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[bookmark: _Ref5850594]Introduction
This contribution summarizes the following email discussion.

[103-e-NR-UEFeature-MRDCCA-01] Email discussion/approval on UE features for MR-DC/CA (26th Oct – 3rd Nov) – Hiroki (DCM)
· 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



- 1/24 -
1. 
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






There was a following comment in preparation phase email discussion.
	Apple
	· 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




Based on the above contributions, it is agreed to discuss following point in the email discussion.
Discussion point #1
· Clarify interpretation of FGs in case of cross-carrier operation e.g., for FG18-5c/5d



Proposal and discussion
Based on contributions, following is the summary of companies’ views.
· Adopt interpretation 1 for FG18-5c/5d: Ericsson, Apple
· Adopt interpretation 2 for FG18-5c/5d: ZTE

FL proposal 1:
· 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 scheduled/triggered/indicated cell only.
· FG18-5c/5d


Companies are encouraged to check above FL proposal and to provide feedback if any in below. If you cannot accept the FL proposals, please put your company name after “Cannot accept the proposals” below and please provide your alternative proposal (in your comment) which could be acceptable to all in your consideration.
	Cannot accept the proposal: 
	Company
	Comment

	Apple
	We are fine with the FL proposal

	vivo
	Agree with FL’s proposal.
Interpretation #1 is more flexible to support different decoding capabilities of different scheduled cells for the same scheduling cell.
On the other hand, by interpretation #2 the same decoding capabilities is applied to all the scheduled cells.

	Qualcomm
	Our preference is the support of the capability is based on of the support of this capability for both bands of the scheduling/triggering/indicating cell and scheduled/triggered/indicated cell. This feature has a requirement on both the scheduling cell for control channel processing and scheduled cell for data channel processing. Both have a major impact to UE implementation and hence can not be isolated one from another. 

	ZTE
	First of all, all the three interpretations are workable. However, we may need to pick the most appropriate one. If we check the description of this UE feature, it is purely about PDCCH monitoring and PDCCH processing capabilitiy. From this perspective, as long as the scheduling cell supports this UE feature, it doesn’t matter whether the scheduled cell supports this UE feature or not. Thus, our understanding is Interpretation2.
The following three interpretations are copied below for reference.
Interpretation1: Support of this UE capability is based on the support of this capability for the band of the scheduled/triggered/indicated cell only.
Interpretation2: Support of this UE capability is based on the support of this capability for the band of the scheduling/triggering/indicating cell only.
Interpretation3: Support of this UE capability is based on the support of this capability for both the band of the scheduled/triggered/indicated cell and the band of the scheduling/triggering/indicating cell.

	Ericsson
	OK with FL proplosal athough Interpretation 2 would also be OK.

	LG
	We are fine with FL’s proposal. Our preference is to avoid too much variations in the UE feature if possible.

	Nokia
	We support interpretation 1, i.e. based on scheduled/triggered/indicated cell only.

	MTK
	We have no strong view on this issue. Interpretation 1 or 2 seems more intuitive since UE needs to report the value X per band per band combination (FS).

	Moderator
	Thanks for the feedbacks.
Based on the feedbacks, the interpretation 1 as in FL proposal 1 seems to have the largest number of supporting companies among interpretation 1/2/3.
So, FL proposal 1 is kept and I’d like to ask companies to check again whether FL proposal 1 is acceptable or not.

	Huawei, HiSilicon
	Our understanding is Interpretation 2.

	Intel
	We are fine with FL proposal

	Huawei, HiSilicon02
	We still think Interpretation 2 should be the correct way. The current specification specifies UE capability of BD/CCE concerning scheduling cell, and number of TRP if Multi-TRP is cocnfigured. When cross-carrier scheduling, the PDCCH monitoting will also be only on scheduling cell. The FGs concern mainly PDCCH monitoring/BD capability for cross carrier scheduling operation, thus it is more proper to take Interpretation 2.

	Qualcomm2
	We object Interpretation 1 and 2, and support Interpretation 3. While some companies think Interpretation 1 and 2 have more flexibility to support the cross-band feature, we believe Interpretation 3 is more flexible for UE to control its support of the feature in cross-band operation. In the meanwhile, Interpretation 1 and 2 forces UE to support the FG in cross-band case if the UE already supports the FG in only one of the involved bands.

	Moderator
	Thanks for the discussion.
My understanding on the flexibility for UE to control its support is as below.
· Assuming band combination {A, B, C}, if UE supports FG18-5c/5d for cross carrier operation from band A to band B
· Interpretation 1: UE reports support of FG18-5c/5d for band B (But this reporting also mean UE supports FG18-5c/5d for cross carrier operation from band C to band B)
· Interpretation 2: UE reports support of FG18-5c/5d for band A (But this reporting also mean UE supports FG18-5c/5d for cross carrier operation from band A to band C)
· Interpretation 3: UE reports support of FG18-5c/5d for band A and B (But this reporting also means UE supports FG18-5c/5d for cross carrier operation from band B to band A)
So, point here would be what is natural consequence if UE supports FG18-5c/5d for cross carrier operation from band {A to B} (i.e., also supports {C to B}, {A to C} or {B to A}).

