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1	Introduction
In email discussion [Post113bis-e][222][R16 DCCA] Cell grouping for NR-DC (Nokia) [4], cell group signaling for intra-FR NR-DC was discussed, based on incoming LS [6] from RAN4 indicating that the 5 band limit in the endorsed RAN2 CRs (R2-2102210 and R2-2102211) is not future proof. In the email discussion, basically all companies agreed that a solution is needed also for the case of more than 5 bands. However, there were no harmonized view of how this could be achieved. In this contribution, we present our view on this topic.
[bookmark: _Ref178064866]2	Discussion
LTE-DC style signaling does not scale well for band combinations including several bands due to exponential increase of the signaling overhead. This is a well known fact and it was the reason RAN2 went from band entry to bands, as an effort to limit the size of the resulting bitmap. However, RAN2 also agreed to make the signaling cell group specific (i.e. explicit to MCG/SCG) for NR-DC, which doubles the signaling overhead compared to LTE-DC, which was cell group agnostic. The poor scalability is why the limit of max 5 bands was added as a prerequisite for the signaling. 
[bookmark: _Toc71575613]LTE-DC style signalling does not scale well for large band combinations due to exponentially increasing overhead. 
The current RAN2 endorsed CRs (R2-2102210 and R2-2102211) were endorsed by RAN2 based on the assumption that the 5 band limitation is sufficient.
[bookmark: _Toc71575614]Current RAN2 CRs were endorsed under the assumption of a max 5 band limitation. 
The RAN4 LS [6] clearly states that the 5 band limitation is not future proof:
“It is RAN4’s view that the limit of 5 frequency bands is not fully future-proof.  While combinations defined in the current RAN4 specifications are able to be represented by the per-frequency-band RAN2 bitmap, RAN4 envisions in the near future, NR-DC combinations with greater than 5 frequency bands may be specified.”
[bookmark: _Toc71575615]The RAN4 LS clearly states that the 5 band limitation in current RAN2 endorsed CRs is not future proof. 
We also agree with email discussion [4] rapporteur that band related capabilities must be release independent, so whatever solution we agree now must be able to address also the care of more than 5 bands. Thus, considering observation 3 it seems evident that:
[bookmark: _Toc71575616]NR-DC cell grouping capability signaling needs to support also band combinations with more than 5 bands.
Various approaches were presented in the email discussion [4] for how the LTE-DC style cell group signaling in the RAN2 endorsed CRs could be extended to support more than 5 bands. Network filtering could be added later to reduce the number of reported BCs, but this would not work when a network has more than 5 bands deployed, since then the supportedCellGrouping bitmap may anyway grow too large. Other proposals suggested to change the cell group reporting signalling for cases of 5 bands or less or more than 5 bands. The UE could e.g. report supported cell grouping according to the RAN2 endorsed CRs for band combinations with 5 or less bands, but apply some other reporting technique for band combinations with more than 5 bands. Possible approaches mentioned include using PUCCH grouping alternative for the case of more than 5 bands, or different ways of grouping bands, e.g. depending on UL/DL support, carrier type or similar.
The drawback with this approach of extending the LTE-DC style signalling later is that it effectively means introducing two signalling solutions for the same thing. Many of the suggestions for the more than 5 band case will work also for the case of 5 bands or less. Effectively this means that both UE and network will need to implement two ways of reporting and decoding the cell group capability for NR-DC, which does not seem like a good approach now that we know from RAN4 that the 5 band limit is not future proof.
[bookmark: _Toc71575617]Extending LTE-DC style cell grouping in the future to support more than 5 bands may result in standardising two solutions for the same thing, which is not acceptable now that we know that the 5 band limitation is not future proof. 
All in all, observations 1-5 mean that RAN2 needs to revisit the decision to go for LTE-DC style signaling, which was taken under the assumption that max 5 bands would be sufficient. This means we cannot agree the RAN2 endorsed CRs in (R2-2102210 and R2-2102211).
[bookmark: _Toc71575623]RAN2 to revisit the decision to apply LTE-DC style cell group signaling for NR-DC and not agree the endorsed CRs (R2-2102210 and R2-2102211).
In the following sections we discuss two approaches that have been presented so far that do not have the 5 band limitation and can work as standalone solution for cell grouping signaling, namely network based cell group filtering [2] and carrier type cell grouping [5].
