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1 Introduction
RAN1#100bis-e [1] sent the LS on Rel-16 RAN1 UE features lists for NR in [2], including the following request for RAN2 on MR-DC/CA enhancements:
===================Extract from R1-2003072================  
Omit part
· RAN1 made following agreements regarding UE features for MR-DC/CA enhancements. RAN1 respectfully ask RAN2 to introduce an FG for indicating support of asynchronous NR-DC operation and to discuss whether to introduce an optional FG for indicating supported cell-grouping configurations for a BC where the UE supports NR-DC operation.
	· [bookmark: _Hlk40701782]RAN1 lists NR-DC power-sharing features as FG18-1/1a/1b. Apart from them, RAN1 see the need of following:
· RAN2 to introduce an FG that indicates support of asynchronous operation 
· RAN1 will discuss whether this FG is mandatory or optional
· RAN2 to discuss whether or not to introduce an optional FG that indicates supported cell-grouping configurations for a BC where the UE supports NR-DC operation
· If the UE reports a cell-grouping configuration in which MCG cell(s) and SCG cell(s) are in the same FR, the UE must support FG18-1 (FG18-1a/1b are optional).
· The capability signalling structure is up to RAN2.
· The requirements for sync-DC and async-DC are up to RAN4.


Omit part
2. Actions:
To RAN WG2
ACTION: RAN1 kindly would like to ask RAN2 to take into account the list of RAN1 NR UE features for designing corresponding capability signalling in Rel.16. 
For MR-DC/CA enhancements, RAN1 respectfully ask RAN2 to introduce an FG for indicating support of asynchronous NR-DC operation and to discuss whether to introduce an optional FG for indicating supported cell-grouping configurations for a BC where the UE supports NR-DC operation.
Omit part
=========================================================
[bookmark: _Hlk40689992]And in RAN2#110-e [7], RAN2 agreed to use LTE style cell grouping capability signalling with restriction to 5 bands, which was included in reply LS to RAN1 [8]:
Omit part
1. NR-DC cell grouping capability4:
RAN2 has agreed to design the NR-DC cell grouping capability for the UE using the LTE style of capability signaling. RAN2 intends to restrict the NR-DC cell grouping signaling to NR DC combinations with up to 5 bands and for NR DC combinations with more than 5 bands in the combination, the UE cannot signal NR-DC cell grouping. The motivation for the above is that in LTE, there were no DC combinations defined with more than 5 bands, and RAN2 views the same with NR.
Omit part
By the end of RAN2#110-e [7], RAN1 response that “There is no additional suggestion from RAN1 for now.” in R1-2005096 [9].
Omit part
	4.1 Further restrictions that are applicable to NR -DC combinations
RAN2 would like to request RAN1 and RAN4 if they see any additional restrictions in the definition of NR-DC combinations that can help reduce the NR-DC cell grouping capability reporting at the UE.


RAN1 view: There is no additional suggestion from RAN1 for now.
Omit part

However, such UE capabilities of asynchronous NR-DC and cell-grouping configurations were not captured in TS 38.306 [5] yet. In this contribution, we provide our view on this RAN1 request on UE capabilities of asynchronous NR-DC and cell-grouping configurations. We also provide TP on spec changes in TS38.306/TS38.331 in appendix.

2 Discussion
In our understanding, LTE has introduced similar capability signalling to support Async LTE-DC and power control mode 2. While in NR, such signalling is still necessary to be introduced to support both Async NR-DC and also power sharing. We will first provide a brief overview on LTE signalling and then discuss the differences in NR signalling.     
2.1 LTE capability on async DC and cell-grouping
The related signalling is captured in TS 36.306 [3] and TS 36.331 [4]. It includes two UE capabilities asynchronous-r12 and supportedCellGrouping-r12 per band combination.
[bookmark: _Toc12697740]Copy from TS 36.306
[bookmark: _Toc12697741]4.3.5.9.1	asynchronous-r12
In addition to the UE capability indicated by dc-Support, this field defines whether asynchronous DC and power control mode 2 is supported by the UE which is capable of simultaneousRx-Tx. If the band combination is comprised of a single band entry for more than two carriers, the UE shall support any permutations of carriers to CGs. If the concerning band combination is comprised of more than two band entries, the carriers corresponding to a band entry shall belong to one cell group. For this band combination, the UE may indicate the supported carrier permutations to CGs.
[bookmark: _Toc12697742]4.3.5.9.2	supportedCellGrouping-r12
In addition to the UE capability indicated by asynchronous, this field defines for which mapping of serving cells to cell groups (i.e. MCG or SCG) the UE supports asynchronous DC.
                            
