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[bookmark: _Ref5850594]Introduction
This contribution summarizes the discussions and proposals in AI 7.2.11 regarding UE features for MR-DC/CA.
Based on the discussions summarized in Section 2, followings are parts of the suggested email discussions/approvals for AI 7.2.11. 
FL proposal of email discussion/approval:
[103-e-NR-UEFeature-MRDCCA-01] Email discussion/approval on UE features for MR-DC/CA (26th Oct – 3rd Nov)
· Clarify interpretation of FGs in case of cross-carrier operation e.g., for FG18-5c/5d
· Whether or not to add “one of {6-2, 6-3}” as prerequisite FGs for FG18-4
· How to reply to RAN2 LS regarding cell grouping capability signaling for NR-DC


Companies are encouraged to check above FL proposal and to provide feedback if any in below.
	Company
	Comment

	Apple
	We are supportive of the FL proposal 
· Clarify interpretation of FGs in case of cross-carrier operation e.g., for FG18-5c/5d
· We are fine to clarify as scheduled/triggered/indicated cell 
· If possible, we would like to per FS FG3-5b is clarified as both both scheduling/triggering/indicating cell and scheduled/triggered/indicated cell, as explained in our contribution R1-2008423
· Whether or not to add “one of {6-2, 6-3}” as prerequisite FGs for FG18-4
· We are fine to discuss the details
· How to reply to RAN2 LS regarding cell grouping capability signaling for NR-DC
In LTE, there is only one FR and there is only one SCS. It may not be very restrictive for LTE not to support cell grouping for sync LTE-DC. However, NR supports different numerogly, NR support FR1 and FR2, NR supports different PDSCH/PUSCH processing capability, NR supports different PDCCH processing capability, etc., just to name a few. It is very different in terms of UE implementation for a cell group that contains only FR1, or contains both FR1 and FR2, or contains only FR2. Furthermore, even low + high FR1 band is different from low + low band in terms of UE implementation. It is very important for UE to report its capability in terms fo the cell groups for sync NR-DC 
· We see the need to introduce cell grouping for sync NR-DC
· We seen the need to differentiate MCG and SCG


	Qualcomm
	We agree with the FL proposal.
Regarding “How to reply to RAN2 LS regarding cell grouping capability signaling for NR-DC”, as observed from our contributions R1-2008587 and R1-2008614, we consider that the cell-grouping capability and differentiation between MCG and SCG are necessary, and the capability can be the same as/similar to the new Rel.16 FGs for PUCCH-grouping for NR-CA, which is captured under “UE features for NR others”.

	Intel
	We are fine with the proposed discussions points 

	Moderator
	Thank you very much for feedbacks.
I see that the proposed email discussion scope seems fine for all, and regarding discussion point #3, there would be some commonarity with the discussion on NR-CA PUCCH grouping in “NR UE features for others”. Therefore, I scheduled the discussion on these points in the same GTW time slot such as on Tuesday GTW3 in 1st week.

	Huawei, HiSilicon
	Fine with FL schedule and proposals.

	Moderator
	Thank you very much for further feedback.
Based on the all feedbacks, it seems ok to keep the original FL proposal on email discussion scope for UE features on MR-DC/CA.
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1. 
Discussion on NR Rel-16 UE features

Interpretation of UE capabilities in case of cross-carrier operation
	18. MR-DC/CA enhancement
	18-5c
	Processing up to X unicast DCI scheduling for DL per scheduled CC
	Processing up to X unicast DCI scheduling for DL per scheduled CC 
· X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X
· X={1,2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
· X applies per span in a slot of scheduling CC

	18-5
	Yes
	N/A
	
	Per FS
	N/A
	N/A
	N/A
	This FG is only applicable to the basic PDCCH monitoring capability 3-1
	Optional with capability signalling

	18. MR-DC/CA enhancement
	18-5d
	Processing up to X unicast DCI scheduling for UL per scheduled CC
	Processing up to X unicast DCI scheduling for UL per scheduled CC 
· X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X
· X={1,2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
· X applies per span in a slot of scheduling CC

	18-5b
	Yes
	N/A
	
	Per FS
	N/A
	N/A
	N/A
	This FG is only applicable to the basic PDCCH monitoring capability 3-1
	Optional with capability signalling



