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1. Background
Based on the LS from RAN4 [1], RAN2 discussed via email on the options about signaling NR-DC cell grouping. The corresponding summary [2] seem to indicate that RAN2 needs to design UE capability signalling for >5 band NR-DC case and possibly for cell-grouping of intra-band non-contiguous NR-DC where the same band can be across CGs. There is discussion in [2] on having this done in Rel-16 or later, but with the aim that RAN2 would eventually need to design signaling for these cases. This paper proposes some methods that help with UE capability size reduction considering the large number of cell grouping combinations that are possible with >5 band and/or with cell-grouping with intra-band non-contiguous NR-DC across CGs. 
  
2. Incremental signaling with NW assistance
We start the observation from RAN4 LS [1] that RAN4 views that >5 band NR-DC and intra-band non-contiguous NR-DC with same band across CGs is possible in the future, but currently there are no NR-DC combinations with these requirements. 
Observation 1: Greater than 5 band NR-DC and intra-band non-contiguous NR-DC with same band across CGs are NR-DC combinations that are possible in the future, but currently there are no NR-DC combinations with these requirements
It is also generally agreed by several companies in RANP-91e that NR-DC cell grouping signaling should be part of June 2021 specification release. 
Observation 2: Majority of companies in RAN2 prefer that June 2021 specification should include Rel-16 NR-DC cell grouping capability signaling.
It is also note-worthy to state that RAN2 ASN.1 capability signaling is incremental with newer additions using non-critical extensions can always be added without any non-backward compatibility issues.
Observation 3: New signaling for NR-DC capability can be always added with non-critical extensions that the UE can use to inform the NW.  
We can propose that the UE can inform the additional future extension only when the UE actually supports these and the NW also actually supports these, as without NW support there is no use of UE providing the capabilities.
Observation 4: NW can always inform the UE in capability enquiry if it is interested in future NR-DC cell grouping extensions.
Proposal 1: Endorse the current RAN2 NR-DC cell grouping CRs and future-proof NR-DC cell grouping capability signaling can be added as non-critical extensions which the UE reports only when the NW explicitly asks for >5 band and/or intra-band non-contiguous NR-DC with same band across CG. 
3. Further details on NW assistance
It is accepted in RAN2 that with increased number of bands (in a DC combinations), the number of cell-grouping combinations explode in size. And hence the limit of 5 bands of initially agreed in RAN2. 
For future-proof signaling, the explosion in size from higher number of bands needs to be mitigated and this needs to be done for every capability signaling (i.e, if the mitigating methods are made optional, then atleast some UEs in some NWs would have to deal with providing the huge cell-grouping combinations without these mitigated methods, and this defeats the purpose of mitigation).
Observation 5: Any signaling size reduction methods for reducing the capability size from cell-grouping combinations cannot be optional, i.e., any UEs/NWs implementing the future-proof signaling needs to support these signaling size reduction methods.
Since the below methods discuss on NW and UE methods in reporting DC combinations where the cell-grouping combinations size is intended to be reduced, we also want to re-confirm that the UE can report a lower order CA combination just to report the additional DC capabilities.
Proposal 2: RAN2 to re-confirm that the UE can report a lower order CA combination with the intention of reporting a DC combination capability on this lower order CA combination.
3.1 DC relevant bands
For the cases where NW intends to have NR-DC configuration with >5 bands and/or with intra-band non-contiguous NR-DC with same band across CGs, it is logical for the NW to actually provide the set of bands that the NW intends to use for NR-DC purposes.
While it is also possible that NW can provide the explicit details on which of the bands can be part of which CG (MCG or SCG), we think that a cell can serve as MCG of a UE while being part of SCG of other UE. But it also possible that NW may want to configure certain bands only as part of SCG (for eg FR2 carriers).
Proposal 3: In future-proof NR-DC cell grouping signaling, as part of the NW filtering, the NW shall always provide the set of bands the NW intends to use in NR-DC.
