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Discussion/Decision 
1. Introduction

In RAN plenary #50 meeting, the CR introducing new UE categories 6-8 in TS 36.306 [1] and the CR with the corresponding signalling in TS 36.331 [2] were agreed. In [2], the new UE categories 6-8 signalling and a RF-Parameters-v10xy container are added to the UE-EUTRA-capability-v10xy-IEs. Other modeling details are FFS. Moreover, in RAN2 #72 meeting and in RAN2 mail reflector, two CRs were discussed [3, 4]. Based on the previous discussions, we provide our view for further consideration on UE capability signalling for Rel-10 CA and MIMO in TS 36.331.
2. Discussion 
As indicated in the LS from RAN1 [5], for Rel-10 UE category, two main proposals are agreed:

· Existing UE categories (cat 1-5) can be extended in Rel-10 by additional signaling of carrier aggregation (CA) and MIMO capabilities.

· Three UE categories are added in Rel-10, which are complemented by the additional signaling of CA and MIMO capabilities.

New UE categories 6-8 for Rel-10 are introduced in [6, 7]. 
According to the LSs from RAN1 and RAN4, the principle of UE capability signalling for CA and MIMO is discussed in the following sections.
2.1. Principles for MIMO and CA modeling
In [8], the following agreements regarding CA and MIMO signalling are reached:

· DL MIMO layer capability per frequency band should be explicitly signalled along with CA bandwidth class for each CA-band supported. 

· For non CA bands, or for scenarios where there is only one CC on a frequency band, DL MIMO layer capability per frequency band should also be explicitly signalled.

· UL MIMO layer capability per frequency band should be explicitly signalled along with CA bandwidth class for each CA-band supported. 

· For non CA bands, or for scenarios where there is only one CC on frequency band, UL MIMO layer capability per frequency band should also be explicitly signalled.

The CA bandwidth class specified by RAN4 is shown in table 1 [9]. 
Table 1: CA bandwidth classes 

	CA bandwidth class
	Aggregated Transmission 

Bandwidth Configuration, NRB, agg
[RBs]
	# CC’s

	A
	NRB, agg ≤ 100
	[1]

	B
	NRB, agg ≤ 100
	[2]

	C
	100 < NRB, agg ≤ [200]
	[2]

	D
	[200] < NRB, agg ≤ [300]
	[TBD]

	E
	[300] < NRB, agg ≤ [400]
	[TBD]

	F
	[400] < NRB, agg ≤ [500]
	[TBD]


Besides, in [10], it indicates: 

· UE categories would be defined in such a way that different approaches would be allowed to reach increased data rates.

The initial set of combinations of CA and MIMO capabilities that satisfy the maximum data rates at each category suggested in [5] is shown in table 2.
Table 2: Layers/CA combinations of interest (New Rel-10 UE categories)
DL
	UE category
	DL CA capability [#CCs/BW(MHz)]
	DL layers 
[max #layers]

	Category 6
	1/20MHz
	4

	
	2/10+10MHz
	4

	
	2/20+20MHz
	2

	
	2/10+20MHz
	4 (10MHz) 2(20MHz)

	Category 7
	1/20MHz
	4 

	
	2/10+10MHz
	4

	
	2/20+20MHz
	2

	
	2/10+20MHz
	4 (10MHz) 2(20MHz)

	Category 8
	[2/20+20MHz]
	[8]


UL

	UE category
	UL CA capability
	UL layers

	Category 6
	1/20MHz
	1

	
	2/10+10MHz
	1

	
	1/10MHz
	2

	Category 7
	2/20+20MHz
	1

	
	1/20MHz
	2

	
	2/10+20MHz
	2(10MHz) 1 (20MHz)

	Category 8
	[2/20+20MHz]
	[4]


Based on the agreements discussed above, a UE should provide the full set of supported capabilities in terms of CA and MIMO combinations to eNB. Therefore, the design principles for CA and MIMO signalling are proposed:

Principle 1: For each CA-band supported, UE should provide its combinations of CA (CA bandwidth class) and DL/ UL MIMO layer capabilities per frequency band by explicit signalling.
Principle 2: For non CA bands, or for scenarios where there is only one CC on a frequency band, UE should provide its DL MIMO and UL MIMO layer capabilities per frequency band by explicit signalling.
2.2. Extension of UE categories (cat 1-5) in Rel-10
The other important agreement in RAN1 is the extension of existing UE categories (Cat. 1-5) in Rel-10. In [5], it indicates 

