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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 this document, we analyse the different means for signalling the baseband processing capabilities (BPC) for NSA and provide our observations.

[bookmark: _Ref473294622][bookmark: _Toc473202654]Baseband Parameter Combination Signalling Discussion
Based on the discussions so far in [1][2][3], there has been a general agreement among the companies to separate the baseband parameter capabilities (BPC) from the band combination and report them as a separate list.
There also has been a general agreement that the BPC content is to be provided per component carrier where these could differ based on the order of carriers supported.
We would like to propose the below based on these agreements and discuss the proposed design.
Full-flexible approach with indexing across LTE and NR (approach #BPC1)
Every entry of the BPC can be:
1. A complete entry which lists the BPC information per LTE carrier, based on the number of carriers or
2. A complete entry which lists the BPC information per NR carrier per BW, based on the number of carriers or
3. A complete entry which lists the BPC information that is a combination of the two above or
4. An entry which combines #1 and #2 above with an index set. (this framework can be extended where an entry can have an index pointing to one RAT while provide a complete entry for another RAT) 
Further details on this approach:
· For each RAT (LTE or NR), the BPC parameters are divided into the ones that are capabilities listed per carrier, and the ones that are listed for the entire carrier order, meaning they apply to the combination of carriers.
· Each BPC entry contains the BPC information for the LTE-NR combination, or for the LTE or NR SA information.
· If LTE-NR combination has BPC information that can be also signalled as the combination of individual RAT BPC capabilities, then then an index can be used to link these and the BPC information for this entry shall be with just the combination of the indices from each RAT. If the LTE-NR combination does not have the same capabilities as the individual RAT, then a separate BPC entry with both LTE/NR information is provided by the UE. 
· The BPC information shall include the baseband capabilities that are advertised by the UE for the highest CC order and the lower CC order BPC information can be implied by the e/gNB unless there is an explicit entry in the BPC for the lower order CC. The UE can signal explicit entry for the lower order CC if the BPC information is different than the higher order CC BPC information signalled. 
· In baseband, there is no need to distinguish between carriers that are RF-linked to the contiguous carriers or intra-band-non-contiguous/inter-band carriers. So the baseband can view the intra-band contiguous carriers as separate carriers.
· The implication of this in LTE is that the BW class information is not needed in BPC.
· For NR, along with the CC order, the max BW of each of the CC within the CC order is used as the index to provide the BPC information.
· The implication of this is that the e/gNB tries to find the BPC information based on the CC order (and in NR, CC order and the max BW for each of the CCs) and if there is no BPC entry, the higher order CC entry is taken as input.  
· To minimize the MIMO information handling complexity, the MIMO information is reported as the maximum MIMO layer support for all the carriers within one RAT layers, and the UE is expected to support the reported MIMO layer distribution across the CCs in that RAT.  NOTE: the maximum MIMO layer support for a particular band, or for a particular band in a particular band combination is advertised using the band combinations IEs and so the NW can derive the RF specific MIMO restrictions when applying the BPC MIMO layer information.
· Since the BPC entry can be indexed by number of carriers (in LTE) and number of carriers/per carrier BW (in NR), there can be more than one BPC entry which differing BPC information for the same carrier order/BW. This is to have the UE provide multiple BPC profiles it can support for the same carrier order/BW.
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LTE-NR-MR-DC-BPC-Parameters ::= SEQUENCE {
	bbNo-of-LTE-carriers				SEQUENCE (SIZE (1..maxLTEServingCarriers)) OF LTE-BPC-Parameters,  
	bbNo-of-NR-carriers				SEQUENCE (SIZE (1..maxNRServingCarriers)) OF NR-BPC-Parameters, 
}

LTE-NR-MR-DC-BPC-Index-Parameters ::= SEQUENCE {
	lte-bpc-index	LTE-BPC-Index, 			  
	nr-bpc-index    NR-BPC-Index 
}

LTE-NR-MR-DC-BPC-LTE-INDEXED-NR-PARAMS ::= SEQUENCE {
	lte-bpc-index	LTE-BPC-Index, 			  
	bbNo-of-NR-carriers				SEQUENCE (SIZE (1..maxNRServingCarriers)) OF NR-BPC-Parameters
}

