidate values for pdcch-BlindDetectionCA-R17 is 1 to 15
2.	Supported span arrangement for CA
-	Candidate value for the component: 
a) aligned monitoring only with both slot-level and span-level granularity; or
b) aligned monitoring only with slot-level granularity, and aligned monitoring and non-aligned monitoring with span-level granularity; or
c) aligned monitoring and non-aligned monitoring with both slot-level and span-level granularity

	24-14e
	Yes
	N/A
	Mix of Rel-17 PDCCH monitoring capability and Rel-15 monitoring capability and Rel. 16 PDCCH monitoring capability on different carriers is not supported
	Per BC
	N/A
	N/A
	N/A
	The minimum of the summation of capability on the number of CCs with Rel-16 PDCCH monitoring capability and the capability on the number of CCs with multi-slot PDCCH monitoring capability is 4
	Optional with capability signalling








2.3. Views on applicability of Rel-15/16 NR UE features to FR2-2
In Appendix, we show a brief set of analysis regarding Rel-15/16 UE features in terms of applicability to 52.6 – 71 GHz frequency range, based on the UE features specified in 38.822 [2], where we have focused with the principles below: 

· Check mandatory UE features in Rel-15/16 if it is applicable to 52.6 – 71 GHz frequency range
· Check UE features with per-UE signalling if it is applicable to 52.6 – 71 GHz frequency range when it is reported applicable to FR2
· For UE features with per-FR capability signalling, we have not analysed yet since it may be straightforward that per-FR signalling will indicate sub-FR level applicability, although it needs further discussions
· For UE features with per-band or per-BC capability signalling, we have checked only for the ones supported in Rel-16 NR-U

Below are some particular aspects that may require discussions

2.3.1 On mandatory UE features

Some UE features are defined as mandatory for NR in Rel-15. It has to be supported even for UEs supporting Rel-17 functionalities. However, they didn’t consider the operation in 52.6 – 71 GHz when specified, especially with larger SCSs. Therefore, some UE features, even the ones defined as mandatory in Rel-15/16, may or may not be feasible in case of the operation in 52.6 – 71 GHz frequency range. 

One potential issue among the mandatory features is related to FG3-1 on basic DL control channel, with the following components:

	1) One configured CORESET per BWP per cell in addition to CORESET0
· CORESET resource allocation of 6RB bit-map and duration of 1 – 3 OFDM symbols for FR1
· For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSSs, CORESET resource allocation of 6RB bit-map and duration 1-3 OFDM symbols for FR2
· For type 1 CSS with dedicated RRC configuration and for type 3 CSS, UE specific SS, CORESET resource allocation of 6RB bit-map and duration 1-2 OFDM symbols for FR2
· REG-bundle sizes of 2/3 RBs or 6 RBs
· Interleaved and non-interleaved CCE-to-REG mapping
· Precoder-granularity of REG-bundle size
· PDCCH DMRS scrambling determination
· TCI state(s) for a CORESET configuration
2) CSS and UE-SS configurations for unicast PDCCH transmission per BWP per cell
· PDCCH aggregation levels 1, 2, 4, 8, 16
· UP to 3 search space sets in a slot for a scheduled SCell per BWP
· This search space limit is before applying all dropping rules.
· For type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS, the monitoring occasion is within the first 3 OFDM symbols of a slot
· For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS, the monitoring occasion can be any OFDM symbol(s) of a slot, with the monitoring occasions for any of Type 1- CSS without dedicated RRC configuration, or Types 0, 0A, or 2 CSS configurations within a single span of three consecutive OFDM symbols within a slot
3) Monitoring DCI formats 0_0, 1_0, 0_1, 1_1
4) Number of PDCCH blind decodes per slot with a given SCS follows Case 1-1 table
5) Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot per scheduled CC for FDD
6) Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot per scheduled CC for TDD



For UEs supporting NR from 52.6 GHz to 71 GHz, at least the operation with 120 kHz SCS is to be supported. As 120 kHz SCS is the one which was supported in Rel-15/16 NR already, it does not cause any issue to support the existing UE features, including the ones specified as mandatory, e.g., FR3-1. 

However, the UEs supporting NR in 52.6 – 71 GHz may support larger SCS(s), i.e., 480 and/or 960 kHz SCS, as well in order to achieve the operation with larger absolute bandwidth per CBW. Since symbol duration is scaled based on SCS in the same manner as in FR1 and FR2, and definition of slot is same as in Rel-15/16 NR, the operation with 480/960 kHz SCS automatically means the one with shortened duration of a slot. 

When operating with shortened duration of a slot by supporting 480 and/or 960 kHz SCS, some components supported as mandatory in FG3-1 may not be feasible. For example, in the second component, up to 3 search space sets in a slot for a scheduled SCell per BWP is supported. Since NR in 52.6 – 71 GHz will be operated with SCS of 120 kHz or larger, whether up to 3 SS sets in a slot is always possible may not be clear. Moreover, in the sixth component, per-slot and per-CC maximum limitation of DCI processing is described, where one unicast DCI scheduling DL and 2 unicast DCI scheduling UL are supported. The feasibility of this may also be affected by shortened duration of a slot, e.g., only smaller number of DCIs may be possible for UE to process per slot with shortened time duration. 

Given above, we propose to discuss on how to interpret FG3-1 for the operation with SCS of 480 and/or 960 kHz. We see some alternatives to deal with the situation can be considered; one is to add a Note in a new UE feature to support 480 and 960 kHz SCS in 52.6 – 71 GHz frequency range such as “[a certain components of] FG 3-1 is not applicable to the SCS supported by this FG”. 

Proposal 6: For UEs supporting NR in 52.6 – 71 GHz frequency range, how to treat a mandatory UE feature, FG 3-1, should be discussed at least when the UE supports the operation with 480 and/or 960 kHz SCS 

2.3.2 On UE features with per-UE capability signalling

As well as mandatory UE features, UE features with per-UE capability signalling also need to be checked in terms of their applicability to the operation in 52.6 – 71 GHz. When UEs report their support of a certain UE feature with per-UE capability signalling, NW will understand that the UE supports the feature regardless of the operating band, frequency range (or even duplex). However, it may not always the case that UE features with per-UE capability signalling are applicable to 52.6 – 71 GHz when it is applicable to the existing frequency ranges. 

Our brief analysis is shown on the 6th column on the tables in Appendix. We generally believe most of the UE features with per-UE capability signalling are also applicable to FR2-2 as well. On the other hand, to support such UE features in practice in 52.6 – 71 GHz frequency range, some maintenances in the specifications will be needed, especially in terms of SCS. For example, FG 12-6 is a UE feature with per-UE capability signalling to report whether the UE supports DL SPS with the periodicity shorter than 10 ms. In Rel-16, an RRC parameter periodicityExt-r16 is supported for configuring DL SPS periodicity shorter than 10 ms. However, how to use the value configured via periodicityExt-r16 has not been defined in case that larger SCS than 120 kHz is configured. In other words, even if the UE feature reporting is supported for NR in 52.6 – 71 GHz as it is, when larger SCS than 120 kHz is used, this functionality (i.e., DL SPS with shorter than 10 ms periodicity) cannot be configured in practice. 

Observation 1: While most of Rel-15/16 UE features with per-UE capability signalling can be reused as they are for UE to report their support for NR in 52.6 – 71 GHz, some maintenances will be required in the specifications to support the functionalities in practice. 