Proposal 6: The maximum number of UL layers and DL layers (where applicable) supported by the UE should be signaled as UE capabilities

· Existing UE categories (UE cat 1-5) can be extended in Rel-10 with this signaling to support UL MIMO
By that, we suggest:
Principle 3: the UL-MIMO signalling should be provided for the extension of existing UE categories (cat 1-5) to support UL-MIMO.
In [5], it also indicates

· Existing UE categories (cat 1-5) can be extended (reinterpreted) in Rel-10 by additional signaling of:

· The maximum number of supported UL layers 

· This value can be single value or band-specific value depending on RAN4 decision

· The number of supported CCs (depending on support for CA and if supported, CA band combinations)

The initial set of combinations of CA and MIMO capabilities that satisfy the maximum data rates at categories 1-5, suggested in [5], is shown in table 3. Similarly, a Rel-10 UE supporting Cat 1-5 with CA and MIMO capability should provide the full set of supported capabilities in terms of CA and MIMO combinations to eNB.
Table 3: Layers/CA combinations of interest (Rel-8/9 UE categories)
DL
	UE category
	DL CA capability [#CCs/BW(MHz)]
	DL layers 
[max #layers]

	Category 1
	
	

	Category 2
	
	

	Category 3
	1/20 MHz
	2

	
	2/10+10 MHz
	2

	Category 4
	1/20 MHz
	2

	
	2/10+10 MHz
	2

	Category 5
	
	


UL

	UE category
	UL CA capability
	UL layers

	Category 1
	
	

	Category 2
	
	

	Category 3
	1/20 MHz
	1

	
	1/10 MHz
	2

	Category 4
	1/20 MHz
	1

	
	1/10 MHz
	2

	Category 5
	
	


Principle 4: a Rel-10 UE supporting Cat 1-5 with CA and MIMO capability should provide its combinations of CA (CA bandwidth class) and DL/UL MIMO layer capabilities per frequency band by explicit signalling.

Following these modelling principles, the corresponding signalling is provided in the appendix. 

3. Conclusion

In this paper, the design principles of Rel-10 CA and MIMO modelling are discussed and provided:
Principle 1: For each CA-band supported, UE should provide its combinations of CA (CA bandwidth class) and DL/ UL MIMO layer capabilities per frequency band by explicit signalling.

Principle 2: For non CA bands, or for scenarios where there is only one CC on a frequency band, UE should provide its DL MIMO and UL MIMO layer capabilities per frequency band by explicit signalling.

Principle 3: the UL-MIMO signalling should be provided for the extension of existing UE categories (cat 1-5) to support UL-MIMO.
Principle 4: a Rel-10 UE supporting Cat 1-5 with CA and MIMO capability should provide its combinations of CA (CA bandwidth class) and DL/UL MIMO layer capabilities per frequency band by explicit signalling.

Following these modelling principles, the corresponding signalling is provided in the appendix. 
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Appendix—Text Proposal to TS 36.331
–
UE-EUTRA-Capability
The IE UE-EUTRA-Capability is used to convey the E-UTRA UE Radio Access Capability Parameters, see TS 36.306 [5], and the Feature Group Indicators for mandatory features (defined in Annex B.1) to the network. The IE UE-EUTRA-Capability is transferred in E-UTRA or in another RAT.

UE-EUTRA-Capability information element
-- ASN1START

UE-EUTRA-Capability ::=


SEQUENCE {


accessStratumRelease



AccessStratumRelease,


ue-Category






INTEGER (1..5),


pdcp-Parameters





PDCP-Parameters,


phyLayerParameters




PhyLayerParameters,


rf-Parameters





RF-Parameters,


measParameters





MeasParameters,


featureGroupIndicators



BIT STRING (SIZE (32))