Copy from TS 36.331

BandCombinationParameters-v1250::= SEQUENCE {
	dc-Support-r12					SEQUENCE {
		asynchronous-r12				ENUMERATED {supported}			OPTIONAL,
		supportedCellGrouping-r12		CHOICE {
				threeEntries-r12				BIT STRING (SIZE(3)),
				fourEntries-r12					BIT STRING (SIZE(7)),
				fiveEntries-r12					BIT STRING (SIZE(15))
		}																OPTIONAL
	}																	OPTIONAL,
	supportedNAICS-2CRS-AP-r12		BIT STRING (SIZE (1..maxNAICS-Entries-r12))		OPTIONAL,
	commSupportedBandsPerBC-r12				BIT STRING (SIZE (1.. maxBands))		OPTIONAL,
	...
}


Note that the capability supportedCellGrouping-r12 provides a mapping from bands to (one or more than one feasible) cell grouping configuration, as indicated in Note5 under UE-EUTRA-Capability in 36.331:

===================Extract from TS 36.331================  
NOTE 5:	The grouping of the cells to the first and second cell group, as indicated by supportedCellGrouping, is shown in the table below. The leading / leftmost bit of supportedCellGrouping corresponds to the Bit String Position 1.
	Nr of Band Entries:
	5
	4
	3

	Length of Bit-String:
	15
	7
	3

	Bit String Position
	Cell grouping option (0= first cell group, 1= second cell group)

	1
	00001
	0001
	001

	2
	00010
	0010
	010

	3
	00011
	0011
	011

	4
	00100
	0100
	

	5
	00101
	0101
	

	6
	00110
	0110
	

	7
	00111
	0111
	

	8
	01000
	
	

	9
	01001
	
	

	10
	01010
	
	

	11
	01011
	
	

	12
	01100
	
	

	13
	01101
	
	

	14
	01110
	
	

	15
	01111
	
	



=========================================================
The table seems to be complex. We take a simple example for illustration: Assume that the given band combination includes 4 bands (e.g. band A, B, C, D) the UE supports simultaneously. Then if the UE reports ‘0001’ and ‘0110’, it means the UE supports two Async cell grouping: 1) band ABC in first cell group and band D in secondary cell group; 2) band AD in first cell group and band BC in secondary cell group.
Observation 1: TS 36.306 and 36.331 have introduced UE capabilities asynchronous-r12 and supportedCellGrouping-r12 per band combination, to support Async LTE-DC and power control mode 2.
Observation 2: LTE capability supportedCellGrouping-r12 provides a mapping from bands to (one or more than one UE supported) cell grouping configuration, for a given band combination.
2.2 NR capability on async DC and cell-grouping
In RAN1 LS on Rel-16 RAN1 UE features lists [2], RAN1 has requested RAN2 to introduce similar signalling to LTE, as illustrated in their agreement:
	· RAN1 lists NR-DC power-sharing features as FG18-1/1a/1b. Apart from them, RAN1 see the need of following:
· RAN2 to introduce an FG that indicates support of asynchronous operation 
· RAN1 will discuss whether this FG is mandatory or optional
· RAN2 to discuss whether or not to introduce an optional FG that indicates supported cell-grouping configurations for a BC where the UE supports NR-DC operation
· If the UE reports a cell-grouping configuration in which MCG cell(s) and SCG cell(s) are in the same FR, the UE must support FG18-1 (FG18-1a/1b are optional).
· The capability signalling structure is up to RAN2.
· The requirements for sync-DC and async-DC are up to RAN4.



