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1. Introduction
RAN1 originally indicated in their feature list that twoPUCCH-Group (FG6-7) is prerequisite of diffNumerologyAcrossPUCCH-Group (FG6-8). This is captured in TR38.822 as follows.
	
	Index
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331 [2]

	6-7
	Two NR PUCCH group with same numerology
	1) For NR CA UE, same numerology across NR carriers for data/control channel at a given time
2) For EN-DC UE, same numerology across NR carriers for data/control channel at a given time, wherein an NR PUCCH group is configured in FR1 and another NR PUCCH group is configured in FR2
	6-5, 6-6
	twoPUCCH-Group
	FeatureSetUplink

	6-8
	Different numerology across NR PUCCH groups
	For both NR CA UE and EN-DC UE, different numerology between two NR PUCCH groups for data/control channel at a given time
	6-5, 6-7
	diffNumerologyAcrossPUCCH-Group
	CA-ParametersNR


However, TS38.306 currently does not capture such requirement (see below). In this document we discuss how to deal with this gap.
	Definitions for parameters
	Per

	twoPUCCH-Group
Indicates whether two PUCCH group in CA with a same numerology across CCs for data and control channel [at a given time] is supported by the UE. For NR CA, two PUCCH group is supported with the same numerology across NR carriers for data and control channel at a given time. For (NG)EN-DC/NE-DC, two PUCCH group is supported with the same numerology across NR carriers for data and control channel at a given time, wherein an NR PUCCH group is configured in FR1 and another NR PUCCH group is configured in FR2. The UE supports two PUCCH groups with PUCCH on a band X and a band Y if it sets this capability parameter for both band X and band Y.
	FS

	diffNumerologyAcrossPUCCH-Group
Indicates whether different numerology across two NR PUCCH groups for data and control channel at a given time in NR CA and (NG)EN-DC/NE-DC is supported by the UE.
	BC



2. Discussion
It should be noted that for the feature of two PUCCH groups with different numerologies (diffNumerologyAcrossPUCCH-Group) to work, the support of two PUCCH groups with the same numerology (twoPUCCH-Group) is not required.
RAN1’s original intent might have been that twoPUCCH-Group is “easier” to support and therefore the UE supporting diffNumerologyAcrossPUCCH-Group should also support twoPUCCH-Group.
However, we observe such decision lacks considerations on practical use cases and corresponding deployment of the features.
2.1. Band combination with different numerologies among bands
It is possible that the UE supports a band combination where only different numerologies are supported among the bands. The UE may support two PUCCH groups with different numerologies (diffNumerologyAcrossPUCCH-Group) in the band combination. It is quite counterintuitive to report the capability of two PUCCH groups with the same numerology (twoPUCCH-Group) for such band combination. Even if reported, the reported UE capability does not carry any meaning.
2.2. IOT availability
Two PUCCH group with different numerologies (diffNumerologyAcrossPUCCH-Group) has clear benefit that HARQ timeline is maintained per the slot timing of each subcarrier spacing. This for example can be seen in FR1 + FR2 CA, where only different numerologies make sense essentially. Two PUCCH groups with the same numerology (twoPUCCH-Group) does not share the same benefit/goal.
It is our understanding from the field that the features of two PUCCH groups with different numerologies (diffNumerologyAcrossPUCCH-Group) and two PUCCH groups with the same numerology (twoPUCCH-Group) will go through independent phases of implementation, IOT and deployment, because those features have somewhat different benefits.
As another example is FR1-FDD +FR2-TDD CA band combination. The UE may support the same and different numerologies between FDD and TDD bands. Now one wants to deploy two PUCCH groups with different numerologies (diffNumerologyAcrossPUCCH-Group) for this band combination, the lack of IOT opportunity for two PUCCH groups with the same numerology (twoPUCCH-Group) should not hinder such legitimate deployment.
2.3. Backward compatibility
As shown in the previous section, it is not very straightforward to mandate the support of twoPUCCH-Group for the UE supporting diffNumerologyAcrossPUCCH-Group. As the current TS38.306 stands, it is not sensible to assume all existing UE implementations are according to the information captured in TR38.822. RAN2 should at least allow the UE implementation according to the current Technical Specification.
Observation:	Mandating the support of twoPUCCH-Group for the UE supporting diffNumerologyAcrossPUCCH-Group in Technical Specification invites a lot of issues, without a compelling benefit.
Proposal 1:	RAN2 to make the explicit decision not to specify that twoPUCCH-Group (FG6-7) is prerequisite of diffNumerologyAcrossPUCCH-Group (FG6-8).