OPTIONAL,


interRAT-Parameters



SEQUENCE {



utraFDD







IRAT-ParametersUTRA-FDD



OPTIONAL,



utraTDD128






IRAT-ParametersUTRA-TDD128



OPTIONAL,



utraTDD384






IRAT-ParametersUTRA-TDD384



OPTIONAL,



utraTDD768






IRAT-ParametersUTRA-TDD768



OPTIONAL,



geran







IRAT-ParametersGERAN




OPTIONAL,



cdma2000-HRPD





IRAT-ParametersCDMA2000-HRPD


OPTIONAL,



cdma2000-1xRTT





IRAT-ParametersCDMA2000-1XRTT


OPTIONAL


},


nonCriticalExtension



UE-EUTRA-Capability-v920-IEs

OPTIONAL

}

UE-EUTRA-Capability-v920-IEs ::=

SEQUENCE {


phyLayerParameters-v920



PhyLayerParameters-v920,


interRAT-ParametersGERAN-v920


IRAT-ParametersGERAN-v920,


interRAT-ParametersUTRA-v920


IRAT-ParametersUTRA-v920


OPTIONAL,


interRAT-ParametersCDMA2000-v920

IRAT-ParametersCDMA2000-1XRTT-v920
OPTIONAL,


deviceType-r9






ENUMERATED {noBenFromBatConsumpOpt}
OPTIONAL,


csg-ProximityIndicationParameters-r9
CSG-ProximityIndicationParameters-r9,


neighCellSI-AcquisitionParameters-r9
NeighCellSI-AcquisitionParameters-r9,


son-Parameters-r9





SON-Parameters-r9,


nonCriticalExtension




UE-EUTRA-Capability-v940-IEs

OPTIONAL

}

UE-EUTRA-Capability-v940-IEs ::=
SEQUENCE {


lateNonCriticalExtension


OCTET STRING





OPTIONAL,


nonCriticalExtension



UE-EUTRA-Capability-v10xy-IEs

OPTIONAL

}

UE-EUTRA-Capability-v10xy-IEs ::=
SEQUENCE {


ue-Category-v10xy




INTEGER (6..8)






OPTIONAL,


rf-Parameters-v10xy




RF-Parameters-v10xy





OPTIONAL,


nonCriticalExtension



SEQUENCE {}







OPTIONAL

}

AccessStratumRelease ::=


ENUMERATED {











rel8, rel9, spare6, spare5, spare4, spare3,











spare2, spare1, ...}

PDCP-Parameters ::=



SEQUENCE {


supportedROHC-Profiles



SEQUENCE {



profile0x0001





BOOLEAN,



profile0x0002





BOOLEAN,



profile0x0003





BOOLEAN,



profile0x0004





BOOLEAN,



profile0x0006





BOOLEAN,



profile0x0101





BOOLEAN,



profile0x0102





BOOLEAN,



profile0x0103





BOOLEAN,



profile0x0104





BOOLEAN


},


maxNumberROHC-ContextSessions

ENUMERATED {












cs2, cs4, cs8, cs12, cs16, cs24, cs32,












cs48, cs64, cs128, cs256, cs512, cs1024,












cs16384, spare2, spare1}



DEFAULT cs16,


...

}

PhyLayerParameters ::=



SEQUENCE {


ue-TxAntennaSelectionSupported

BOOLEAN,


ue-SpecificRefSigsSupported

BOOLEAN

}

PhyLayerParameters-v920 ::=

SEQUENCE {


enhancedDualLayerFDD-r9


ENUMERATED {supported}


OPTIONAL,


enhancedDualLayerTDD-r9


ENUMERATED {supported}


OPTIONAL

}

RF-Parameters ::=




SEQUENCE {


supportedBandListEUTRA



SupportedBandListEUTRA

}

RF-Parameters-v10xy ::=



SEQUENCE {

supportedBandListEUTRA-v10xy


SupportedBandListEUTRA-v10xy, 


supportedCACombinationListEUTRA-v10xy
SupportedCACombinationListEUTRA-v10xy

}

SupportedBandListEUTRA ::=


SEQUENCE (SIZE (1..maxBands)) OF SupportedBandEUTRA 

SupportedBandEUTRA ::=



SEQUENCE {


bandEUTRA






INTEGER (1..64),


halfDuplex






BOOLEAN

}

SupportedBandListEUTRA-v10xy ::=
SEQUENCE (SIZE (1..maxBands)) OF SupportedBandEUTRA-v10xy 

SupportedBandEUTRA-v10xy ::=

SEQUENCE {


bandEUTRA






INTEGER (1..64)