In RAN2#110-e [7], RAN2 agreed to use LTE style cell grouping capability signalling with restriction to 5 bands, which was included in reply LS to RAN1 [8]:
Omit part
2. NR-DC cell grouping capability4:
RAN2 has agreed to design the NR-DC cell grouping capability for the UE using the LTE style of capability signaling. RAN2 intends to restrict the NR-DC cell grouping signaling to NR DC combinations with up to 5 bands and for NR DC combinations with more than 5 bands in the combination, the UE cannot signal NR-DC cell grouping. The motivation for the above is that in LTE, there were no DC combinations defined with more than 5 bands, and RAN2 views the same with NR.
Omit part
By the end of RAN2#110-e [7], RAN1 response that “There is no additional suggestion from RAN1 for now.” in R1-2005096 [9].
Omit part
	4.1 Further restrictions that are applicable to NR -DC combinations
RAN2 would like to request RAN1 and RAN4 if they see any additional restrictions in the definition of NR-DC combinations that can help reduce the NR-DC cell grouping capability reporting at the UE.


RAN1 view: There is no additional suggestion from RAN1 for now.
Omit part

Observation 3: RAN1 has requested RAN2 to introduce similar signalling on asynchronous NR-DC and supported cell-grouping configurations. RAN2 has agreed to use LTE style cell grouping capability signalling with restriction to 5 bands, and RAN1 provided their response that “There is no additional suggestion from RAN1 for now.” in R1-2005096.
However, such UE capabilities of asynchronous NR-DC and cell-grouping configurations were not captured in TS 38.306 [5] yet. Based on this RAN1/RAN2 interaction, we think it makes sense to introduce UE capabilities on asynchronous NR-DC and supported cell-grouping configurations for a band combination of NR-DC, to indicate the support of Async NR-DC and power sharing between MN and SN in NR. Please note that “asynchronous NR-DC” means non-slot-aligned NR-DC.  
Proposal 1: Like LTE, introduce UE capabilities on asynchronous NR-DC (i.e. non-slot-aligned NR-DC) and supported cell-grouping configurations for a band combination of async NR-DC.
Then we discuss specific signalling structure. In 38.306 [5], we think the most appreciate place is CA-ParametersNRDC. Thus, we propose:

Proposal 2: Put the UE capabilities on asynchronous NR-DC and supported cell-grouping configurations in CA-ParametersNRDC. 
For the capability of asynchronous NR-DC, we think we can copy the basic signalling structure of the two LTE capabilities (asynchronous-r12 and supportedCellGrouping-r12), but we need to further discuss what is the maximum band number for a given NR-DC band combination. As we indicated before, RAN2 has agreed to use LTE style cell grouping capability signalling with restriction to 5 bands, which is same as LTE.
Observation 4: In RAN2#110-e, RAN2 agreed to use LTE style cell grouping capability signalling with restriction to 5 bands, which was included in reply LS to RAN1 (R2-2006030)

	[bookmark: _Hlk46150420]Nr of Band Entries:
	5
	4
	3

	Length of Bit-String:
	15
	7
	3

	Bit String Position
	Cell grouping option (0= first cell group, 1= second cell group)

	1
	00001
	0001
	001

	2
	00010
	0010
	010

	3
	00011
	0011
	011

	4
	00100
	0100
	

	5
	00101
	0101
	

	6
	00110
	0110
	

	7
	00111
	0111
	

	8
	01000
	
	

	9
	01001
	
	

	10
	01010
	
	

	11
	01011
	
	

	12
	01100
	
	

	13
	01101
	
	

	14
	01110
	
	

	15
	01111
	
	


Table 1: Illustration of mapping from bands to cell group configuration for NR-DC
Proposal 3: Introduce asyncNRDC-r16 and supportedCellGroupingAsyncNRDC-r16 to indicate the support of asynchronous NR-DC, where:
· asyncNRDC-r16 is ENUMERATED {supported}, same as LTE
· supportedCellGroupingAsyncNRDC-r16 reuse the mapping table of LTE with up to 5 bands from ASN.1 perspective, as illustrated in table 1. 
2.3 NR capability on Rel-16 sync-DC and cell-grouping
The definition of sync NR-DC is a bit complex: 
· For NR Rel-15, sync NR-DC was introduced to leverage CA implementation. The capability sfn-SyncNRDC can indicate whether the UE only supports slot-aligned and frame-aligned NR-DC with restriction that MCG is FR1 and SCG is in FR2 [10];
· For NR Rel-16, RAN#88-e [11] endorsed the below proposal in RP-201284. It means Rel-16 UE mandatory supports Rel-16 sync NR-DC (i.e. slot-aligned and non-frame-aligned NR-DC).

