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1 Introduction

In RAN2-99bis meeting, the following agreements have been made regarding on the capability structure:

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.
Working assumption:

1
The UE reports the MIMO capability per CC as part of the baseband processing capabilities.

2
The MIMO capability is not included in the band combination signalling.

In this contribution, we will further discuss capability structure design according the input from RAN4 in [1].
2 Discussion 
2.1 CC frequency separation  
In LS [1], RAN4 indicates that the NC (non-contiguous) CA would be related to the CC separation, and thus “the some UEs may be able to support NC CA only when CC frequency separation is smaller than full width of the operating and some UEs can support any CC placement. UE should therefore have means to inform network if it has this limitation”
In that case, the maximum CC frequency separation should be reported per band so that the network could know the allowed CC frequency separation for NC CA carrier combination. It is also indicated the CC frequency separation may be different for DL and UL.
Proposal 1: the maximum DL and UL CC frequency separation should be reported respectively per band.
It is also indicated in the LS that “RAN4 would also like to note that the MIMO capability for intra-band NC CA may depend on the CC frequency separation supported”. This means the band level MIMO capability would be different for NC-CA and Contiguous CA operation. For NC CA, the UE may have different MIMO capabilities due to different CC separation. For example, a UE may have the following band level MIMO capacities for different configuration:

Table 1 supported CC separation list

	Band A
	MIMO capability
	CC separation 

	Contiguous CA operation
	8 layers
	--

	Non-contiguous CA operation
	4 layer
	100MHz

	Non-contiguous CA operation
	8 layer
	50MHz


To allow the UE to signal different MIMO capabilities for different CC separation, the band level MIMO capability could be signalling together with the CC separation for both UL and DL as the following:
BandNR-r15 ::= SEQUENCE {
    bandNR-r15                       FreqBandIndicatorNR-r15,

    supportedMIMO-CapabilityDL-r15       MIMO-Capability-r15                     OPTIONAL,

    supportedMIMO-CapabilityUL-r15       MIMO-Capability-r15                     OPTIONAL,

    maximumCC-SeparationList         MaximumCC-SeparationList             OPTIONAL
    -- Single band related capabilities are to be included here

}

MaximumCC-SeparationList::= {
    maximumCC-SeparationList-DL-r15       MaximumCC-SeparationListMIMO             OPTIONAL,
    maximumCC-SeparationList-UL-r15       MaximumCC-SeparationListMIMO             OPTIONAL
}
MaximumCC-SeparationListMIMO::= SEQUENCE (SIZE (1..maxCCSeparation)) OF MaximumCC-Separation

MaximumCC-Separation::= SEQUENCE {
    maximumCC-Separation      TYPE_FFS

    supportedMIMO-CapabilityDL-r15       MIMO-Capability-r15                     OPTIONAL,
    supportedMIMO-CapabilityUL-r15       MIMO-Capability-r15                     OPTIONAL
}
Proposal 2: the list of CC frequency separation and corresponding MIMO capability for DL and UL should be included in band-level parameters 
2.2 SUL capability 
When SUL is configured there are 2 ULs configured for one DL of the same cell. And the SUL band combination has been defined by RAN4. With respect to the capability of SUL, as RAN2/RAN1 has agreed that there is one cell of 2 UL and 1 DL with no simultaneous UL transmission, it is not suitable to reuse CA BC anymore as such BC indicates simultaneous UL transmission for the two UL carriers within 2 cells. 
In addition, as long as the SUL is configured with another non-SUL carrier within one cell, it is possible that such cell can be combined with other NR bands or LTE bands as NR CA/DC or LTE-NR DC. Therefore the UE needs to have a separate SUL BC so that it is easy to be further combined with other NR or LTE bands.
For example, UE could report a set of supported SUL bands and the linkage between regular NR band and SUL band explicitly as show in the following figure:
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Figure 2 SUL band combination based on separate SUL bands

This solution would allow some implementation flexibility to report the supported SUL band combination which would also be combined further with other bands and band combinations.  
For example, a UE supports:

UL regular Band combination [A,B,C], 

Band A could be configured with a paired UL band F. 

Band F could be simultaneously transmitted with band B.

Band F could not be simultaneously transmitted with band C.

The UE could report two band combinations below: 

 1) Band combination [A+B+C] and 

 2) Band combination [A [SUL band F] + B]
Proposal 3: for each band combination supported by the UE, the UE would report the associated SUL bands list for each band in the band combination.
As indicated by RAN4 in [2], UE switching time between LTE and NR shall be defined as UE capability with the two options ~0us and <20us as below:

· For UL sharing from network and UE perspective with LTE/NR UL subcarrier alignment, the switching time between LTE and NR shall be minimized to guarantee system performance.