OPTIONAL,


halfDuplex






BOOLEAN





OPTIONAL,


dl-mimo-capability-r10



DL-MIMO-Capability-r10

OPTIONAL,


ul-mimo-capability-r10



UL-MIMO-Capability-r10

OPTIONAL

}

SupportedCACombinationListEUTRA-v10xy ::= 
SEQUENCE (SIZE (1..maxCACombination)) OF SupportedCACombinationEUTRA-v10xy

SupportedCACombinationEUTRA-v10xy ::=

SEQUENCE (SIZE (1..maxAggregatedBands)) OF AggregatedBandEUTRA-v10xy

AggregatedBandEUTRA-v10xy ::= 

SEQUENCE{


bandEUTRA






INTEGER  (1..64)


OPTIONAL,


halfDuplex






BOOLEAN





OPTIONAL,


supported-dl-ca-mimo-r10


Supported-DL-CA-MIMO-r10
OPTIONAL,


supported-ul-ca-mimo-r10


Supported-UL-CA-MIMO-r10
OPTIONAL

} 

Supported-DL-CA-MIMO-r10
::=

SEQUENCE  (SIZE (1..maxCA-MIMO)) OF DL-CA-MIMO-Capability-r10

DL-CA-MIMO-Capability-r10
::= 
SEQUENCE{


dl-ca-bandwidth-class-r10


CA-Bandwidth-Class-r10

OPTIONAL,


dl-mimo-capability-r10



DL-MIMO-Capability-r10

OPTIONAL

}

Supported-UL-CA-MIMO-r10
::=

SEQUENCE  (SIZE (1.. maxCA-MIMO)) OF UL-CA-MIMO-Capability-r10

UL-CA-MIMO-Capability-r10
::= 
SEQUENCE{


ul-ca-bandwidth-class-r10


CA-Bandwidth-Class-r10

OPTIONAL,


ul-mimo-capability-r10



UL-MIMO-Capability-r10

OPTIONAL

}

CA-Bandwidth-Class-r10  ::= 

ENUMERATED {a, b, c, d, e, f}

DL-MIMO-Capability-r10  ::= 

ENUMERATED {two-layers, four-layers, eight-layers}

UL-MIMO-Capability-r10
::=


ENUMERATED {two-layers, four-layers}

MeasParameters ::=




SEQUENCE {


bandListEUTRA





BandListEUTRA

}

BandListEUTRA ::=




SEQUENCE (SIZE (1..maxBands)) OF BandInfoEUTRA 

BandInfoEUTRA ::=




SEQUENCE {


interFreqBandList




InterFreqBandList,


interRAT-BandList




InterRAT-BandList

OPTIONAL

}

InterFreqBandList ::=



SEQUENCE (SIZE (1..maxBands)) OF InterFreqBandInfo

InterFreqBandInfo ::=



SEQUENCE {


interFreqNeedForGaps



BOOLEAN

}

InterRAT-BandList ::=



SEQUENCE (SIZE (1..maxBands)) OF InterRAT-BandInfo

InterRAT-BandInfo ::=



SEQUENCE {


interRAT-NeedForGaps



BOOLEAN

}

IRAT-ParametersUTRA-FDD ::=

SEQUENCE {


supportedBandListUTRA-FDD


SupportedBandListUTRA-FDD

}

IRAT-ParametersUTRA-v920 ::=

SEQUENCE {


e-RedirectionUTRA-r9



ENUMERATED {supported}

}

SupportedBandListUTRA-FDD ::=

SEQUENCE (SIZE (1..maxBands)) OF SupportedBandUTRA-FDD 

SupportedBandUTRA-FDD ::=


ENUMERATED {











bandI, bandII, bandIII, bandIV, bandV, bandVI,











bandVII, bandVIII, bandIX, bandX, bandXI,











bandXII, bandXIII, bandXIV, bandXV, bandXVI, ...,











bandXVII-8a0, bandXVIII-8a0, bandXIX-8a0, bandXX-8a0,











bandXXI-8a0, bandXXII-8a0, bandXXIII-8a0, bandXXIV-8a0,











bandXXV-8a0, bandXXVI-8a0, bandXXVII-8a0, bandXXVIII-8a0,











bandXXIX-8a0, bandXXX-8a0, bandXXXI-8a0, bandXXXII-8a0}

IRAT-ParametersUTRA-TDD128 ::=

SEQUENCE {


supportedBandListUTRA-TDD128

SupportedBandListUTRA-TDD128

}

SupportedBandListUTRA-TDD128 ::=
SEQUENCE (SIZE (1..maxBands)) OF SupportedBandUTRA-TDD128 

