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1. Introduction
RAN2, in RAN2#113e meeting, technically endorsed CRs introducing NR-DC cell grouping UE capability, which covers NR-DC band combinations with up to 5 frequency bands [1][2].
It was debated in RAN2 if such signalling is indeed future proof. RAN1 on the other hand previously recommended reusing the PUCCH grouping signalling, where grouping is done based on cell type {FR1 licensed TDD, FR1 unlicensed TDD, FR1 licensed FDD, FR2}. This solution does not impose any limitation about the number of frequency bands in NR-DC band combination [3].
RAN2 as a result sent an LS to RAN4 asking if RAN4 sees any concerns on the RAN2 technically endorsed solution [4].
2. Discussion
2.1. Solution 1: RAN2 technically endorsed solution
The UE capability signalling technically endorsed by RAN2 is similar to that of LTE-DC, see below.
	A cell grouping option is represented by a number of bits, where the left-most bit corresponds to the frequency band listed first in the band combination, etc. Value 0 indicates that the carriers of the corresponding frequency band are mapped to MCG, while value 1 indicates that the carriers of the corresponding frequency band are mapped to SCG.
The UE signals the Bit-String where each bit corresponds to a cell grouping option. A bit in the bit string set to 1 indicates that the UE supports NR-DC with the cell grouping option.
	Nr of Frequency Bands:
	5
	4
	3
	2

	[bookmark: _Hlk65513107]Length of Bit-String:
	30
	14
	6
	2

	Bit String Position
	Cell grouping option (0= MCG, 1= SCG)

	1
	00001
	0001
	001
	01

	2
	00010
	0010
	010
	10

	3
	00011
	0011
	011
	

	4
	00100
	0100
	100
	

	5
	00101
	0101
	101
	

	6
	00110
	0110
	110
	

	7
	00111
	0111
	
	

	8
	01000
	1000
	
	

	9
	01001
	1001
	
	

	10
	01010
	1010
	
	

	11
	01011
	1011
	
	

	12
	01100
	1100
	
	

	13
	01101
	1101
	
	

	14
	01110
	1110
	
	

	15
	01111
	
	
	

	16
	10000
	
	
	

	17
	10001
	
	
	

	18
	10010
	
	
	

	19
	10011
	
	
	

	20
	10100
	
	
	

	21
	10101
	
	
	

	22
	10110
	
	
	

	23
	10111
	
	
	

	24
	11000
	
	
	

	25
	11001
	
	
	

	26
	11010
	
	
	

	27
	11011
	
	
	

	28
	11100
	
	
	

	29
	11101
	
	
	

	30
	11110
	
	
	





The key difference from LTE signalling is that in the new NR signalling, each bit of the bitmap corresponds to a “frequency band” in the band combination, instead of “band entry” as in LTE signalling. RAN2 has chosen this option because they recognized that the number of band entries is significantly increasing in NR, mainly because of FR2, e.g. CA_n5A-n260(8A). The endorsed new UE capability signalling therefore covers NR-DC band combinations with up to 5 frequency bands, with the restriction that band entries of the same frequency band can be assigned to only one Cell Group.

2.2. Solution 2: PUCCH grouping signalling solution
RAN2 agreed on the following UE capability signalling for PUCCH grouping.
	twoPUCCH-Grp-ConfigurationsList-r16     SEQUENCE (SIZE (1..maxTwoPUCCH-Grp-ConfigList-r16)) OF TwoPUCCH-Grp-Configurations-r16	

TwoPUCCH-Grp-Configurations-r16 ::=         SEQUENCE {
	pucch-PrimaryGroupMapping-r16		TwoPUCCH-Grp-ConfigParams-r16,
	pucch-SecondaryGroupMapping-r16		TwoPUCCH-Grp-ConfigParams-r16
}

TwoPUCCH-Grp-ConfigParams-r16 ::=  SEQUENCE {
	pucch-GroupMapping-r16	PUCCH-Grp-CarrierTypes-r16,
	pucch-TX-r16             PUCCH-Grp-CarrierTypes-r16	
}

PUCCH-Grp-CarrierTypes-r16 ::=  SEQUENCE {
	fr1-NonSharedTDD-r16	ENUMERATED {supported}			OPTIONAL,
	fr1-SharedTDD-r16       ENUMERATED {supported}			OPTIONAL,
	fr1-NonSharedFDD-r16	ENUMERATED {supported}			OPTIONAL,
	fr2-r16			          ENUMERATED {supported}		OPTIONAL
}

maxTwoPUCCH-Grp-ConfigList-r16			INTEGER ::= 32


In this solution, if used for NR-DC cell grouping, the UE can signalling up to 32 combination of cell grouping. In one cell grouping combination, the UE signals for MCG and SCG respectively:
1) One or more carrier type(s) among {FR1 licensed TDD, FR1 unlicensed TDD, FR1 licensed FDD, FR2} that the UE supports in the Cell Group.
2) Carrier type(s) on which the UE supports PUCCH in the Cell Group.
Since the signalling is based on the “carrier type”, this solution does not impose any limitation on the number of frequency bands in NR-DC band combinations.

2.3. Comparison
Brief comparison between the solutions is provided below.
	
	Solution 1 (section 2.1)
	Solution 2 (section 2.2)
	Notes

	Granularity for Cell Group mapping
	Per frequency band
	Per carrier type = {FR1 licensed TDD, FR1 unlicensed TDD, FR1 licensed FDD, FR2}
	

	Supported number of frequency bands in NR-DC band combination
	5
	No limitation
	

	Signalling overhead per band combination
	30 bits in case of 5 frequency bands
	16 * (# of cell grouping combinations)
	In solution 1, the fixed number of bits is always consumed.
In solution 2, the overhead depends on the number of cell grouping combinations the UE supports.



3. Conclusion
[bookmark: _Hlk66953414]In this document we analyzed the two solutions which have been looked at in RAN WGs. Companies are kindly requested to discuss if the technically endorsed solution by RAN2 is a viable solution, in particular the limitation that it can cover only up to “5 frequency bands” in NR-DC band combination, and the fact that the RAN2 technically endorsed solution is not easily extensible to address more than 5 frequency bands.
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