Proposal 4: The NW can optionally provide the set of bands that are belong of a specific cell-group.
3.2 Async/Sync distinction
We start with observation that the NR-DC cell grouping that NW configures that UE is based on the NW deployment topology at least for synchronous or asynchronous case.
A NW that has configured cells in Band A to operate asynchronous with cells in Band B, can only configure Async NR-DC with band A and band B, and cannot configure the UE with synchronous NR-DC with bands A/B.
Similar argument can be made for the reverse case of configuring async NR-DC for the carriers that NW can configured in a time-synchronous deployment. 
Based on the above, we propose the following:
Proposal 5: In future-proof NR-DC cell grouping signaling, as part of the NW filtering, the NW shall provide the set of bands that NW intends to configure in asynchronous NR-DC and in synchronous NR-DC.  The UE assumes that the NW does not support Sync NR-DC if the NW filter does not include any bands in a sync DC and that the NW does not support Async NR-DC if the NW filter does not include any bands in async DC.

3.3 Carrier relation from the UE
In addition to NW assistance, we see some areas where the UE signaling changes can bring in additional signaling size reductions, depending on the type of UE implementations.
There can UEs where (due to their RF front-end component architecture for eg., shared components), the operation on a band X in a cell-group would imply that the UE can only operate another band Y in a different cell-group or operation of band Z only be possible in the same cell group as band X.
Such relations can provide information to the NW on cell-grouping without having the UE spell out all the combinations that conform to the UE requirements.
Observation 6: In some UE architectures, it is possible that the operation of a band in a cell-group would be mean the operation of another band is only possible in the other cell-group or the same cell-group. Signalling such relations can significantly reduce the signaling size of cell-grouping.
Proposal 6: As part of NR-DC cell-grouping capabilities, the UE can signal the band relation to the NW (For eg: band X in a CG implies that band Y has to be in other CG, and/or band X and band Z have to be in the same CG, in a particular DC combination). 
It is also possible that among the available cell grouping combinations for a particular DC combination, the UE supports all the cell-grouping combinations except a few, and it would be easier to report the not-supported ones instead of all the supported cell-grouping combinations.  
Proposal 7: The UE is allowed to reports the cell-grouping combinations it cannot support and inform the NW that it supports all cell-grouping combinations except for the reports ‘not-supported’ cell-grouping combinations.  
4. Proposals 
Proposal 1: Endorse the current RAN2 NR-DC cell grouping CRs and future-proof NR-DC cell grouping capability signaling can be added as non-critical extensions which the UE reports only when the NW explicitly asks for >5 band and/or intra-band non-contiguous NR-DC with same band across CG. 
Proposal 2: RAN2 to re-confirm that the UE can report a lower order CA combination with the intention of reporting a DC combination capability on this lower order CA combination.
Proposal 3: In future-proof NR-DC cell grouping signaling, as part of the NW filtering, the NW shall always provide the set of bands the NW intends to use in NR-DC.
Proposal 4: The NW can optionally provide the set of bands that are belong of a specific cell-group.
Proposal 5: In future-proof NR-DC cell grouping signaling, as part of the NW filtering, the NW shall provide the set of bands that NW intends to configure in asynchronous NR-DC and in synchronous NR-DC.  The UE assumes that the NW does not support Sync NR-DC if the NW filter does not include any bands in a sync DC and that the NW does not support Async NR-DC if the NW filter does not include any bands in async DC.
Proposal 6: As part of NR-DC cell-grouping capabilities, the UE can signal the band relation to the NW (For eg: band X in a CG implies that band Y has to be in other CG, and/or band X and band Z have to be in the same CG, in a particular DC combination). 
Proposal 7: The UE is allowed to reports the cell-grouping combinations it cannot support and inform the NW that it supports all cell-grouping combinations except for the reports ‘not-supported’ cell-grouping combinations.  
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