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To make sure timely ASN.1 frozen, the first priority for RAN1/RAN2/RAN4 of Q2 is UE feature finalization. In this contribution, we provides our views on the remaining issues of UE features for MR-DC CA.
Discussion
According to the LS from RAN1 to RAN2 (R1-2001306 [1]), the maximum number of PUCCH groups in each CG is one for Rel-15 NR-DC and only the same numerology is supported for the CG with carriers only in FR2. The related UE capabilities are as shown below, i.e., FG 6-7, FG 6-9, and FG 6-9a.

	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
	n/a
	n/a
	
	Optional with capability signalling

	6-9
	Different numerologies across NR carriers within the same NR PUCCH group, with PUCCH on a carrier of smaller SCS
	1) For both NR CA UE, EN-DC/NE-DC UE and NR-DC UEs, same numerology between DL and UL per carrier for data/control channel at a given time
2) For both NR CA UE and EN-DC/NE-DC UE with one NR PUCCH group, different numerologies across NR carriers within the same NR PUCCH groups up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with smaller SCS for data/control channel at a given time
3-1) For NR CA UE with two NR PUCCH groups, different numerologies across NR carriers up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with smaller SCS for data/control channel at a given time
3-2) For EN-DC/NE-DC UE with two NR PUCCH groups, different numerologies across NR carriers up to two different numerologies within an NR PUCCH group in FR1 wherein NR PUCCH is sent on the carrier with smaller SCS, and same numerology across NR carriers within another NR PUCCH group in FR2 for data/control channel at a given time
4) For NR DC UE, different numerologies across NR carriers within the same NR PUCCH group in MCG (in FR1) and up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with smaller SCS for data/control channel at a given time; and same numerology across NR carriers in SCG (in FR2).
	6-5
	diffNumerologyWithinPUCCH-GroupSmallerSCS
	CA-ParametersNR
	n/a
	n/a
	The terminologies ‘UL’ and ‘carrier’ in this FG do not refer to ‘SUL’. 

NR PUCCH is sent on a carrier with SCS not larger than SCS of any DL carriers corresponding to the NR PUCCH group.

The case with PUCCH on UL carrier with different numerologies within SCG is not supported for NR-DC.
	Optional with capability signalling

	6-9a
	Different numerologies across NR carriers within the same NR PUCCH group, with PUCCH on a carrier of larger SCS
	1) For both NR CA UE, EN-DC/NE-DC UE and NR DC UEs, same numerology between DL and UL per carrier for data/control channel at a given time
2) For both NR CA UE and EN-DC/NE-DC UE with one NR PUCCH group, different numerologies across NR carriers within the same NR PUCCH groups up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is on the carrier with larger SCS for data/control channel at a given time
3-1) For NR CA UE with two NR PUCCH groups, different numerologies across NR carriers up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with larger SCS for data/control channel at a given time
3-2) For EN-DC/NE-DC UE with two NR PUCCH groups, different numerologies across NR carriers up to two different numerologies within an NR PUCCH group in FR1 wherein NR PUCCH is sent on the carrier with larger SCS, and same numerology across NR carriers within another NR PUCCH group in FR2 for data/control channel at a given time
4) For NR DC UE, different numerologies across NR carriers within the same NR PUCCH group in MCG (in FR1) and up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with larger SCS for data/control channel at a given time; and same numerology across NR carriers in SCG (in FR2).
	6-5
	diffNumerologyWithinPUCCH-GroupLargerSCS
	CA-ParametersNR-v1560
	n/a
	n/a
	The terminologies ‘UL’ and ‘carrier’ in this FG do not refer to ‘SUL’.

NR PUCCH is sent on a carrier with SCS not smaller than SCS of any DL carriers corresponding to the NR PUCCH group.

The case with PUCCH on UL carrier with different numerologies within SCG is not supported for NR-DC.
	Optional with capability signalling




As the following agreements reached in RAN1#ah1901 shown, Rel-16 supports at least the following NR-DC scenarios:
Scenario#1: MCG (FR1) + SCG (FR1)
Scenario#2: MCG (FR1) + SCG (FR2)
Scenario#3: MCG (FR2) + SCG (FR1)
Scenario#4: MCG (FR2) + SCG (FR2)
Scenario#5: MCG (FR1+FR2) + SCG (FR1+FR2)

	Agreements:
· For Rel. 16 UEs and asynchronous NN-DC operation, where MCG has serving cells only in FR1 and the SCG has serving cells only in FR2, the uplink power control is performed independently across cell groups
· This is under the assumption that for NR Rel. 16, no joint power limit across FR1 and FR2 is defined by RAN4.
· RAN1 has not identified any use case to support the case where SCG is fully in FR1 and MCG is fully in FR2 for both synchronous & asynchronous NN-DC operation. At the same time, if supported, RAN1 has not identified other RAN1 specification impact other than the power control aspect listed below and UE capability 
· If supported, power control is performed independently across the two cell groups.
Sent an LS to RAN4 (cc RAN2) capturing the above in R1-1901402. 



