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1      Introduction
In RAN2 NR June Adhoc, the following has been agreed to reduce the UE capability signalling. 
Agreements for NR UE capabilities:

1: 
NR will support gNB requested band combination signalling. 

2: 
For gNB requested band combination signalling the gNB can provide super-set BCs. 

3
UE can skip subset of band combinations if corresponding UE capabilities are the same.  

4
RAN2 aim not to duplicate band combinations to indicate the combination of DL bands and UL bands.

5
RAN2 aim to introduce per UE baseband capabilities separated from the band combinations (e.g. FD-MIMO capabilities, number of CSI processes, etc) and minimise per band combination signalling.

In this document, we would like to take a look at agreement 4 on avoiding duplication band combinations to indicate the combination of DL bands and UL bands in more detail. 
2      LTE Band combinations
Looking at LTE band combination IE structure, BandParameters-r13 includes UL and DL band information (bandParametersUL-r10), which is under each band combination in BandCombinationParameters-r13. 
BandCombinationParameters-r13 ::=
SEQUENCE {

differentFallbackSupported-r13
ENUMERATED {true}



OPTIONAL,

bandParameterList-r13


SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF BandParameters-r13,

supportedBandwidthCombinationSet-r13
SupportedBandwidthCombinationSet-r10
OPTIONAL,


multipleTimingAdvance-r13

ENUMERATED {supported}



OPTIONAL,


simultaneousRx-Tx-r13


ENUMERATED {supported}



OPTIONAL,


bandInfoEUTRA-r13



BandInfoEUTRA,


dc-Support-r13




SEQUENCE {



asynchronous-r13


ENUMERATED {supported}



OPTIONAL,



supportedCellGrouping-r13

CHOICE {





threeEntries-r13



BIT STRING (SIZE(3)),





fourEntries-r13




BIT STRING (SIZE(7)),





fiveEntries-r13




BIT STRING (SIZE(15))



}















OPTIONAL


}
















OPTIONAL,


supportedNAICS-2CRS-AP-r13

BIT STRING (SIZE (1..maxNAICS-Entries-r12))
OPTIONAL,


commSupportedBandsPerBC-r13

BIT STRING (SIZE (1.. maxBands))

OPTIONAL

}

BandParameters-r10 ::= SEQUENCE {

bandEUTRA-r10




FreqBandIndicator,


bandParametersUL-r10


BandParametersUL-r10




OPTIONAL,


bandParametersDL-r10


BandParametersDL-r10




OPTIONAL

}

In the past, it was raised that this structure causes a lot of duplication in band combination signaling. This happens when the UE supports asymmetric CA in DL and UL i.e. more number of CCs in DL than in UL. For example, let us assume that the UE supports 5 DL CCs/bands and 1 UL CC/band. In this case, if the UE supports UL in any frequency band among 5 DL frequency bands, the UE has to report 5 Band combinations with the same DL bands but different UL band information. Given that most of DL capabilities per band combination (e.g. MIMO, CSI capability, NAICS,..) would be the same, it is results in redundant duplication of information. 
3      DL and UL decoupling

The basic approach for DL and UL decoupling is to define DL only and UL only BCs and include DL and UL capabilities in the DL/UL only BC instead of a joint BC which includes both DL and UL.

The following is an abstracted structure of DL/UL only BC and joint BC example for illustration purpose based on LTE IEs. 
BC_ParameterDL {


dl_BC_Index 





BC_Index;


bandParameterList-r13


SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF BandParametersDL-r13,

supportedNAICS-2CRS-AP-r13

BIT STRING (SIZE (1..maxNAICS-Entries-r12))
OPTIONAL,

}
BC_ParameterUL {


ul_BC_Index 





BC_Index;


bandParameterList-r13


SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF BandParametersUL-r13,,


supportedNAICS-2CRS-AP-r13

BIT STRING (SIZE (1..maxNAICS-Entries-r12))
OPTIONAL,

}
BandCombinationParameters-r15 {


bc_ParameterDL dl_BC_Index;


bc_ParameterUL ul_BC_Index;


supportedBandwidthCombinationSet-r13
SupportedBandwidthCombinationSet-r10
OPTIONAL,


simultaneousRx-Tx-r13


ENUMERATED {supported}



OPTIONAL,


dc-Support-r13




SEQUENCE {



asynchronous-r13


ENUMERATED {supported}



OPTIONAL,



supportedCellGrouping-r13

CHOICE {





threeEntries-r13



BIT STRING (SIZE(3)),





fourEntries-r13




BIT STRING (SIZE(7)),





fiveEntries-r13




BIT STRING (SIZE(15))



}















OPTIONAL


}
















OPTIONAL,


commSupportedBandsPerBC-r13

BIT STRING (SIZE (1.. maxBands))

OPTIONAL

}
Basically, three band combination IE groups (1) DL BC, 2) UL BC and 3)DL/UL BC) are defined. DL BC includes DL bands/DL CA (i.e. DL BC) information and UE capabilities which are defined per DL band/DL BC. UL BC includes UL band/UL CA (i.e. UL BC) and UE capabilities which are defined per UL Band/UL BC. All remaining UE capabilities which are defined per DL/UL BC, are included in DL/UL BC. In order to indicate DL and UL BC, DL/UL BC IE is used. In DL/UL BC, DL BC index and UL BC index are included to indicate the corresponding DL BC and UL BC information. In the example DL/UL BC, there is only one index for DL BC and UL BC respectively. But, we can consider to indicate multiple DL/UL BCs by using set of index to reduce DL/UL BC signaling overhead. However, this optimization is possible only when the corresponding DL/UL UE capabilities are the same.   
This approach can avoid duplicating DL and UL capabilities per band combination to indicate DL and UL joint combination. 

Proposal 1: Three band combinations IE groups (1) DL BC, 2) UL BC and 3) DL/UL BC are defined. 

Proposal 2: DL BC includes UE capabilities which are defined per DL band/DL BC. UL BC includes UE capabilities which are defined per UL Band/UL BC. All remaining UE capabilities which are defined per DL/UL BC, are included in DL/UL BC.   

Proposal 3: In each DL BC and UL BC, an Index is included and this index is used in DL/UL BC to link to the corresponding DL BC and UL BC. It is FFS whether further optimization (e.g. Index set) is defined for DL/UL BC.  

If this approach is worthwhile to consider, RAN2 need to request RAN1/4 to provide whether a specific NR UE capability can be considered as pure DL capabilities or UL capabilities or combinations of DL and UL bands.
Proposal 4: RAN2 sends LS to ask RAN1/4 to provide information on DL and UL capabilities to be defined in each DL and UL band combination information to be decoupled from the combination of DL and UL band combination. 
4      Conclusion
Based on discussion in Section 2 and 3, we propose the following points to introduce DL/UL decoupling. 

Proposal 1: Three band combinations IE groups (1) DL BC, 2) UL BC and 3) DL/UL BC are defined. 



 REF pro2 \h 

Proposal 2: DL BC includes UE capabilities which are defined per DL band/DL BC. UL BC includes UE capabilities which are defined per UL Band/UL BC. All remaining UE capabilities which are defined per DL/UL BC, are included in DL/UL BC.   



 REF pro3 \h 

Proposal 3: In each DL BC and UL BC, an Index is included and this index is used in DL/UL BC to link to the corresponding DL BC and UL BC. It is FFS whether further optimization (e.g. Index set) is defined for DL/UL BC.  



 REF pro4 \h 

Proposal 4: RAN2 sends LS to ask RAN1/4 to provide information on DL and UL capabilities to be defined in each DL and UL band combination information to be decoupled from the combination of DL and UL band combination. 
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