Following proposals are made in contributions.
	[2]
	FG18-5c and FG 18-5d are related to PDCCH processing capability, which is more related to the scheduling cell instead of the scheduled cell. Thus, Interpretation#2 makes more sense.
Proposal 5 (MRDC/CA): 
· Regarding the interpretation of UE capabilities in case of cross-carrier operation, RAN1 clarifies that support of the following UE capability is based on the support of this capability for the band of the scheduling/triggering/indicating cell only.
· FG18-5c and FG18-5d

	18. MR-DC/CA enhancement
	18-5c
	Processing up to X unicast DCI scheduling for DL per scheduled CC
	Processing up to X unicast DCI scheduling for DL per scheduled CC 
· X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X
· X={1,2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
· X applies per span in a slot of scheduling CC


	18. MR-DC/CA enhancement
	18-5d
	Processing up to X unicast DCI scheduling for UL per scheduled CC
	Processing up to X unicast DCI scheduling for UL per scheduled CC 
· X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X
· X={1,2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
· X applies per span in a slot of scheduling CC





	[4]
	For the MR-DC features, given these are about the number of DCIs that UE can receive in a scheduling cell for a scheduled cell, interpretation 1 is more suitable, while the cross-carrier scheduling capability itself is separately indicated via 18-5/5b.
	MR-DC
	18-5c Processing up to X unicast DCI scheduling for DL per scheduled CC
18-5d	Processing up to X unicast DCI scheduling for UL per scheduled CC
	Interpretation 1






Discussion point #1
· Clarify interpretation of FGs in case of cross-carrier operation e.g., for FG18-5c/5d


Clarification on prerequisite FGs for FG18-4
	18. MR-DC/CA enhancement
	18-4
	SCell dormancy indication within active time
	Support for SCell dormancy indication sent within the active time on PCell with DCI format 0_1/1_1
	6-5

	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	One dormant BWP and one non-dormant BWP is supported per carrier

More than one non-dormant BWP per carrier is supported only if UE feature 6-3/6-4 is also supported
	Optional with capability signalling



Following proposal is made in a contribution.
	[5]
	FG 18-4 indicates whether UE support SCell dormancy indication within active time. It also indicates:
· One dormant BWP and one non-dormant BWP is supported per carrier
· More than one non-dormant BWP per carrier is supported only if UE feature 6-3/6-4 is also supported
The definition of 18-4 does not explicitly write that UE would need to support two dedicated BWPs but it does say that UE needs to support at least one dormant and one non-dormant BWP. On the other hand the capability indicates as well that if more than one non-dormant BWP is to be supported then UE needs to support 6-3/6-4 which requires up to 4 dedicated DL BWPs to be supported. 
The natural conclusion here is that UE would need to support at least one of {6-2, 6-3} for the basic 18-4 capability. If only one dedicated DL BWP would be required then NW would always need to set up initial BWP as dormant/non-dormant BWP, which would make the feature not that useful as initial BWP supports only CORESET#0 in baseline BWP configuration Option 1. And baseline configuration Option2 could not be used at all, if it has only support for one BWP in total. 
Proposal 6: Add “one of {6-2, 6-3} as prerequisite for FG 18-4, i.e.UE needs to support at least two dedicated DL BWPs to support Scell dormancy. Alternatively clarify that one dormant BWP and one non-dormant BWP are dedicated BWPs even for UEs not supporting both 6-2 and 6-3.



Discussion point #2
· Whether or not to add “one of {6-2, 6-3}” as prerequisite FGs for FG18-4


LS on cell grouping capability signaling for NR-DC [6]

Following proposals are made in contributions.
	[3]
	RAN2 send a LS to RAN1/4 [3] and ask RAN1 opinion on cell grouping UE capability signalling for synchronous NR-DC,

	To 3GPP RAN1 and RAN4
[bookmark: _Hlk53826962]ACTION: To review the views expressed in RAN2 on cell grouping UE capability signaling for synchronous NR-DC and provide their view on the need of cell grouping UE capability signaling, including the need of differentiation between MCG and SCG.