2.1	Network based cell group filtering
In RAN2#112e, the network filtering approach for NR-DC cell grouping was presented in [2]. In short, instead of the UE indicating all supported cell grouping alternatives into MCG and SCG per supported band combination, the network indicates 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 of bands 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, regardless whether cell group specific or agnostic, network based 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: _Toc71575618]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: _Toc71575619]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: _Toc71575620]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: _Toc71575621]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 [3], 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: _Toc71575622]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.
In the email discussion [4], there was a comment that network based cell group filtering could not be a complete solution:
“In addition, we would like to point out the network filtering solution (R2-2101091) could not be a complete solution for cell grouping capability. For example, considering a 3 band BC, there are 6 possible cell grouping as indicated in endorsed CR R2-2102211. The NW filtering may be able to filter out 3 of the combinations. However, it is still not possible for UE to indicate which cell group it support among the remaining 3 combinations. So, network filtering could only be further optimization once we have basic cell group capability.”
However, it seems the comment was made assuming cell group agnostic cell grouping. As pointed out in [2], network filtering could be either cell group agnostic or cell group specific (i.e. MCG/SCG explicit). With cell group specific filtering, network can filter out all 6 combinations as shown below:
Network filter							UE Cell grouping
requestedCellGrouping    SEQUENCE {				001
    MCG                                {n3, n7}
    SCG                                 {n78}
requestedCellGrouping    SEQUENCE {				010
    MCG                                {n3, n78}
    SCG                                 {n7}
requestedCellGrouping    SEQUENCE {				011
    MCG                                {n3}
    SCG                                 {n7, n78}
requestedCellGrouping    SEQUENCE {				100
    MCG                                {n7, n78}
    SCG                                 {n3}
requestedCellGrouping    SEQUENCE {				101
    MCG                                {n7}
    SCG                                 {n3, n78}
requestedCellGrouping    SEQUENCE {				110
    MCG                                {n78}
    SCG                                 {n3, n7}
In the email discussion [4], there was also a comment that no more than 5 bands would be supported for network based cell group filtering:
“Regarding the network filter solution (R2-2101091), it works if operator has deployed no more than 5 NR bands. However, we understand the scenario we are discussing is that operator may deploy more than 5 NR bands, and they hope UE will be configured with more than 5 bands NR-DC, so network filter solution still cannot solve this problem.”  
As was already pointed out in [2] and observation 5, there is no 5 band limit for network based cell group filtering, since the UE is not required to report the bitmap for each supported BC, and thus there is no exponential signalling increase based on the number of supported bands, as in LTE-DC type signalling. The below example illustrates how network filtering can be used in a network deployment with more than 5 bands. In this example, the network is interested in the following three alternative cell groupings:
Network filter								UE Cell grouping
requestedCellGrouping    SEQUENCE {					0111111
    MCG                                {n3}					
    SCG                                 {n7, n78, n257, n258, n260, n261}
requestedCellGrouping    SEQUENCE {					0011111
    MCG                                {n3, n7}					
    SCG                                 {n78, n257, n258, n260, n261}
requestedCellGrouping    SEQUENCE {					0001111
    MCG                                {n3, n7, n78}					
    SCG                                 {n257, n258, n260, n261}
For each reported band combination supporting NR-DC, the UE then indicates which of the requestedCellGroupings that are supported, as illustrated in Annex A. 
In summary, our view is that instead than applying LTE-DC style cell group signalling with the need to patch it to support more than 5 bands, with the drawbacks indicated in the introduction, RAN2 should take network based cell group filtering as the baseline for NR-DC cell group signalling in Rel-16, which works for band combinations with both less or more than 5 bands.
[bookmark: _Toc71575624]TP in Annex A is taken as baseline for NR-DC cell group signalling.

