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1	Introduction
In RAN2#113e we technically endorsed CRs regarding UE capability signaling for NR DC cell grouping. In RAN#91e concerns were raised regarding limiting the signaling to 5 bands and this resulted in following conclusion (RP-210880):
3.6	Summary from Final Round
Only further input was from Nokia indicating that they are fine with the moderators proposal but would also be ok to go with "The signalling should aim to support more than 5 bands". Given this the conclusion from the discussion is unchanged as follows:

Conclusion: 
1. The RAN2 endorsed CRs (R2-2102210 and R2-2102211) are not approved at RAN#91e.
1. RAN4 are tasked to consider this topic (as described in RAN2 LS R2-2102212) and provide input to RAN2 from their April meeting. 
1. RAN2 are tasked to complete these CRs for RAN#92e, considering the input received from RAN4
.
2	Discussion
Although RAN guidance tasks RAN4 to provide input to RAN2 regarding possible issues e.g.  supporting more than 5 bands in the capability signaling. It would be better to technically consider possible alternatives how to realize support for more than 5 bands in RAN2.
RAN2 endorsed CRs (R2-2102210 and R2-2102211) signaling is based for signaling bitmap with as many entries as bands in the band combination. As can be seen below from the 38.306 endorsed CR already with 5 bands we would reach to 30bits required to signal possible band combinations.
	NOTE 1:	The mapping of serving cells to cell groups (i.e. MCG or SCG), as indicated by cellGroupingSync-r16 and cellGroupingAsync-r16, is shown in the table 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 leading / leftmost bit of cellGroupingSync-r16 and cellGroupingAsync-r16 respectively corresponds to the Bit String Position 1.
	Nr of Frequency Bands:
	5
	4
	3
	2

	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
	
	
	







If we increase number of bands in the combination to e.g. 10 bands we would require 254 bits. This would not be feasible in the UE capability signaling to be given for all the possible band combinations.
Observation: Increasing number of bands in the endorsed CR style of signaling is not feasible
During the discussion of CRs and also in plenary discussion possibility to follow PUCCH grouping style of signaling was discussed which is captured in 38.331-g41







CA-ParametersNR-v1640 ::= SEQUENCE {
    -- R4 7-5: Support of reporting UL Tx DC locations for uplink intra-band CA.
    uplinkTxDC-TwoCarrierReport-r16                               ENUMERATED {supported}          OPTIONAL,
    -- RAN 22-6: Support of up to 3 different numerologies in the same NR PUCCH group for NR part of EN-DC, NGEN-DC, NE-DC and NR-CA 
    -- where UE is not configured with two NR PUCCH groups
    maxUpTo3Diff-NumerologiesConfigSinglePUCCH-grp-r16            PUCCH-Grp-CarrierTypes-r16      OPTIONAL,
    -- RAN 22-6a: Support of up to 4 different numerologies in the same NR PUCCH group for NR part of EN-DC, NGEN-DC, NE-DC and NR-CA 
    -- where UE is not configured with two NR PUCCH groups
    maxUpTo4Diff-NumerologiesConfigSinglePUCCH-grp-r16            PUCCH-Grp-CarrierTypes-r16      OPTIONAL,
    -- RAN 22-7: Support two PUCCH groups for NR-CA with 3 or more bands with at least two carrier types 
    twoPUCCH-Grp-ConfigurationsList-r16 SEQUENCE (SIZE (1..maxTwoPUCCH-Grp-ConfigList-r16)) OF TwoPUCCH-Grp-Configurations-r16 OPTIONAL,
    -- R1 22-7a: Different numerology across NR PUCCH groups
    diffNumerologyAcrossPUCCH-Group-CarrierTypes-r16              ENUMERATED {supported}          OPTIONAL,
    -- R1 22-7b: Different numerologies across NR carriers within the same NR PUCCH group, with PUCCH on a carrier of smaller SCS
    diffNumerologyWithinPUCCH-GroupSmallerSCS-CarrierTypes-r16    ENUMERATED {supported}          OPTIONAL,
    -- R1 22-7c: Different numerologies across NR carriers within the same NR PUCCH group, with PUCCH on a carrier of larger SCS
    diffNumerologyWithinPUCCH-GroupLargerSCS-CarrierTypes-r16     ENUMERATED {supported}          OPTIONAL,
    -- R1 11-2f: add the replicated FGs of 11-2a/c with restriction for non-aligned span case
    -- with DL CA with Rel-16 PDCCH monitoring capability on all the serving cells
    pdcch-MonitoringCA-NonAlignedSpan-r16                         INTEGER (2..16)                 OPTIONAL,
    -- R1 11-2g: add the replicated FGs of 11-2a/c with restriction for non-aligned span case
    pdcch-BlindDetectionCA-Mixed-NonAlignedSpan-r16               SEQUENCE {
        pdcch-BlindDetectionCA1-r16                                   INTEGER (1..15),
        pdcch-BlindDetectionCA2-r16                                   INTEGER (1..15)
    }                                                                                             OPTIONAL
}