It is understood synchronous NR-DC is almost the same as NR CA from UE implementation perspective. There exist multiple UE features for PUCCH grouping with same or different numerology, which is sufficient to support a band combination with two bands. Then, a question is that how to support more than two bands in a band combination. A typical case is a band combination of ‘FR1+FR1+FR2’. The existing FG 6-8 is defined to allow different numerology across NR PUCCH groups. However, as discussed in section 2.4, FG 6-8 does not offer granularity for UE to indicate preferred UL band in a band combination for two PUCCH groups since it is signalled by ‘BC’. Assuming such new Rel-16 capability with FS is introduced, it can be applied to NR-DC to indirectly indicate cell grouping that is supported by UE. For example, if the UE does not have the capability of one CG with ‘FR1+FR2’ and the other CG with the second ‘FR1’, the UE may report ‘support, not support, support’ for the band combination for this new Rel-16 signalling. Since the second ‘FR1’ does not support PUCCH transmission, it cannot be configured as a separate CG. 

There is also concern regarding the support of inter-CG power sharing for a given band combination. In fact, a separate FG 18-1b is already defined for dynamic power sharing. It is straightforward that FG 18-1b can be used to control the behaviour on power sharing of synchronized NR-DC. Therefore, there is no need for duplicated capability indication. 
	18. MR-DC/CA enhancement
	18-1b
	Dynamic UL power sharing for DC
	Dynamic power sharing between MCG and SCG cells of same FR for NR dual connectivity.
1) T_offset
	18-1

	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	1) {short, long}
	Optional with capability signalling



On the other hand, regarding the concern that UE may not support FR2 MCG, there is not clear demand to deploy such NR-DC operation in the market. If needed, a single capability bit to indicate whether FR2 MCG is supported would be sufficient. 

Proposal 4: 
For synchronized NR-DC operation, 
· There is no need to introduce dedicated capability signalling for cell grouping. 

	[7, 8]
	We provide our analysis on whether cell-grouping is needed for synchronous NR-DC below.

Requirements comparison between synchronous NR-DC and inter-band NR CA

As summarized in the following table, the MTTD and MRTD requirements for synchronous NR-DC and inter-band NR CA are almost the same. From this perspective, it seems reasonable for UE to following what we have done for CA, i.e., reporting whether FR1/FR2 and/or TDD/FDD can be the sPCell and reporting whether FR2 cell can be PCell.

Since the signaling for reporting whether FR1/FR2 and/or TDD/FDD can be the sPCell and reporting whether FR2 cell can be PCell is already in place for CA, UE can already reuse this mechanism to report its supported sPCell. 

	
	Synchronous NR-DC
	NR CA (Inter-band)

	MTTD
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	MRTD
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	[image: ]



Operation comparison between synchronous NR-DC and inter-band NR CA from RAN1 perspective
From RAN1 perspective, most of the operations of synchronous NR-DC and inter-band NR CA (with two PUCCH groups) are almost the same except for power sharing for NR-DC, which is specific to NR-DC. 


Based on the above analysis, it seems that both the RAN4 requirements and RAN1 operation are almost the same for synchronous NR-DC and inter-band NR CA. It makes sense to reuse the same mechanism of NR CA for NR-DC, i.e., UE reports whether sPCell should be in FR1 FDD band, FR1 TDD band or FR2 TDD band in different cases. From our perspective, it seems unnecessary to introduce cell-grouping for synchronous NR-DC on top of the current sPCell reporting mechanism for NR CA. 

Proposal 1: Cell-grouping for synchronous NR-DC is NOT introduced.

With the above proposal, we would like to reply the RAN2 LS as below.

	RAN1 would like to thank RAN2 for the LS (R1-2007525/R2-2008662) on cell-grouping UE capability for synchronous NR-DC.
From our perspective, it seems unnecessary to introduce cell-grouping for synchronous NR-DC on top of the current sPCell reporting mechanism for NR CA. 




	[9]
	Answer: From RAN1 perspective, it is necessary to introduce cell grouping UE capability signalling and differentiation between MCG and SCG for synchronous NR-DC. The following interpretations from RAN2 match RAN1’s understanding: 
· NR supports FR2 (which is different from LTE)
· The UE may not support FR2 MCG and thus there might be need to indicate whether FR2 MCG is supported in NR-DC if RAN4 has such potential band combinations.
· The UE may not support FR1-FR2 CA and thus there might be need to differentiate whether it is a FR1-FR2 CA or a FR1-FR2 DC.
· The UE may not support inter-CG power sharing for a given frequency range.
· The UE may not support PUCCH group across serving cells with different numerologies.