Proposal 7: For Rel-15/16 UE features with per-UE capability signalling, whether to be applicable to FR2-2 when they are reported as applicable should be analysed a case-by-case manner


2.3.3 On UE features with per-FR/band/BC capability signalling

There would be other types of UE features in NR in terms of FR differentiation, that is, UE features with per-FR/band/BC capability signalling. For the ones with per band/BC capability signalling, we do not see the need to check their validity since per-band/BC signalling naturally differentiate FR2-2 as well as the other FRs. Thus we do not incorporate them with the table in Appendix. 

On the other hand, some UE features with per-band/BC signalling include a Note associated with FR and/or whether it is licensed or unlicensed. For example, FG22-6/7 on PUCCH grouping, there are the descriptions on carrier type, which differentiate between the existing FRs and licensed/unlicensed band for FR1. Here, whether “FR2” can include 52.6 – 71 GHz or not is unclear at this stage. Moreover, as 52.6 – 71 GHz includes unlicensed bands, differentiation between licensed/unlicensed band may be required even if the wording “FR2” is kept as it is. 

Proposal 8: For Rel-15/16 UE features with per-FR capability signalling, 
· If FR-related description is included in e.g., component, whether/how to consider 52.6 – 71 GHz may need to be discussed.
· Otherwise, as it can naturally differentiate FR2-2 from other FRs, there is no need to discuss in terms on FR2-2


The ones with per-FR capability signalling may not have any issue either since Rel-15/16 defines FR2 as a frequency range between 24.25 – 52.6 GHz. Also, even if FR2-2 is additionally considered, as well as FR1/2-1 differentiation which has already been done via per-FR capability signalling, FR2-2 will need to be differentiated from the other FRs in many cases. Given that, we have not analysed yet on the ones with per-FR capability signalling on the tables in Appendix.

An issue which may be lying on the ones with per-FR capability signalling would be whether to be applicable when they are reported as applicable to FR2 if no differentiation between FR2-1 and FR2-2 is considered. Some could be applicable to FR2-2 in the same manner as to FR2-1, while some others may not. This issue may also need to be checked in a case-by-case basis. We think it should also be discussed in RAN1 in the future. 

Proposal 9: For Rel-15/16 UE features with per-FR capability signalling, how to treat when it is reported as applicable to FR2 should be discussed
· Option 1: Differentiation between FR2-1 and FR2-2 is introduced
· Option 2: All the UE features are treated as applicable or inapplicable to FR2-2 as well as FR2-1 when it is reported for FR2, while the ones for which such treatment cannot be appropriate are defined as exceptional cases via e.g., adding Note 

For the ones with per-band signalling, at least how to treat the ones related to Rel-16 NR-U is worth more clarification in our view. For example, FG10-2 is defined for “SSB-based RRM with Q with dynamic channel access mode”, which is the same functionality as DBTW to be supported for FR2-2. Thus, it can be reused to report that a UE supports RRM with DBTW in FR2-2 by reporting FG10-2 with a band in FR2-2. On the other hand, there has already been some new FGs agreed for FR2-2, which is the same as (or similar to) the existing one for Rel-16 NR-U, e.g., multi-PUSCH scheduling. To align with how to treat Rel-16 NR-U FGs, all the functionalities supported for FR2-2 unlicensed band need to be re-defined, even if the same (or similar) FG has been defined in Rel-16 NR-U already. We believe this aspect should be clarified more. 

Proposal 10: How to treat Rel-15/-16 UE features with per-band (at least the ones defined for Rel-16 NR-U) should be clarified. 
· Alt-1: The existing FG (e.g., FG10-2 for RRM with DBTW) is reused to report that the UE supports it in FR2-2 by indicating for a band in FR2-2. 
· Alt-2: A dedicated FG is newly defined for any functionality supported in FR2-2, even if the same functionality has already been defined for Rel-15/-16 



3. Conclusion
Our proposals/observations are summarized as follows:

Proposal 1: For the discussion on Rel-17 UE features at least regarding 52.6 – 71 GHz WI, the following alternatives can be considered in case-by-case manner, in terms of FR differentiation.  
· Alt 1: define as per-band
· Alt 2: define as per-FR
· Differentiation of FR2-1/2-2 may or may not be needed
· Alt 3: define as per-UE
· A fixed limitation (e.g., as a Note) on applicable frequency range may be needed

Proposal 2: Update the latest UE feature list on 52.6 – 71 GHz as shown in the following Table 2.2-1  

Proposal 3: For the question asked by RAN2 on FG24-2/3, the following alternatives can be considered:
· Alt-1: No update on FG24-2/24-3. Clarify these are intended for both DC and SA operation in the form of LS reply to RAN2. 
· Alt-2: The existing FG24-2/24-3 are updated to clarify these FGs are dedicated for DC operation, with the change of “Need for the gNB to know if the feature is supported” from N/A to Yes. New FGs are introduced for SA operation for each of 120 and 480 kHz SCS, based on the existing FG24-2 and 24-3, respectively, with the change on “Mandatory/optional” from “Optional with capability signaling” to “Optional without capability signaling”. 
· The updated FG24-2 and 24-3 can be prerequisite of the new FGs, respectively. 

Proposal 4: Add new FGs for HARQ-ACK bundling, e.g., as in Table 2.2-2
· It should be per SCS
· It can be per type of HARQ-ACK codebook

Proposal 5: Add new FGs for multi-slot PDCCH monitoring in case of CA, as in Table 2.2-3

Proposal 6: For UEs supporting NR in 52.6 – 71 GHz frequency range, how to treat a mandatory UE feature, FG 3-1, should be discussed at least when the UE supports the operation with 480 and/or 960 kHz SCS 

Observation 1: While most of Rel-15/16 UE features with per-UE capability signalling can be reused as they are for UE to report their support for NR in 52.6 – 71 GHz, some maintenances will be required in the specifications to support the functionalities in practice. 

Proposal 7: For Rel-15/16 UE features with per-UE capability signalling, whether to be applicable to FR2-2 when they are reported as applicable should be analysed a case-by-case manner

Proposal 8: For Rel-15/16 UE features with per-FR capability signalling, 
· If FR-related description is included in e.g., component, whether/how to consider 52.6 – 71 GHz may need to be discussed.
· Otherwise, as it can naturally differentiate FR2-2 from other FRs, there is no need to discuss in terms on FR2-2

Proposal 9: For Rel-15/16 UE features with per-FR capability signalling, how to treat when it is reported as applicable to FR2 should be discussed
· Option 1: Differentiation between FR2-1 and FR2-2 is introduced
· Option 2: All the UE features are treated as applicable or inapplicable to FR2-2 as well as FR2-1 when it is reported for FR2, while the ones for which such treatment cannot be appropriate are defined as exceptional cases via e.g., adding Note 

Proposal 10: How to treat Rel-15/-16 UE features with per-band (at least the ones defined for Rel-16 NR-U) should be clarified. 
· Alt-1: The existing FG (e.g., FG10-2 for RRM with DBTW) is reused to report that the UE supports it in FR2-2 by indicating for a band in FR2-2. 
· Alt-2: A dedicated FG is newly defined for any functionality supported in FR2-2, even if the same functionality has already been defined for Rel-15/-16 

4. Appendix
4.1. Rel-15 UE feature list for supporting NR from 52.6 to 71 GHz

4.1.1. Initial access and mobility

	Index
	FG
	Prerequisite feature groups
	Field name
	Parent IE
	Assessment

	1-1
	Basic initial access channels and procedures
	
	n/a
	n/a
	Ok with no change

	1-2
	SS block based SINR measurement (SS-SINR)
	1-1
	ss-SINR-Meas
	MeasAndMobParametersFRX-Diff
	