Updated proposal 2 for non-SFN-sync NR-DC support: 
All Rel-16 UEs shall not be allowed to report sfn-SyncNRDC.
RAN WGs are tasked to prepare CRs addressing this issue in RAN#89-e.
Observation 5: RAN plenary agreed Rel-16 UE shall not report capability sfn-SyncNRDC, which means Rel-16 UE mandatory supports Rel-16 sync NR-DC (i.e. slot-aligned and non-frame-aligned NR-DC)
First, we think it makes sense to capture it in Rel-16 TS 38.306 [5], i.e. capture “The UE shall not report this UE capability from this release” in field description of sfn-SyncNRDC.
Proposal 4: Per RAN plenary requested, capture “The UE shall not report this UE capability from this release” in field description of sfn-SyncNRDC in Rel-16 TS 38.306.
Furthermore, we think it makes sense to further introduce supported cell-grouping configurations for a band combination of Rel-16 sync NR-DC (i.e. slot-aligned and non-frame-aligned NR-DC). It is different from LTE capability signalling. However, we think LTE-DC solution does not provide good baseline because it was not very successful commercially and hence has not been thought through. Our intention is to provide a better way to accommodate a trade-off between NW and UE complexities:
· Cell Grouping signalling can indicate the grouping where the UE can support non-frame-aligned sync-DC
· Different from CA, Rel-16 sync NR-DC is non-frame-aligned. So, the UE implementation may have restrictions as to how the serving cells can be grouped to have different SFN timing, e.g. band A and band B can have different SFN timing, but band C needs to have the same SFN timing as band A.
· Cell Grouping signalling can indicate bands that can share the same Timing Advance (TAG)
· For example, if the UE indicates that it supports only the same TAG across two bands, it should not be required to support Rel-16 sync-DC with these two bands being in different cell groups.  
· Reduce IoT efforts, i.e. there are some grouping cases in which sync-DC is very unlikely, so the UE should not be required to be tested for DC functionality.
· An example is intra-band contiguous CA. There should be no sync-DC case where two CCs in a band are in different cell groups
Observation 6: Introducing supported cell-grouping configurations for a band combination of Rel-16 synchronous NR-DC (i.e. slot-aligned and non-frame-aligned NR-DC) will provide a better way to accommodate a trade-off between NW and UE complexities:
· Cell Grouping signalling can indicate the grouping where the UE can support non-frame-aligned sync-DC
· Cell Grouping signalling can indicate bands that can share the same Timing Advance (TAG)
· Reduce IoT efforts, i.e. there are some grouping cases in which sync-DC is very unlikely, so the UE should not be required to be tested for DC functionality.
Thus, we propose to introduce supported cell-grouping configurations for a band combination of Rel-16 synchronous NR-DC (i.e. slot-aligned and non-frame-aligned NR-DC). And we believe the same mapping table of supportedCellGroupingAsyncNRDC-r16 can be reused.
Proposal 5: To indicate the UE supported cell-grouping configurations for a band combination of Rel-16 synchronous NR-DC (i.e. slot-aligned and non-frame-aligned NR-DC), introduce supportedCellGroupingSyncNRDC-r16 with the same mapping table of supportedCellGroupingAsyncNRDC-r16.
According to RAN1 LS [2], if MCG cell(s) and SCG cell(s) are in the same FR, the UE implicitly supports NR-DC power-sharing feature FG18-1. Thus, this is another benefit to introduce cell-grouping configurations for Rel-16 synchronous NR-DC, i.e. if the UE reports at least one supported cell grouping in same FR, it implies that the UE must support NR-DC power-sharing feature FG18-1.
Observation 7: If the UE reports one supported cell grouping in which MCG and SCG all in same FR, it implies that the UE must support NR-DC power-sharing feature FG18-1.
Proposal 6: For either supportedCellGroupingAsyncNRDC-r16 or supportedCellGroupingSyncNRDC-r16, if the UE reports one supported cell-grouping configuration in which MCG and SCG are in the same FR, the UE shall support NR-DC power sharing FG18-1. 
Then, we need to discuss how to understand the case that the UE doesn’t report asyncNRDC-r16. Basically, we think there are two alternative understandings:
· Alt-1: it means the UE supports only Rel-16 sync NR-DC (i.e. slot-aligned and non-SFN-aligned DC)
· Alt-2: it means the UE supports only Rel-15 sync NR-DC (i.e., FR1-FR2 DC)
Between them, we believe Alt-1 is better because RAN#88-e has agreed Rel-16 UE is regarded to mandatory support Rel-16 sync-DC.  
Proposal 7: If a Rel-16 UE doesn’t report asyncNRDC-r16, the UE supports only Rel-16 sync NR-DC (i.e. slot synchronous NR-DC). And the UE can further report its supported cell grouping.
Finally, if the UE doesn’t report any supported cell grouping for a band combination of Rel-16 sync NR-DC, we think there are also alternative understandings:
· Alt-1: it means the UE supports any cell-grouping configurations in the band combination
· Alt-2: it means the UE supports only Rel-15 style of NR-DC (i.e. synchronous NR-DC where all serving cells of the MCG are in FR1 and all serving cells of the SCG are in FR2).
Between them, we think it is necessary to separately discuss for different band combination cases:
· Case 1: for a band combination with intra-FR bands (i.e. FR1 only or FR2 only)
For this case, we think Alt-1 is the only choice. 
· Case 2: for a band combination with both FR1 and FR2 bands
[bookmark: _Hlk47630543]For this case, we prefer Alt-2 because it provides the backward compatibility with Rel-15 NR-DC. For example, it is possible that a Rel-16 UE reports a band combination with both FR1 and FR2 bands, and its supported cell grouping of sync DC to a Rel-15 gNB. Then the Rel-15 gNB doesn’t understand the cell grouping signalling, and thereby it can configure synchronous FR1+FR2 NR-DC. As another example, a Rel-16 UE may report a band combination with 2 bands (FR1 and FR2) to a Rel-16 gNB. In this case, the rel-16 UE doesn’t report cell grouping because it has only 2 band entries, and the Rel-16 gNB will understand that the UE supports only synchronous FR1+FR2 NR-DC.
Observation 8: When a Rel-16 UE reports a band combination with both FR1 and FR2 bands, it is important to provide the backward compatibility with Rel-15 NR-DC
Proposal 8: When the UE doesn’t report supportedCellGroupingSyncNRDC-r16:
· If the band combination includes intra-FR bands (FR1 only or FR2 only), the UE supports any cell-grouping configurations in the band combination.
· If the band combination includes both FR1 and FR2 bands, the UE supports only synchronous NR-DC configuration where all serving cells of the MCG are in FR1 and all serving cells of the SCG are in FR2.
Meanwhile, if the Rel-16 UE reports sync DC cell grouping for a band combination with FR1 and FR2 bands, it shall include the support of FR1+FR2 slot synchronous NR-DC in the cell grouping signalling, to provide compatibility with Rel-15 NR-DC. Otherwise, it will be conflicted with RAN plenary conclusion.
Proposal 9 if the Rel-16 UE reports sync DC cell grouping for a band combination with both FR1 and FR2 bands, it shall include the support of FR1+FR2 slot synchronous NR-DC in the cell grouping signalling.
We provide the TP on spec changes in TS 38.306 in Appendix 1, and the TP on spec changes in TS 38.331 in Appendix 2.