To RAN2:
RAN1 kindly asks RAN2 to take the above response into account for the corresponding future works.

	[10, 11]
	In order to discuss the need of the capability signalling, suppose following example 1 – inter-band NR-DC with 3 bands, where two FR1 bands and one FR2 band are included.

[image: ]
Example 1: inter-band NR-DC with two FR1 bands + one FR2 band

Cell-grouping 
Here, inter-band NR-DC means that MCG serving cells and SCG serving cells are in different frequency bands. Suppose a NR-DC band combination comprises two FR1 bands and one FR2 band as an example. If there is no cell-grouping capability, the UE is required to support following configurations for the NR-DC band combination: 
· (Config 1) one CG is for the FR1 bands, the other CG is for FR2 band; 
· (Config 2) one CG is for a FR1 band + FR2 band, the other CG is for a FR1 band. 
Config 2 is a Rel.16 NR-DC configuration that requires Rel.16 NR-DC semi-static/dynamic power-sharing and intra-FR per-CG parallel UCI feedback procedures, while Config 1 does not. Clearly, Config 2 requires more implementations/tests than Config 1. The cell-grouping UE capability can solve this issue.

Differentiation between MCG and SCG
The next level question is whether to differentiate MCG and SCG in the capability signalling. For example, whether to split the UE capability of Config 1 into the following. 
· (Config 1-1) MCG is for the FR1 bands, SCG is for FR2 band;
· (Config 1-2) SCG is for the FR1 bands, MCG is for the FR2 band.
Config 1-1 is the Rel.15 NR-DC cell-grouping that the UE shall support as per RAN2 agreement. If there is no capability differentiation between MCG and SCG, the UE is required to support Config 1-2 as well. There is an existing per-UE capability pCell-FR2 – by this, the UE can declare no support of Config 1-2 for any NR-DC band combinations if it does not support it at all. However, it is not possible to indicate support of Config 1-2 for some of the NR-DC band combinations but not for others, which is undesirable. 

PUCCH location within a CG
Another question is whether to differentiate on which band the PUCCH transmission can take place. For example, for Config 2, whether to enable reporting the FR1 band and/or FR2 band as the PUCCH transmission cell. For NR-CA with two PUCCH groups, RAN1 reached a working assumption to allow a UE to report the UL band(s) that supports the PUCCH transmission in each PUCCH group at least for the case of NR-CA with 3 or 4 numerologies.
For Rel.15/16, there is an existing per-UE capability spCellPlacement. This enables a UE to report whether the UE supports SpCell on FR1-FDD, FR1-TDD, and/or FR2-TDD. However, this is not sufficient due to the following reasons:
1. spCellPlacement is per-UE capability and is a common for NR-CA and NR-DC.
2. spCellPlacement was designed without taking into account unlicensed bands.
Suppose following examples. Example 2 is an FR1 inter-band NR-DC with 3 bands, where two FDD bands and one TDD band are included. Example 3 is an FR1 inter-band NR-DC with 3 bands, where two licensed bands and one unlicensed band are included.
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Example 2: inter-band NR-DC with two FDD bands + one TDD band
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Example 3: inter-band NR-DC with two licensed bands + one unlicensed band

For the above example 2, suppose a UE supports NR-CA with FDD + FDD + TDD with the PCell on any of the carriers. For this, the UE reports FR1-FDD and FR1-TDD as SpCell via the per-UE capability spCellPlacement. Then, if the UE wants to support NR-DC with a cell-grouping of MCG for FDD and SCG for TDD + FDD, the UE has to be able to support both {PCell + PSCell} = {FDD and FDD} and {FDD and TDD}. However, spCellPlacement was mainly intended for indicating where the SpCell can be placed for NR-CA and for FR1-FR2 NR-DC, in which cases simultaneous PCell and PSCell transmissions in the same FR do not occur – therefore, supported combinations of bands for simultaneous UL transmissions between PCell and PSCell should be able to be reported by the UE capability.
For the above example 3, the existing spCellPlacement would not incorporate the SpCell placement between licensed band and unlicensed band in a group. Then anyway it is necessary to make it distinguishable by the UE capability signalling.
Allowing UE to signal the UL band(s) supporting PUCCH transmission in each cell-group, which is analogous to the working assumption made for NR-CA with two PUCCH-group at the RAN1#102-e meeting, can solve the concerns.

