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1	Introduction
In RAN2#112e, cell group signaling for NR-DC was discussed, but the agreement was to await the pending input from RAN1 and RAN4 regarding the need for cell group signaling for synchronous NR-DC before deciding the RAN2 signaling. An email discussion [1] was started to discuss the RAN1 LS on cell grouping, but the RAN1 LS did not include clear guidance on whether cell grouping is needed or not for synchronous NR-DC, so the email discussion was not able to conclude the need for cell grouping for synchronous NR-DC. What was however suggested by the RAN1 LS was a new option for signaling of cell grouping for NR-DC, so that we now have the following signaling options on the table:
- LTE-DC style [2] 
- Network filtering [3] 
- Reuse PUCCH grouping framework [4]
In this contribution we provide some further analysis of these signalling alternatives.
[bookmark: _Ref178064866]2	Discussion
2.1	LTE-DC style signalling
With LTE-DC style cell grouping [2] a capability field supportedCellGrouping is added for each Band Combination (BC) for which the UE indicates support for asynchronous DC. For NR-DC absence of the capability field means that the UE supports only the cell grouping with only FR1 band in MCG and only FR2 bands in SCG. When the field is present, it includes a bit string indicating the supported cell grouping. For NR-DC, the proposed coding of the bit-string is slightly changed to explicitly indicate MCG/SCG, instead of the cell group agnostic first and second cell group that was used in LTE. This is unfortunate as it doubles the signalling overhead of the cell grouping field, as shown in the table below taken from [2]. 
Table 1: Cell grouping as defined in [2].
	Nr of Band Entries:
	5
	4
	3

	Length of Bit-String:
	30
	14
	6

	Bit String Position
	Cell grouping option (0= master cell group, 1= secondary cell group)

	1
	00001
	0001
	001

	2
	00010
	0010
	010

	3
	00011
	0011
	011

	4
	00100
	0100
	110

	5
	00101
	0101
	101

	6
	00110
	0110
	100

	7
	00111
	0111
	

	8
	01000
	1110
	

	9
	01001
	1101
	

	10
	01010
	1100
	

	11
	01011
	1011
	

	12
	01100
	1010
	

	13
	01101
	1001
	

	14
	01110
	1000
	

	15
	01111
	
	

	16
	11110
	 
	 

	17
	11101
	 
	 

	18
	11100
	 
	 

	19
	11011
	 
	 

	20
	11010
	 
	 

	21
	11001
	 
	 

	22
	11000
	 
	 

	23
	10111
	 
	 

	24
	10110
	 
	 

	25
	10101
	 
	 

	26
	10100
	 
	 

	27
	10011
	 
	 

	28
	10010
	 
	 

	29
	10001
	 
	 

	30
	10000
	 
	 



A drawback with the LTE-DC style approach for signalling the cell grouping for NR-DC 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 30 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][bookmark: _Toc61550708]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.
In addition, [2] included also another variant of LTE-DC style cell group signalling in which instead of a bit string a list of supportedCGMode was added per band combination. Each supportedCGMode has one of 4 values. Without going into the details of the proposed encoding, it seems to created more overhead compared to the original LTE-DC style encoding, since the list of supportedCGMode needs to be as long as the bit string, but since each entry can have four values instead of two, the resulting overhead is larger than the LTE-DC bit string and equal or larger (depending on encoding) the size of the bit string for NR in table 1, but with higher complexity. 

2.2	Network filtering (aka cell group filtering)
In RAN2#112e, the network filtering approach for NR-DC cell grouping was presented in [3]. 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 {
    MCG                                {n3, n7, n78}	- List of bands that the network considers for MCG 
    SCG                                {n260}		- List of bands that the network considers for SCG
In the above example the explicit cell grouping in terms of MCG and SCG is used, but it could also use the same cell group type agnostic signalling as used in LTE, in which case the first cell group could be called cellGroup1 corresponding to MCG or SCG and the second cell group could be called cellGroup2 corresponding to SCG or MCG, respectively, see example in the frame below. Note that this is not the same as signalling band combinations in the UECapabilityEnquire. It is merely one list of bands for MCG and one list for SCG. Upon receiving the UECapabilityEnquire, the UE would then report NR-DC support only for band combinations for which it supports the requested cell grouping. 

	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.



