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1 Introduction
During the previous RAN2 meetings the following agreements have been made on the topic of UE capability coordination.
Agreements
1	MR-DC band combination consists of list of MR-DC band combination parameter(s) and each MR-DC band combination parameter consists of list of band parameter(s) where each band parameter is chosen from CHOICE of LTE and NR band.   
2	MR-DC band combination is signalled as a separate container from LTE and NR capability container and both nodes need to interpret the container. 
2a	MN can request that the UE provides this container (separate request from the request for UE to provide other RAT capabilities)
3	MR-DC band combination is specified in NR RRC. 
4	The ASN.1 example shown in the paper can be considered as starting point (EN-DC corrected to MR-DC)

Agreements
1	RAN2 will define a solution based where the baseband capabilities are extracted from the BC structure and convey the baseband capabilities in a separate table. We intend to avoid providing fallback combinations and duplication of combinations.

Agreements
-	In NR, the number of supported MIMO layers is signalled as explicit UE capability and not part of a UE category.
-	In NR, the modulation schemes are signalled as explicit UE capability and not part of a UE category.
-	RAN2 assumes that the UE’s band combinations together with the baseband capabilities (modulation scheme, MIMO layers, …) comprise all information necessary to calculate the maximum data rate achievable on each serving cell, in each cell group and per UE.
-	If RAN1 and RAN4 agree with that assumption, RAN2 intends to apply the following: 
-	“A non-DC UE supporting a peak data rate that is lower than the data rate achievable according to the above-mentioned parameters indicates this by a per-UE category (data rate). 
-	However, a UE supporting dual connectivity (MR-DC, NR-NR DC) shall not advertise a category (data rate) that is lower than the highest data rate achievable according to any of the DC band combinations (to avoid the need for inter-node negotiation of the data rate split).”

Agreements
1	UE can report the number of MIMO layers per band
2	The concept of baseband capability combination is applied at least for the LTE part of EN-DC. (Whether to apply for LTE only operation can be discussed separately under TEI15 after it is stable for EN-DC)
3	The fallback mechanism similar to Rel-14 LTE CA is considered for the baseband processing combination signaling. Details are FFS.


During the RAN2#99-bis meeting, the following FFS was added to further allow discussion on how the shared baseband capability is reported.
Agreements
1:	The concept of baseband capability combination is applied at least for the LTE part of MR-DC. (the same agreement for EN-DC from discussion on R2-1710115 also applies to MR-DC).
2:	Multiple combinations of LTE-NR baseband capabilities may be applicable per MR-DC band combination
3:	Baseband capability combinations for LTE and NR applied for MR-DC are signalled in the UE capability of each RAT
4:	“Dependency” of LTE and NR baseband capability combinations is signalled 
FFS Whether this is in the “MR-DC capability container” or in the individual RAT capabilities

In this contribution, different options to resolve the FFS are indicated. In addition, some additional aspects from the email discussion ([99bis#28][NR] UE capability ASN.1 structure) that need attention are also mentioned here.
2	Indication of fallback band combinations
In the ongoing email discussion, Section 2.1 of the report discussed 3 possible options to for the signalling of band combinations:
Option1: The following example structure is a modified version from the proposed structure in [2]. In each band combination, there is one DL band combination and a set of UL band combinations (UL-BC-List IE in the example) that can be combined with the DL band combination. maxUL-Bandcombinations of UL BCs can be included. With UL-BC-List, it includes corresponding bwClassUL and UL related capabilities. In LTE case, multiple Timing advance capability can be an example of UL capability.
BandCombination_List ::= SEQUENCE (SIZE (1..maxDL-BandCombination)) OF BandCombination

BandCombination ::= SEQUENCE {
	bandsDL = [BandX, BandY, BandZ],
	bwClassDL = [C,A,A],		
	UL-BC-List = SEQUENCE (SIZE (1.. maxUL-BandCombinations)) OF UL-BandCombination
}
 
