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[bookmark: _Ref47539125]Introduction
Cell grouping for NR-DC was discussed during RAN2#111e, and the following was agreed:
For sync NR-DC:
38.306 CR to capture “The UE shall not report this UE capability from this release” in field description of sfn-SyncNRDC
Confirm that Rel-16 UE shall support Rel-15 grouping (i.e. MCG fully in FR1 and SCG fully in FR2), for backward compatibility with Rel-15 network. No new signaling is required to be introduced.
For async NR-DC, introduce 1-bit indication on whether Rel-16 UE supports asynchronous operation and its supported cell grouping for a given band combination,
Absence of cell grouping signaling means the UE only support Rel-15 cell grouping (i.e. MCG fully in FR1 and SCG fully in FR2)
Cell grouping is supported, FFS: signaling detail of cell grouping (LTE cell grouping capability can be considered)
MCG and SCG can be differentiated in cell grouping signalling (provided that we can finally agree on a signalling solution) FFS how to signal
Assume to send LS, at least for information. 
In addition on the last day, the following was agreed for sync DC:
[021] RAN2 intends to introduce a release-16 UE capability for sync-DC (can be 1 bit, cell grouping or else) in a future meeting. Absence of such UE capability parameter means the UE supports release-15 cell grouping only (i.e. FR1 MCG + FR2 SCG)

The LS in [1] was sent to RAN4 to ask about the necessity of cell grouping requirements for synchronous NR-DC.
[bookmark: _Ref178064866]In this contribution, we discuss the cell grouping for NR-DC and discuss how cell group filtering could be used in capability signaling.
Discussion
Background
In Rel-15, only FR1-FR2 cell grouping was supported for NR-DC. In Rel-16, support for intra FR cell grouping was added, i.e. MCG and SCG can include cells of the same frequency range, e.g. FR1-FR1 NR-DC, and it is thus not clear from the Band Combination (BC) alone in which way the bands of the BC can be grouped into MCG and SCG. This topic has been discussed in past meetings and in addition to the agreements made in last RAN2#111e meeting listed in the introduction, there was also an agreement in RAN2#110e to use the LTE style cell grouping with a bitmap signalled for each BC to indicate the cell grouping(s) supported by the UE. See Annex A for the cell grouping signalling in LTE. A drawback with this approach is the signalling overhead, which increases exponentially with the number of bands per BC. Therefore, a cap of max 5 bands was agreed for the cell grouping signalling for NR-DC, which limits the overhead to 15 bits per BC. The limit of max 5 bands may though become a limiting factor as more and more spectrum is added for 5G operation. 
[bookmark: _Toc54106220]The limit of max 5 bands per band combination may become a limiting factor for LTE style bitmap based cell grouping signalling when applied to NR-DC.
Therefore, we would like to discuss whether cell group filtering in the UE capability request could work as alternative or complementary approach to the LTE based cell grouping.
Cell group filtering
In short, instead of the UE indicating all supported cell grouping alternatives into MCG and SCG per supported band combination, the network could indicate to the UE in the filtered capability request how it intends to group the requested bands into MCG and SCG. For instance, a network deploying bands n3, n7 and n78 as MCG and band n260 as SCG could include the following field in UECapabilityEnquire: 
requestedCellGrouping    SEQUENCE {
    cellGroup1                                {n3, n7, n78}
    cellGroup2                                {n260}
This is using the same cell group type agnostic signalling as used in LTE, meaning that cellGroup1 could be either MCG/SCG and cellGroup2 SCG/MCG, respectively. Upon receiving the UECapabilityEnquire, the UE would then report only band combinations for which it supports the requested grouping. In this way, cell group filtering not only reduces the overhead per signalled BC, it also has the potential to reduce the number of BCs reported by the UE, as the UE would not report BCs corresponding to cell grouping that the network is not interested in.
	Example:
A UE supports all bands n3, n7, n78 and n260. But n3 and n7 must be in the same group and n78 and n260 must be in the same group.
If the network sends:
requestedCellGrouping    SEQUENCE {
    cellGroup1                                {n3, n7, n78}
    cellGroup2                                {n260}
The UE responds by indicating that it supports DC only for the band combinations where n3, n7 and n260 are present. But since the NW intends to put n78 in the "wrong" group the UE does not include it in any band combination for which DC support is indicated.
If the network sends:
requestedCellGrouping    SEQUENCE {
    cellGroup1                                {n3, n78}
    cellGroup2                                {n7, n260}
The UE responds by indicating that it supports DC only for the band combinations where n3 and n260 are present, and for band combinations where n7 and n78 are present. But the UE will not indicate that it supports DC between n3 and n78 or between n7 and n260, since the UE requires them to be in different groups, but the NW intends to put them in the same group.