· In order to allow different implementations e.g. Digital rotator (~0us), RF shift (<20us), UE switching time between LTE and NR shall be defined as UE capability with the two options ~0us and <20us.

· For a UE reporting capability of  “~0us” the switching time between LTE and NR is ~0us in all UL sharing cases except the following case:

· The UE is using UL sharing from UE perspective with the UL CBW for LTE and NR being different OR NR UL uses SCS =60KHz, the switching time is FFS

· For a UE reporting capability of “<20us” the switching time between LTE and NR is below 20us in all cases

· RAN4 shall define the corresponding requirements for this switching time 

Note: UE switching time includes LO re-tuning time and any additional related interruption time due to RF and BB transition between LTE and NR, excluding the normal LTE transient period (20us) or NR transient period (10us), which will be captured in the time mask requirement

Therefore, the UE shall indicate the supported LTE-NR switching capability to the network in the capability report.

Proposal 4: the UE shall indicate the supported LTE-NR switching capability to the network in the capability report.
2.3 Fallback mechanism of BPC report
The BPC combinations would include different carrier combinations and the associated BPC capabilities such as MIMO, CSI-processing, modulation order. It would still be a large size considering the different BPC capabilities are correlated with each other. Even for a particular carrier combination, several repetitions would still be needed to report different related baseband capabilities combinations. To reduce the size of BPC report, it was agreed “The fallback mechanism similar to Rel-14 LTE CA is considered for the baseband processing combination signaling. Details are FFS”. With respect to reduce the size of BPC report and skipping fallback BPC combinations, there has two options
Option1: use the band combination request to reduce reported size of BPC combinations
It has been agreed that the network could ask UE to only report band combinations requested. For BPC combinations report, the UE could only report the super set BPC combinations and different fallback combinations are only associated with the reported band combinations rather than all the band combinations supported by the UE.

Option2: define BPC combinations request IE to reduce reported size of BPC combinations

The similar request based fall-back combination report could be applied to BPC report. To Request the fall-back combination of BPC, an IE requestBPCList including the superset of BPCs required by the network needs to be introduced to request the UE to only report the BPC list subjecting to requestBPCList and the different fallback BPC lists. 
The entry in the requestBPClist define the highest order baseband capability for the concerned CCs combination, and the UE is only requested to report the BPCs for which baseband capability is lower or equal to the baseband capability indicated in the requestBPCList.
For example, an entry of requestBPCList is requested by network as below:
	requestBPCList
	CC combinations
	MIMO capability 
	Modulation type

	Entry 1
	CC1(20MH)+ CC2 (50MHz)
	CC1: 2 layers , CC2 : 2Layer
	64QAM


The BPCs list supported by the UE is shown as below:
	BPCList supported by the UE
	CC combinations
	MIMO capability 
	Modulation type

	Entry 1
	CC1(20MH)+ CC2 (50MHz)
	CC1: 2 layers , CC 2 : 2Layer
	16QAM

	Entry 2
	CC1(20MH)
	CC1: 4 layers 
	64QAM

	Entry 3
	CC1(20MH)
	CC1: 2 layers 
	256QAM

	Entry 4
	CC1(50MH)
	CC1: 2 layers 
	64AM


According the requestBPCList, the UE is only required to report the BPCs with 2 layer MIMO and 64 QAM, i.e. the UE is only required to report entry 1 and entry 4(different fallback). The entry 2 and entry 3 supported by the UE is not needed to be reported by the UE. 

The suggested procedure text could be as below:
The UE shall:

1>
if the UECapabilityEnquiry message includes requestBPCList:
2>
for baseband processing combination indicated in requestBPCList:

3>
include the baseband processing combination subjecting to the baseband capacity included in the requestBPCList;

3>
include the fallback combinations subjecting to the baseband capacity included in the requestBPCList for which the supported UE capabilities are different from the capability of baseband processing combination;

1> else:

2>
include all baseband processing combinations supported by the UE into supportedBasebandProcessingCombination;

Both option could be useful to reduce the size of BPC report. Comparing with option 1, option2 requires more specification work to define the requestBPClist, therefore, option 1 is preferred.

Proposal 5: the UE could only report the BPC combinations associated to the reported band combinations rather than BPC combinations associated to all the band combinations supported by the UE, where the BPC combinations include the super set BPC combinations and different fallback combinations.
3 Conclusion
In this contribution, we discussed the possibility of reducing capability report size in NR, and propose:

Proposal 1: the maximum DL and UL CC frequency separation should be reported respectively per band.

Proposal 2: the list of CC frequency separation and corresponding MIMO capability for DL and UL should be included in band-level parameters. 
Proposal 3: for each band combination supported by the UE, the UE would report the associated SUL bands list for each band in the band combination.