UL-BandCombination ::= SEQUENCE {
	bwClassUL = [A,A,-],  
}

Option2: Alternative structure is based on a proposal in [3]. Three band combinations IE groups (1) DL BC, 2) UL BC and 3) DL/UL BC are defined. 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. 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. UL-BC-List is introduced to indicate multiple UL BCs per DL BC similar to option1.
BC_ParameterDL_List ::= SEQUENCE (SIZE (1..maxDL-BandCombination)) OF BC_ParameterDL
BC_ParameterUL_List ::= SEQUENCE (SIZE (1..maxUL-BandCombination)) OF BC_ParameterUL
BandCombination_List ::= SEQUENCE (SIZE (1..maxDL-BandCombination)) OF BandCombination

BC_ParameterDL ::= SEQUENCE {

	bandsDL = [BandX, BandY, BandZ],
    bwClassDL = [C,A,A]                            
}

BC_ParameterUL ::= SEQUENCE {
    bandsUL = [BandX, BandY],
	bwClassUL = [A,A]  
}

BandCombination ::= SEQUENCE {
	bc_ParameterDL_Index,	// Index = order  
	UL-BC-List = SEQUENCE (SIZE (1.. maxUL-BandCombinations)) OF bc_ParameterUL_Index
}

Option3: The combination between option1 and option2. It only has UL index (as the format of BIT STRING).  
BC_ParameterUL_List ::= SEQUENCE (SIZE (1..maxUL-BandCombination)) OF BC_ParameterUL
BandCombination_List ::= SEQUENCE (SIZE (1..maxDL-BandCombination)) OF BandCombination

BC_ParameterUL ::= SEQUENCE {
	bandsUL = [BandX, BandY],
	bwClassUL = [A,A]
}

BandCombination ::= SEQUENCE {
	bandsDL = [BandX, BandY, BandZ],
	bwClassDL = [C,A,A],                           
	ul-BC-List = BIT STRING (SIZE (1.. maxUL-BandCombinations))	

The signalling of fallback combinations in the above options are not discussed. As a simple example, if the Option 2 is used for signalling 4 DL and 3 UL band combination, then one may ask a question on how the fallback combinations are going to be signalled? There are 2 options possible here:
Option 1: UE creates a linking of each possible DL combination with each possible UL combination
Option 2: UE creates a linking of the maximal DL/UL combination and the network implicitly synthesizes the fallback combinations.
Observation 1: It is immediately seen that Option 2 is more favourable in terms of overall signalling size efficiency. Nevertheless, the UE must indicate any combination that is not valid from the maximal DL/UL combination.
Proposal 1: For MR-DC BC signalling not all BC fallback combinations are signalled, but only those combinations that may not be supported.
BandCombination ::= SEQUENCE {
	bc_ParameterDL_Index,	// Index = order  
	UL-BC-List = SEQUENCE (SIZE (1.. maxUL-BandCombinations)) OF bc_ParameterUL_Index
	unsupportedFallbackBandCombinations	UnsupportedFallbackBandCombinations_List (FFS)
}
3	Indication of baseband processing capabilities
3.1	Contiguous v/s non-contiguous carriers
While reporting the CA bandwidth class within the BPC parameters, it has not been explicitly discussed if separate entries are required to be signalled for contiguous and non-contiguous CA cases. For example, if 1C (20 MHz + 20 MHz) is indicated in the BPC entry then does this also mean that the same capability applies for 1A + 1A 20 MHz case?
Or how are those signalled?
–	UE-NR-Capability
The IE UE-NR-Capability is used to convey the NR UE Radio Access Capability Parameters, see TS 38.306 [yy].
UE-NR-Capability information element
SupportedBasebandProcessingCombination-r15 ::= SEQUENCE (SIZE (1..maxBasebandProcComb)) OF BasebandProcessingCombinationParameters-r15