SimulSRS-ForAntennaSwitching-r16 ::= SEQUENCE {
    supportSRS-xTyR-xLessThanY-r16       ENUMERATED {supported}                     OPTIONAL,
    supportSRS-xTyR-xEqualToY-r16        ENUMERATED {supported}                     OPTIONAL,
    supportSRS-AntennaSwitching-r16      ENUMERATED {supported}                     OPTIONAL
}

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
}

-- TAG-CA-PARAMETERSNR-STOP
-- ASN1STOP


in 38.306-g40 it is written:
	twoPUCCH-Grp-ConfigurationsList-r16
Indicates one or multiple of supported configuration(s) of {primary PUCCH group config, secondary PUCCH group config} for the band combination where for each of the supported configuration the carrier type(s) (FR1-NonSharedTDD, FR1-SharedTDD, FR1-NonSharedFDD, FR2) that can be mapped to a PUCCH group and also the carrier types that can be configured with PUCCH transmission for primary PUCCH group and secondary PUCCH group for NR-CA band combination with 3 or more bands. The capability signalling of each primary or secondary PUCCH group configuration comprises of the following parameters:
-	pucch-GroupMapping-r16 indicates the PUCCH group(s) that a carrier type can be mapped to.
-	pucch-TX-r16 indicates the PUCCH group(s) that a carrier type can be configured for PUCCH transmission

NOTE 1:	For a band combination with SUL, the SUL band is counted as one of the bands.
NOTE 2:	For a band combination with SDL, the SDL band is counted as one of the bands. SDL is indicated as 'FR1-NonSharedFDD' carrier type. Per UE capabilities that are TDD only are not applicable to SDL.
NOTE 3:	When the carrier type of NUL is indicated for PUCCH transmission location, the SUL in the same cell as in the NUL can also be configured for PUCCH transmission.
NOTE 4:	When the carrier type of NUL is indicated for one PUCCH group config, the SUL in the same cell as in the NUL can also be configured for the PUCCH group.
NOTE 5:	If UE indicating this field does not support diffNumerologyAcrossPUCCH-Group-CarrierTypes-r16, the UE can only be configured with the same SCS across NR PUCCH groups.
	BC
	No
	N/A
	N/A



So for two PUCCH groups signaling UE indicates for each band combination which type of carrier types can be mapped to a PUCCH group. Carrier types are:
· FR1-NonSharedTDD
· FR1-SharedTDD
· FR1-NonSharedFDD
· FR2

This way there is no limit how many bands of the band combination can be signalled to be included in the each PUCCH group. 
We could consider similar signaling also for MCG and SCG cell grouping signaling i.e. in resulting something like this:

CA-ParametersNR-v16xx ::= SEQUENCE {
    NRDC-Grp-ConfigurationsList-r16 SEQUENCE (SIZE (1..maxNRDC-Grp-ConfigList-r16)) OF NRDC-Grp-Configurations-r16 OPTIONAL,
}

NRDC-Grp-Configurations-r16 ::=  SEQUENCE {
    mcg-PrimaryGroupMapping-r16        NRDC-Grp-CarrierTypes-r16,
    scg-SecondaryGroupMapping-r16      NRDC-Grp-CarrierTypes-r16
}

NRDC-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
}


Alternatively one could consider also using the endorsed CRs signaling style for cell grouping signaling (also used in LTE) but then bit string positions would be mapped to different carrier types:
	NOTE 1:	The mapping of serving cells to cell groups (i.e. MCG or SCG), as indicated by cellGroupingSync-r16 and cellGroupingAsync-r16, is shown in the table below. A cell grouping option is represented by a number of bits, where the left-most bit corresponds to the fr1-NonSharedTDD carrier types listed in the band combination, etc. Value 0 indicates that the carriers of the corresponding carrier type are mapped to MCG, while value 1 indicates that the carriers of the corresponding frequency band are mapped to SCG. The leading / leftmost bit of cellGroupingSync-r16 and cellGroupingAsync-r16 respectively corresponds to the Bit String Position 1. 2nd bit position would correspond to fr1-SharedTDD carrier type. 3rd bit position would correspond to fr1-NonSharedFDD carrier type. 4th bit position would correspond to fr2 carrier type.
	Nr of carrier types
	4
	3
	2

	Length of Bit-String:
	14
	6
	2

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

	1
	0001
	001
	01

	2
	0010
	010
	10

	3
	0011
	011
	

	4
	0100
	100
	

	5
	0101
	101
	

	6
	0110
	110
	

	7
	0111
	
	

	8
	1000
	
	

	9
	1001
	
	

	10
	1010
	
	

	11
	1011
	
	

	12
	1100
	
	

	13
	1101
	
	

	14
	1110
	
	







Observation: From signaling point of view it is feasible to support more than 5 bands with carrier type of signaling (i.e. one used for two PUCCH group capability signaling)
Proposal: It is proposed to discuss from RAN2 point of view how to realize more than 5 bands support for capability signaling

4	Conclusion
In this paper we discussed NR DC cell grouping signaling and possibility to support more than 5 bands in the signaling and came to following conclusion:
Observation: Increasing number of bands in the endorsed CR style of signaling is not feasible
Observation: From signaling point of view it is feasible to support more than 5 bands with carrier type of signaling (i.e. one used for two PUCCH group capability signaling)
Proposal: It is proposed to discuss from RAN2 point of view how to realize more than 5 bands support for capability signaling