	1-3
	SS block based RLM
	1-1
	ssb-RLM
	MeasAndMobParametersCommon
	Ok to keep common
(for licensed band only)

	1-4
	CSI-RS based RRM measurement with associated SS-block
	1-1, CSI-RS
	csi-RSRP-AndRSRQ-MeasWithSSB
	MeasAndMobParametersFRX-Diff
	(for licensed band only)

	1-5
	CSI-RS based RRM measurement without associated SS-block
	1-1, CSI-RS
	csi-RSRP-AndRSRQ-MeasWithoutSSB
	MeasAndMobParametersFRX-Diff
	(for licensed band only)

	1-6
	CSI-RS based RS-SINR measurement
	1-1, 1-4
	csi-SINR-Meas
	MeasAndMobParametersFRX-Diff
	(for licensed band only)

	1-7
	CSI-RS based RLM
	1-1, CSI-RS
	csi-RS-RLM
	MeasAndMobParametersFRX-Diff
	(for licensed band only)

	1-8
	RLM based on a mix of SS block and CSI-RS signals within active BWP
	1-3 and 1-7
	ssb-AndCSI-RS-RLM
	MeasAndMobParametersCommon
	Ok to keep common
(for licensed band only)

	1-9
	CSI-RS based contention free RA for HO
	1-1, CSI-RS, 1-4 or 1-5
	csi-RS-CFRA-ForHO
	Phy-ParametersCommon
	Ok to keep common
(for licensed band only)

	1-12
	E-UTRA RS-SINR measurement
	
	rs-SINR-MeasEUTRA
	EUTRA-ParametersCommon
	Ok to keep common

	1-13
	Maximal number of CSI-RS resources for RRM and RS-SINR measurement across all measurement frequencies per slot
	1-4 or 1-5 or 1-6
	maxNumberCSI-RS-RRM-RS-SINR
	MeasAndMobParametersCommon
	Ok to keep common

	1-14
	Maximal number of CSI-RS resources within a slot per PCell/PSCell for CSI-RS based RLM
	1-7 or 1-8
	maxNumberResource-CSI-RS-RLM
	MeasAndMobParametersFRX-Diff
	



4.1.2. MIMO

	Index
	FG
	Prerequisite feature groups
	Field name
	Parent IE
	Assessment

	2-1
	Basic PDSCH reception
	
	n/a
	n/a
	Ok to keep mandatory w/o capability signaling

	2-5
	Basic downlink DMRS
for scheduling type A
	2-1
	n/a
	n/a
	Ok to keep mandatory w/o capability signaling

	2-6
	Basic downlink DMRS
for scheduling type B
	
	n/a
	n/a
	Ok to keep mandatory w/o capability signaling

	2-7
	Supported 2 symbols front-loaded DMRS (downlink)
	2-5
	twoFL-DMRS (MSB)
	Phy-ParametersFRX-Diff
	

	2-10
	Support DMRS type (downlink)
	
	supportedDMRS-TypeDL
	Phy-ParametersFRX-Diff
	

	2-11
	Downlink dynamic PRB bundling (downlink)
	2-1
	dynamicPRB-BundlingDL
	Phy-ParametersCommon
	Ok to keep common

	2-12
	Basic PUSCH transmission
	
	n/a
	n/a
	Ok to keep mandatory w/o capability signaling

	2-16
	Basic uplink DMRS (uplink) for scheduling type A
	
	n/a
	n/a
	Ok to keep mandatory w/o capability signaling

	2-16a
	Basic uplink DMRS
for scheduling type B
	
	n/a
	n/a
	Ok to keep mandatory w/o capability signaling

	2-16b
	Support 1+2 DMRS (uplink)
	2-16a and 2-16
	oneFL-DMRS-TwoAdditionalDMRS-UL
	Phy-ParametersFRX-Diff
	

	2-17
	Support DMRS type (uplink)
	2-16
	supportedDMRS-TypeUL
	Phy-ParametersFRX-Diff
	

	2-18
	Supported 2 symbols front-loaded DMRS (uplink)
	2-16
	twoFL-DMRS (LSB)
	Phy-ParametersFRX-Diff
	

	2-18a
	Supported 2 symbols front-loaded +2 symbols additional DMRS (uplink)
	2-16
	twoFL-DMRS-TwoAdditionalDMRS-UL
	Phy-ParametersFRX-Diff
	

	2-19
	Support 1+3 uplink DMRS symbols(uplink)
	2-16
	oneFL-DMRS-ThreeAdditionalDMRS-UL
	Phy-ParametersFRX-Diff
	

	2-32
	Basic CSI feedback
	
	n/a
	n/a
	Ok to keep (but needs further check)

	2-32a
	Semi-persistent CSI report on PUCCH
	
	sp-CSI-ReportPUCCH
	Phy-ParametersCommon
	Ok to keep common

	2-32b
	Semi-persistent CSI report on PUSCH
	
	sp-CSI-ReportPUSCH
	Phy-ParametersCommon
	Ok to keep common

	2-32c
	New CQI table
	
	cqi-TableAlt
	Phy-ParametersFRX-Diff
	

	2-33a
	Supported PDSCH RE-mapping patterns
	
	1. pdsch-RE-MappingFR1-PerSymbol
2. pdsch-RE-MappingFR1-PerSlot
	Phy-ParametersFR1
	

	
	
	
	1. pdsch-RE-MappingFR2-PerSymbol
2. pdsch-RE-MappingFR2-PerSlot
	Phy-ParametersFR2
	Ok to keep the whole FR2

	2-33b
	SP CSI-RS
	2-1
	sp-CSI-RS
	Phy-ParametersFRX-Diff
	

	2-33c
	SP CSI-IM
	2-1
	sp-CSI-IM
	Phy-ParametersFRX-Diff
	

	2-34
	NZP-CSI-RS based interference measurement
	2-33
	nzp-CSI-RS-IntefMgmt
	Phy-ParametersCommon
	Ok to keep common

	2-37
	Support Semi-open loop CSI
	2-35
	semiOpenLoopCSI
	Phy-ParametersFRX-Diff
	

	2-38
	CSI report without PMI
	2-35
	csi-ReportWithoutPMI
	Phy-ParametersFRX-Diff
	

	2-39a
	CSI report without CQI
	2-35
	csi-ReportWithoutCQI
	Phy-ParametersFRX-Diff
	

	2-42
	Support Type II SP-CSI feedback on long PUCCH
	2-41
	type2-SP-CSI-Feedback-LongPUCCH
	Phy-ParametersCommon
	Ok to keep common

	2-44
	Basic DL PTRS
	
	onePortsPTRS (MSB)
	Phy-ParametersFRX-Diff
	

	2-47
	Basic UL PTRS
	
	onePortsPTRS (LSB)
	Phy-ParametersFRX-Diff
	

	2-50
	Basic TRS
	
	n/a
	n/a
	Ok to keep as mandatory w/o signaling 


	2-52
	Basic SRS
	
	n/a
	n/a
	Ok to keep as mandatory w/o signaling 




4.1.3. DL control channel and procedure

	Index
	FG
	Prerequisite feature groups
	Field name
	Parent IE
	Assessment

	3-1
	Basic DL control channel
	
	n/a
	n/a
	How to treat Component (2) and (6) should be discussed when larger SCSs are supported

	3-2
	PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot
	
	pdcchMonitoringSingleOccasion
	Phy-ParametersFR1
	

	3-3
	More than one CORESET configurations per BWP in addition to CORESET0
	
	multipleCORESET
	Phy-ParametersFRX-Diff
	

	3-6
	Dynamic SFI monitoring
	
	dynamicSFI
	Phy-ParametersXDD-Diff
Phy-ParametersFRX-Diff
	

	3-7
	Precoder-granularity of CORESET size
	
	[bookmark: _Hlk82093079]precoderGranularityCORESET
	Phy-ParametersCommon
	Ok to keep as common