	Apple
	We are more flexible in terms of the interpretation. But we want capability definition clear. 
FG18-5c/5d is not fully about whether UE support cross carrier scheduling with different SCS, it is introduced to relax the maxmum number of unicast DCI UE can decode per scheduled CC
This is the current 38.331 design (it is actually a X reported per SCS pair), using 18-5c as an example
[image: ]
In this report, it contains the condition on both the SCS of the scheduling cell and the SCS of the scheduled cell. We would like to clarify or maybe propose the clarification of interpretation 3 using Band A and Band B as example, there are two things in our mind 
· For NW to using CC in Band A to schedule CC in Band B, or, using CC in Band B to schedule CC in Band A
· UE needs to report corresponding FG18-5c/5d in both Band A and Band B
· We need to make sure the value is consistent
· If SCS A is used in Band A, and SCS B is used in Band B, the same X is expected to be reported by the UE in both Band A and Band B for FG18-5c/5d with the corresponding (SCS A, SCS B) pair. 
If that is the explanation, we are supportive of interpretation 3 since it gives UE some extra reporting flexility, since we only have : {Scheduling cell of lower SCS and scheduled cell of higher SCS, Scheduling cell of higher SCS and scheduled cell of lower SCS, both} as of now

	Huawei, HiSilicon03
	We are also fine with Alt.3. It seems that the related UE capability previously discussed e.g. cross-carrier scheduling for R15 was concluded as interpretation 3. For consistency it would be good to take this one.

	Moderator
	Thank you very much for the feedbacks.
Based on the feedbacks, updated FL proposal is Interpretation 3.

	
	



Updated FL proposal 1:
· [bookmark: _Hlk55449190]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 both the band of the scheduled/triggered/indicated cell and the band of the scheduling/triggering/indicating cell.
· FG18-5c/5d


Companies are encouraged to check above FL proposal and to provide feedback if any in below. If you cannot accept the FL proposals, please put your company name after “Cannot accept the proposals” below and please provide your alternative proposal (in your comment) which could be acceptable to all in your consideration.
	Cannot accept the proposal: 
	Company
	Comment

	MTK
	We are fine with updated FL proposal (Interpretation 3).

	ZTE
	We are fine with the updated FL proposal (Interpretation 3).

	Ericsson
	Some further clarification is needed on the FL proposal1. For example, we have similar question as Apple asked above. If UE reports one value of X for band A, and another value of X for band B i.e. what value of X is used when scheduling a carrier in band B from band A.  



Based on the discussion in GTW session, following agreements were made.

Agreements:
· 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 both the band of the scheduled/triggered/indicated cell and the band of the scheduling/triggering/indicating cell.
· FG18-5c/5d
· If reported value of X in FG18-5c/5d is different between the band of the scheduled/triggered/indicated cell and the band of the scheduling/triggering/indicating cell, the value of X reported for the scheduling/triggering/indicating cell is applied.




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.



Based on the above contribution, it is agreed to discuss following point in the email discussion.
Discussion point #2
· Whether or not to add “one of {6-2, 6-3}” as prerequisite FGs for FG18-4


3.1	Proposal and discussion
Based on the contribution, following proposal can be a starting point for the discussion while there are two alternatives in the contributions.
Alt.1: 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
Alt.2: Clarify that one dormant BWP and one non-dormant BWP are dedicated BWPs even for UEs not supporting both 6-2 and 6-3

FL proposal 2:
· Add “one of {6-2, 6-3}” as 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, one of {6-2, 6-3}

	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



Companies are encouraged to check above FL proposal and to provide feedback if any in below. If you cannot accept the FL proposals, please put your company name after “Cannot accept the proposals” below and please provide your alternative proposal (in your comment) which could be acceptable to all in your consideration.
	Cannot accept the proposal: 
	Company
	Comment

	Apple
	We slightly prefer Alt.2 which is already captured in the note. We do not see a strong need to introduce the prerequisite given we already have note

	vivo
	Fine with FL’s proposal. 

	Qualcomm
	Our preference is Alt. 2 as BWP adaptation and dormant BWP switching are two separate features based on different mechanisms. There is no need to couple the two different features together.

	ZTE
	We slightly prefer Alt.1.
FG 6-2 and 6-3 basically contain two parts:
Part1. Support up to 2/4 BWPs
Part2. Support DCI-based and timer-based BWP switch
If we adopt Alt.1 here, UE needs to support the above two parts. However, if we adopt Alt.2 here, UE can support only Part1. This will create another UE category that supports up to 2 dedicated BWPs but doesn’t support DCI-based/timer-based BWP switch between normal BWPs. In order to avoid further UE fragmentation, we slightly prefer Alt.1 here.

	Ericsson
	We are not OK with adding the pre-requisites.
We are OK with adding a note as per Alt 2: Clarify that one dormant BWP and one non-dormant BWP are dedicated BWPs even for UEs not supporting both 6-2 and 6-3

	LG
	We are fine with FL’s proposal. 

	Nokia
	We have a preference for Alt1 as it is clear. However, are would be fine clarifying the definition along the lines of Alt 2.

	MTK
	We prefer Alt. 2 with same reason as Apple and QC.

	Moderator
	Thanks for the feedbacks. Based on the following situation, the proposal can be updated to Alt.2 as concern on alt.1 seems stronger.
Alt.1: vivo, ZTE, LGE, Nokia
Alt.2: Apple, QCM, E///, (Nokia), MTK

	Huawei, HiSilicon
	We support Alt. 1 as we don’t see a difference of it from Alt. 2, then want to hear that to see if we need to change our view. Although QC commented they are different features (true, as they are separate FGs) but they are also clearly linked as spec defined, which is reflected by the Alt. 1 adding pre-requiste. 
We also want to clarify that in any case the FG for dormancy is not intended to increase the max possible number of BWPs that NR can support, i.e. 4.

	Qualcomm2
	FGs 6-2 and 6-3 are much more than the support of two dedicated DL BWPs that is needed by FG 18. Therefore, the pre-requisite should be Alt. 2.
Regarding Alt. 1: “Alt.1: 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”
as mentioned above, FGs 6-2, 6-3 are not equivalent to at least two dedicated DL BWPs. Therefore, it is more accurate if “i.e., …” is removed from Alt. 1. Then it shows the real difference between Alt.1 and Alt.2.