Based on the above discussion, we propose the following.

Proposal:
· Inform the following to RAN2:
· RAN1 see the need of supporting cell-grouping capability and the differentiation between MCG and SCG.
· RAN1 also see the need of indication of PUCCH location(s) as part of the cell-grouping capability.

	[12]
	RAN1 discussed the cell grouping signaling including the differentiation between MCG and SCG for synchronous NR-DC, and concluded the following reasons on the necessity are valid.
· NR supports FR2 (as a key difference from LTE)
· The UE may not support FR2 MCG and thus there might be need to indicate whether FR2 MCG is supported in NR-DC if RAN4 has such potential band combinations.
· The UE may not support FR1-FR2 CA and thus there might be need to differentiate whether it is a FR1-FR2 CA or a FR1-FR2 DC.
· The UE may not support inter-CG power sharing for a given frequency range.
· The UE may not support PUCCH group across serving cells with different numerologies.

ACTION: RAN1 see the need and benefits to introduce the cell grouping UE capability signalling, including the differentiation between MCG and SCG for synchronous NR-DC.

	[13]
	From our point of view, we think one bullet in the agreements for asynchronous NR-DC may lead to misunderstanding:
	For asynchronous NR-DC:
· Absence of cell grouping signaling means the UE only support Rel-15 cell grouping (i.e. MCG fully in FR1 and SCG fully in FR2)


The above wording could be interpreted as if an asynchronous NR-DC UE’s cell grouping signaling is not absence, then the UE doesn’t support Rel-15 cell grouping. 
Observation: The following RAN2 agreement could be interpreted as the asynchronous NR-DC UE does not support the Rel-15 cell grouping of NR-DC when the cell grouping signaling is present:
· “Absence of cell grouping signaling means the UE only support Rel-15 cell grouping (i.e. MCG fully in FR1 and SCG fully in FR2)”
Such interpretation should be avoided for the following reasons. Firstly, the asynchronous NR-DC UE must be capable of synchronous NR-DC capability, since such asynchronous NR-DC capability is additional on top of the synchronous NR-DC capability which is ensuring accessibility of asynchronous NR-DC UE to a synchronous NR-DC infrastructure network. In this sense, the following UE capability agreed for synchronous NR-DC should be inherited to asynchronous NR-DC UE.
	For synchronous NR-DC:
· The UE shall support Rel-15 cell grouping (i.e. MCG fully in FR1 and SCG fully in FR2), for backward compatibility with Rel-15 network. No new signaling is required to be introduced for this.


Secondly, for backward compatibility with Rel-15 network, the asynchronous NR-DC UE should be able to be operated by Rel-15 synchronous NR-DC network in the same band combination. Hence the Rel-15 cell grouping shall be supported by the asynchronous NR-DC UE as agreed for the synchronous NR-DC UE. Otherwise there could be a non-backward compatibility between the Rel-15 NR-DC network and the asynchronous NR-DC UE. In conclusion, we think it is necessary to clarify that the asynchronous NR-DC UE supports the Rel-15 cell grouping regardless the cell grouping signaling is absence or not. 
Proposal 1: It should be clarified that asynchronous NR-DC UE supports the Rel-15 cell grouping regardless the cell grouping signaling is absence or not.
Regarding the need of cell grouping signaling for synchronous NR-DC, similar issue for UL CA [2] has also been discussed in the email thread [102-e-NR-UEFeatures-Others-01] in RAN1#102e meeting.
	Email discussion/approval on new FGs that are not dedicated to a specific Rel-16 work item/TEI (17th – 20th August)
· Whether/how to define new FGs related to PUCCH group based on proposals in R1-2006482 and potentially following points
· A UE should not be mandated to support the case where cells from different NR PUCCH groups are in the same TAG, but there is no such capability signalling in Rel.15.
· A UE should not be mandated to support the case where cells from two NR PUCCH groups are in the same band, but there is no such capability signalling in Rel.15


