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Introduction
In RAN2#99, UE capability coordination for MR-DC was discussed and the following agreements were made.  

Agreements
1. Agree to have common MR-DC band combination parameter structure listing supported LTE and NR band combinations for MR-DC. 
2. RAN2 aims that the solution allows the sharing or not of baseband capabilities.  


In the emails discussions so far in [1], several approaches to decoupling DL and UL bands were proposed and discussed. 
In this document, we analyse the signalling overhead aspects of these approaches and provide our observations.

[bookmark: _Ref178064866]Band Combination Reporting Discussion
[bookmark: _Ref473294622][bookmark: _Toc473202654]Based on the proposals [1],[2], majority of the companies seem to agree with the below framework:
· Separate the baseband capabilities from the band combinations and list them under a baseband parameter capability (BPC) set.
· In the band combinations, decouple UL and DL parts and list all the UL combinations under a single DL combination, thereby avoiding repeating the DL part again for all the UL variations.
Among the options discussed in providing the UL combinations under a DL combination, we analyse the impact from below three options and provide proposals based on the analysis. The three options that were discussed in [1] are listed below for reference:
Option #1: Provide all the UL combination sets as a list of sequences for a particular DL combination

BandCombination = [
       bandsDL = [BandX, BandY, BandZ]
       bwClassesDL = [C,A,A];                           // up to 2 CCs on Band X; up to 1 on Y and Z
       UL-BC-List = SEQUENCE (SIZE (1.. maxUL-BandCombinations)) OF UL-BandCombination
 
        
       // both DL related capabilities and UL/DL related capabilities
       dc-Support    = [
             asynchronous = true,
             supportedCellGrouping = [0,1,1]
       ]
 
       maxDL-MIMO-Layers = [4,2,2]
}
 
 
UL-BandCombination= ::= SEQUENCE {
                bwClassUL=          [A,A,-],  
        //pure UL related capabilities   
       maxUL-MIMO-Layers =[1,2,-]
}





Option #2: Assign an index to the UL combinations set and provide a list of such indices supported for a particular DL combination

BandCombination = [
       bandsDL = [BandX, BandY, BandZ]
       bwClassesDL = [C,A,A];                           // up to 2 CCs on Band X; up to 1 on Y and Z
		UL-BC-List = SEQUENCE (SIZE (1.. maxUL-BandCombinations)) OF UL_BC_Index;
        
       // both DL related capabilities and UL/DL related capabilities
       dc-Support    = [
             asynchronous = true,
             supportedCellGrouping = [0,1,1]
       ]
 
       maxDL-MIMO-Layers = [4,2,2]
}
 
 
BC_ParameterUL {
	ul_BC_Index 	BC_Index;
    bandsUL = [BandX, BandY]
	bwClassUL=          [A,A] ,  
    //pure UL related capabilities   
    maxUL-MIMO-Layers =[1,2]

}





Option #3: Assign an index to the UL combinations set and also an index to the DL combination set and provide a list of UL sets to each DL index that links a particular DL combination
BC_ParameterDL {
	dl_BC_Index 						BC_Index;
    bandsDL = [BandX, BandY, BandZ]
    bwClassesDL = [C,A,A]                            // up to 2 CCs on Band X; up to 1 on Y and Z
     maxDL-MIMO-Layers = [4,2,2] 
}

BC_ParameterUL {
	ul_BC_Index 	BC_Index;
    bandsUL = [BandX, BandY]
	bwClassUL=          [A,A] ,  
    //pure UL related capabilities   
    maxUL-MIMO-Layers =[1,2]

}

BandCombinationParameters-r15 {
	bc_ParameterDL dl_BC_Index;
	UL-BC-List = SEQUENCE (SIZE (1.. maxUL-BandCombinations)) OF ul_BC_Index;

	// both DL related capabilities and UL/DL related capabilities
       dc-Support    = [
             asynchronous = true,
             supportedCellGrouping = [0,1,1]
       ]
}



Between option#1 and option#2, the key difference is the addition of an index and the declaration of the UL band number in option #2 compared to option#1. This addition adds 8 + n*18 bits of overhead with option#2 (8 bits from the declaration of the index, 18 bits for the declaration of the band taken from LTE), where ‘n’ refers to the number of bands in the UL combination set.
If the same UL combination set is to be reported multiple times using option#1 for different DL combinations, the size savings from option#2 can offset the overhead it carries.  
The LTE release-13 skipFallback logic is assumed to be used for NR, where it is agreed to skip all the lower order DL band combinations that can be derived for the highest order BC. Even though similar logic applies to the UL parts of the band combination, it is expected that the UL order will likely be not as high as the DL order and so for a single higher order CA BC, more than one UL parts need to be reported (in cases where the UL CA does not cover all UL bands, the individual bands have to reported as UL part as well).