	
	



Updated FL proposal 2:
· Clarify that one dormant BWP and one non-dormant BWP are dedicated BWPs even for UEs not supporting both 6-2 and 6-3
	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

one dormant BWP and one non-dormant BWP are dedicated BWPs even for UEs not supporting both 6-2 and 6-3
	Optional with capability signalling



Companies are encouraged to check above FL proposal and to provide feedback if any in below. If you cannot accept the FL proposals, please put your company name after “Cannot accept the proposals” below and please provide your alternative proposal (in your comment) which could be acceptable to all in your consideration.
	Cannot accept the proposal: 
	Company
	Comment

	Huawei, HiSilicon
	We support Alt. 1 as we don’t see a difference of it from Alt. 2, then want to hear that to see if we need to change our view. Although QC commented they are different features (true, as they are separate FGs) but they are also clearly linked as spec defined, which is reflected by the Alt. 1 adding pre-requiste. 
We also want to clarify that in any case the FG for dormancy is not intended to increase the max possible number of BWPs that NR can support, i.e. 4.

	Qualcomm2
	FGs 6-2 and 6-3 are much more than the support of two dedicated DL BWPs that is needed by FG 18. Therefore, the pre-requisite should be Alt. 2.
Regarding Alt. 1: “Alt.1: 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”
as mentioned above, FGs 6-2, 6-3 are not equivalent to at least two dedicated DL BWPs. Therefore, it is more accurate if “i.e., …” is removed from Alt. 1. Then it shows the real difference between Alt.1 and Alt.2.

	Moderator
	Thanks for the discussion. Based on above comments, alternatives can be updated as below.
Alt.1: Add “one of {6-2, 6-3}” as prerequisite for FG 18-4
Alt.2: Clarify that one dormant BWP and one non-dormant BWP are dedicated BWPs even for UEs not supporting both 6-2 and 6-3
For both Alt.1 and 2: clarify that the FG for dormancy is not intended to increase the max possible number of BWPs that NR can support, i.e. 4

	Apple
	We prefer Alt 2.
We also think the maximum number of BWP is still 4

But I am little confused, we already have the note 
One dormant BWP and one non-dormant BWP is supported per carrier
Alt 2 is to add another note
one dormant BWP and one non-dormant BWP are dedicated BWPs even for UEs not supporting both 6-2 and 6-3
The only thing added is “are dedicated BWPs”. I apologize that I am not sure what the dedicated BWP mean. But I feel it is strange we need two notes for similar purpose

	Huawei, HiSilicon02
	FG6-2 and 6-3 contains not much more than two dedicated DL BWPs. In addition to the number of BWP it mainly contains BWP switching, which was discussed as the framework for dormancy indication as well. And dormant BWP is just one active UE specific BWP.
On the other hand, if the UE does not support either GF 6-2/6-3, from NW point of view, since 6-2/6-3 contains the Max number of possible BWPs, the BS will interpret the UE only supports one BWP. It is not clear how switching would be implemented in this way.
As another point, if the UE does not support up to 2/4 UE specific BWPs while support dormancy indication as per Alt2, from UE point of view, it implies the UE implementation needs to accormadte up to 6 BWPs (4 normal active UE specific BWP and two dormancy related active UE specific BWPs, if the UE report support both). That is not the intention. 
So we can live with Alt 2 with the Note clarified by Moderator that total BWP is still up to 4.

	Nokia, NSB
	We are fine with Alt. 2 as a compromise. 

	Moderator
	Thank you very much for the feedbacks and flexibility for the progress.
The FL proposal is kept for Alt.2 with adding one more clarification note regarding max possible number of BWPs.



Updated FL proposal 2:
· [bookmark: _Hlk55449843]Clarify that one dormant BWP and one non-dormant BWP are dedicated BWPs even for UEs not supporting both 6-2 and 6-3
· Clarify that the FG for dormancy is not intended to increase the max possible number of BWPs that NR can support, i.e. 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

one dormant BWP and one non-dormant BWP are dedicated BWPs even for UEs not supporting both 6-2 and 6-3

The FG for dormancy is not intended to increase the max possible number of BWPs that NR can support, i.e. 4
	Optional with capability signalling



Companies are encouraged to check above FL proposal and to provide feedback if any in below. If you cannot accept the FL proposals, please put your company name after “Cannot accept the proposals” below and please provide your alternative proposal (in your comment) which could be acceptable to all in your consideration.
	Cannot accept the proposal: 
	Company
	Comment

	MTK
	We are fine with the FL proposal.

	Nokia, NSB
	We are OK with the FL proposal

	ZTE
	We are ok with the FL proposal. But just to be clear, the first bullet implies that if UE indicates FG18-4, network is allowed to configure the following for this UE.
  -- one normal DL BWP  + one dormant DL BWP + two normal UL BWPs
  -- two normal DL BWPs + two normal UL BWPs
Is this the correct understanding?

	Ericsson
	We are OK with FL proposal.



Based on the discussion in GTW session, following agreements and conclusion were made.

Agreements:
· One dormant BWP and one non-dormant BWP are UE specific BWPs even for UEs not supporting 6-2 or 6-3

Conclusion:
· FG for dormancy is not intended to increase the max possible number of UE specific BWPs that Rel-16 NR can support (i.e. 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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	[image: ]

	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.
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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.



There were following comments in preparation phase email discussion.
	Apple
	· 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
	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”.