If following the Rel-15 restriction, only up to two PUCCH groups could be configured for NR-DC, this would be too restrictive for Rel-16 NR-DC, especially for the Scenario#5. Thus, we propose to introduce the following UE features for Rel-16 NR-DC, which are corresponding to the Rel-15 UE feature group 6-7, 6-9 and 6-9a respectively.
Proposal 1: For Rel-16 NR-DC, up to 2 NR PUCCH groups can be configured in each CG, wherein up to 1 NR PUCCH group is configured in FR1 and up to 1 NR PUCCH group is configured in FR2 for each CG.
Proposal 2: Introduce the following feature groups for Rel-16 NR-DC.
	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 (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
( 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

	18. MR-DC/CA enhancement
	18-9
	Four NR PUCCH group with same numerology for NR-DC
	For NR-DC UE, same numerology across NR carriers for data/control channel at a given time, wherein up to 2 NR PUCCH groups can be configured in each CG and up to 1 NR PUCCH group is configured in FR1 and up to 1 NR PUCCH group is configured in FR2 for each CG.
	NR-DC
	Yes
	
	
	Per BC
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	
	18-9a
	Different numerologies across NR carriers within the same NR PUCCH group for NR-DC, with PUCCH on a carrier of smaller SCS
	1) For NR-DC UEs, same numerology between DL and UL per carrier for data/control channel at a given time
2) Up to 2 NR PUCCH groups can be configured in each CG and up to 1 NR PUCCH group is configured in FR1 and up to 1 NR PUCCH group is configured in FR2 for each CG.
3) For NR-DC UE, different numerologies across NR carriers within the same NR PUCCH group in FR1 and up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with smaller SCS for data/control channel at a given time; and same numerology across NR carriers in FR2.
	NR-DC
	Yes
	
	
	Per BC
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	
	18-9b
	Different numerologies across NR carriers within the same NR PUCCH group for NR-DC, with PUCCH on a carrier of larger SCS
	1) For NR-DC UEs, same numerology between DL and UL per carrier for data/control channel at a given time
2) Up to 2 NR PUCCH groups can be configured in each CG and up to 1 NR PUCCH group is configured in FR1 and up to 1 NR PUCCH group is configured in FR2 for each CG.
3) For NR-DC UE, different numerologies across NR carriers within the same NR PUCCH group in FR1 and up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with larger SCS for data/control channel at a given time; and same numerology across NR carriers in FR2.
	NR-DC
	Yes
	
	
	Per BC
	N/A
	N/A
	N/A
	
	Optional with capability signalling




Conclusion
In this contribution, we provide our views on UE features for MR-DC CA and the following proposals are proposed.
Proposal 1: For Rel-16 NR-DC, up to 2 NR PUCCH groups can be configured in each CG, wherein up to 1 NR PUCCH group is configured in FR1 and up to 1 NR PUCCH group is configured in FR2 for each CG.
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Proposal 2: Introduce the following feature groups for Rel-16
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	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 (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
( 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

	18. MR-DC/CA enhancement
	18-9
	Four NR PUCCH group with same numerology for NR-DC
	For NR-DC UE, same numerology across NR carriers for data/control channel at a given time, wherein up to 2 NR PUCCH groups can be configured in each CG and up to 1 NR PUCCH group is configured in FR1 and up to 1 NR PUCCH group is configured in FR2 for each CG.
	NR-DC
	Yes
	
	
	Per BC
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	
	18-9a
	Different numerologies across NR carriers within the same NR PUCCH group for NR-DC, with PUCCH on a carrier of smaller SCS
	1) For NR-DC UEs, same numerology between DL and UL per carrier for data/control channel at a given time
2) Up to 2 NR PUCCH groups can be configured in each CG and up to 1 NR PUCCH group is configured in FR1 and up to 1 NR PUCCH group is configured in FR2 for each CG.
3) For NR-DC UE, different numerologies across NR carriers within the same NR PUCCH group in FR1 and up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with smaller SCS for data/control channel at a given time; and same numerology across NR carriers in FR2.
	NR-DC
	Yes
	
	
	Per BC
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	
	18-9b
	Different numerologies across NR carriers within the same NR PUCCH group for NR-DC, with PUCCH on a carrier of larger SCS
	1) For NR-DC UEs, same numerology between DL and UL per carrier for data/control channel at a given time
2) Up to 2 NR PUCCH groups can be configured in each CG and up to 1 NR PUCCH group is configured in FR1 and up to 1 NR PUCCH group is configured in FR2 for each CG.
3) For NR-DC UE, different numerologies across NR carriers within the same NR PUCCH group in FR1 and up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with larger SCS for data/control channel at a given time; and same numerology across NR carriers in FR2.
	NR-DC
	Yes
	
	
	Per BC
	N/A
	N/A
	N/A
	
	Optional with capability signalling
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