3. Related discussion from RAN2#125
We proposed to add diffNumerologyAcrossPUCCH-Group as one of the prerequisite features for csi-ReportingCrossPUCCH-Grp-r16 [1]. The proposed change is reproduced below.
	csi-ReportingCrossPUCCH-Grp-r16
Indicates the support of CSI reporting cross PUCCH group, comprised of the following functional components:

-	Support reporting CSI of an SCell belonging to secondary PUCCH group by PUSCH or PUCCH of active serving cells belonging to primary PUCCH group, for both during and after SCell activation procedure;
-	Support reporting CSI of an SCell belonging to primary PUCCH group by PUSCH or PUCCH of active serving cells belonging to secondary PUCCH group, for both during and after SCell activation procedure;
-	Support for P-CSI and A-CSI for cross-PUCCH group CSI reporting;
-	computationTimeForA-CSI-r16 indicates the CSI computation time for A-CSI; if 'relaxed' is reported, the additionalSymbols-r16 shall be reported to indicate for each supported SCS the required additional number of symbols in addition to existing Z and Z' for aperiodic CSI report for cross-PUCCH group CSI reporting (the same SCS set definition as in clause 5.4 of TS 38.214 [12]). The value s14 indicates 14 symbols, and so on.
-	sp-CSI-ReportingOnPUCCH-r16 indicates whether the UE supports SP-CSI reporting on PUCCH for cross-PUCCH group CSI reporting;
-	sp-CSI-ReportingOnPUSCH-r16 indicates whether the UE supports SP-CSI reporting on PUSCH for cross-PUCCH group CSI reporting;
-	carrierTypePairList-r16 indicates one or multiple supported carrier type pairs(s). For each supported carrier type pair in carrierTypePairList-r16:
-	carrierForCSI-Measurement-r16 indicates the carrier type in a PUCCH group in which CSI measurement is performed;
-	carrierForCSI-Reporting-r16 indicates the carrier type in the other PUCCH group in which CSI report is performed,
-	where a carrier type is one of {fr1-NonSharedTDD-r16, fr1-SharedTDD-r16, fr1-NonSharedFDD-r16, fr2-r16}

UE indicating support of this feature shall indicate csi-ReportFramework and indicate support of either at least one of twoPUCCH-Group, diffNumerologyAcrossPUCCH-Group or and twoPUCCH-Grp-ConfigurationsList-r16.

NOTE 1:	For a band combination with SUL, the SUL band is counted as one of the bands.
NOTE 2:	For a band combination with SDL, the SDL band is counted as one of the bands. SDL is indicated as 'FR1-NonSharedFDD' carrier type. Per UE capabilities that are TDD only are not applicable to SDL.
NOTE 3:	When the carrier type of NUL is indicated for PUCCH/PUSCH transmission location for CSI measurement or CSI reporting, the SUL in the same cell as in the NUL can also be configured for PUCCH/PUSCH transmission.


It was commented that CRs were not necessary because the UE supporting diffNumerologyAcrossPUCCH-Group is supposed to also support twoPUCCH-Group. Based on our proposal in this document, we ask RAN2 to look at the revised CRs (no technical changes from the previous versions).
Proposal 2:	RAN2 to look at the revised CRs [2][3][4] taking into account the discussion and conclusion of this document.
4. Proposal
Based on the discussion in this document, we made the following observation and proposals.
Observation:	Mandating the support of twoPUCCH-Group for the UE supporting diffNumerologyAcrossPUCCH-Group in Technical Specification invites a lot of issues, without a compelling benefit.
Proposal 1:	RAN2 to make the explicit decision not to specify that twoPUCCH-Group (FG6-7) is prerequisite of diffNumerologyAcrossPUCCH-Group (FG6-8).
Proposal 2:	RAN2 to look at the revised CRs [2][3][4] taking into account the discussion and conclusion of this document.
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