LTE-NR-MR-DC-BPC-NR-INDEXED-LTE-PARAMS ::= SEQUENCE {
	nr-bpc-index    NR-BPC-Index,
	bbNo-of-LTE-carriers				SEQUENCE (SIZE (1..maxLTEServingCarriers)) OF LTE-BPC-Parameter
}

LTE-BPC-Parameters ::= SEQUENCE {
	lte-bpc-index	LTE-BPC-Index, 	
	bbNo-of-LTE-carriers				SEQUENCE (SIZE (1..maxLTEServingCarriers)) OF BPCPerLTECarrier
	
	-- Optional BPC parameters that are specific to the entire CCs in this LTE CC order
	maximumMIMOLayersSupported				INTEGER (1..32)
	supportedNAICS-2CRS-AP-r15           BIT STRING (SIZE(1..8)) OPTIONAL,
}

NR-BPC-Parameters ::= SEQUENCE {
	nr-bpc-index	NR-BPC-Index, 	
	bbNo-of-NR-carriers				SEQUENCE (SIZE (1..maxNRServingCarriers)) OF BPCPerNRCarrier 
	-- Optional BPC parameters that are specific to the entire CCs in this NR CC order
	maximumMIMOLayersSupported				INTEGER (1..64),  -- can this be per carrier than per BW?
	-- TBD
}		  

BPCPerNRCarrier ::= SEQUENCE {
	bpc-per-BW-of-NR-carrier				SEQUENCE (SIZE (1..maxNRBWTypes)) OF BPCPerBWOfNRCarrier 
	maximumDL-QAM-Support,
	maximumUL-QAM-Support,
	--NR specifc per carrier params TBD.
}	

BasebandProcessingCombinationParametersList ::= SEQUENCE (SIZE (1..maxBPCEntries)) OF BasebandProcessingCombinationParameters
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     bpc-entry CHOICE {
          	lte-nr-mr-dc-bpc-index  LTE-NR-MR-DC-BPC-Index-Parameters,  
			lte-nr-mr-dc-bpc-params  LTE-NR-MR-DC-BPC-Parameters,  
			lte-nr-mr-dc-lte-indexed-nr-params LTE-NR-MR-DC-LTE-INDEXED-NR-PARAMS,
			lte-nr-mr-dc-nr-indexed-lte-params LTE-NR-MR-DC-NR-INDEXED-LTE-PARAMS
     },
	-- Optional BPC parameters that are specific to the entire CCs in this CC order
	-- TBD
}

BPCPerLTECarrier ::= SEQUENCE {
	supportedCSI-Proc					ENUMERATED {n1, n3, n4}				OPTIONAL,
	nonPrecoded							MIMO-NonPrecodedCapabilities		OPTIONAL,
	beamformed							MIMO-BeamformedCapabilityList		OPTIONAL,
	dmrs-Enhancements					ENUMERATED {supported}				OPTIONAL,
	csi-ReportingNP						ENUMERATED {supported}				OPTIONAL,
	csi-ReportingAdvanced				ENUMERATED {supported}				OPTIONAL,
    nzp-CSI-RS-AperiodicInfo-r14 SEQUENCE {
          nMaxProc-r14     INTEGER (5..32),
          nMaxResource-r14 ENUMERATED {ffs1, ffs2, ffs3, ffs4}
     } OPTIONAL,
    nzp-CSI-RS-PeriodicInfo-r14 SEQUENCE {
          nMaxResource-r14 ENUMERATED {ffs1, ffs2, ffs3, ffs4}
     } OPTIONAL,
    zp-CSI-RS-AperiodicInfo-r14  ENUMERATED {supported} OPTIONAL,
    ul-dmrs-Enhancements-r14     ENUMERATED {supported} OPTIONAL,
    densityReductionNP-r14       ENUMERATED {supported} OPTIONAL,
    densityReductionBF-r14       ENUMERATED {supported} OPTIONAL,
    hybridCSI-r14                ENUMERATED {supported} OPTIONAL,
    semiOL-r14                   ENUMERATED {supported} OPTIONAL,
    csi-ReportingNP-r14          ENUMERATED {supported} OPTIONAL,
    csi-ReportingAdvanced-r14    ENUMERATED {supported} OPTIONAL
}