The justification and necessity of introducing such cell grouping signaling is not clear enough to reach a consensus among companies. Because with respect to PUCCH grouping, the synchronous NR-DC is very similar to NR CA from UE implementation perspective, the situation for NR-CA will be applied to synchronous NR-DC as well. Therefore, we think it is no need to introduce cell grouping signaling, including the differentiation between MCG and SCG, for the synchronous NR-DC UE at this stage.
Proposal 2: It is not necessary to introduce cell grouping signaling for synchronous NR-DC UE at this stage, including the differentiation between MCG and SCG.



Discussion point #3
· How to reply to RAN2 LS regarding cell grouping capability signaling for NR-DC



Conclusion
Based on the email discussion in preparation phase, it was agreed to have following email discussion in RAN1#103-e.

[103-e-NR-UEFeature-MRDCCA-01] Email discussion/approval on UE features for MR-DC/CA (26th Oct – 3rd Nov) – Hiroki (DCM)
1. Clarify interpretation of FGs in case of cross-carrier operation e.g., for FG18-5c/5d
1. Whether or not to add “one of {6-2, 6-3}” as prerequisite FGs for FG18-4
1. How to reply to RAN2 LS regarding cell grouping capability signaling for NR-DC
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Appendix: UE features list for MR-DC/CA in [1]
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (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
	18-1
	Basic UL power sharing for DC
	Semi-static power sharing mode1 between MCG and SCG cells of same FR for NR dual connectivity.

	
	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	Absence means intra-FR DC is not supported. 
	Optional with capability signalling

	18. MR-DC/CA enhancement
	18-1a
	Semi-static UL power sharing mode 2 for DC
	Semi-static power sharing mode 2 between MCG and SCG cells of same FR for NR dual connectivity.
	18-1

	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	Semi-static power sharing mode 2 between MCG and SCG cells of same FR is applicable only for synchronous NR dual connectivity
	Optional with capability signalling

	18. MR-DC/CA enhancement
	18-1b
	Dynamic UL power sharing for DC
	Dynamic power sharing between MCG and SCG cells of same FR for NR dual connectivity.
2) T_offset
	18-1

	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	1) {short, long}
	Optional with capability signalling

	18. MR-DC/CA enhancement
	18-4
	SCell dormancy indication within active time
	Support for SCell dormancy indication sent within the active time on PCell with DCI format 0_1/1_1
	6-5

	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	One dormant BWP and one non-dormant BWP is supported per carrier

More than one non-dormant BWP per carrier is supported only if UE feature 6-3/6-4 is also supported
	Optional with capability signalling

	18. MR-DC/CA enhancement
	18-4a
	SCell dormancy indication outside active time
	Support for SCell dormancy indication sent outside the active time on PCell with DCI format 2_6
	19-1
	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	One dormant BWP and one non-dormant BWP is supported per carrier

More than one non-dormant BWP per carrier is supported only if UE feature 6-3/6-4 is also supported
	Optional with capability signalling

	18. MR-DC/CA enhancement
	18-5
	DL cross-carrier scheduling with different SCS
	1. The UE supports DL cross carrier scheduling for the different numerologies with carrier indicator field (CIF) in DL carrier aggregation where numerologies for the scheduling cell and scheduled cell are different
Candidate value set for component 1: {Scheduling cell of lower SCS and scheduled cell of higher SCS, Scheduling cell of higher SCS and scheduled cell of lower SCS, both}

	6-5
	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	crossCarrierScheduling-OtherSCS
 

	Optional with capability signalling

	18. MR-DC/CA enhancement
	18-5a
	Default QCL assumption for cross-carrier scheduling 
	Indicates whether the UE can be configured with enabledDefaultBeamForCCS for default QCL assumption for cross-carrier scheduling for same/different numerologies
· Candidate values are {different only, both}
· When “both” is reported, the UE supports this feature for same SCS and for different SCS combination(s) (low-to-high, high-to-low or both) reported for 18-5

	one of {6-10, 18-5}
	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	18. MR-DC/CA enhancement
	18-5b
	UL cross-carrier scheduling with different SCS
	1. The UE supports UL cross carrier scheduling for the different numerologies with carrier indicator field (CIF) in UL carrier aggregation where numerologies for the scheduling cell and scheduled cell are different
Candidate value set for component 1: {Scheduling cell of lower SCS and scheduled cell of higher SCS, Scheduling cell of higher SCS and scheduled cell of lower SCS, both}