	3-8
	Up to 10 search spaces in a SCell
	
	maxNumberSearchSpaces
	Phy-ParametersCommon
	Ok to keep as common



4.1.4. UL control channel and procedure

	Index
	FG
	Prerequisite feature groups
	Field name
	Parent IE
	Assessment

	4-1
	Basic UL control channel
	
	n/a
	n/a
	Ok to keep mandatory without signaling

	4-2
	2 PUCCH of format 0 or 2 in consecutive symbols
	
	twoPUCCH-F0-2-ConsecSymbols
	Phy-ParametersXDD-Diff
Phy-ParametersFRX-Diff
	

	4-3
	PUCCH format 2 over 1 – 2 OFDM symbols once per slot with frequency hopping as "enabled"
	
	pucch-F2-WithFH
	Phy-ParametersFRX-Diff
	

	4-4
	PUCCH format 3 over 4 – 14 OFDM symbols once per slot with frequency hopping as "enabled"
	
	pucch-F3-WithFH
	Phy-ParametersFRX-Diff
	

	4-5
	PUCCH format 4 over 4 – 14 OFDM symbols once per slot with frequency hopping as "enabled"
	
	pucch-F4-WithFH
	Phy-ParametersFRX-Diff
	

	4-6
	Non-frequency hopping for PUCCH formats 0 and 2 with frequency hopping as "disabled"
	
	freqHoppingPUCCH-F0-2
	Phy-ParametersFRX-Diff
	

	4-7
	Non-frequency hopping for PUCCH format 1, 3, and 4 with frequency hopping as "disabled"
	
	freqHoppingPUCCH-F1-3-4
	Phy-ParametersFRX-Diff
	

	4-10
	Dynamic HARQ-ACK codebook
	
	dynamicHARQ-ACK-Codebook
	Phy-ParametersCommon
	Ok to keep common

	4-11
	Semi-static HARQ-ACK codebook
	
	semiStaticHARQ-ACK-Codebook
	Phy-ParametersCommon
	Ok to keep common

	4-12
	HARQ-ACK spatial bundling for PUCCH or PUSCH per PUCCH group
	
	spatialBundlingHARQ-ACK
	Phy-ParametersCommon
	Ok to keep common

	4-13
	More than one SR configurations per PUCCH group
	
	multipleSR-Configurations
	MAC-ParametersXDD-Diff
	

	4-19
	SR/HARQ-ACK/CSI multiplexing once per slot using a PUCCH (or HARQ-ACK/CSI piggybacked on a PUSCH) when SR/HARQ-ACK/CSI are supposed to be sent with the same starting symbol on the PUCCH resources in a slot
	
	sameSymbol in mux-SR-HARQ-ACK-CSI-PUCCH-OncePerSlot
	Phy-ParametersFRX-Diff
	

	4-19a
	SR/HARQ-ACK multiplexing once per slot using a PUCCH (or HARQ-ACK piggybacked on a PUSCH) when SR/HARQ-ACK are supposed to be sent with different starting symbols in a slot
	4-19
	mux-SR-HARQ-ACK-PUCCH
	Phy-ParametersFRX-Diff
	

	4-19b
	SR/HARQ-ACK/CSI multiplexing more than once per slot using a PUCCH (or HARQ-ACK/CSI piggybacked on a PUSCH) when SR/HARQ-ACK/CSI are supposed to be sent with the same or different starting symbol in a slot
	4-19c
	mux-SR-HARQ-ACK-CSI-PUCCH-MultiPerSlot
	Phy-ParametersFRX-Diff
	

	4-19c
	SR/HARQ-ACK/CSI multiplexing once per slot using a PUCCH (or HARQ-ACK/CSI piggybacked on a PUSCH) when SR/HARQ-ACK/CSI are supposed to be sent with different starting symbols in a slot
	4-19a
	diffSymbol in mux-SR-HARQ-ACK-CSI-PUCCH-OncePerSlot
	Phy-ParametersFRX-Diff
	

	4-20
	UCI code-block segmentation
	
	uci-CodeBlockSegmentation
	Phy-ParametersFRX-Diff
	

	4-21
	Dynamic beta-offset configuration and indication for HARQ-ACK and/or CSI
	
	dynamicBetaOffsetInd-HARQ-ACK-CSI
	Phy-ParametersCommon
	Ok to keep common

	4-22
	1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3, or 4 in the same slot
	
	onePUCCH-LongAndShortFormat
	Phy-ParametersFRX-Diff
	

	4-22a
	2 PUCCH transmissions in the same slot which are not covered by 4-22 and 4-2
	
	twoPUCCH-AnyOthersInSlot
	Phy-ParametersFRX-Diff
	

	4-23
	Repetitions for PUCCH format 1, 3, and 4 over multiple slots with K = 2, 4, 8
	
	pucch-Repetition-F1-3-4
	Phy-ParametersCommon
	Ok to keep common

	4-27
	More than one group of overlapping channels for control multiplexing
	
	mux-MultipleGroupCtrlCH-Overlap
	Phy-ParametersFRX-Diff
	

	4-28
	HARQ-ACK multiplexing on PUSCH with different PUCCH/PUSCH starting OFDM symbols
	4-1
	mux-HARQ-ACK-PUSCH-DiffSymbol
	Phy-ParametersFRX-Diff
	



4.1.5. Scheduling/HARQ operation

	Index
	FG
	Prerequisite feature groups
	Field name
	Parent IE
	Assessment

	5-1
	Basic scheduling/HARQ operation
	
	n/a
	n/a
	Ok to keep as mandatory 

	5-1b
	More than one DL/UL switch point in a slot
	
	tdd-MultiDL-UL-SwitchPerSlot
	Phy-ParametersFRX-Diff
	

	5-2
	RA Type 0 for PUSCH
	
	ra-Type0-PUSCH
	Phy-ParametersCommon
	Ok to keep common

	5-3
	Dynamic switching between RA Type 0 and RA Type 1 for PDSCH
	
	dynamicSwitchRA-Type0-1-PDSCH
	Phy-ParametersCommon
	Ok to keep common

	5-4
	Dynamic switching between RA Type 0 and RA Type 1 for PUSCH
	5-2
	dynamicSwitchRA-Type0-1-PUSCH
	Phy-ParametersCommon
	Ok to keep common

	5-6
	PDSCH mapping type A with less than 7 OFDM symbols
	
	pdsch-MappingTypeA
	Phy-ParametersCommon
	Ok to keep common

	5-6a
	PDSCH mapping type B
	
	pdsch-MappingTypeB
	Phy-ParametersCommon
	Ok to keep common

	5-7
	Interleaving for VRB-to-PRB mapping for PDSCH
	
	interleavingVRB-ToPRB-PDSCH
	Phy-ParametersCommon
	Ok to keep common

	5-9
	Intra-slot frequency-hopping for PUSCH except for PUSCH scheduled by Type 1 CSS before RRC connection
	
	intraSlotFreqHopping-PUSCH
	Phy-ParametersFRX-Diff
	

	5-10
	Inter-slot frequency hopping for PUSCH
	
	interSlotFreqHopping-PUSCH
	Phy-ParametersCommon
	Ok to keep common

	5-14
	Type 1 configured PUSCH repetitions over multiple slots
	
	type1-PUSCH-RepetitionMultiSlots
	Phy-ParametersCommon
	Ok to keep common
(for licensed band only)