3 Summary
In this contribution, we provide our view on RAN1 request on UE capabilities of asynchronous NR-DC and cell-grouping configurations. We provide the TP on spec changes in TS 38.306 in Appendix 1, and the TP on spec changes in TS 38.306 in Appendix 2.
Observation 1: TS 36.306 and 36.331 have introduced UE capabilities asynchronous-r12 and supportedCellGrouping-r12 per band combination, to support Async LTE-DC and power control mode 2.
Observation 2: LTE capability supportedCellGrouping-r12 provides a mapping from bands to (one or more than one UE supported) cell grouping configuration, for a given band combination.
Observation 3: RAN1 has requested RAN2 to introduce similar signalling on asynchronous NR-DC and supported cell-grouping configurations. RAN2 has agreed to use LTE style cell grouping capability signalling with restriction to 5 bands, and RAN1 provided their response that “There is no additional suggestion from RAN1 for now.” in R1-2005096.
Observation 4: In RAN2#110-e, RAN2 agreed to use LTE style cell grouping capability signalling with restriction to 5 bands, which was included in reply LS to RAN1 (R2-2006030)
Observation 5: RAN plenary agreed Rel-16 UE shall not report capability sfn-SyncNRDC, which means Rel-16 UE mandatory supports Rel-16 sync NR-DC (i.e. slot-aligned and non-frame-aligned NR-DC)
Observation 6: Introducing supported cell-grouping configurations for a band combination of Rel-16 synchronous NR-DC (i.e. slot-aligned and non-frame-aligned NR-DC) will provide a better way to accommodate a trade-off between NW and UE complexities:
· Cell Grouping signalling can indicate the grouping where the UE can support non-frame-aligned sync-DC
· Cell Grouping signalling can indicate bands that can share the same Timing Advance (TAG)
· Reduce IoT efforts, i.e. there are some grouping cases in which sync-DC is very unlikely, so the UE should not be required to be tested for DC functionality.
Observation 7: If the UE reports one supported cell grouping in which MCG and SCG all in same FR, it implies that the UE must support NR-DC power-sharing feature FG18-1.
Observation 8: When a Rel-16 UE reports a band combination with both FR1 and FR2 bands, it is important to provide the backward compatibility with Rel-15 NR-DC