Based on the above contributions, it is agreed to discuss following point in the email discussion.
Discussion point #3
· How to reply to RAN2 LS regarding cell grouping capability signaling for NR-DC


4.1	Proposal and discussion
Based on contributions, following is the summary of companies’ views.
· On the need of cell grouping UE capability signaling for synchronous NR-DC
· Necessary: MTK, QCM, vivo, Apple
· Also need an indication of PUCCH location(s) as part of the cell-grouping capability: QCM
· Not necessary (capabilities for CA can be reused or need to wait for new PUCCH grouping capabilities): Intel, ZTE, HW, HiSi
· On the need of differentiation between MCG and SCG
· Necessary: MTK, QCM, vivo, Apple
· Not necessary: Intel, ZTE, HW, HiSi
· It should be clarified that asynchronous NR-DC UE supports the Rel-15 cell grouping regardless the cell grouping signaling is absence or not: HW, HiSi

FL proposal 3:
Alt.1:
· 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
· RAN1 also see the need of an indication of PUCCH location(s) as part of the cell grouping capability
· RAN1 would like to clarify that asynchronoush NR-DC UE supports the Rel-15 cell grouping (i.e. MCG fully in FR1 and SCG fully in FR2) regardless the cell grouping capability is absent or not
Alt.2:
· RAN1 agree to introduce capabilities for PUCCH grouping and PUCCH location for NR-CA, and they can also be applied to synchronous NR-DC
· RAN1 would like to clarify that asynchronoush NR-DC UE supports the Rel-15 cell grouping (i.e. MCG fully in FR1 and SCG fully in FR2) regardless the PUCCH grouping capability is absent or not


Companies are encouraged to check above FL proposal and to provide feedback if any in below. If you cannot accept the FL proposals, please put your company name after “Cannot accept the proposals” below and please provide your alternative proposal (in your comment) which could be acceptable to all in your consideration.
	Cannot accept the proposal Alt.1: 
	Cannot accept the proposal Alt.2:
	Company
	Comment

	Apple
	We can agree to either Alt.1, or, Alt. 2. We slighty prefer Alt.1
Regarding the PUCCH location, we believe RAN2 already introduced CarrierAggregationVariant in 38.306 for xDD and FRx differntation, i.e. PUCCH (SpCell) on FR1 FDD, FR1 TDD or FR2 TDD
The only thing missing is PUCCH-SCell, i.e., for NR-CA, if two PUCCH groups are configured, the PUCCH location of the secondary PUCCH group.

	vivo
	We are fine with either Alt.1 or Alt.2 of FL’s proposal.

	Qualcomm
	Both alternatives would be reasonable. 
Regarding the PUCCH location, CarrierAggregationVariant (= spCellPlacement) is per-UE capability. According to the working assumption RAN1 made for NR-CA with two PUCCH-groups, RAN1 is going to specify the PUCCH-location per NR-CA band combination. The same thing should be available for NR-DC.
Regarding the sub-bullet “asynchronous NR-DC UE supports the Rel-15 cell grouping (i.e. MCG fully in FR1 and SCG fully in FR2) regardless the PUCCH grouping capability is absent or not”, the intention of this statement should be clarified. According to the RAN2 agreement in the LS R1-2007525, “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)”. Not sure what is clarified by the sub-bullet on top of this?

	ZTE
	Our preference is not to introduce the above UE capabilities.
RAN2 has introduced the following UE capabilities for NR CA. With these UE capabilities, it seems sufficient for UEs to indicate the supported grouping for MCG and SCG. Thus, from our perspective, it is not necessary to introduce cell grouping and differentiation between MCG and SCG for synchronous NR-DC.
Take the issue raised in Qualcomm R1-2008587 as an example. 
The following two configs can be differentiated by fr1fdd-FR2TDD-CA-SpCellOnFR1FDD and fr1tdd-FR2TDD-CA-SpCellOnFR1TDD.
-	(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.

Furthermore, the following two configs can be differentiated by pCell-FR2.
-	(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.
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	fr1fdd-FR1TDD-CA-SpCellOnFR1FDD
Indicates whether the UE supports an FR1 FDD SpCell (and possibly SCells) when configured with an FR1 TDD SCell.
	UE
	No
	No
	No

	fr1fdd-FR1TDD-CA-SpCellOnFR1TDD
Indicates whether the UE supports an FR1 TDD SpCell (and possibly SCells) when configured with an FR1 FDD SCell.
	UE
	No
	No
	No

	fr1fdd-FR1TDD-FR2TDD-CA-SpCellOnFR1FDD
Indicates whether the UE supports an FR1 FDD SpCell (and possibly SCells) when configured with an FR1 TDD SCell and an FR2 TDD SCell.
	UE
	No
	No
	No

	fr1fdd-FR1TDD-FR2TDD-CA-SpCellOnFR1TDD
Indicates whether the UE supports an FR1 TDD SpCell (and possibly SCells) when configured with an FR1 FDD SCell and an FR2 TDD SCell.
	UE
	No
	No
	No

	fr1fdd-FR1TDD-FR2TDD-CA-SpCellOnFR2TDD
Indicates whether the UE supports an FR2 TDD SpCell (and possibly SCells) when configured with an FR1 FDD SCell and an FR1 TDD SCell.
	UE
	No
	No
	No

	fr1fdd-FR2TDD-CA-SpCellOnFR1FDD
Indicates whether the UE supports an FR1 FDD SpCell (and possibly SCells) when configured with an FR2 TDD SCell.
	UE
	No
	No
	No

	fr1fdd-FR2TDD-CA-SpCellOnFR2TDD
Indicates whether the UE supports an FR2 TDD SpCell (and possibly SCells) when configured with an FR1 FDD SCell.
	UE
	No
	No
	No

	fr1tdd-FR2TDD-CA-SpCellOnFR1TDD
Indicates whether the UE supports an FR1 TDD SpCell (and possibly SCells) when configured with an FR2 TDD SCell.
	UE
	No
	No
	No

	fr1tdd-FR2TDD-CA-SpCellOnFR2TDD
Indicates whether the UE supports an FR2 TDD SpCell (and possibly SCells) when configured with an FR1 TDD SCell.
	UE
	No
	No
	No



	pCell-FR2
Indicates whether the UE supports PCell operation on FR2.
	UE
	Yes
	No
	FR2 only




	Ericsson
	Regarding Alt1 we do not see a strong need for introducing such signalling.
Regarding Alt 2 – “RAN1 agree to introduce capabilities for PUCCH grouping and PUCCH location for NR-CA….” our understanding is this is still being discussed on UE features others A.I. and not agreed.