SupportedBandUTRA-TDD128 ::=

ENUMERATED {











a, b, c, d, e, f, g, h, i, j, k, l, m, n,











o, p, ...}

IRAT-ParametersUTRA-TDD384 ::=

SEQUENCE {


supportedBandListUTRA-TDD384

SupportedBandListUTRA-TDD384

}

SupportedBandListUTRA-TDD384 ::=
SEQUENCE (SIZE (1..maxBands)) OF SupportedBandUTRA-TDD384 

SupportedBandUTRA-TDD384 ::=

ENUMERATED {












a, b, c, d, e, f, g, h, i, j, k, l, m, n,












o, p, ...}

IRAT-ParametersUTRA-TDD768 ::=

SEQUENCE {


supportedBandListUTRA-TDD768

SupportedBandListUTRA-TDD768

}

SupportedBandListUTRA-TDD768 ::=
SEQUENCE (SIZE (1..maxBands)) OF SupportedBandUTRA-TDD768 

SupportedBandUTRA-TDD768 ::=

ENUMERATED {











a, b, c, d, e, f, g, h, i, j, k, l, m, n,











o, p, ...}

IRAT-ParametersGERAN ::=


SEQUENCE {


supportedBandListGERAN



SupportedBandListGERAN,


interRAT-PS-HO-ToGERAN



BOOLEAN

}

IRAT-ParametersGERAN-v920 ::=

SEQUENCE {


dtm-r9







ENUMERATED {supported}


OPTIONAL,


e-RedirectionGERAN-r9



ENUMERATED {supported}


OPTIONAL

}

SupportedBandListGERAN ::=


SEQUENCE (SIZE (1..maxBands)) OF SupportedBandGERAN 

SupportedBandGERAN ::=



ENUMERATED {











gsm450, gsm480, gsm710, gsm750, gsm810, gsm850,











gsm900P, gsm900E, gsm900R, gsm1800, gsm1900,











spare5, spare4, spare3, spare2, spare1, ...}

IRAT-ParametersCDMA2000-HRPD ::=
SEQUENCE {


supportedBandListHRPD



SupportedBandListHRPD,


tx-ConfigHRPD





ENUMERATED {single, dual},


rx-ConfigHRPD





ENUMERATED {single, dual}

}

SupportedBandListHRPD ::=


SEQUENCE (SIZE (1..maxCDMA-BandClass)) OF BandclassCDMA2000

IRAT-ParametersCDMA2000-1XRTT ::=
SEQUENCE {


supportedBandList1XRTT



SupportedBandList1XRTT,


tx-Config1XRTT





ENUMERATED {single, dual},


rx-Config1XRTT





ENUMERATED {single, dual}

}

IRAT-ParametersCDMA2000-1XRTT-v920 ::=
SEQUENCE {


e-CSFB-1XRTT-r9





ENUMERATED {supported},


e-CSFB-ConcPS-Mob1XRTT-r9


ENUMERATED {supported}


OPTIONAL
}

SupportedBandList1XRTT ::=


SEQUENCE (SIZE (1..maxCDMA-BandClass)) OF BandclassCDMA2000

CSG-ProximityIndicationParameters-r9 ::=
SEQUENCE {


intraFreqProximityIndication-r9
ENUMERATED {supported}


OPTIONAL,


interFreqProximityIndication-r9
ENUMERATED {supported}


OPTIONAL,


utran-ProximityIndication-r9

ENUMERATED {supported}


OPTIONAL

}

NeighCellSI-AcquisitionParameters-r9 ::=
SEQUENCE {


intraFreqSI-AcquisitionForHO-r9
ENUMERATED {supported}


OPTIONAL,


interFreqSI-AcquisitionForHO-r9
ENUMERATED {supported}


OPTIONAL,


utran-SI-AcquisitionForHO-r9

ENUMERATED {supported}


OPTIONAL

}

SON-Parameters-r9 ::=



SEQUENCE {


rach-Report-r9





ENUMERATED {supported}


OPTIONAL

}

-- ASN1STOP