Proposal 1: Like LTE, introduce UE capabilities on asynchronous NR-DC (i.e. non-slot-aligned NR-DC) and supported cell-grouping configurations for a band combination of async NR-DC.
Proposal 2: Put the UE capabilities on asynchronous NR-DC and supported cell-grouping configurations in CA-ParametersNRDC. 
Proposal 3: Introduce asyncNRDC-r16 and supportedCellGroupingAsyncNRDC-r16 to indicate the support of asynchronous NR-DC, where:
· asyncNRDC-r16 is ENUMERATED {supported}, same as LTE
· supportedCellGroupingAsyncNRDC-r16 reuse the mapping table of LTE with up to 5 bands from ASN.1 perspective, as illustrated in table 1. 
Proposal 4: Per RAN plenary requested, capture “The UE shall not report this UE capability from this release” in field description of sfn-SyncNRDC in Rel-16 TS 38.306.
Proposal 5: To indicate the UE supported cell-grouping configurations for a band combination of Rel-16 synchronous NR-DC (i.e. slot-aligned and non-frame-aligned NR-DC), introduce supportedCellGroupingSyncNRDC-r16 with the same mapping table of supportedCellGroupingAsyncNRDC-r16.
Proposal 6: For either supportedCellGroupingAsyncNRDC-r16 or supportedCellGroupingSyncNRDC-r16, if the UE reports one supported cell-grouping configuration in which MCG and SCG are in the same FR, the UE shall support NR-DC power sharing FG18-1. 
Proposal 7: If a Rel-16 UE doesn’t report asyncNRDC-r16, the UE supports only Rel-16 sync NR-DC (i.e. slot synchronous NR-DC). And the UE can further report its supported cell grouping.
Proposal 8: When the UE doesn’t report supportedCellGroupingSyncNRDC-r16:
· If the band combination includes intra-FR bands (FR1 only or FR2 only), the UE supports any cell-grouping configurations in the band combination.
· If the band combination includes both FR1 and FR2 bands, the UE supports only synchronous NR-DC configuration where all serving cells of the MCG are in FR1 and all serving cells of the SCG are in FR2.
Proposal 9 if the Rel-16 UE reports sync DC cell grouping for a band combination with both FR1 and FR2 bands, it shall include the support of FR1+FR2 slot synchronous NR-DC in the cell grouping signalling.
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Appendix 1: TP on 38.306
START OF CHANGES
[bookmark: _Toc29382268][bookmark: _Toc37093385][bookmark: _Toc37238661][bookmark: _Toc37238775] 4.2.7.12	NRDC-Parameters
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	asyncNRDC
Indicates whether the UE supports asynchronous NR-DC with MRTD and MTTD as specified in clause 7.5 and 7.6 of TS 38.133 [5]. If the band combination is comprised of a single band entry for more than two carriers, the UE shall support any permutations of carriers to CGs. If the concerning band combination is comprised of more than two band entries, the carriers corresponding to a band entry shall belong to one cell group. For this band combination, the UE may indicate the supported carrier permutations to CGs via supportedCellGroupingAsyncNRDC.