	LG
	Both alt.1 and alt.2 are acceptable. Slightly prefer Alt.2 for simpler UE feature construction. 

	[bookmark: _Hlk54680993]Nokia
	In our view the issue raised is RAN2 internal and there is no strict RAN1-specific need why a particular signalling should or should not be designed around the DC capabilities in the RRC specification. The difficulty for RAN1 discussion of this is the need to debate the RAN2 specs’ current tools and their applicability and doing that in RAN1 tends to lead to confusions. To add to the confusion, we would also like to bring one more UE capability to RAN1’s attention that should eliminate the concern of UEs being forced to support MCG on FR2:
	spCellPlacement
[bookmark: _Hlk43474281]Indicates whether the UE supports a SpCell on FR1-FDD, FR1-TDD and/or FR2-TDD depending on which additional SCells of other frequency range(s) / duplex mode(s) are configured. It is applicable to NR SA and NR-DC (both MCG and SCG), where UL is configured on more than one of FR1-FDD, FR1-TDD and FR2-TDD in a cell group. If not included, the UE supports SpCell on any serving cell with UL in supported band combinations.
	UE
	No
	No
	No



Regarding Alt1: We don’t see a clear necessity for the PUCCH location signalling in addition to the capabilities that are already in place
· For a 2-band DC combo the UE can already tell which of the two (or both) can be the SpCell (spCellPlacement)
· For a >2 band DC combo the UE can indicate with the UL DC configuration that only 2 UL bands are supported
· With pCell-FR2 the UE can indicate if it can have MCG on FR2 or not
If some necessary combination restriction is not possible with the RRC tools already in place, that should be discussed by RAN2.

Regarding Alt2: There is another discussion on this, as pointed out by Ericsson and the outcome of that discussion can be included in the response LS.

	MTK
	We prefer Alt. 1 with same reason as Apple. 

	Moderator
	Thanks for the feedbacks.
For Alt.2, yes, it is depending on the outcome of on-going discussion on PUCCH grouping capabilities in NR UE features for others.
The intention is to discuss such PUCCH grouping capabilities first, and then we can discuss Alt.1 or 2 based on the outcome.
On the other hand, since reply LS is targeted to send by the end of this week, we should make a progress in the coming GTW sessions in this week.

	Qualcomm2
	Follow-up comments regarding CarrierAggregationVariant (= spCellPlacement) and pCell-FR2.

CarrierAggregationVariant (= spCellPlacement)
· This is per-UE and common capability for NR-CA and NR-DC.
· For example, suppose a UE supports NR-CA for {FR1-FDD, FR1-TDD, FR2} with reporting PCell placement on the FR1-FDD and FR2-TDD via CarrierAggregationVariant (= spCellPlacement)
· Suppose the UE also wants to support NR-DC for the same band combination, {FR1-FDD, FR1-TDD, FR2}, where:
· The necessary NR-DC cell-grouping configurations is assumed to be {FR1-FDD + FR1-TDD} for MCG and {FR2} for SCG
· However, if there is no cell-grouping capability, the UE has to also support following, all of which require NR-DC inra-FR inter-CG simultaneous transmissions and power-sharing:
· (1) {FR1-FDD + FR2} for MCG, {FR1-TDD} for SCG
· (2) {FR1-TDD + FR2} for MCG, {FR1-FDD} for SCG
· (3) {FR1-FDD + FR2} for SCG, {FR1-TDD} for MCG
· (4) {FR1-TDD + FR2} for SCG, {FR1-FDD} for MCG
· In the above, single band combination {FR1-FDD, FR1-TDD, FR2} is considered. Since CarrierAggregationVariant (= spCellPlacement) is per-UE capability, this issue happens for any NR-DC band combinations.
· The UE has to choose either (1) to make sure all of the above configurations work well, or (2) to underreport CarrierAggregationVariant (= spCellPlacement)
Therefore, cell-grouping capability is necessary.

pCell-FR2
· This is per-UE and common capability for NR-CA and NR-DC.
· Suppose a UE may want to support PCell operation on FR2. However, if the UE reports that via pCell-FR2, the UE has to support NR-CA and NR-DC configurations that set PCell on FR2. 
· If MCG and SCG are not differentiated in the cell-grouping UE capability, once the UE declare support of PCell operation on FR2 for a particular configuration (e.g., NR-CA), then the UE has to support both (1) MCG on FR1 and SCG on FR2, and (2) SCG on FR1 and MCG on FR2 for any NR-DC cell-grouping configurations of any NR-DC band combinations.
· The UE has to choose either (1) to make sure all of the above configurations work well, or (2) to underreport pCell-FR2.
Therefore, differentiation between MCG and SCG in the cell-grouping capability is necessary.


	Intel
	Neither Alt 1 nor Alt 2.
We think sync NR DC would require similar capability to NR CA. We don’t see benefits to introduce cell grouping UE capability signalling as well as differentiation between MCG and SCG.
We agree to discuss PUCCH group capability in AI others. Once introduced, the capability can be also used for sync NR DC.

[Moderator] Isn’t it Alt.2?

	Moderator
	Please provide further feedback/views on following potential replies to RAN2 LS.