In this way, cell group filtering has the potential to reduce the signalling overhead per signalled band combination in the UE capability information, since the UE does not have to indicate the supported cell grouping to the network, since the network already indicated which bands it intends to use as MCG and which as SCG. 
[bookmark: _Toc61550709]Cell group filtering has the potential to reduce signalling overhead per signalled band combination in the UE capability information. 
Cell group filtering 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.
[bookmark: _Toc54106221][bookmark: _Toc61550710]Cell group filtering has the potential to reduce the number of band combinations 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][bookmark: _Toc61550711]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][bookmark: _Toc61550712]Cell group filtering is not limited to max 5 bands per BC.
Coexistence with legacy FR1-FR2 NR-DC devices and networks can be handled as follows:
· [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.
In the offline email discussion #227 at RAN2#112e [5], some concerns were raised on the scalability of the cell group filtering approach. In some network deployments, the same NR-DC configuration may not be applicable throughout the network in terms of cell grouping. Some parts of the network may support frequencies that are not available in other parts, and their grouping into MCG and SCG may differ. For example, some gNBs in a network may use FR1+FR1 NR-DC among e.g. bands n3 and n78 and some other gNBs may use FR1+FR2 NR-DC among bands n3+n78 and n260. The following can be used in such situations:
· When the UE arrives to an area of the network supporting another NR-DC configuration in terms of bands supported in MCG and SCG, the network requests new capabilities from the UE using an updated cell grouping filter. The network could request and store different versions of UE capabilities with different cell grouping filters.
· When a UE connects to a network supporting several NR-DC configurations in terms of bands supported in MCG and SCG, the network can include a list of requestedCellGrouping fields in the UECapabilityEnquire in order to indicate all possible groupings it is interested in. The UE can then for each band combination in UE capability information indicate for which requestedCellGrouping the band combination is applicable. A detailed example how this could be implemented in 38.331 IEs UE-CapabilityRequestFilterCommon and CA-ParametersNRDC is shown in annex A.
[bookmark: _Toc53590365][bookmark: _Toc61550713]A list of requested cell groupings can be used to cover network deployments where the NR-DC configuration may change in different areas of the network.
2.3	Reuse PUCCH grouping framework
The RAN1 reply LS in [4] included the suggestion that the framework of FG 22-7 on PUCCH grouping could be used as a potential solution for signalling of the NR-DC cell grouping.
FG 22-7 is used for indicating the support of two PUCCH groups per BC for NR-CA with 3 or more bands with at least two carrier types from carrier types {FR1 licensed TDD, FR1 unlicensed TDD, FR1 licensed FDD, FR2}. The capability indicates per BC on which bands the primary and secondary PUCCH group can be mapped and also for each PUCCH group on which bands the PUCCH can be configured. Below is a copy of the description from the RAN1 UE feature list [6]:
For the BC, the UE reports one or multiple of supported configuration(s) of {primary PUCCH group config, secondary PUCCH group config} where for each supported configuration,
· the “primary PUCCH group config” includes following information:
· One or multiple from {FR1 licensed TDD, FR1 unlicensed TDD, FR1 licensed FDD, FR2} mapped to the primary PUCCH group
· One or multiple from {FR1 licensed TDD, FR1 unlicensed TDD, FR1 licensed FDD, FR2} that can be configured with the PUCCH transmission in the primary PUCCH group
· the “secondary PUCCH group config” includes following information:
· One or multiple from {FR1 licensed TDD, FR1 unlicensed TDD, FR1 licensed FDD, FR2} mapped to the secondary PUCCH group
· One or multiple from {FR1 licensed TDD, FR1 unlicensed TDD, FR1 licensed FDD, FR2} that can be configured with the PUCCH transmission in the secondary PUCCH group
· Note: for each {primary PUCCH group config, secondary PUCCH group config}, each carrier type of {FR1 licensed TDD, FR1 unlicensed TDD, FR1 licensed FDD, FR2} is mapped to either or both of the primary PUCCH group config and the secondary PUCCH group config.

As an example, let’s assume a BC with 8CCs such that cc1, cc2=15kHz FDD, cc3, cc4=30kHz licensed TDD and cc5, cc6, cc7, cc8=120kHz. With FG 22-7 the UE can e.g. indicate that it supports primary PUCCH group in {FR1 licensed TDD, FR1 licensed FDD}, meaning that the PUCCH group can span cc1, cc2, cc3 and cc4, but not cc5, cc6, cc7 or cc8. In addition, for PUCCH placement it could indicate {FR1 licensed FDD}, meaning that the PUCCH can only be configured in cc1 or cc2. 
FG 22-7 is currently only defined for NR-CA and is not yet implemented in TS 38.331. There are still some FFSs that need to be solved by RAN1 before implementation in TS 38.331. It is therefore difficult at this stage to determine exactly how this framework could be applied to cell grouping for NR-DC, and what would be the resulting signalling overhead. What makes it interesting compared to the LTE-DC approach is the coarser granularity of signalling by the carrier types {FR1 licensed TDD, FR1 unlicensed TDD, FR1 licensed FDD, FR2} rather than pointing to individual carriers in the band combination, which may allow lower signalling overhead of this option compared to the LTE-DC approach. 
[bookmark: _Toc61550714]Further study needed to determine how the PUCCH grouping framework could be applied to NR-DC cell grouping and what is the resulting signalling overhead compared to other alternatives.
2.4	Summary
In order to select the most suitable approach of the above listed ones for signalling of cell grouping for NR-DC, a careful comparison of the signalling overhead of the different approaches is required, which will only be possible once FG 22-7 on PUCCH grouping is implemented. This in turn needs to await RAN1 conclusion of the remaining FFSs. Then we can compare the three approaches for cell group signalling.
[bookmark: _Toc61550715]Await implementation of FG 22-7 on PUCCH grouping before deciding the NR-DC cell group signalling.