If it is not supported, the UE supports only slot-level synchronous NR-DC. And the UE can further provide which cell groupings it supports.
	BC
	FFS
	No
	No

	intraFR-NR-DC-PwrSharingMode1-r16
Indicates whether the UE supports intra-FR NR DC with semi-static power sharing mode1 as defined in TS 38.xxx[x]. If this field is absent, the UE does not support intra-FR NR DC. 
	BC
	No
	No
	No

	intraFR-NR-DC-PwrSharingMode2-r16
Indicates whether the UE supports semi-static power sharing mode2 for synchronous intra-FR NR DC as defined in TS 38.xxx[x]. The UE indicating the support of this also indicates the support of intraFR-NR-DC-PwrSharingMode1-r16.
	BC
	No
	No
	No

	intraFR-NR-DC-DynamicPwrSharing-r16
Indicates the UE support of dynamic power sharing for intra-FR NR DC with long or short offset as specified in TS 38.xxx [x]. The UE indicating the support of this also indicates the support of intraFR-NR-DC-PwrSharingMode1-r16.
	BC
	No
	No
	No

	[bookmark: _Hlk19805092]sfn-SyncNRDC
Indicates the UE supports NR-DC only with SFN and frame synchronization between PCell and PSCell. If not included by the UE supporting NR-DC, the UE supports NR-DC with slot-level synchronization without condition on SFN and frame synchronization. The UE shall not report this UE capability from this release.
	UE
	No
	No
	No

	supportedCellGroupingAsyncNRDC
In addition to the UE capability indicated by asyncNRDC, this field defines for which mapping of serving cells to cell groups (i.e. MCG or SCG) the UE supports asynchronous NR-DC. This field is only present for a band combination with more than two but less than six band entries where the UE supports asynchronous NR-DC. If this field is not present but asynchronous operation is supported, the UE supports all possible mappings of serving cells to cell groups for the band combination. The bitmap size is selected based on the number of entries in the combinations, i.e., in case of three entries, the bitmap corresponding to threeEntries is selected and so on.
A bit in the bit string set to 1 indicates that the UE supports asynchronous NR-DC for the cell grouping option represented by the concerned bit position. Each bit position represents a different cell grouping option, as illustrated by a table in this section. A cell grouping option is represented by a number of bits, each representing a particular band entry in the band combination with the left-most bit referring to the band listed first in the band combination, etc. Value 0 indicates that the carriers of the corresponding band entry are mapped to a first cell group, while value 1 indicates that the carriers of the corresponding band entry are mapped to a second cell group. It is noted that the mapping table does not include entries with all bits set to the same value (0 or 1) as this does not represent a DC scenario (i.e. indicating that the UE supports that all carriers of the corresponding band entry are in one cell group).

If the UE supports one cell-grouping configuration in which MCG cell(s) and SCG cell(s) are in the same FR for a given NR-DC band combination, the UE supports basic power sharing behaviour for NR-DC as specified in clause x of TS 38.213 [11].
	BC
	No
	No
	No

	supportedCellGroupingSyncNRDC
[bookmark: _GoBack]This field defines for which mapping of serving cells to cell groups (i.e. MCG or SCG) the UE supports synchronous NR-DC. This field is only present for a band combination with more than two but less than six band entries where the UE supports synchronous NR-DC. The bitmap size is selected based on the number of entries in the combinations, i.e., in case of three entries, the bitmap corresponding to threeEntries is selected and so on. If this field is not present and the band combination includes both FR1 and FR2 bands, the UE supports only slot synchronous NR-DC configuration where all serving cells of the MCG are in FR1 and all serving cells of the SCG are in FR2. If this field is not present and the band combination includes only infra-FR bands, the UE supports all possible mappings of serving cells to cell groups for the band combination.
A bit in the bit string set to 1 indicates that the UE supports synchronous NR-DC for the cell grouping option represented by the concerned bit position. Each bit position represents a different cell grouping option, as illustrated by a table in this section. A cell grouping option is represented by a number of bits, each representing a particular band entry in the band combination with the left-most bit referring to the band listed first in the band combination, etc. Value 0 indicates that the carriers of the corresponding band entry are mapped to a first cell group, while value 1 indicates that the carriers of the corresponding band entry are mapped to a second cell group. It is noted that the mapping table does not include entries with all bits set to the same value (0 or 1) as this does not represent a DC scenario (i.e. indicating that the UE supports that all carriers of the corresponding band entry are in one cell group).