How to reply to RAN2 LS
· [bookmark: _Hlk54897452]RAN1 see the need and benefits to introduce the cell grouping UE capability signalling for synchnous NR-DC
· Benefit of having cell grouping signaling for synchronous NR-DC: [10], [12], Qualcomm2 comment
· Support: Qualcomm, Intel, vivo, Apple, LGE, MTK
· Not support: Nokia (ok to apply PUCCH grouping signaling to sync NR-DC), Huawei, E///
· RAN1 see the need and benefits to introduce MCG/SCG differentiation for the cell grouping 
· Benefit of having MCG/SCG differentiation: [10], [12], Qualcomm2 comment
· Support: Qualcomm, vivo, Apple, LGE, MTK
· Not support: Nokia, Huawei, Intel, E///
· By the way, RAN1 also see the need and benefits to introduce PUCCH grouping and PUCCH location capabilities for NR-CA with two PUCCH groups
· Support: Qualcomm, [Huawei, HiSi], Nokia, Intel, vivo, LGE, MTK
· Not support (no need to mention): 
· RAN1 believes it is beneficial to have common signaling design between above capabilities for NR-DC and those for NR-CA
· Support: Qualcomm, Nokia, Intel, LGE, MTK
· Not support (no need to mention): Huawei, HiSi, vivo


	Qualcomm3
	Our positions are inserted in the above Moderator’s row. 
Since we have already provided technical comments in the previous replies, here we focus on procedure aspects.
· The need/benefits of cell-grouping capability for synchronous NR-DC should be the same as that of PUCCH-grouping capability for NR-CA.
· As Apple commented, it is good if we can enable unified capability signalling design for NR-DC cell-grouping and NR-CA PUCCH-grouping. 
· If this is the common understanding, RAN1 should provide such message to RAN2 in the LS reply. Otherwise, if RAN1 simply says “yes, cell-grouping capability is necessary”, RAN2 may end-up with a solution they have in mind. For example, they may copy the LTE-DC cell-grouping capability, which is different from the RAN1’s design of PUCCH-grouping capability discussed in the different thread.
· This is why we think the 3rd and 4th bullets in the Moderator’s row are necessary. 

	Huawei, HiSi
	For questions 1&2 we are negative since RAN2 had some discussion already, but we’d like to check the understanding of others on Fred’s comment2.
For question 3 we’d like to check how to resolve the NBC issue although we acknowledge the benefits to have the corresponding capability as discussed in ‘Other’ UE feature. So we put [ ] with our company name.
For question 4 we don't understand so far what is the benefit to have a common design between DC and CA. What would be the consequence even if RAN2 has their design different from that RAN1 introduced for CA, as long as they have followed RAN1 input on the needed functionality? Would that be helpful for redcuing signalling bits?

	Nokia, NSB
	The capability signalling that we are designing for PUCCH groups might pre-empt the whole discussion and actually provide a new angle for RAN2 which can help them in breaking their own deadlock. The potential benefits raised in Qualcomm2 are in our view fully in RAN2 scope and we would be lacking the RAN1 point of view to justify a request coming from this side to RAN2 to define the capabilities. For example, the arguments related to pCell-FR2 parameter are not addressing any RAN1 aspects on why a UE supporting pCell-FR2 for CA would not support pCell-FR2 for sync-DC. 

	Intel
	We are fine for question 1, 3 and 4. For question 4, just to emphasis that it is to have common signaling design between NR-CA and sync NR-DC, not between sync NR-DC and async NR-DC. 
For question 2, we don’t see difference between NR-CA with two PUCCH group and sync NR-DC. Therefore, No need to introduce MCG/SCG differentiation

	vivo
	Regarding the four questions of proposal 3, we see the benefits to introduce the cell grouping capability for synchronous NR-DC, MCG/SCG differentiation, and PUCCH grouping and PUCCH location capabilities for NR-CA, i.e., support for questions 1-3. But it may not be necessary to mention signaling design to RAN2 in the LS (that is, “not support” for Q4).

	Moderator
	Following is the latest status after the discussion in Thursday GTW session.

· RAN1 see the need and benefits to introduce the cell grouping UE capability signalling for synchnous NR-DC
· Benefit of having cell grouping signaling for synchronous NR-DC: [10], [12], Qualcomm2 comment
· Support: Qualcomm, Intel, vivo, Apple, LGE, MTK
· Not support: Nokia (ok to apply PUCCH grouping signaling to sync NR-DC), Huawei, E///
· RAN1 see the need and benefits to introduce MCG/SCG differentiation for the cell grouping 
· Benefit of having MCG/SCG differentiation: [10], [12], Qualcomm2 comment
· Support: Qualcomm, vivo, Apple, LGE, MTK
· Not support: Nokia, Huawei, Intel, E///
· By the way, RAN1 also see the need and benefits to introduce PUCCH grouping and PUCCH location capabilities for NR-CA with two PUCCH groups
· Support: Qualcomm, [Huawei, HiSi], Nokia, Intel, vivo, LGE, MTK
· Not support (no need to mention): 
· RAN1 believes it is beneficial to have common signaling design between above capabilities for NR-DC and those for NR-CA
· Support: Qualcomm, Nokia, Intel, LGE, MTK
· Not support (no need to mention): Huawei, HiSi, vivo


	Apple 
	I  think it is coverd by the Rel-16 UE features in others 

	Ericsson
	Regarding reply LS for R1-2007525, our proposed response is as below (as also indicated in the GTW calls)