	5-16
	Type 2 configured PUSCH repetitions over multiple slots
	
	type2-PUSCH-RepetitionMultiSlots
	Phy-ParametersCommon
	Ok to keep common
(for licensed band only)

	5-17
	PUSCH repetitions over multiple slots
	
	pusch-RepetitionMultiSlots
	Phy-ParametersCommon
	Ok to keep common
(for licensed band only)

	5-17a
	PDSCH repetitions over multiple slots
	
	pdsch-RepetitionMultiSlots
	Phy-ParametersCommon
	Ok to keep common
(for licensed band only)

	5-18
	DL SPS
	
	downlinkSPS
	Phy-ParametersCommon
	Ok to keep common
(for licensed band only)

	5-19
	Type 1 Configured UL grant
	
	configuredUL-GrantType1
	Phy-ParametersCommon
	Ok to keep common
(for licensed band only)

	5-20
	Type 2 Configured UL grant
	
	configuredUL-GrantType2
	Phy-ParametersCommon
	Ok to keep common
(for licensed band only)

	5-21
	Pre-emption indication for DL
	
	pre-EmptIndication-DL
	Phy-ParametersCommon
	Ok to keep common
(for licensed band only)

	5-22
	CBG-based re-transmission for DL using CBGTI
	
	cbg-TransIndication-DL
	Phy-ParametersCommon
	Ok to keep common

	5-23
	CBGFI for CBG-based re-transmission for DL
	5-22
	cbg-FlushIndication-DL
	Phy-ParametersCommon
	Ok to keep common

	5-24
	Dynamic HARQ-ACK codebook using sub-codebooks for CBG-based re-transmission for DL
	
	dynamicHARQ-ACK-CodeB-CBG-Retx-DL
	Phy-ParametersCommon
	Ok to keep common

	5-25
	CBG-based re-transmission for UL using CBGTI
	
	cbg-TransIndication-UL
	Phy-ParametersCommon
	Ok to keep common

	5-26
	Semi-static rate-matching resource set configuration for DL
	
	rateMatchingResrcSetSemi-Static
	Phy-ParametersCommon
	Ok to keep common

	5-27
	Dynamic rate-matching resource set configuration for DL
	
	rateMatchingResrcSetDynamic
	Phy-ParametersCommon
	Ok to keep common

	5-27a
	Dynamic rate-matching control resource set for DL
	
	rateMatchingCtrlResrcSetDynamic
	Phy-ParametersCommon
	Ok to keep common

	5-29
	LBRM for PUSCH
	
	pusch-LBRM
	Phy-ParametersFRX-Diff
	

	5-30
	DL scheduling slot offset greater than zero for PDSCH mapping type A
	
	dl-SchedulingOffset-PDSCH-TypeA
	Phy-ParametersXDD-Diff
Phy-ParametersFRX-Diff
	

	5-30a
	DL scheduling slot offset greater than zero for PDSCH mapping type B
	
	dl-SchedulingOffset-PDSCH-TypeB
	Phy-ParametersXDD-Diff
Phy-ParametersFRX-Diff
	

	5-31
	UL scheduling slot offset greater than 12
	
	ul-SchedulingOffset
	Phy-ParametersXDD-Diff
Phy-ParametersFRX-Diff
	

	5-34
	New 64QAM MCS table for PDSCH
	
	dl-64QAM-MCS-TableAlt
	Phy-ParametersFRX-Diff
	

	5-34a
	New 64QAM MCS table for PUSCH
	
	ul-64QAM-MCS-TableAlt
	Phy-ParametersFRX-Diff
	



4.1.6. CA/DC, BWP, SUL

	Index
	FG
	Prerequisite feature groups
	Field name
	Parent IE
	Assessment

	6-1
	Basic BWP operation with restriction
	
	n/a
	n/a
	Ok to keep as mandatory without signaling

	6-5a
	PDCCH blind detection capability for CA
	6-5
	pdcch-BlindDetectionCA
	Phy-ParametersFRX-Diff
	ok
Note: FR differentiation is not supported now. 

	6-25a
	PDCCH blind detection capability for MCG and for SCG in synchronous NR-NR DC
	6-5, 6-25
	pdcch-BlindDetectionMCG-UE
pdcch-BlindDetectionSCG-UE
	Phy-ParametersFRX-Diff
	



4.1.7. Channel coding

	Index
	FG
	Prerequisite feature groups
	Field name
	Parent IE
	Assessment

	7-1
	Channel coding
	
	n/a
	n/a
	Ok to keep as mandatory without signaling



4.1.8. UL TPC

	Index
	FG
	Prerequisite feature groups
	Field name
	Parent IE
	Assessment

	8-3
	Basic power control operation
	
	n/a
	n/a
	Ok to keep as mandatory

	8-4
	TPC-PUSCH-RNTI
	
	tpc-PUSCH-RNTI
	Phy-ParametersFRX-Diff
	

	8-5
	TPC-PUCCH-RNTI
	
	tpc-PUCCH-RNTI
	Phy-ParametersFRX-Diff
	

	8-6
	TPC-SRS-RNTI
	
	tpc-SRS-RNTI
	Phy-ParametersFRX-Diff
	

	8-7
	Absolute TPC command mode
	
	absoluteTPC-Command
	Phy-ParametersFRX-Diff
	

	8-8
	UL power control with 2 PUSCH closed loops
	
	twoDifferentTPC-Loop-PUSCH
	Phy-ParametersXDD-Diff
Phy-ParametersFRX-Diff
	

	8-9
	UL power control with 2 PUCCH closed loops
	
	twoDifferentTPC-Loop-PUCCH
	Phy-ParametersXDD-Diff
Phy-ParametersFRX-Diff
	




4.2. Rel-16 UE feature list for supporting NR from 52.6 to 71 GHz

4.2.1 NR_2step_RACH

	Index
	FG
	Prerequisite feature groups
	Field name
	Parent IE
	Assessment

	9-1
	Basic channel structure and procedure of 2-step RACH
	
	twoStepRACH-r16
	Phy-ParametersCommon
	Ok to keep common



4.2.2 NR_unlicensed

	Index
	FG
	Prerequisite feature groups
	Field name
	Parent IE
	Assessment

	10-32
	SS block based SINR measurement (SS-SINR) for unlicensed spectrum
	
	ss-SINR-Meas-r16
	Phy-ParametersSharedChAccess-r16
	Ok to keep applicable for the whole unlicensed band operation

	10-33
	Semi-persistent CSI report on PUCCH for unlicensed spectrum
	
	sp-CSI-ReportPUCCH-r16
	Phy-ParametersSharedChAccess-r16
	Ok to keep applicable for the whole unlicensed band operation

	10-33a
	Semi-persistent CSI report on PUSCH for unlicensed spectrum
	
	sp-CSI-ReportPUSCH-r16
	Phy-ParametersSharedChAccess-r16
	Ok to keep applicable for the whole unlicensed band operation

	10-34
	Dynamic SFI monitoring for unlicensed spectrum
	
	dynamicSFI-r16
	Phy-ParametersSharedChAccess-r16
	Ok to keep applicable for the whole unlicensed band operation

	10-35
	SR/HARQ-ACK/CSI multiplexing once per slot using a PUCCH (or HARQ-ACK/CSI piggybacked on a PUSCH) when SR/HARQ-ACK/CSI are supposed to be sent with the same starting symbol on the PUCCH resources in a slot for unlicensed spectrum
	
	mux-SR-HARQ-ACK-CSI-PUCCH-OncePerSlot-r16
{
sameSymbol-r16,
diffSymbol-r16
}
	Phy-ParametersSharedChAccess-r16
	Ok to keep applicable for the whole unlicensed band operation