Proposal 4: the UE shall indicate the supported LTE-NR switching capability to the network in the capability report.
Proposal 5: the UE could only report the BPC combinations associated to the reported band combinations rather than BPC combinations associated to all the band combinations supported by the UE, where the BPC combinations include the super set BPC combinations and different fallback combinations.
The text proposal corresponding to the proposals are show in the section 5.
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5 Text proposal
5.6.1.4            Compilation of band combinations supported by the UE

The UE shall:

1> if the UECapabilityEnquiry message includes requestBandCombList:
2> for each band combination indicated in requestBandCombList:

3> include the band combination supported by the UE into supportedBandCombination;

3> include the fallback band combinations for which the supported UE capabilities are different from the capability of the band combination;
3> include the Baseband Processing Combinations associated with these band combinations;
3> include the fallback Baseband Processing Combinations for which the supported UE Baseband Processing capabilities are different from the capability of the Baseband Processing Combinations;
1> else:

2> include all band combinations supported by the UE into supportedBandCombination
---------skip to next change--------------
–
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

-- ASN1START

UE-NR-Capability-r15 ::=


SEQUENCE {


phyLayerParameters-r15



PhyLayerParameters-r15,


rf-Parameters-r15




RF-Parameters-r15,


nonCriticalExtension



SEQUENCE {}






OPTIONAL

}
PhyLayerParameters-r15 ::=



SEQUENCE {


supportedBasebandProcessingCombination-15

SupportedBasebandProcessingCombination-15,


lte-NR-SwitchingTime



ENUMERATED { us0, us20 }
}

RF-Parameters-r15 ::=



SEQUENCE {


supportedBandListNR-r15




SupportedBandListNR-r15,

supportedBandCombination-r15


SupportedBandCombination-r15
}

SupportedBandListNR-r15 ::=
SEQUENCE (SIZE (1..maxBands)) OF BandNR-r15
SupportedBandCombination-r15 ::= SEQUENCE (SIZE (1..maxBandComb)) OF BandCombination-r15
SupportedBasebandProcessingCombination-r15 ::= SEQUENCE (SIZE (1..maxBasebandProcComb)) OF BasebandProcessingCombinationParameters-r15
BasebandProcessingCombinationParameters-r15 ::= SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BasebandParametersPerBand-r15
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
}

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-NR-r15

BandParametersDL-NR-r15 ::= SEQUENCE {


bandNR-r15




FreqBandIndicatorNR-r15,


ca-BandwidthClassDL-r15

CA-BandwidthClass-r15

}

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

BandParametersUL-NR-r15 ::= SEQUENCE {


-- FFS once ASN.1 for decoupling DL and UL is decided


--only one entry of SUL-BandParametersList could be configured as SUL carriers at


--the same time in Rel-15, the number of carriers in SUL-BandParametersList should be less or 


--equal to the number of carriers in regular NR bands 


sul-BandParametersList-r15
SUL-BandParametersList-r15





OPTIONAL

}

SUL-BandParametersList-r15 ::= SEQUENCE (SIZE (1..maxSUL-Band)) OF SUL-BandParameters-r15

SUL-BandParameters-r15 ::= SEQUENCE {


bandNR-r15




FreqBandIndicatorNR-r15,


ca-BandwidthClass-r15

CA-BandwidthClass-r15

}
BandNR-r15 ::=
SEQUENCE {


bandNR-r15






FreqBandIndicatorNR-r15,


supportedMIMO-CapabilityDL-r15

MIMO-Capability-r15





OPTIONAL,


supportedMIMO-CapabilityUL-r15

MIMO-Capability-r15





OPTIONAL,

maximumCC-SeparationList-r15

MaximumCC-SeparationList-r15


OPTIONAL


-- Single band related capabilities are to be included here
}
MaximumCC-SeparationList-r15::= {
    maximumCC-SeparationListDL-r15       MaximumCC-SeparationListMIMO-r15             OPTIONAL,
    maximumCC-SeparationListUL-r15       MaximumCC-SeparationListMIMO-r15             OPTIONAL
}
MaximumCC-SeparationListMIMO-r15 ::= SEQUENCE (SIZE (1..maxCC-Separation)) OF MaximumCC-Separation
MaximumCC-Separation-r15 ::= SEQUENCE {


maximumCC-Separation



TYPE_FFS,


supportedMIMO-Capability-r15

MIMO-Capability-r15





OPTIONAL,}
CA-BandwidthClass-r15 ::= ENUMERATED {a, b, c, d, e, f, ...}

MIMO-Capability-r15 ::= SEQUENCE {


-- FFS on the parameters

}
-- TAG-UE-NR-CAPABILITY-STOP

-- ASN1STOP
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