	6-6
	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	crossCarrierScheduling-OtherSCS
 

	Optional with capability signalling

	18. MR-DC/CA enhancement
	18-5c
	Processing up to X unicast DCI scheduling for DL per scheduled CC
	Processing up to X unicast DCI scheduling for DL per scheduled CC 
· X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X
· X={1,2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
· X applies per span in a slot of scheduling CC

	18-5
	Yes
	N/A
	
	Per FS
	N/A
	N/A
	N/A
	This FG is only applicable to the basic PDCCH monitoring capability 3-1
	Optional with capability signalling

	18. MR-DC/CA enhancement
	18-5d
	Processing up to X unicast DCI scheduling for UL per scheduled CC
	Processing up to X unicast DCI scheduling for UL per scheduled CC 
· X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X
· X={1,2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
· X applies per span in a slot of scheduling CC

	18-5b
	Yes
	N/A
	
	Per FS
	N/A
	N/A
	N/A
	This FG is only applicable to the basic PDCCH monitoring capability 3-1
	Optional with capability signalling

	18. MR-DC/CA enhancement
	18-6
	Cross-carrier A-CSI RS triggering with different SCS
	Cross-carrier A-CSI RS triggering with different SCS
Candidate value set: {PDCCH cell of lower SCS and A-CSI RS cell of higher SCS, PDCCH cell of higher SCS and A-CSI-RS of lower SCS, both}
	2-33 and 6-5
	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	18. MR-DC/CA enhancement
	18-6a
	Default QCL assumption for cross-carrier A-CSI-RS triggering
	Indicates whether the UE can be configured with enabledDefaultBeamForCCS for default QCL assumption for cross-carrier A-CSI-RS triggering for same/different numerologies
· Candidate values are {different only, both}
· When “both” is reported, the UE supports this feature for same SCS and for different SCS combination(s) (low-to-high, high-to-low or both) reported for 18-6

	6-5
	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	18. MR-DC/CA enhancement
	18-7
	CA with non-aligned frame boundaries
	CA with non-aligned frame boundaries for inter-band CA
	6-5 for DL CA with non-aligned frame boundaries for inter-band CA

6-6 for UL CA with non-aligned frame boundaries for inter-band CA
	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	Defines whether the UE supports carrier aggregation operation where the frame boundaries of the Pcell and the Scell are not aligned, while the slot boundaries are.
	Optional with capability signalling

	18. MR-DC/CA enhancement
	18-8
	HARQ-ACK codebook type and HARQ-ACK spatial bundling configuration per PUCCH group
	HARQ-ACK codebook type and HARQ-ACK spatial bundling configuration per PUCCH group
	6-7
	Yes
	N/A
	
	Per UE
	No
	No
	N/A
	Support HARQ-ACK codebook type and HARQ-ACK spatial bundling configuration per PUCCH group.
Rel-15 had this per cell group
	Optional with capability signalling

	18. MR-DC/CA enhancement
	18-9
	Type2 HARQ-ACK codebook for >1 unicast DL DCIs in same Monitoring Occasion
	For HARQ-ACK type 2 codebook: Usage of the PDSCH starting time in addition to the existing MO and Cell index to order the HARQ-ACK feedback
	3-1
	Yes
	N/A
	 
	Per UE
	No
	No
	N/A
	Note: The UE capability is introduced with following assumption:
·Specification reflects that UE behavior is modified only for UEs supporting this capability.
·UE behavior of a UE supporting this capability is different from UE behavior of a UE not supporting this capability only for following case:
·Type-2 HARQ-ACK codebook when HARQ-ACK feedback in a codebook corresponds to more than one unicast DL DCI for same scheduled cell in a MO of a scheduling cell.
	Optional with capability signalling

