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Introduction
During email discussion [Post113bis-e][222][R16 DCCA] Cell grouping for NR-DC (Nokia), we commented a possible modification of cell grouping signaling to accommodate more than 5 frequency bands NR-DC. 
In this contribution we provide our view on PUCCH cell grouping approach and detailed change for our proposed alternative for better understanding. 
[bookmark: pro3]View on PUCCH cell grouping approach
The following was proposed for NR-DC based on PUCCH cell grouping approach [3]. 
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
}

It is a possible approach to indicate supported carrier types per CG. However, we would like to note that it is not exactly same as PUCCH cell grouping signaling. 
In PUCCH cell grouping, there are two different capabilities per PUCCH cell group. 
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
In PUCCH cell group, it allows to indicate the same/different carrier type for cells transmiting PUCCH and cells associated with PUCCH cell separately per CG.  In NR-DC cell group case using PUCCH cell group approach, it can indicate only carrier type per CG for all cells. Since PUCCH cell group and NR-DC cell group are different, it would be hard to apply exactly to differentiate Tx cell and non-Tx cell. Nevertheless, this difference implies that there is less granularity/flexibility for NR-DC compared to the actual PUCCH cell group signaling although we apply PUCCH cell group signaling approach to NR-DC. 
Observation: although we reuse PUCCH cell grouping signaling approach to NR-DC, indication of supported carrier types per CG is not exactly same as PUCCH cell group signlaing and it has less granularity/flexibility.  
Alternative on NR-DC cell group signaling 
The main motivation of the alternative comes from that RAN4’s response (more than 5 frequency bands) does not mean that there will be more than 5 frequency bands having both downlink and uplink part. Even in the near future, it is unlikely to support more than 3 uplink frequency band in CA/NR-DC.
The main point is that the endorsed cell group signaling (i.e. LTE cell grouping based signalling ) is limited to the frequency bands having both DL and UL. For DL only bands, either we allow to include it in any CG or limited to the same carrier type with a CG. The following shows when there are 6 frequency bands in NR-DC with 3 frequency bands with both DL + UL. In this case, we need only 3 bit of BITMAP for this NR-DC BC. 
And depending on the carrier type, DL only band can be mapped to each CG correspondingly. That is, the bands belonging to the same carrier types have to be in the same CG in any combination.  
[image: ]

[bookmark: pro1]Proposal 1: RAN2 support LTE based NR-DC cell grouping by using frequency band with both DL and UL. 
[bookmark: pro2]Proposal 2: For DL only band, the UE supports the frequency band(s) in cell groups having the same carrier type as the frequency band with both DL and UL part.
Example of spec change
 The change is made upon the endorsed CR R2-2102211 [2]. 
The main restriction is to consider the frequency bands having both DL and UL part. 
Alternative 1: the change is applied to all cases. 
	cellGroupingAsync-r16
Indicates the mapping of serving cells to cell groups (i.e. MCG or SCG) the UE supports in asynchronous NR-DC. The UE indicates this capability for a band combination with at least two frequency bands and the carriers corresponding to a frequency band shall belong to only one cell group. The UE includes this field when the UE supports additional mapping of serving cells to cell groups with respect to the mapping as indicated by asyncNRDC-r16.
The value sameAsSync indicates the UE supports the same mappings of serving cells to cell groups as indicated in cellGroupingSync-r16.
For a band combination with two or more frequency bands, the bitmap size is selected based on the number of frequency bands having both DL and UL part in the band combination, i.e., in case of two frequency bands, the bitmap corresponding to twoBands 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 the table, see NOTE 1.
For frequency band(s) having DL part only, the UE supports the frequency band(s) in cell groups having the same carrier type (FR1 licensed TDD, FR1 unlicensed TDD, FR1 licensed FDD, FR2) as the frequency band with both DL and UL part.    

	BC
	No
	N/A
	N/A



Alternative 2: the change is applied to the case where the number of frequency bands is larger than 5. 
	cellGroupingAsync-r16
Indicates the mapping of serving cells to cell groups (i.e. MCG or SCG) the UE supports in asynchronous NR-DC. The UE indicates this capability for a band combination with at least two frequency bands and the carriers corresponding to a frequency band shall belong to only one cell group. The UE includes this field when the UE supports additional mapping of serving cells to cell groups with respect to the mapping as indicated by asyncNRDC-r16.
The value sameAsSync indicates the UE supports the same mappings of serving cells to cell groups as indicated in cellGroupingSync-r16.
For a band combination with two or more 2,3,4,5 frequency bands, the bitmap size is selected based on the number of frequency bands in the band combination, i.e., in case of two frequency bands, the bitmap corresponding to twoBands is selected and so on. For a band combination with more than 5 frequency bands, the bitmap size is selected based on the number of frequency bands having both DL and UL part in the band combination. In this case, for frequency band(s) having DL part only, the UE supports the frequency band(s) in cell groups having the same carrier type (FR1 licensed TDD, FR1 unlicensed TDD, FR1 licensed FDD, FR2) as the frequency band with both DL and UL part.    
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 the table, see NOTE 1.

 
	BC
	No
	N/A
	N/A


Conclusion
In this contribution, we provided our view on PUCCH cell grouping approach and detailed change for our proposed alternative for better understanding. We propose the following points: 
Observation: although we reuse PUCCH cell grouping signaling approach to NR-DC, indication of supported carrier types per CG is not exactly same as PUCCH cell group signlaing and it has less granularity/flexibility.  
Proposal 1: RAN2 support LTE based NR-DC cell grouping by using frequency band with both DL and UL. 
Proposal 2: For DL only band, the UE supports the frequency band(s) in cell groups having the same carrier type as the frequency band with both DL and UL part.
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