BasebandProcessingCombinationParameters-r15 ::= SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BasebandParametersPerBand-r15

[bookmark: _Hlk498606705]BasebandParametersPerBand-r15 ::= SEQUENCE {
	ca-BandwidthClassDL-r15		CA-BandwidthClass-r15,
	basebandParametersDL-r15	SEQUENCE (SIZE (1..maxServCell)) OF BasebandParametersPerCC-r15,
	ca-BandwidthClassUL-r15		CA-BandwidthClass-r15,
	basebandParametersUL-r15	SEQUENCE (SIZE (1..maxServCell)) OF BasebandParametersPerCC-r15
	-- FFS on other parameters
}

BasebandParametersPerCC-r15 ::= SEQUENCE {
	supportedMIMO-CapabilityDL-r15		MIMO-Capability-r15						OPTIONAL,
	supportedMIMO-CapabilityUL-r15		MIMO-Capability-r15						OPTIONAL
	-- FFS on other parameters
}

Observation 2: It is a bit unclear how the baseband processing capability for contiguous and non-contiguous CC are differentiated.
Proposal 2: RAN2 to discuss how the baseband processing capability for contiguous and non-contiguous CC are signalled in the BasebandParametersPerBand-r15 IE.
3.2	Signalling baseband processing capability dependency for MR-DC
We discussed at least 2 potential ways of organizing the baseband processing capabilities (and indicated to RAN4 in the RAN2 LS [3] as shown in Figure 3.2-1.
Example 1: The capabilities are organized (or indexed) per CC into an array where each element of the array is a structure listing the number of CC, number of MIMO layers per CC, BW of each CC and some information allowing to indicate exceptions. Although this is not explicitly shown, other baseband features e.g. number of CSI processes per CC, support of NAICS etc. may also be indicated.
Example 2: The capabilities are organized with the array comprising a set of entries wherein each element of the array is a structure listing the feature ability per CC and a total maximum value.



Figure 3.2-1: Examples of organizing baseband processing capabilities



Figure 3.2-2: Arriving at the peak data rate using a given combination of band combination and baseband processing capability

In line with RAN2 agreements, Figure 3.2-2 assumes that the supported band combinations together with the baseband capabilities (modulation scheme, MIMO layers, …) comprise all information necessary for the network to calculate the maximum data rate achievable on each serving cell, in each cell group (e.g. LTE MCG, NR SCG) and per UE. Furthermore, based on the agreements if the BPC entries are signalled per RAT, then the dependency between them needs to be captured in case the BPC entries are related due to baseband processing sharing.

Observation 3: Based on the agreement that baseband capability combinations for LTE and NR applied for MR-DC are signalled in the UE capability of each RAT, sharing or non-sharing can be indicated simply by marking the set of valid BPC indexes of the other RAT.

Observation 4: BPC entries corresponding to MR-DC for non-shared baseband do not need any cross-referencing (i.e. indexing) as they are independent.

Proposal 3: For shared baseband in MR-DC, follow the principle of using an indexing approach of linking BPC entries in a given RAT (e.g. LTE) with a list of compatible BPC indices of the other RAT (e.g. NR).

Proposal 4: For shared baseband, the ASN.1 structure for indicating the dependency could be signalled in the MR-DC common container (mainly to avoid repeating information in LTE and NR BPC tables).