	18. MR-DC/CA enhancement
	18-2
	Single UL TX operation for TDD PCell in EN-DC
	TDM restriction to LTE TDD PCell in EN-DC for single UL-Transmission associated functionality when tdm-patternConfig-r16 is configured
1) TDD UL/DL configuration#2, #4, #5 configured as DL-reference UL/DL configuration 
2) PRACH transmission in non- designated UL subframes given by the DL-reference configuration (only for type 1 UE)
3) LTE UL transmissions scheduled/triggered by a DCI in any UL subframe not limited to the reference TDM pattern (only for type 1 UE)
4) the UE does not transmit on SCG in FR1 when the UE has overlapped transmission on a subframe on the MCG if the conditions in TS38.213 Section 7.6.1 are satisfied
	EN-DC

	Yes
	N/A
	
	Per band combination
	Applicable to TDD-TDD EN-DC only
	Applicable to FR1 only
	
	Extension of the R15 capability tdm-Pattern to TDD PCell

This FG is for synchronous EN-DC
	Optional with capability signalling

	18. MR-DC/CA enhancement
	18-2a
	Enhanced single UL TX operation for FDD Pcell EN-DC
	TDM restriction to LTE FDD Pcell in EN-DC for single UL-Transmission associated functionality when tdm-patternConfig-r16 is configured
1) DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell
2) PRACH transmission in non- designated UL subframes given by the DL-reference configuration (only for type 1 UE)
3) LTE UL transmissions scheduled/triggered by a DCI in any UL subframe not limited to the reference TDM pattern (only for type 1 UE)
4) the UE does not transmit on SCG in FR1 when the UE has overlapped transmission on a subframe on the MCG if the conditions in TS38.213 Section 7.6.1 are satisfied
	6-13

	Yes
	N/A
	
	Per band combination
	Applicable to in FDD-LTE -NR EN-DC
	Applicable to FR1 only
	
	Enhancement to the R15 capability tdm-Pattern

	Optional with capability signalling

	18. MR-DC/CA enhancement
	18-2b
	Support of HARQ-offset for SUO case1 in EN-DC with LTE TDD PCell for type 1 UE
	Support of HARQ-offset for SUO case1 in EN-DC with LTE TDD PCell for type 1 UE
	18-2

	Yes
	N/A
	
	Per band combination
	N/A
	N/A
	N/A
	This FG is for synchronous EN-DC
	Optional with capability signaling

	18. MR-DC/CA enhancement
	18-3
	Dual Tx transmission for EN-DC with FDD PCell(TDM pattern for dual Tx UE)
	TDM restriction to LTE FDD PCell in EN-DC for dual UL Tx operation when tdm-patternConfig-r16 is configured
1) DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell
2) PRACH transmission in non- designated UL subframes given by the DL-reference configuration (only for type 1 UE)
3) LTE UL transmissions scheduled/triggered by a DCI in any UL subframe not limited to the reference TDM pattern (only for type 1 UE)
	6-13, EN-DC

	Yes
	N/A
	
	Per band combination
	Applicable to EN-DC with LTE FDD PCell only
	Applicable to FR1 only
	
	Extension of the R15 capability tdm-Pattern to a dual Tx UE

	Optional with capability signalling

	18. MR-DC/CA enhancement
	18-3a
	Semi-statically configured LTE UL transmissions in all UL subframes not limited to tdm-pattern in case of FDD PCell
	UE configured with tdm-patternConfig-r16 can be semi-statically configured with LTE UL transmissions in all UL subframes not limited to the reference tdm-pattern (only for type 1 UE) in case of FDD PCell
	One of {18-2a, 18-3}
	Yes
	N/A
	
	Per UE
	Applicable to EN-DC only
	Applicable to FR1 only
	
	
	Optional with capability signaling

	18. MR-DC/CA enhancement
	18-3b
	Semi-statically configured LTE UL transmissions in all UL subframes not limited to tdm-pattern in case of TDD PCell
	UE configured with tdm-patternConfig-r16 can be semi-statically configured with LTE UL transmissions in all UL subframes not limited to the reference tdm-pattern (only for type 1 UE) in case of TDD PCell
	18-2

	Yes
	N/A
	
	Per UE
	Applicable to EN-DC only
	Applicable to FR1 only
	
	This FG is for synchronous EN-DC
	Optional with capability signaling
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