	10-35a
	SR/HARQ-ACK multiplexing once per slot using a PUCCH (or HARQ-ACK piggybacked on a PUSCH) when SR/HARQ-ACK are supposed to be sent with different starting symbols in a slot for unlicensed spectrum
	10-35
	mux-SR-HARQ-ACK-CSI-PUCCH-MultiPerSlot-r16
	Phy-ParametersSharedChAccess-r16
	Ok to keep applicable for the whole unlicensed band operation

	10-35b
	SR/HARQ-ACK/CSI multiplexing more than once per slot using a PUCCH (or HARQ-ACK/CSI piggybacked on a PUSCH) when SR/HARQ-ACK/CSI are supposed to be sent with the same or different starting symbol in a slot for unlicensed spectrum
	10-35c
	mux-SR-HARQ-ACK-CSI-PUCCH-MultiPerSlot-r16
	Phy-ParametersSharedChAccess-r16
	Ok to keep applicable for the whole unlicensed band operation

	10-35c
	SR/HARQ-ACK/CSI multiplexing once per slot using a PUCCH (or HARQ-ACK/CSI piggybacked on a PUSCH) when SR/HARQ-ACK/CSI are supposed to be sent with different starting symbols in a slot for unlicensed spectrum
	10-35a
	mux-SR-HARQ-ACK-CSI-PUCCH-OncePerSlot-r16
{
sameSymbol-r16,
diffSymbol-r16
}
	Phy-ParametersSharedChAccess-r16
	Ok to keep applicable for the whole unlicensed band operation

	10-36
	HARQ-ACK multiplexing on PUSCH with different PUCCH/PUSCH starting OFDM symbols for unlicensed spectrum
	
	mux-HARQ-ACK-PUSCH-DiffSymbol-r16
	Phy-ParametersSharedChAccess-r16
	Ok to keep applicable for the whole unlicensed band operation

	10-37
	Repetitions for PUCCH format 1, 3, and 4 over multiple slots with K = 2, 4, 8 for unlicensed spectrum
	
	pucch-Repetition-F1-3-4-r16
	Phy-ParametersSharedChAccess-r16
	Ok to keep applicable for the whole unlicensed band operation

	10-38
	Type 1 configured PUSCH repetitions over multiple slots for unlicensed spectrum
	
	type1-PUSCH-RepetitionMultiSlots-r16
	Phy-ParametersSharedChAccess-r16
	Ok to keep applicable for the whole unlicensed band operation

	10-39
	Type 2 configured PUSCH repetitions over multiple slots for unlicensed spectrum
	
	type2-PUSCH-RepetitionMultiSlots-r16
	Phy-ParametersSharedChAccess-r16
	Ok to keep applicable for the whole unlicensed band operation

	10-40
	PUSCH repetitions over multiple slots for unlicensed spectrum
	
	pusch-RepetitionMultiSlots-r16
	Phy-ParametersSharedChAccess-r16
	Ok to keep applicable for the whole unlicensed band operation

	10-40a
	PDSCH repetitions over multiple slots for unlicensed spectrum
	
	pdsch-RepetitionMultiSlots-r16
	Phy-ParametersSharedChAccess-r16
	Ok to keep applicable for the whole unlicensed band operation

	10-41
	DL SPS for unlicensed spectrum
	
	downlinkSPS-r16
	Phy-ParametersSharedChAccess-r16
	Ok to keep applicable for the whole unlicensed band operation

	10-42
	Type 1 Configured UL grant for unlicensed spectrum
	
	configuredUL-GrantType1-r16
	Phy-ParametersSharedChAccess-r16
	Ok to keep applicable for the whole unlicensed band operation

	10-43
	Type 2 Configured UL grant for unlicensed spectrum
	
	configuredUL-GrantType2-r16
	Phy-ParametersSharedChAccess-r16
	Ok to keep applicable for the whole unlicensed band operation

	10-44
	Pre-emption indication for DL for unlicensed spectrum
	
	pre-EmptIndication-DL-r16
	Phy-ParametersSharedChAccess-r16
	Ok to keep applicable for the whole unlicensed band operation



4.2.3 NR_L1enh_URLLC

	Index
	FG
	Prerequisite feature groups
	Field name
	Parent IE
	Assessment

	11-1
	Monitoring DCI format 1_2 and DCI format 0_2
	
	dci-Format1-2And0-2-r16
	Phy-ParametersCommon
	Ok to keep common

	11-1a
	Monitoring both DCI format 0_1/1_1 and DCI format 0_2/1_2 in the same search space 
	11-1
	monitoringDCI-SameSearchSpace-r16
	Phy-ParametersCommon
	Ok to keep common

	11-1b
	Type 1 HARQ-ACK codebook support for relative TDRA for DL
	11-1
	type1-HARQ-ACK-Codebook-r16
	Phy-ParametersFRX-Diff
	

	11-4b
	DL priority indication in DCI with mixed DCI formats
	11-1, 11-4
	dci-DL-PriorityIndicator-r16
	Phy-ParametersCommon
	Ok to keep common

	11-6
	PUSCH repetition Type A
	One of {5-16, 5-17]
	pusch-RepetitionTypeA-r16 {
sharedSpectrumChAccess-r16,
non-SharedSpectrumChAccess-r16
}
	Phy-ParametersCommon
	Ok to keep common

	11-8
	Enhanced UL power control scheme
	
	enhancedPowerControl-r16
	Phy-ParametersFRX-Diff
	

	11-10 
	Type 2 configured grant release by DCI format 0_1  
	5-20
	type2-CG-ReleaseDCI-0-1-r16
	Phy-ParametersCommon
	Ok to keep common

	11-11 
	Type 2 configured grant release by DCI format 0_2
	5-20, 11-1
	type2-CG-ReleaseDCI-0-2-r16
	Phy-ParametersCommon
	Ok to keep common

	11-12 
	CBG-based re-transmission for UL using CBGTI with only in-order CBG-based re-transmission(s) for cancelled initial PUSCH transmission
	
	cbg-TransInOrderPUSCH-UL-r16
	Phy-ParametersCommon
	Ok to keep common



4.2.4 NR_IIOT

	Index
	FG
	Prerequisite feature groups
	Field name
	Parent IE
	Assessment

	12-1a
	UL priority indication in DCI with mixed DCI formats
	12-1 and 11-1
	dci-UL-PriorityIndicator-r16
	Phy-ParametersCommon
	Ok to keep common

	12-3
	SPS release by DCI format 1_1
	5-18 DL SPS

	sps-ReleaseDCI-1-1-r16
	Phy-ParametersCommon
	Ok to keep common

	12-3a
	SPS release by DCI format 1_2
	5-18 DL SPS and 11-1
	sps-ReleaseDCI-1-2-r16
	Phy-ParametersCommon
	Ok to keep common

	12-5
	Configuration of aggregation factor per SPS configuration
	5-18 DL SPS
	aggregationFactorSPS-DL-r16
	Phy-ParametersFRX-Diff
	Ok to keep common

	12-6 
	Support of SPS periodicity shorter than 10 ms
	5-18 DL SPS
	extendedSPS-Periodicities-r16
	Phy-ParametersCommon
	Seems technically possible, but the specification needs to be updated to support larger SCSs