If the UE supports one cell-grouping configuration in which MCG cell(s) and SCG cell(s) are in the same FR for a given NR-DC band combination, the UE supports basic power sharing behaviour for NR-DC as specified in clause x of TS 38.213 [11].
	BC
	No
	No
	No



	Nr of Band Entries:
	5
	4
	3

	Length of Bit-String:
	15
	7
	3

	Bit String Position
	Cell grouping option (0= first cell group, 1= second cell group)

	1
	00001
	0001
	001

	2
	00010
	0010
	010

	3
	00011
	0011
	011

	4
	00100
	0100
	

	5
	00101
	0101
	

	6
	00110
	0110
	

	7
	00111
	0111
	

	8
	01000
	
	

	9
	01001
	
	

	10
	01010
	
	

	11
	01011
	
	

	12
	01100
	
	

	13
	01101
	
	

	14
	01110
	
	

	15
	01111
	
	


Table 1: Illustration of mapping from bands to cell group configuration for NR-DC

END OF CHANGES

	

Appendix 2: TP on 38.331
START OF CHANGES
[bookmark: _Toc20426151][bookmark: _Toc29321548][bookmark: _Hlk9949516]–	CA-ParametersNRDC
The IE CA-ParametersNRDC contains dual connectivity related capabilities that are defined per band combination.
CA-ParametersNRDC information element
-- ASN1START
-- TAG-CA-PARAMETERS-NRDC-START

CA-ParametersNRDC ::=					SEQUENCE {
	ca-ParametersNR-ForDC				CA-ParametersNR							OPTIONAL,
	ca-ParametersNR-ForDC-v1540			CA-ParametersNR-v1540					OPTIONAL,
	ca-ParametersNR-ForDC-v1550			CA-ParametersNR-v1550					OPTIONAL,
	ca-ParametersNR-ForDC-v1560			CA-ParametersNR-v1560					OPTIONAL,
	featureSetCombinationDC				FeatureSetCombinationId					OPTIONAL
}

CA-ParametersNRDC-v16xy ::= SEQUENCE {
    -- R1 18-1: Semi-static power sharing mode1 between MCG and SCG cells of same FR for NR dual connectivity
    intraFR-NR-DC-PwrSharingMode1-r16        ENUMERATED {supported}         OPTIONAL,
    -- R1 18-1a: Semi-static power sharing mode 2 between MCG and SCG cells of same FR for NR dual connectivity
    intraFR-NR-DC-PwrSharingMode2-r16        ENUMERATED {supported}         OPTIONAL,
    -- R1 18-1b: Dynamic power sharing between MCG and SCG cells of same FR for NR dual connectivity
    intraFR-NR-DC-DynamicPwrSharing-r16      ENUMERATED {short, long}       OPTIONAL,

	asyncNRDC-r16                            ENUMERATED {supported}         OPTIONAL,
    supportedCellGroupingAsyncNRDC-r16		CHOICE {
				threeEntries-r12			BIT STRING (SIZE(3)),
				fourEntries-r12				BIT STRING (SIZE(7)),
                fiveEntries-r12				BIT STRING (SIZE(15))
	} 																		OPTIONAL,
	supportedCellGroupingSyncNRDC-r16		CHOICE {
				threeEntries-r12			BIT STRING (SIZE(3)),
				fourEntries-r12				BIT STRING (SIZE(7)),
                fiveEntries-r12				BIT STRING (SIZE(15))
	} 																		OPTIONAL
}


-- TAG-CA-PARAMETERS-NRDC-STOP
-- ASN1STOP

	CA-ParametersNRDC field descriptions

	ca-ParametersNR-forDC (with and without suffix)
If this field is present for a band combination, it reports the UE capabilities when NR-DC is configured with the band combination. If no version of this field (i.e., with and without suffix) is present for a band combination, the ca-ParametersNR field versions (with and without suffix) in BandCombination are applicable to the UE configured with NR-DC for the band combination.

	featureSetCombinationDC
If this field is present for a band combination, it reports the feature set combination supported for the band combination when NR-DC is configured. If this field is absent for a band combination, the featureSetCombination in BandCombination (without suffix) is applicable to the UE configured with NR-DC for the band combination.



END OF CHANGES