2.3	Carrier type grouping
If network based cell group filtering cannot be agreed as in proposal 1, then carrier type grouping can be further explored (as described in R2-2103273). Instead of listing individual bands, the UE would list what carrier types are supported in MCG and SCG. It is similar as was used for PUCCH grouping, but since RAN4 indicated issues with PUCCH grouping, the feasibility of this approach is not clear? If this track is selected, an LS needs to be sent to RAN4 to confirm feasibility and ask them to suggest what could be a suitable carrier type grouping.
[bookmark: _Toc71575625]If proposal 2 cannot be agreed, send LS to RAN4 to confirm feasibility of carrier type cell grouping and ask about their concern regarding PUCCH grouping.

Conclusion
In the previous sections we made the following observations: 
Observation 1	LTE-DC style signalling does not scale well for large band combinations due to exponentially increasing overhead.
Observation 2	Current RAN2 CRs were endorsed under the assumption of a max 5 band limitation.
Observation 3	The RAN4 LS clearly states that the 5 band limitation in current RAN2 endorsed CRs is not future proof.
Observation 4	NR-DC cell grouping capability signaling needs to support also band combinations with more than 5 bands.
Observation 5	Extending LTE-DC style cell grouping in the future to support more than 5 bands may result in standardising two solutions for the same thing, which is not acceptable now that we know that the 5 band limitation is not future proof.
Observation 6	Cell group filtering has the potential to reduce signalling overhead per signalled band combination in the UE capability information.
Observation 7	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 8	Cell group filtering has the potential to reduce network processing for parsing the UE capabilities.
Observation 9	Cell group filtering is not limited to max 5 bands per BC.
Observation 10	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.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to revisit the decision to apply LTE-DC style cell group signaling for NR-DC and not agree the endorsed CRs (R2-2102210 and R2-2102211).
Proposal 2	TP in Annex A is taken as baseline for NR-DC cell group signalling.
Proposal 3	If proposal 2 cannot be agreed, send LS to RAN4 to confirm feasibility of carrier type cell grouping and ask about their concern regarding PUCCH grouping.
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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. In this example MCG/SCG specific cell grouping is used.
–	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 {
    MCG            SEQUENCE (SIZE (1..maxBands)) OF FreqBandIndicatorNR,
    SCG            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-v1630 ::=                         SEQUENCE {
     ca-ParametersNR-ForDC-v1610                 CA-ParametersNR-v1610                        OPTIONAL,
     ca-ParametersNR-ForDC-v1630                 CA-ParametersNR-v1630                        OPTIONAL
}

CA-ParametersNRDC-v1640 ::=                  SEQUENCE {
    ca-ParametersNR-ForDC-v1640                  CA-ParametersNR-v1640                        OPTIONAL
}

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

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

	CA-ParametersNRDC field descriptions

	ca-ParametersNR-forDC (with and without suffix)
If this field is present for a band combination, it reports the UE capabilities when NR-DC is configured with the band combination. If no version of this field (i.e., with and without suffix) is present for a band combination, the ca-ParametersNR field versions (with and without suffix) in BandCombination are applicable to the UE configured with NR-DC for the band combination.

	featureSetCombinationDC
If this field is present for a band combination, it reports the feature set combination supported for the band combination when NR-DC is configured. If this field is absent for a band combination, the featureSetCombination in BandCombination (without suffix) is applicable to the UE configured with NR-DC for the band combination.

	supportedCellGrouping
If this field is present for a band combination, it reports the cell gropings that the UE supports for the band combination out of the network indicated cell groupings in requestedCellGrouping. ID#0 corresponds to the first element in requestedCellGrouping, ID#1 corresponds to the first element in requestedCellGrouping  and so on.
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