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1	Introduction
In RAN2#110-e it was agreed to add cell group signalling for NR-DC as indicated in the LS from RAN2 to RAN1 [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.
This contribution discusses the remaining details on the signalling of asynchronous NR-DC support for Rel-16.
[bookmark: _Ref178064866]2	Discussion
In Rel-15, the support of NR-DC is given by the inclusion of the field as described in 38.306:
	ca-ParametersNRDC
Indicates whether the UE supports NR-DC for the band combination. It contains the NR band combination parameters applicable across MCG and SCG. In this version of the standard, a UE indicating support for NR-DC supports only configuration where all serving cells of the MCG are in FR1 and all serving cells of the SCG are in FR2.
	BC
	No
	N/A
	N/A



For Rel-16, it is allowed to have the additional cases:
1) async intra-FR NR-DC;
2) async NR-DC with MCG in FR1+FR2 and SCG in FR1+FR2;
2.1) async NR-DC with MCG in FR1 and SCG in FR2;
2.2) async NR-DC with MCG in FR1 and SCG in FR1+FR2;
2.3) async NR-DC with MCG in FR1+FR2 and SCG in FR2;
2.4) async NR-DC with MCG in FR1+FR2 and SCG in FR1;
2.5) async NR-DC with MCG in FR2 and SCG in FR1+FR2;
2.6) async NR-DC with MCG in FR2 and SCG in FR1;
As can be seen from the amount of cases above, it is not feasible to consider an explicit or finer signalling for all those cases. Therefore, some simplification must be considered to accommodate such cases. 
The cases 2.2)-2.5) imply in a mix of FR1 and FR2 carriers between MCG and SCG, therefore, the agreed group signalling for NR-DC could be applicable to such cases (as a reference, the group signalling as performed in LTE-DC is included in 5	Annex I). The same grouping can be equally applicable to case 1), since the grouping can basically be applicable to any band entry in a band combination. For instance, if the UE includes the group signalling for 3 bands, in a band combination where the first 3 bands are FR1 bands, then the UE is indicating the possible combinations for intra-FR1 NR-DC. Alternatively, if the UE includes the group signalling for 3 bands, in a band combination where the first 3 bands are FR1, FR2 and FR1 bands, respectively, then the UE is indicating the possible combinations for case 2.2)-2.4).
[bookmark: _Toc47641815]A single group signalling is included to indicate the possible combination of band entries within a band combination the UE can be configured. The same signalling can be used in different band combinations to indicate either intra-FR NR-DC or NR-DC within FR1+FR2.
The group signalling, however, adds 15 bits to each band combination for the UE to be able to indicate whether it supports such NR-DC scenarios for 5 band entries. Hence, a simplification that could be adopted is that case 2.1) could be indicated by a single bit, since it is basically the same arrangement as for Rel-15 NR-DC, but with asynchronous support. It is also perhaps the most common deployment for NR-DC, so by including this bit, the UE can avoid including the 15 bit long bitstring in order to indicate the cell grouping. Furthermore, the single bit to indicate 2.1) does not have the limitation of supporting only up to 5 band entries. 
It would also be good to have a single bit to indicate asynchronous NR-DC support regardless of cell grouping. For instance, in case the UE can support all the possible groupings of MCG and SCG, a single bit could indicate the UE supports asynchronous NR-DC. As it was also done for LTE-DC, it is safer to make this bit always present in case the UE supports asynchronous NR-DC. If additionally, the UE support depends on any cell grouping (for cases 1), 2.2)-2.5)), it can be indicated with the inclusion of the agreed NR-DC cell grouping capability. If additionally, the UE support case 2.1), a single bit should be included to indicate such support.
[bookmark: _Toc47641816]One bit is used to indicate the support of asynchronous NR-DC. This bit is used regardless of the inclusion of cell grouping capabilities.
[bookmark: _Toc47641817]If the bit to indicate support of asynchronous NR-DC is included, the UE can additionally include one bit to indicate support of asynchronous NR-DC with MCG in FR1 and SCG in FR2. 
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It could also be discussed whether case 2.6) needs to be accounted for and whether the bit to indicate Rel-16 NR-DC with MCG in FR1 and SCG in FR2 as described above would be sufficient.
	4/4	
3	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	A single group signalling is included to indicate the possible combination of band entries within a band combination the UE can be configured. The same signalling can be used in different band combinations to indicate either intra-FR NR-DC or NR-DC within FR1+FR2.
Proposal 2	One bit is used to indicate the support of asynchronous NR-DC. This bit is used regardless of the inclusion of cell grouping capabilities.
Proposal 3	If the bit to indicate support of asynchronous NR-DC is included, the UE can additionally include one bit to indicate support of asynchronous NR-DC with MCG in FR1 and SCG in FR2.
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[bookmark: _Ref47627096]5	Annex I
Signaling used for LTE-DC cell group signalling in UE capability (irrelevant parts omitted):
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,
	...
}

	supportedCellGrouping
This field indicates for which mapping of serving cells to cell groups (i.e. MCG or SCG) the UE supports asynchronous 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 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 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, see NOTE 5. 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).



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
	
	




