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1   Introduction

The CA capability structure has been widely discussed and the basic structure was agreed. However the implicit link between BC and BPC was changed in RAN2-101 meeting as below:
Agreements

1: Implement RAN1/RAN4 type 3 parameters into the “BPC” structure (the exact name can be changed in the next meeting).

2: There shall be explicit linking from the RF band combinations to this structure. The relationship is many to many.  In ASN.1, include a set of BPC indices, in each RF band combination. 
This contribution is to discuss the possible impacts due to explicit linking between BC and BPC.
2   Discussion
2.1 UE capability structure modification
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Figure 1 UE capability structure
In the current capability structure as shown above, the BWCs (bandwidth class) are included in both BC and BPC, and the BC and BPC are implicitly associated by the BWCs. However, in last RAN2 meeting, it was agreed that BC and BPC are explicitly linked. In this case the BWCs in BC and BPC are duplicated. There has two options to change the structure:

Option1: remove BWCs from BPC or BC

Since size of BC combinations would be larger than the size of BPC combinations, it is prefer to remove the BWCs from BC combinations.
Option2: merge BPC into BC

For example, as suggested by some company, uplink and downlink BPC indexes set for each band entry are configured for each band in BC. All the possible BPC combinations could be derived by the cross link among different uplink/downlink BPC indexes for each band. No explicit BPC combination is needed.

In Option 2, it would be difficult to index a particular BPC combination across bands since it is a many to many linkage for both DL-UL BPCs and band combinations. In the proposed structure, the BPC is reported based on different bandwidth class combinations. And for each bandwidth class combination, there could be a list of DL-UL BPC list. Therefore for some parameters which are originally per band combination, there is no suitable place to put these parameters due to no unique index would be allocated for a particular BPC combination across bands. Therefore, we prefer option1.
Proposal 1: remove the BWCs from BC combinations.

[image: image2.emf]Band Combination list

Band 

combination

BandAndDL-ParametersNR

FreqBandIndicatorNR

CA-BandwidthClassNR

FreqSeparationClass

intraBandContiguousCC-

InfoDL-List

Band Combination 

bandCombinationUL

bandCombinatio

nParametersList

bandAndDL-

ParametersList

bandCombinationParameters

CA-BPC-combinations-

ParametersNRlist

MRDC-Parameters

CA-BPC-combinations-

ParametersNR

Band Combination list UL

Band 

combination 

UL

Band Combination UL

BandParameters

UL-NR 

BandAndDL-ParametersNR

CA-BandwidthClassNR

FreqSeparationClass

intraBandContiguousCC-

InfoDL-List

BandAndDL-

ParametersEUTRA

...

SupportedBasebandProcessi

ngCombination

BasebandPr

ocessingCo

mbination

BasebandProcessingCombination

BasebandParam

etersPerBandDL

basebandParametersUL

BasebandParametersPerBandDL

basebandParam

etersPerCC-DL

CA-BandwidthClassNR

basebandParametersPerCC-DL

PerCCBasebandParameter

BPC index list

DL-UL-

BandwidthClassC

ombinations

DL-UL-BandwidthClassCombination

multipleTimingAdvances

simultaneousRxTxInterB

andCA

supportedBandwidthCom

binationSet

… other per BWC 

combination level 

parameters

choice


Figure 2 UE capability structure update
If BWCs are removed from BCs, the BC would only consist of band numbers only, and the multiple BWC combinations for a particular band combination could be included for a BC. In that case, CA-ParametersNR needs to include a list of BPC combinations, and thus the name could be changed to CA-BPC-Combinations-ParametersNRlist.
Proposal 2: CA-ParametersNR could be changed to CA-BPC-Combinations-ParametersNRlist, and a list of BPC combinations could be included in this IE. 