4.2.5 NR positioning

	Index
	FG
	Prerequisite feature groups
	Field name
	Parent IE
	Assessment

	13-1a
	Max number of positioning frequency layers UE supports across all positioning methods across all bands
	
	maxSupportedFreqLayers-r16	
	NR-DL-PRS-ProcessingCapability-r16

LPP
	Ok to keep common

	13-2
	DL PRS Resources for DL AoD
	13-1
	1 maxNrOfDL-PRS-ResourceSetPerTrpPerFrequencyLayer-r16

2 maxNrOfTRP-AcrossFreqs-r16

3 maxNrOfPosLayer-r16
	NR-DL-PRS-ResourcesCapability-r16

LPP
	Ok to keep common

	13-3
	DL PRS Resources for DL-TDOA
	13-1
	1 maxNrOfDL-PRS-ResourceSetPerTrpPerFrequencyLayer-r16

2 maxNrOfTRP-AcrossFreqs-r16
3 maxNrOfPosLayer-r16
	NR-DL-PRS-ResourcesCapability-r16

LPP
	Ok to keep common

	13-4
	DL PRS Resources for Multi-RTT
	13-1
	1 maxNrOfDL-PRS-ResourceSetPerTrpPerFrequencyLayer-r16

2 maxNrOfTRP-AcrossFreqs-r16

3 maxNrOfPosLayer-r16
	NR-DL-PRS-ResourcesCapability-r16

LPP
	Ok to keep common

	13-5
	DL PRS Measurement Report for DL-AoD
	13-2,
	maxDL-PRS-RSRP-MeasurementFR1-r16

maxDL-PRS-RSRP-MeasurementFR2-r16
	NR-DL-AoD-MeasurementCapability

LPP
	

	13-6
	DL PRS Measurement Report for DL-TDOA
	13-3
	dl-RSTD-MeasurementPerPairOfTRP-FR1-r16

dl-RSTD-MeasurementPerPairOfTRP-FR2-r16
	NR-DL-TDOA-MeasurementCapability-r16

LPP
	

	13-9f
	PathLoss estimate maintenance across all cells
	One of {13-9, 13-9a, 13-9b, 13-9c}
	LPP

maxNumberSRS-PosPathLossEstimateAllServingCells-r16	


RRC
maxNumberSRS-PosPathLossEstimateAllServingCells-r16  
	LPP
NR-UL-SRS-Capability-r16

RRC
Phy-ParametersCommon
	

	13-10f
	Spatial relation maintenance
	One of {13-10, 13-10a, 13-10b, 13-10d, 13-10e}
	LPP
maxNumberSRS-PosSpatialRelationsAllServingCells-r16	

RRC
maxNumberSRS-PosSpatialRelationsAllServingCells-r16	
	LPP
NR-UL-SRS-Capability-r16

RRC
Phy-ParametersFR2
	

	13-11a
	Association between SRS for positioning and DL PRS for Multi-RTT
	13-4 and 13-8
	LPP
srs-AssocPRS-MultiLayersFR1-r16

srs-AssocPRS-MultiLayersFR2-r16
	LPP
NR-Multi-RTT-MeasurementCapability-r16
	Ok to keep common

	13-11
	UE Rx-Tx Measurement Report for Multi-RTT
	13-4 and 13-8
	LPP
1 maxNrOfRx-TX-MeasFR1-r16
maxNrOfRx-TX-MeasFR2-r16
2 supportOfRSRP-MeasFR1-r16
supportOfRSRP-MeasFR2-r16
	LPP
NR-Multi-RTT-MeasurementCapability-r16
	

	13-12
	SS-RSRP RRM measurements for NR E-CID Positioning
	1-1
	nr-ECID-MeasSupported-r16	BIT STRING {	ssrsrpSup(0),
	ssrsrqSup(1),
	csirsrpSup(2),
	csirsrqSup(3)} (SIZE(1..8))
	NR-ECID-ProvideCapabilities-r16

LPP

	Ok to keep common

	13-12a
	SS-RSRQ RRM measurements for NR E-CID Positioning
	1-1
	nr-ECID-MeasSupported-r16	BIT STRING {	ssrsrpSup(0),
	ssrsrqSup(1),
	csirsrpSup(2),
	csirsrqSup(3)} (SIZE(1..8))
	NR-ECID-ProvideCapabilities-r16

LPP

	Ok to keep common

	13-12b
	CSI-RSRP RRM measurements for NR E-CID Positioning
	1-4
	nr-ECID-MeasSupported-r16	BIT STRING {	ssrsrpSup(0),
	ssrsrqSup(1),
	csirsrpSup(2),
	csirsrqSup(3)} (SIZE(1..8))
	NR-ECID-ProvideCapabilities-r16

LPP

	Ok to keep common

	13-12c
	CSI-RSRQ RRM measurements for NR E-CID Positioning
	1-4
	nr-ECID-MeasSupported-r16	BIT STRING {	ssrsrpSup(0),
	ssrsrqSup(1),
	csirsrpSup(2),
	csirsrqSup(3)} (SIZE(1..8))
	NR-ECID-ProvideCapabilities-r16

LPP

	Ok to keep common

	13-18
	Support of parallel processing of LTE PRS and NR PRS
	
	simulLTE-NR-PRS-r16
	NR-DL-PRS-ProcessingCapability-r16

LPP
	Ok to keep common



4.2.6 NR_TEI

	Index
	FG
	Prerequisite feature groups
	Field name
	Parent IE
	Assessment

	14-6
	New RACH configuration for FR1 TDD
	
	
	
	Ok to keep mandatory without signaling

	14-8
	CSI trigger states containing non-active BWP
	
	csi-TriggerStateNon-ActiveBWP-r16
	Phy-ParametersCommon
	Ok to keep common



4.2.7 NR_eMIMO

	Index
	FG
	Prerequisite feature groups
	Field name
	Parent IE
	Assessment

	16-1b-1
	TCI state activation across multiple CCs
	Component 1: 2-1, 2-4
	simultaneousTCI-ActMultipleCC-r16           
	Phy-ParametersFRX-Diff
	

	16-1b-2
	Spatial relation update across multiple CCs
	Component 1: 2-59, 2-60
	simultaneousSpatialRelationMultipleCC-r16,
cli-RSSI-FDM-DL-r16,
cli-SRS-RSRP-FDM-DL-r16
	Phy-ParametersFRX-Diff
	

	16-1c
	Default spatial relation
	2-53, 2-59
	defaultSpatialRelationPathlossRS-r16
	Phy-ParametersFR2
	Ok to keep common in FR2

	16-1d
	MAC CE spatial relation update for AP-SRS
	2-53, 2-59
	spatialRelationUpdateAP-SRS-r16,
maxNumberSRS-PosSpatialRelationsAllServingCells-r16
	Phy-ParametersFR2
	Ok to keep common in FR2

	16-1e
	Pathloss reference RS activation via MAC CE
	8-3
	maxNumberPathlossRS-Update-r16
	Phy-ParametersCommon
	Ok to keep common

	16-1g
	Resources for beam management, pathloss measurement, BFD, RLM and new beam identification 
	2-24, 2-31
	maxTotalResourcesForOneFreqRange-r16 {
maxNumberResWithinSlotAcrossCC-OneFR-r16,
maxNumberResAcrossCC-OneFR-r16}
	Phy-ParametersFRX-Diff
	

	16-1g-1
	Resources for beam management, pathloss measurement, BFD, RLM and new beam identification across frequency ranges
	2-24, 2-31, 16-1g
	maxTotalResourcesForAcrossFreqRanges-r16 {
maxNumberResWithinSlotAcrossCC-AcrossFR-r16,
maxNumberResAcrossCC-AcrossFR-r16}
	Phy-ParametersCommon
	Ok to keep common