Conclusion
In the previous sections 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 signalling overhead per signalled band combination in the UE capability information.
Observation 3	Cell group filtering has the potential to reduce the number of band combinations reported by the UE, since UE would only report BCs network is interested in.
Observation 4	Cell group filtering has the potential to reduce network processing for parsing the UE capabilities.
Observation 5	Cell group filtering is not limited to max 5 bands per BC.
Observation 6	A list of requested cell groupings can be used to cover network deployments where the NR-DC configuration may change in different areas of the network.
Observation 7	Further study needed to determine how the PUCCH grouping framework could be applied to NR-DC cell grouping and what is the resulting signalling overhead compared to other alternatives.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Await implementation of FG 22-7 on PUCCH grouping before deciding the NR-DC cell group signalling.
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Annex A: Text Proposal for network filtering
In order to support the network requested cell grouping, 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 (SIZE (1..maxCellGroupings)) OF CellGrouping  OPTIONAL,
    ]]
}

CellGrouping ::= SEQUENCE {
    cellGroup1        SEQUENCE (SIZE (1..maxBands)) OF FreqBandIndicatorNR,
    cellGroup2        SEQUENCE (SIZE (1..maxBands)) OF FreqBandIndicatorNR
}

-- 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 groupings that the NW is interested in. If this field is present, the UE shall only inlcude band combinations for which it supports NR-DC with the requested cell grouping. The UE refers to these cell groupings from within the band combinations. The first element in this list is referred to by ID#0, the second by ID#1 and so on. 



For the case where requestedCellGrouping provides a list of possible CellGrouping, the UE need to indicate for each supported BC which CellGrouping it supports. The UE can do this e.g. by adding a new field in the CA-ParametersNRDC information element. An example coding is shown below.
[bookmark: _Hlk52446204]-	CA-ParametersNRDC
The IE CA-ParametersNRDC contains dual connectivity related capabilities that are defined per band combination.
CA-ParametersNRDC information element
-- ASN1START
-- TAG-CA-PARAMETERS-NRDC-START

CA-ParametersNRDC ::=                         SEQUENCE {
     ca-ParametersNR-ForDC                       CA-ParametersNR                              OPTIONAL,
     ca-ParametersNR-ForDC-v1540                 CA-ParametersNR-v1540                        OPTIONAL,
     ca-ParametersNR-ForDC-v1550                 CA-ParametersNR-v1550                        OPTIONAL,
     ca-ParametersNR-ForDC-v1560                 CA-ParametersNR-v1560                        OPTIONAL,
     featureSetCombinationDC                     FeatureSetCombinationId                      OPTIONAL
}

CA-ParametersNRDC-v1610 ::= SEQUENCE {
    -- R1 18-1: Semi-static power sharing mode1 between MCG and SCG cells of same FR for NR dual connectivity
    intraFR-NR-DC-PwrSharingMode1-r16        ENUMERATED {supported}         OPTIONAL,
    -- R1 18-1a: Semi-static power sharing mode 2 between MCG and SCG cells of same FR for NR dual connectivity
    intraFR-NR-DC-PwrSharingMode2-r16        ENUMERATED {supported}         OPTIONAL,
    -- R1 18-1b: Dynamic power sharing between MCG and SCG cells of same FR for NR dual connectivity
    intraFR-NR-DC-DynamicPwrSharing-r16      ENUMERATED {short, long}       OPTIONAL,
	asyncNRDC-r16                            ENUMERATED {supported}         OPTIONAL
}

CA-ParametersNRDC-v16xy ::= SEQUENCE {
    supportedCellGrouping                    SEQUENCE (SIZE (1..maxCellGroupings)) OF INTEGER(0..maxGroupings-1)  OPTIONAL
}

-- TAG-CA-PARAMETERS-NRDC-STOP
-- ASN1STOP

	4/4	