To further reduce the repeated information for the BPC, a new structure DL-UL-BandwithClassCombinations can also be included in BasebandProcessingCombinations, and this structure would include a loop of parameters which is independent with DL or UL. The original parameters in CA-ParametersNR which is common for DL/UL and indicated per BC need to be moved into this structure. For example, as discussed in [1], the capability of diffNumerologyAcrossPUCCH-Group, diffNumerologyWithinPUCCH-Group, and supportedNumberTAG shall also be included in DL-UL-BandwithClassCombinations.
Proposal 3: A new structure DL-UL-BandwithClassCombinations needs to be included in BasebandProcessingCombinations, and the original parameters in CA-ParametersNR which is indicated per band combination needs to be moved into this structure. 
Proposal 3a: the capability of diffNumerologyAcrossPUCCH-Group, diffNumerologyWithinPUCCH-Group, and supportedNumberTAG shall also be included in DL-UL-BandwithClassCombinations.
If BWCs are removed from uplink BCs, then the UL BC combination would only include FreqSeparationClass and
intraBandContiguousCC-InfoDL-List. since intraBandContiguousCC-InfoDL-List is related to BWC, it can be merged into BPC capability. the FreqSeparationClass is only used for Non-contiguous intra-band CA frequency separation class for FR2, and it seems not efficient to use a bitmap scheme as this would not be carried in many cases. 

Proposal 4: use index instead of bitmap to associate DL BCs and UL BCs. 

Proposal 5: remove intraBandContiguousCC-InfoDL-List from DL and UL BCs and merge it into BPCs. 
2.1 size reduction of reported BCs
In the RAN2 NR AH2017-1 it has been agreed that the network could request for BCs based on band or band combinations as in LTE as below:

Agreements:

1: The UE reports its UE capability at least when the network requests.

2
The gNB can request what capabilities for the UE to report (e.g. similar band and band combination requests in LTE). Details to be finalised in stage 3.

However, in RAN2-100, it was agreed that network requests for BCs only based on band information (not based on the band combination) as below: 

=>
Network request for BCs will be based on band information only (no additional information in the request such as bandwidth class, etc)

The reason is that the BPC has been decoupled from BC and as the result, we only have bandwidthclasss in BC and thus most of the fallback BCs would have same capability with super set BC. In that case, by skipping fallback BCs with same capability, we already have sufficient size reduction for BCs. No additional optimization is needed to reduce the size of BCs.

However, we changed the implicit linking between BCs and BPCs in last RAN2 meeting and it means all BPC related capabilities are explicated with BCs. The result is that most fallback BCs would have different capabilities with super set BC, considering the lower order BC would usually equip higher order BPC comparing higher order BCs. Thus the skipping fallback would not help much to reduce the size of BCs. It could be expected the supported BCs in NR would significantly be larger than LTE considering the high frequency and MR-DC operation. It should be worth to discuss whether to re-capture the optimization agreed in LTE for BCs request.
In LTE the network could request UE to report BCs based on 

a. Band list

b. Maximum CCs number in DL and/or UL

c. Band combinations 

The capability request based on band list has been agreed to support in NR. The UE capability report requested by maximum of CCs and band combinations in LTE should also be supported in NR to reduce the size of BCs report.

Proposal 6: the UE capability report requested by maximum of CCs and band combinations in LTE should also be supported in NR to reduce the size of BCs report.
3   Conclusion
This contribution discussed the capability report in NR and raised the following proposals:

Proposal 1: remove the BWCs from BC combinations.
Proposal 2: CA-ParametersNR could be changed to CA-BPC-Combiantions-ParametersNRlist, and a list of BPC combinations could be included in this IE. 

Proposal 3: A new structure DL-UL-BandwithClassCombinations needs to be included in BasebandProcessingCombinations, and the original parameters in CA-ParametersNR which is indicated per band combination needs to be moved into this structure. 

Proposal 3a: the capability of diffNumerologyAcrossPUCCH-Group, diffNumerologyWithinPUCCH-Group, and supportedNumberTAG shall also be included in DL-UL-BandwithClassCombinations.
Proposal 4: use index instead of bitmap to associate DL BCs and UL BCs. 

Proposal 5: remove intraBandContiguousCC-InfoDL-List from DL and UL BCs and merge it into BPCs. 
Proposal 6: the UE capability report requested by maximum of CCs and band combinations in LTE should also be supported in NR to reduce the size of BCs report.
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