	BC index
	DL
	UL

	1
	2A_4A_5A_30A
	2A, 4A, 5A, 30A

	2
	2A_4A_29A_30A
	2A, 4A, 30A

	3
	4A_4A_5A_30A
	4A, 5A, 30A

	4
	4A_4A_29A_30A
	4A, 30A

	5
	2C_30A
	2C, 30A



Table 1: UL band info for 2A, 4A, 5A, 30A is repeated (as highlighted) using option#1 

	BC index
	DL
	UL

	1
	2A_4A_5A_30A
	2A_4A, 2A_5A, 4A_30A

	2
	2A_4A_29A_30A
	2A_4A, 4A_30A

	3
	4A_4A_5A_30A
	4A_4A, 5A, 4A_30A, 4A_5A

	4
	4A_4A_29A_30A
	4A_4A, 4A_30A

	5
	2C_30A
	2C, 30A



Table 2: UL CA reporting with option#1 where the repetitions are highlighted 


Observation 1: If the same UL combination set is repeated enough times in option#1 for different DL combinations, the indexing approach from option #2 can lead to lower capability size than from option#1
Observation 2: Repetition of larger the UL combination set sizes (higher order UL CA) favours option#2 in capability size as the larger size of UL combination set is replaced by an index.
Observation 3: Even with the skipFallback logic of not reporting lower order CA BCs is taken into consideration, the higher order UL CA BCs may not cover all the UL bands and the UL bands needs to be reported for each DL BC and repetition favours the UL indexing approach#2. 
Option #3 is also more improved version compared to the option 1 in the sense that UL BCs are decoupled from DL-UL BCs by using UL BC index. 
Observation 4: option #3 can avoid the duplication of UL capabilities. 
However, option #3 may not be efficient if different DL capabilities needs to be indicated for the same DL BC. For example, 
		BC index	
	DL
	MIMO layer
	    UL

	1
	2A_4A_5A
	4 layer, 2 layer, 2 layer
	2A_4A, 2A_5A

	2
	2A_4A_3A
	2 layer, 2 layer, 4 layer
	2A_4A, 2A_5A




With option #2, UE indicates two set of DL BCs with two different MIMO layer and one DL-UL BCs with 2A_4A_5A in DL and 2A_4A/2A_5A. However, with option 3, UE needs to indicate two set of DL-UL BCs with different MIMO layer. It causes duplication of UL BC set information as well as DL-UL capabilities (e.g. dc-support). 
Observation 5: option #3 may need to duplicate UL BC set and DL-UL capabilities if different DL capabilities are indicated for the same DL BC. 

MR-DC Band Combination Impact
The MR-DC BC can be viewed as a hybrid band combination, where the bands from LTE as well as bands from NR are listed to form the BC[3]. In addition, the uplink of EN-DC may more than likely require the UE to support at least one UL in LTE and one UL in NR, and this can be viewed as an UL CA involving one LTE band and one NR band.
With such MR-DC band combination, the total number of bands (LTE and NR) can result in higher number of carriers across LTE-NR where the number of supported UL bands across LTE and NR also increase. This can likely increase the number of supported UL bands in both LTE and NR, as well the combination sets of UL LTE and UL NR, where the same UL LTE and NR carriers can be repeated for multiple MR-DC BCs. 
 Observation 6: UL band/band combination sets can likely be repeated multiple times in MR-DC BCs and UL Indexing approach (option #2) can likely benefit more.
There can be UE implementations where the LTE and NR parts are implemented separately and for EN-DC BCs (option #3 deployment of MR-DC from 3GPP specification 37.340), the LTE BCs and NR SA BCs are re-used. Also for the UEs which plan to implement EN-DC before NR SA, the NR part of the EN-DC BCs can be re-used for the NR SA part later on.
This can result in likely repetition of the DL band combination sets across EN-DC, LTE and NR. If the EN-DC BC reporting framework on linking the indices of LTE and NR BCs is agreed, then the DL/UL indexing option (option #3) can be used to handle LTE and NR parts of the EN-DC BC separately and can likely reduce the capability size. This can also help in reducing the signalling between MN and SN, as the indices can be exchanged provided both have access to the capability content. On the flip-side, for the UE which have a separate capability for the EN-DC compared to the LTE/NR SA cases, this type of signalling add overhead. Having multiple indices linking various sets can also increase the complexity compared to option#1, option#2.
Observation 7: DL-UL indexing (option #3) can likely help with lower capability size if the UE implementation separates LTE and NR aspects in EN-DC. DL-UL indexing option increase complexity nonetheless.
Summary
In this paper we analyse the size impact from three different ways of reporting the band combinations with UL/DL decoupling and provide the below observations:

Observation #1: If the same UL combination set is repeated enough times in option#1 for different DL combinations, the indexing approach from option #2 can lead to lower capability size than from option#1
Observation #2: Repetition of larger the UL combination set sizes (higher order UL CA) favours option#2 in capability size as the larger size of UL combination set is replaced by an index.
Observation #3: Even with the skipFallback logic of not reporting lower order CA BCs is taken into consideration, the higher order UL CA BCs may not cover all the UL bands and the UL bands needs to be reported for each DL BC and repetition favours the UL indexing approach#2. 
Observation #4: UL band/band combination sets can likely be repeated multiple times in MR-DC BCs and UL Indexing approach (option #2) can likely benefit more.
Observation #5: DL-UL indexing (option #3) can likely help with lower capability size if the UE implementation separates LTE and NR aspects in EN-DC. DL-UL indexing option increase complexity nonetheless.
Proposal : Option #2 can be considered a better approach as typical UE BC support includes multiple higher order DL CA BCs combined with not many UL CA BCs, where option#2 tends to provide smaller capability size. Option #3 can be reviewed for MR-DC cases
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Appendix
ASN1. Definitions 

Option 1


 BandCombinationParameters-Explicit-r15 ::= SEQUENCE {
	bandCombinationDL				SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParametersDL,
	ul-BC-list	SEQUENCE (SIZE (1..maxUL-Combinations)) OF UL-BC-Parameters,

	-- Parameters common to DL and UL here
}

BandParametersDL ::= SEQUENCE {
	bandNR-dl							NR-band-info,
	ca-BandwidthClassDL				CA-BandwidthClass,
	intraBandMIMO-CapabilityDL		SEQUENCE (SIZE (1..carriers)) OF MIMO-Capability		OPTIONAL
	-- Parameters specific to the DL band
	
}


UL-BC-Parameters ::= SEQUENCE {
	bandCombinationUL				SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParametersUL
	-- Parameters specific to the UL combination
}

BandParametersUL ::= SEQUENCE {
	ca-BandwidthClassUL				CA-BandwidthClass,
	intraBandMIMO-CapabilityUL		SEQUENCE (SIZE (1..carriers)) OF MIMO-Capability		OPTIONAL
	-- Parameters specific to the UL band
	-- multiple timing advance
	-- simultaneous Tx/Rx support for this UL band
}


Option 2
BandCombinationParameters-UL-Index-r15 ::= SEQUENCE {
	bandCombinationDL				SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParametersDL,
	ul-BC-list	SEQUENCE (SIZE (1..maxUL-Combinations)) OF UL-BC-Index,

	-- Parameters common to DL and UL here
}

BandParametersDL ::= SEQUENCE {
	bandNR-dl							NR-band-info,
	ca-BandwidthClassDL				CA-BandwidthClass,
	intraBandMIMO-CapabilityDL		SEQUENCE (SIZE (1..carriers)) OF MIMO-Capability		OPTIONAL
	-- Parameters specific to the DL band
	
}

UL-BC-Index ::= INTEGER (1.. maxUL-Combinations)

UL-BC-Parameters-with-index ::= SEQUENCE {
	index-ul					INTEGER (1.. maxUL-Combinations),
	bandCombinationUL				SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParametersUL
	-- Parameters specific to the UL combination
}

BandParametersUL ::= SEQUENCE {
	bandNR-ul							NR-band-info,
	ca-BandwidthClassUL				CA-BandwidthClass,
	intraBandMIMO-CapabilityUL		SEQUENCE (SIZE (1..carriers)) OF MIMO-Capability		OPTIONAL
	-- Parameters specific to the UL band
	-- multiple timing advance
	-- simultaneous Tx/Rx support for this UL band
}

Option 3
BandCombinationParameters-UL-DL-Index-r15 ::= SEQUENCE {
	dl-BC-index DL-BC-Index,
	ul-BC-list	SEQUENCE (SIZE (1..maxUL-Combinations)) OF UL-BC-Index,

	-- Parameters common to DL and UL here
}

BandParametersDL ::= SEQUENCE {
	bandNR-dl							NR-band-info,
	ca-BandwidthClassDL				CA-BandwidthClass,
	intraBandMIMO-CapabilityDL		SEQUENCE (SIZE (1..carriers)) OF MIMO-Capability		OPTIONAL
	-- Parameters specific to the DL band
	
}

DL-BC-Parameters-with-index ::= SEQUENCE {
	index-dl					INTEGER (1.. maxDL-Combinations),
	bandCombinationDL				SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParametersDL
	-- Parameters specific to the DL combination
}

DL-BC-Index ::= INTEGER (1.. maxDL-Combinations)
UL-BC-Index ::= INTEGER (1.. maxUL-Combinations)

UL-BC-Parameters-with-index ::= SEQUENCE {
	index-ul					INTEGER (1.. maxUL-Combinations),
	bandCombinationUL				SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParametersUL
	-- Parameters specific to the UL combination
}

BandParametersUL ::= SEQUENCE {
	bandNR-ul							NR-band-info,
	ca-BandwidthClassUL				CA-BandwidthClass,
	intraBandMIMO-CapabilityUL		SEQUENCE (SIZE (1..carriers)) OF MIMO-Capability		OPTIONAL
	-- Parameters specific to the UL band
	-- multiple timing advance
	-- simultaneous Tx/Rx support for this UL band
}
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