Regarding the question on the need of cell-grouping capability for synchronous NR-DC, RAN1 has not reached consensus on whether it is needed or not needed. 
RAN1 discussed and agreed UE capabilities for NR-CA for following cases (parts in brackets are still under discussion), and related agreements are provided below as information for RAN2.
· Support of PUCCH transmission two PUCCH groups with 3 or more bands with at least two carrier types from carrier types {FR1 licensed TDD, FR1 unlicensed TDD, FR1 licensed FDD, FR2}
· Support of up to three or four different numerologies for NR part of [EN-DC, NGEN-DC, NE-DC and] NR-CA where UE is not configured with two NR PUCCH groups
<paste the agreements here>
Action to RAN2:  RAN1 requests RAN2 to take into account above input for specification work on cell-grouping capability for synchronous NR-DC

We are not OK with the latest LS draft from Fred -- the agreements on UE capabilities related to 1 and 2 PUCCH groups and specific NR-CA cases (three or more bands etc.) were made to address the issues identified with corresponding Rel15 capabilities (e.g. the 6-8+6-9 issue). These were not made because RAN1 has decided on a broad template to be applied for sync NR-DC, async NR-DC and even the other CA cases that are not covered by current agreements as implied by the draft. Note, we had to make compromises to reach the PUCCH group related agreements (e.g. agree to per BC capability) but there are no agreements to extend those beyond the specific cases mentioned in the agreements in Tuesday GTW call.

	Nokia
	We can iterate company positions regarding the issue in general, as we could say it for many other RAN2, RAN3, or RAN4 issues, but given the limited time and resources, here we need to address the LS and the questions raised by RAN2 from a RAN1 perspective. Perhaps it would help if we say directly what we have discussed, for example:

Regarding the question on the need of cell-grouping capability for synchronous NR-DC, although RAN1 has identified the need of cell-grouping capability signalling, RAN1 has not fully discussed how the signalling, including MCG/SCG differentiation, should look like. RAN1 has discussed the need of PUCCH-grouping capability for NR-CA with two PUCCH groups and agreed to support the new Rel.16 capabilities copied below. It is RAN1 understanding that such capabilities are sufficient to address any potential issues related to cell-grouping from a RAN1 point of view. Moreover, from RAN1 point of view, signaling of PUCCH-grouping capability for NR-CA can be largely reused for synchronous NR-DC.

We can always speculate what RAN2 might or might not think or do based on our response, but we do not think this is a fruitful discussion at this stage. It is more productive to send an LS that reflects what we have actually done this meeting, and let RAN2 do their job.

	Qualcomm
	For further discussion, let me list up the proposals presented so far as options 1-3. In addition, the couple of questions are echoed in this reply.
· Please provide your preference on the options as the baseline for LS content.
· If you think cell-grouping capability signalling for sync NR-DC is not necessary, please answer the questions to Q1 and Q2. This is important to understand the rationale of the position of the company.

After the questions, Haiton’s and Ravi’s replies are merged for convenience (sorry I diverged).

Option 1:
	Regarding the question on the need of cell-grouping capability for synchronous NR-DC, although RAN1 has identified the need of the cell-grouping capability signalling, RAN1 has not fully discussed how the signalling, including MCG/SCG differentiation, should look like. On the other hand, RAN1 has discussed the need of PUCCH-grouping capability for NR-CA with two PUCCH groups and agreed to support the new Rel.16 capabilities copied below. From RAN1 point of view, signaling of PUCCH-grouping capability for NR-CA can be largely reused for synchronous NR-DC. the cell-grouping capability for synchronous NR-DC and also for asynchronous NR-DC can be based on the same capability signalling framework of the agreed new Rel.16 capabilities for PUCCH-grouping for NR-CA with two PUCCH groups. RAN1 would like to inform this understanding as our answers to the questions in R1-2007525.

Regarding need of differentiation between MCG and SCG for synchronous NR-DC, RAN1 does not think it is necessary.



Option 2:
	Regarding the question on the need of cell-grouping capability for synchronous NR-DC, RAN1 has not reached consensus on whether it is needed or not needed. 
RAN1 discussed and agreed UE capabilities for NR-CA for following cases (parts in brackets are still under discussion), and related agreements are provided below as information for RAN2.
· Support of PUCCH transmission two PUCCH groups with 3 or more bands with at least two carrier types from carrier types {FR1 licensed TDD, FR1 unlicensed TDD, FR1 licensed FDD, FR2}
· Support of up to three or four different numerologies for NR part of [EN-DC, NGEN-DC, NE-DC and] NR-CA where UE is not configured with two NR PUCCH groups
<paste the agreements here>
Action to RAN2:  RAN1 requests RAN2 to take into account above input for specification work on cell-grouping capability for synchronous NR-DC



Option 3:
	[bookmark: _Hlk55448817]   Regarding the question on the need of cell-grouping capability for synchronous NR-DC, although RAN1 has identified the need of cell-grouping capability signalling, RAN1 has not fully discussed how the signalling, including MCG/SCG differentiation, should look like. RAN1 has discussed the need of PUCCH-grouping capability for NR-CA with two PUCCH groups and agreed to support the new Rel.16 capabilities copied below. Although RAN1 has not reached consensus on whether the cell grouping capability for sync NR-DC is needed or not needed, it is RAN1 understanding that such capabilities are sufficient to address potential issues of too broaden UE capability related to cell-grouping for sync NR-DC from a RAN1 point of view. Moreover, From RAN1 point of view, framework of PUCCH-grouping capability for NR-CA can also be used as potential solution for synchronous NR-DC, and decision is up to RAN2.




Question 1:
spCellPlacement is per-UE capability and is not sufficient to address the implementation/IODT issues. We have raised this issue long time ago as our input Qualcomm2 to the FL summary, but we have not seen any feedback indicating that our concern is invalid. Can companies that consider cell-grouping capability is not necessary kindly clarify why it is not the issue for NR-DC (though it is the issue for NR-CA with two PUCCH-groups)?