[bookmark: _Toc54106221]Cell group filtering has the potential to reduce the number of BCs reported by the UE, since UE would only report BCs network is interested in.
Another benefit is that the network effort in parsing the UE capabilities is reduced, as the number of reported BCs is reduced, and the amount of information per BC is also reduced. The network only receives information is requests and does not need to parse through unnecessary information in order to extract the interesting information.
[bookmark: _Toc54106222]Cell group filtering has the potential to reduce network processing for parsing the UE capabilities.
Furthermore, since there is no exponential increase in overhead per signalled BC with cell group filtering, there no need to introduce a limit in the max number of bands per BC supported. 
[bookmark: _Toc54106223]Cell group filtering is not limited to max 5 bands per BC.
In summary, cell group filtering has the potential to solve many issues of the LTE based cell group signalling approach that was so far taken as baseline for NR-DC. Therefore, despite the late stage for Rel-16, we would like to make the following proposals: 
[bookmark: _Toc53589617][bookmark: _Toc53589732][bookmark: _Toc53590186][bookmark: _Toc53734150][bookmark: _Toc53734776][bookmark: _Toc54102806][bookmark: _Toc54106225][bookmark: _Toc54106266]Introduce a field for cell group filtering in UECapabilityRequest for the network to indicate to the UE the cell grouping it intends to use.
Regarding coexistence with legacy FR1-FR2 NR-DC devices and networks, we propose the following:
[bookmark: _Toc53590188][bookmark: _Toc53734151][bookmark: _Toc53734777][bookmark: _Toc54102807][bookmark: _Toc54106226][bookmark: _Toc54106267]If the network does not provide a cell group filter, the UE shall only indicate NR-DC support for BCs where it supports FR1-FR2 NR-DC, as in Rel-15. 
[bookmark: _Toc53734152][bookmark: _Toc53590189][bookmark: _Toc53734778][bookmark: _Toc54102808][bookmark: _Toc54106227][bookmark: _Toc54106268]If the network provides a cell group filter, the UE shall only indicate NR-DC support for BCs for which it supports the requested grouping.
Conclusion
In this contribution, we made the following observations:
Observation 1	The limit of max 5 bands per band combination may become a limiting factor for LTE style bitmap based cell grouping signalling when applied to NR-DC.
Observation 2	Cell group filtering has the potential to reduce the number of BCs reported by the UE, since UE would only report BCs network is interested in.
Observation 3	Cell group filtering has the potential to reduce network processing for parsing the UE capabilities.
Observation 4	Cell group filtering is not limited to max 5 bands per BC.
[bookmark: _Hlk47556633]Based on the discussion in section 2 we propose the following:
Proposal 1	Introduce a field for cell group filtering in UECapabilityRequest for the network to indicate to the UE the cell grouping it intends to use.
Proposal 2	If the network does not provide a cell group filter, the UE shall only indicate NR-DC support for BCs where it supports FR1-FR2 NR-DC, as in Rel-15.
Proposal 3	If the network provides a cell group filter, the UE shall only indicate NR-DC support for BCs for which it supports the requested grouping.
[bookmark: _In-sequence_SDU_delivery]
A text proposal for 38.331 is provided in Annex B.
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Annex A: LTE cell grouping signalling
Table 1: Cell grouping as defined in 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
	
	



Annex B: Text Proposal to 38.331
In order to support cell group filtering, the field UE-CapabilityRequestFilterCommon can be extended to include the requestedCellGrouping as shown below.
–	UE-CapabilityRequestFilterCommon
The IE UE-CapabilityRequestFilterCommon is used to request filtered UE capabilities. The filter is common for all capability containers that are requested.
UE-CapabilityRequestFilterCommon information element
-- ASN1START
-- TAG-UE-CAPABILITYREQUESTFILTERCOMMON-START

UE-CapabilityRequestFilterCommon ::=            SEQUENCE {
    mrdc-Request                                SEQUENCE {
        omitEN-DC                                   ENUMERATED {true}                      OPTIONAL,    -- Need N
        includeNR-DC                                ENUMERATED {true}                      OPTIONAL,    -- Need N
        includeNE-DC                                ENUMERATED {true}                      OPTIONAL     -- Need N
    }                                                                                  OPTIONAL,        -- Need N
    ...,
    [[
    codebookTypeRequest-r16        SEQUENCE {
        type1-SinglePanel-r16          ENUMERATED {true}                                    OPTIONAL,    -- Need N
       type1-MultiPanel-r16           ENUMERATED {true}                                    OPTIONAL,    -- Need N
        type2-r16                      ENUMERATED {true}                                    OPTIONAL,    -- Need N
        type2-PortSelection-r16        ENUMERATED {true}                                    OPTIONAL     -- Need N
    }                                                                                   OPTIONAL,    -- Need N
    uplinkTxSwitchRequest-r16      ENUMERATED {true}                                    OPTIONAL     -- Need N
    ]],
    [[
    requestedCellGrouping       SEQUENCE {
        cellGroup1        SEQUENCE (SIZE (1..maxBands)) OF FreqBandIndicatorNR,
        cellGroup2        SEQUENCE (SIZE (1..maxBands)) OF FreqBandIndicatorNR
    }                          OPTIONAL
    ]]

}

-- TAG-UE-CAPABILITYREQUESTFILTERCOMMON-STOP
-- ASN1STOP

	UE-CapabilityRequestFilterCommon field descriptions

	includeNE-DC
Only if this field is present, the UE supporting NE-DC shall indicate support for NE-DC in band combinations and include feature set combinations which are applicable to NE-DC. Band combinations supporting both NE-DC and (NG)EN-DC shall be included in supportedBandCombinationList, band combinations supporting only NE-DC shall be included in supportedBandCombinationListNEDC-Only.

	includeNR-DC
Only if this field is present, the UE supporting NR-DC shall indicate support for NR-DC in band combinations and include feature set combinations which are applicable to NR-DC.

	omitEN-DC
Only if this field is present, the UE shall omit band combinations and feature set combinations which are only applicable to (NG)EN-DC.

	requestedCellGrouping
The NR-DC cell grouping that the NW is interested in. If this field is present, the UE shall only include band combinations for which it supports NR-DC with the requested cell grouping.