BPCPerBWOfNRCarrier ::= SEQUENCE {
	supportedCSI-Proc					ENUMERATED {n1, n3, n4}				OPTIONAL,
	nonPrecoded							MIMO-NonPrecodedCapabilities		OPTIONAL,
	beamformed							MIMO-BeamformedCapabilityList		OPTIONAL,
	dmrs-Enhancements					ENUMERATED {supported}				OPTIONAL,
	-- TBD
}




Alternative Approach #BPC2 : without indexing 
This approach skips indexing, and the UE has to report explicit BPC entries for LTE, NR in the MR-DC combination.
BasebandProcessingCombinationParameters ::= SEQUENCE {
	lte-nr-mr-dc-bpc-params  LTE-NR-MR-DC-BPC-Parameters,  
	-- Optional BPC parameters that are specific to the entire CCs in this CC order
	-- TBD
}

LTE-NR-MR-DC-BPC-Parameters ::= SEQUENCE {
	bbNo-of-LTE-carriers				SEQUENCE (SIZE (1..maxLTEServingCarriers)) OF LTE-BPC-Parameter,  
	bbNo-of-NR-carriers				SEQUENCE (SIZE (1..maxNRServingCarriers)) OF NR-BPC-Parameters, 
}

LTE-BPC-Parameters ::= SEQUENCE {
	bbNo-of-LTE-carriers				SEQUENCE (SIZE (1..maxLTEServingCarriers)) OF BPCPerLTECarrier
	
	-- Optional BPC parameters that are specific to the entire CCs in this LTE CC order
	maximumMIMOLayersSupported				INTEGER (1..32)
	supportedNAICS-2CRS-AP-r15           BIT STRING (SIZE(1..8)) OPTIONAL,
}

NR-BPC-Parameters ::= SEQUENCE {
	bbNo-of-NR-carriers				SEQUENCE (SIZE (1..maxNRServingCarriers)) OF BPCPerNRCarrier 
	-- Optional BPC parameters that are specific to the entire CCs in this NR CC order
	maximumMIMOLayersSupported				INTEGER (1..64),  -- can this be per carrier than per BW?
	-- TBD
}

Either approach 1 or approach 2 can be used to indicate LTE-NR joint baseband processing capabilities. While approach 2 has simpler structure, approach 1 has a benefit to reduce duplication when same LTE (or NR) BPC is associated to NR (or LTE) BPC. 



Conclusion
Proposal 1: BPC structure is introduced to indicate baseband processing capabilities that are affected by LTE and NR NSA operation. 
Proposal 2: RAN2 discuss whether indexing based structure is useful to achieve signalling reduction gain compared to relying on BPC based on explicit BPC parameters. 

Appendix
Listed below is the typical example is which the UE can report based on the above approaches:
	Entry (not signalled)
	Choice of LTE-NR index or explicit MR-DC or LTE BC or NR BC related 
	Order of CC (not signalled but derived)
	comments

	1
	LTE-NR-MR-BPC
	LTE Index L1
CC1 : LTE params
CC2 : LTE params
CC3: LTE params
LTE Max MIMO layers
NR Index: N1
CC1: BW1: NR params
CC1: BW2: NR params
..
CC2: BW1: NR params
CC2: BW2: NR params
..
NR Max MIMO layers
Common LTE-NR related BPC params

	UE should start with highest order in each RAT. Here if 2CC LTE is not reported, the LTE params from 3CC can be assumed

	2
	LTE-NR-MR-BPC
	LTE Index L2
CC1 : LTE params
CC2 : LTE params
CC3: LTE params
LTE Max MIMO layers
NR-Index: N4
CC1: BW1: NR params
..
CC2: BW1: NR params
CC2: BW2: NR params
..
NR Max MIMO layers
Common LTE-NR related BPC params

	since both L1, L2 are of same CC order (3), the LTE params are different, so BPC params can be repeated and NW has a choice of usage

	3
	LTE-INDEXED
	
LTE-Index: L1
NR-Index: N5
CC1: BW1: NR params
CC1: BW2: NR params

..
NR Max MIMO layers
Common LTE-NR related BPC params

	 

	4
	NR INDEXED
	NR-Index: N4

LTE index L4
CC1 : LTE params
CC2 : LTE params
CC3: LTE params
CC4: LTE params
LTE Max MIMO layers

Common LTE-NR related BPC params

	 

	5
	LTE-NR index
	LTE: L1 NR: N1
	 

	6
	LTE-NR index
	LTE: L1 NR: N4
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