Sample ASN.1 is indicated below:

–	UE-MRDC-Capability
The IE UE-MRDC-Capability is used to convey the UE Radio Access Capability Parameters for MR-DC, see TS 38.306 [yy].
UE-MRDC-Capability information element
-- ASN1START

UE-MRDC-Capability-r15 ::=			SEQUENCE {
	phyLayerParameters-r15		PhyLayerParameters-r15 OPTIONAL,
	rf-Parameters-r15			RF-Parameters-r15
}

PhyLayerParameters-15 ::=			SEQUENCE {
	sharedBasebandProcessingCombination-15		SharedBasebandProcessingCombination-15
}

SharedBasebandProcessingCombination-r15 ::= SEQUENCE (SIZE (1..maxSharedBasebandProcComb)) OF SharedBasebandProcessingCombinationParameters-r15

SharedBasebandProcessingCombinationParameters-r15 ::= 	SEQUENCE {
	lte_BPC_Index				BPC_Index,	// Index = order in LTE RAT BPC table  
	nr_BPC_Index				BPC_Index,	// Index = order in NR RAT BPC table
	additionalRestrictions  	AdditionalBasebandSharingRestrictions-MRDC (FFS if any)
}

RF-Parameters-r15 ::=	SEQUENCE {
	supportedBandCombination-r15	SupportedBandCombination-r15	OPTIONAL,
}

SupportedBandCombination-r15 ::= SEQUENCE (SIZE (1..maxBandComb)) OF BandCombination-r15

BandCombination-r15 ::= SEQUENCE {
	bandCombinationDL-r15	BandCombinationDL-r15		-- FFS OPTIONAL,
	bandCombinationUL-r15	BandCombinationUL-r15		OPTIONAL,
	-- FFS once ASN.1 for decoupling DL and UL is decided
}

BandCombinationDL-r15 ::= SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParametersDL-r15

BandParametersDL-r15 ::= CHOICE {
	bandParametersDLEUTRA-r15	BandParametersDLEUTRA-r15,
	bandParametersDLNR-r15		BandParametersDLNR-r15
}

BandParametersDLEUTRA-r15 ::= SEQUENCE {
	bandEUTRA-r15				FreqBandIndicatorEUTRA-r15,
	ca-BandwidthClassDL-r15		CA-BandwidthClassDL-r15
}

BandParametersDLNR-r15 ::= SEQUENCE {
	bandNR-r15					FreqBandIndicatorNR-r15,
	ca-BandwidthClassDL-r15		CA-BandwidthClassDL-r15
}

BandCombinationUL-r15 ::= SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParametersUL-r15

BandParametersUL-r15 ::= SEQUENCE {
	-- FFS once ASN.1 for decoupling DL and UL is decided
}

--ASN1STOP
4	Conclusion
In this contribution, we have provided our views to the pending issues from the email discussion on the ASN.1 structure for UE capability ([1]). RAN2 still needs to discuss and agree on how fallback BC are signalled, how contiguous and non-contiguous CA BPC entries are signalled and how the baseband sharing between LTE and NR is captured in ASN.1. Based on the above discussions, we propose the following:
Observation 1: It is immediately seen that Option 2 is more favourable in terms of overall signalling size efficiency. Nevertheless, the UE must indicate any combination that is not valid from the maximal DL/UL combination.
Proposal 1: Not all BC fallback combinations are signalled, but only those combinations that may not be supported.
Observation 2: It is a bit unclear how the baseband processing capability for contiguous and non-contiguous CC are differentiated.
Proposal 2: RAN2 to discuss how the baseband processing capability for contiguous and non-contiguous CC are signalled in the BasebandParametersPerBand-r15 IE.
[bookmark: _GoBack]Observation 3: Based on the agreement that baseband capability combinations for LTE and NR applied for MR-DC are signalled in the UE capability of each RAT, sharing or non-sharing can be indicated simply by marking the set of valid BPC indexes of the other RAT.
Observation 4: BPC entries corresponding to MR-DC for non-shared baseband do not need any cross-referencing (i.e. indexing) as they are independent.
Proposal 3: For shared baseband in MR-DC, follow the principle of using an indexing approach of linking BPC entries in a given RAT (e.g. LTE) with a list of compatible BPC indices of the other RAT (e.g. NR).
Proposal 4: For shared baseband, the ASN.1 structure for indicating the dependency could be signalled in the MR-DC common container (to avoid repeating information in LTE and NR BPC tables).
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