	CarrierAggregationVariant (= spCellPlacement)
· This is per-UE and common capability for NR-CA and NR-DC.
· For example, suppose a UE supports NR-CA for {FR1-FDD, FR1-TDD, FR2} with reporting PCell placement on the FR1-FDD and FR2-TDD via CarrierAggregationVariant (= spCellPlacement)
· Suppose the UE also wants to support NR-DC for the same band combination, {FR1-FDD, FR1-TDD, FR2}, where:
· The necessary NR-DC cell-grouping configurations is assumed to be {FR1-FDD + FR1-TDD} for MCG and {FR2} for SCG
· However, if there is no cell-grouping capability, the UE has to also support following, all of which require NR-DC inra-FR inter-CG simultaneous transmissions and power-sharing:
· (1) {FR1-FDD + FR2} for MCG, {FR1-TDD} for SCG
· (2) {FR1-TDD + FR2} for MCG, {FR1-FDD} for SCG
· (3) {FR1-FDD + FR2} for SCG, {FR1-TDD} for MCG
· (4) {FR1-TDD + FR2} for SCG, {FR1-FDD} for MCG
· In the above, single band combination {FR1-FDD, FR1-TDD, FR2} is considered. Since CarrierAggregationVariant (= spCellPlacement) is per-UE capability, this issue happens for any NR-DC band combinations.
· The UE has to choose either (1) to make sure all of the above configurations work well, or (2) to underreport CarrierAggregationVariant (= spCellPlacement)




Question 2:
As for technical side on the need of MCG/SCG differentiation, we think the differentiation is important. Now the only capability a UE can use is a per-UE capability pCell-FR2. If a UE wants to declare support of pCell-FR2, the UE has to be IOTed with FR2-PCell operation for all the band combinations the UE reports. Even if we introduce the cell-grouping capability for NR-DC, without MCG/SCG differentiation, the issue cannot be resolved. 


	Apple
	We prefer Option 1, and we can possibly live with Option 3, with some further discussion about the yellow highlight part (we slight prefer the highlight part to be removed. We prefer RAN2 to follow RAN1 instruction to design the capability for Sync NR-DC and NR-CA. When we compromised to Alt 2, we already agreed to Alt 2. If the purpose is to reduce the risk, we can make the recommendation stronger) .

We do not prefer Option 2 at all, since we already compromised to Alt 2. 

If we check RAN2 LS quoted below, it is very clear that the lack of cell grouping capability for synchronous NR-DC means the NR cannot support FR1 and FR2 in the same CG. 

When Ericsson tried to block out FG3-5b proposal in CR against all the other companies from both the UE vendor side and infra-vendor side, they told us they care about to support and deploy FR1 scheduling FR2, actually with FG3-5b. 
Now the option 2 proposed by Ericsson actually means that FR1 and FR2 cannot even be configured in the same CG. It is very clear from the specification and we do not support Cross CG scheduling. 
So at least, we want to have a consistent discussion and we prefer company to have a solution for NR deployment 
It is very obvious that FR2 standalone in a single CG has a lot of issues in the real deployment, for both the reliability and UE power consumption and the thermal. It is an issue for everyone in eco system, UE vendor, infra-vendor and operator.
Infra-vendor still has the freedom not to support something, but when majority of the stakeholders in the whole eco-system want to do something in the positive way for NR deployment, please do not block progress without a consistent and valid excuse.

In the end, we want to get company opinion 
For all the effort we have to spend in Rel-16 on the Cross Carrier Scheduling with different SCS, do we see a reason and need so operator, some active UE vendor, and some active infra-vendor and help deploy FR1 and FR2 in the same CG to help the true FR2 deployment concern. 
[image: ]



Based on the discussion in GTW session, following agreements were made.

Agreements:
· Send reply LS with following contents – agreed in final LS (R1-2009570)
· RAN1 has discussed the need of PUCCH-grouping capability for NR-CA with two PUCCH groups and agreed to support the new Rel.16 capabilities copied below. From RAN1 point of view, framework of PUCCH-grouping capability for NR-CA can also be used as potential solution for synchronous NR-DC, and decision is up to RAN2.
· Copy agreements on both PUCCH grouping and 3/4 SCSs for NR-CA



Conclusion
Agreements:
· 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 both the band of the scheduled/triggered/indicated cell and the band of the scheduling/triggering/indicating cell.
· FG18-5c/5d
· If reported value of X in FG18-5c/5d is different between the band of the scheduled/triggered/indicated cell and the band of the scheduling/triggering/indicating cell, the value of X reported for the scheduling/triggering/indicating cell is applied.


Agreements:
· One dormant BWP and one non-dormant BWP are UE specific BWPs even for UEs not supporting 6-2 or 6-3

Conclusion:
· FG for dormancy is not intended to increase the max possible number of UE specific BWPs that Rel-16 NR can support (i.e. 4)


Agreements:
· Send reply LS with following contents – agreed in final LS (R1-2009570)
· RAN1 has discussed the need of PUCCH-grouping capability for NR-CA with two PUCCH groups and agreed to support the new Rel.16 capabilities copied below. From RAN1 point of view, framework of PUCCH-grouping capability for NR-CA can also be used as potential solution for synchronous NR-DC, and decision is up to RAN2.
· Copy agreements on both PUCCH grouping and 3/4 SCSs for NR-CA
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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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For synchronous NR-DC:

+ Capture in Rel-16 38.306 “The UE shall not report this UE capability from this release” in ficld
description of sfi-SyncNRDC.

+ The UE shall support Rel-15 cell grouping (i.c. 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.

+ RAN2 intends to introduce a releasre-16 UE capability for sync-DC (can be 1 bit, cell grouping or else) in
a future mecting. Absence of such UE capability parameter means the UE supports Rel-15 cell grouping
only (i.c. MCG fully in FR1 and SCG fully in FR2).