	16-1j-1
	2 port CSI -RS for new beam identifications
	
	newBeamIdentifications2PortCSI-RS-r16
	Phy-ParametersCommon
	Ok to keep common

	16-1j-2
	2 port CSI -RS for pathloss estimation
	
	pathlossEstimation2PortCSI-RS-r16      
	Phy-ParametersCommon
	Ok to keep common

	16-2a-4
	HARQ-ACK for multi-DCI based multi-TRP - separate
	16-2a
	harqACK-separateMultiDCI-MultiTRP-r16 {
	maxNumberLongPUCCHs-r16
}
	Phy-ParametersCommon
	Ok to keep common

	16-2a-4a
	HARQ-ACK for multi-DCI based multi-TRP - joint
	16-2a
	harqACK-jointMultiDCI-MultiTRP-r16
	Phy-ParametersCommon
	Ok to keep common

	16-2a-8
	Indicates that retransmission scheduled by a different CORESETPoolIndex for multi-DCI multi-TRP is not supported.
	16-2a
	supportRetx-Diff-CoresetPool-Multi-DCI-TRP-r16
	Phy-ParametersCommon
	Ok to keep common

	16-7
	Extension of the maximum number of configured aperiodic CSI report settings
	2-32
	csi-ReportFrameworkExt-r16
	Phy-ParametersFRX-Diff

AND

MIMO-ParametersPerBand
	

	16-x RAN2
	Mulit-CC simultaneous TCI activation with multi-TRP
	If the UE indicates support of 16-1b-1 for a FR and support of at least one of 16-2b-1, 16-2b-2, 16-2b-3, 16-2b-4 or 16-2b-5 for at least one band or component carrier of this FR, the UE shall indicate support of 16-x for this FR
	twoTCI-Act-servingCellInCC-List-r16
	Phy-ParametersFRX-Diff
	

	16-y RAN2
	Slot based repetition
	16-2b-5 and  maxNumberTCI-states-r16 is set to 2 for at least one band
	supportRepetitionZeroOffsetRV-r16
	Phy-ParametersCommon
	Ok to keep common

	16-z RAN2
	spCell-BFR-CBRA-r16
	
	spCell-BFR-CBRA-r16
	BeamFailureRecoveryConfig
	Ok to keep common



4.2.8 NR_CLI_RIM

	Index
	FG
	Prerequisite feature groups
	Field name
	Parent IE
	Assessment

	17-1
	CLI-RSSI measurement
	
	cli-RSSI-Meas-r16

maxNumberCLI-RSSI-r16
	MeasAndMobParametersFRX-Diff
	

	17-2
	SRS-RSRP measurement
	
	cli-SRS-RSRP-Meas-r16

maxNumberCLI-SRS-RSRP-r16

maxNumberPerSlotCLI-SRS-RSRP-r16
	MeasAndMobParametersFRX-Diff
	

	17-3
	Simultaneous reception of DL signals/channels and CLI-RSSI measurement resource
	17-1
	cli-RSSI-FDM-DL-r16
	Phy-ParametersFRX-Diff
	

	17-4
	Simultaneous reception of DL signals/channels and SRS-RSRP measurement resource
	17-2
	cli-SRS-RSRP-FDM-DL-r16
	Phy-ParametersFRX-Diff
	



4.2.9 MR-DC/CA enhancement

	Index
	FG
	Prerequisite feature groups
	Field name
	Parent IE
	Assessment

	18-8
	HARQ-ACK codebook type and HARQ-ACK spatial bundling configuration per PUCCH group
	6-7
	harqACK-CB-SpatialBundlingPUCCH-Group-r16
	Phy-ParametersCommon
	Ok to keep common

	18-9
	Type2 HARQ-ACK codebook for >1 unicast DL DCIs in same Monitoring Occasion
	3-1
	type2-HARQ-ACK-Codebook-r16
	Phy-ParametersCommon
	Ok to keep common

	18-3a
	Semi-statically configured LTE UL transmissions in all UL subframes not limited to tdm-pattern in case of FDD PCell
	One of {18-2a, 18-3}
	fdd-PCellUL-TX-AllUL-Subframe-r16
	Phy-ParametersMRDC
	FR1 only

	18-3b
	Semi-statically configured LTE UL transmissions in all UL subframes not limited to tdm-pattern in case of TDD PCell
	18-2

	tdd-PCellUL-TX-AllUL-Subframe-r16
	Phy-ParametersMRDC
	FR1 only



4.2.10. UE power saving

	Index
	FG
	Prerequisite feature groups
	Field name
	Parent IE
	Assessment

	19-1
	DRX Adaptation 
	N/A
	drx-Adaptation-r16
{
non-SharedSpectrumChAccess-r16   MinTimeGap-r16,
sharedSpectrumChAccess-r16          MinTimeGap-r16
}
	MAC-ParametersFRX-Diff-r16
	

	19-2
	Cross Slot Scheduling
	
	crossSlotScheduling-r16 {
non-SharedSpectrumChAccess-r16,
sharedSpectrumChAccess-r16
}
	Phy-ParametersCommon
	ok

	19-3
	Maximum MIMO Layer Adaptation
	See Note
	maxLayersMIMO-Adaptation-r16
	Phy-ParametersFRX-Diff
	

	19-4a
	UE assistance information
	19-2
	minSchedulingOffsetPreference-r16
	PowSav-ParametersCommon-r16
	Seems technically possible, but the specification needs to be updated to support larger SCSs



4.2.11. NR_IAB

	Index
	FG
	Prerequisite feature groups
	Field name
	Parent IE
	Assessment

	20-2
	Inter-IAB-node discovery and measurements: SSB reception configuration 
	
	seperateSMTC-InterIAB-Support-r16
	Phy-ParametersCommon
	Ok to keep common

	20-3
	Extension of RACH occasions and periodicities for backhaul RACH resources
	
	seperateRACH-IAB-Support-r16
	Phy-ParametersCommon
	Ok to keep common

	20-5a
	UL-Flexible-DL slot formats
	5-1a
	ul-flexibleDL-SlotFormatSemiStatic-IAB-r16
	Phy-ParametersCommon
	Ok to keep common

	20-5b
	UL-Flexible-DL slot formats
	3-6
	ul-flexibleDL-SlotFormatDynamics-IAB-r16
	Phy-ParametersCommon
	Ok to keep common

	20-6
	Dynamic indication of soft resource availability
	
	dci-25-AI-RNTI-Support-IAB-r16
	Phy-ParametersCommon
	Ok to keep common

	20-7
	Case 1 OTA timing alignment
	
	t-DeltaReceptionSupport-IAB-r16
	t-DeltaReceptionSupport-IAB-r16
	Ok to keep common

	20-8
	Guard symbols
	
	guardSymbolReportReception-IAB-r16
	t-DeltaReceptionSupport-IAB-r16
	Ok to keep common



4.2.12. New FGs that are not dedicated to a specific Rel-16 work item/TEI

	Index
	FG
	Prerequisite feature groups
	Field name
	Parent IE
	Assessment

	22-10
	Support of pdcch-MonitoringAnyOccasionsWithSpanGap in case of cross-carrier scheduling with different SCSs in the scheduling cell and the scheduled cell
	3-5b, 18-5
	pdcch-MonitoringAnyOccasionsWithSpanGapCrossCarrierSch-r16
	Phy-ParametersCommon
	Depending on 8.2.2 discussion

	22-11
	Support of 'cri-RI-CQI' report without non-PMI-PortIndication
	2-35
	cri-RI-CQI-WithoutNon-PMI-PortInd-r16
	Phy-Parameters
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