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1
Introduction
There has been quite a good progress in RAN4 [1] regarding the CA and UL/DL MIMO capabilities and in this paper we try to summarize current status and make the proposal on how to handle UE capability signalling for CA and UL/DL MIMO in the ASN.1 for Rel-10. This issue has already been discussed in the two previous RAN2 meetings, but in the last RAN Plenary (#50) it was agreed only to include new Rel-10 UE categories (6-8) in latest version of 36.331. In this contribution we try shortly analysed what CA and UL/DL MIMO Rel-10 capabilities still needs to added to 36.331 based on RAN4 LS [1] and how it can be done. 
It is important to note that there will be a relatively limited number of carrier aggregation scenarios which are fully defined in release 10. However, to facilitate the smooth introduction of additional scenarios (such as intraband non contiguous CA) in a release independent manner, similarly to the way new bands may be introduced. To achieve this, it is beneficial that the basic signalling for CA capability defined in release 10 ASN.1 is futureproof to the extent that can be anticipated..  
2
Discussion
Below we try to summarize the conclusions in RAN4 as they were indicated in R2-110024 and how proposed signalling supports those conclusion: 
Conclusion 1-4:

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

2. 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.

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

4. 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.

These seems to imply that when CA is configured it should be possible to signal separately both UL and DL MIMO capabilities and supported CA bandwidth class indenpently for each supported CA frequence band. The UL and DL MIMO capability should also be abled to signal separately in the case when CA is not configured. 

In the case when CA is not configured the proposed signalling allows to indicate UL and DL MIMO capabilites in the same order as supported EUTRA bands without any CA related information:

SupportedBandEUTRA-v10xy ::=


SEQUENCE { 

dl-mimo-capability-r10



MIMO-Capability-r10

OPTIONAL,


ul-mimo-capability-r10



MIMO-Capability-r10

OPTIONAL

-- UL/DL MIMO capabilities when CA is not configured



-- For UL only two or four layers are supported 
}    
When CA is configured the UL/DL MIMO and CA BW classes per supported EUTRA band can signalled separately with following structure:
CarrierAggregationInfo-r10 ::=

SEQUENCE {


bandEUTRA-r10





INTEGER (1..64),


dl-ca-class-r10





CA-Class-r10



OPTIONAL,

ul-ca-class-r10





CA-Class-r10



OPTIONAL,


dl-mimo-capability-r10



MIMO-Capability-r10


OPTIONAL,


ul-mimo-capability-r10



MIMO-Capability-r10


OPTIONAL,


-- Indicating MIMO capabilities when one CC is configured per band


dl-ex-mimo-capability-r10


MIMO-Capability-r10


OPTIONAL,


ul-ex-mimo-capability-r10


MIMO-Capability-r10


OPTIONAL


-- Indicating MIMO capabilities when more than one CC is configured per band
}

CA-Class-r10 ::=




SEQUENCE (SIZE (1..maxClassCA-r10)) OF BandwidthCA-r10
BandwidthCA-r10 ::=

ENUMERATED {a, b, c, d, e, f} –- CA BW classes defined in RAN4

Conclusion 5. UE, which supports CA bandwidth class C, does not always support lower CA BW class, i.e. it should be separately signalled if UE support bandwidth class B in addition to CA bandwidth class C.

· For CA bandwidth class D/ E/ F, it is FFS.
Above conclusion implies that all supported CA BW class’s needs to be signalled separately for each supported CA band. This is also supported by the proposedd ASN.1 structure presented above.
Conclusion 6. Support for Uplink 64QAM in Category 7 should be “No”.

Uplink 64QAM seems to be coupled with certain categories i.e. no need to separately indicate UL 64QAM support. 
Conclusion 7. Supported channel bandwidth should be restricted by the RAN4 specifications, i.e. the supported channel bandwidth should be hard coded subset of all the channel bandwidth options, so that testing effort could be minimised .

· Additional channel bandwidth options in future deployments could be introduced using an extension for a new information element. The additional channel bandwidth options should also be defined in the RAN4 specifications. 
Conclusion 8. The following abbreviations are used:

· Intra-band contiguous CA : CA_X (e.g. CA_1C)

· Inter-band non-contiguous CA : CA_X-Y (e.g. CA_1A-5A)

· Intra-band non-contiguous CA: CA X-X (e.g. CA_1A-1A)

The current ASN.1 proposal presented below includes only the existing BW classes. It would benefical to discuss in RAN2 whether additional values (spares) need to be reserved already or would it be more reasonable to introduce list of additional BW classes separately when actually needed.
BandwidthCA-r10 ::=

ENUMERATED {a, b, c, d, e, f} –- CA BW classes defined in RAN4

3
Conclusion
In this paper we tried to summarize current status of UE capabilities for CA and MIMO in RAN4. In the Annex we try to present how we could make the ASN.1 to support signalling of the UE capability based on the current status in those RAN WGs. 
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–
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,


–- same order as in r8 supportedBandListEUTRA indicating MIMO capabilities when CA is


-- not configured

carrierAggregationList-r10
CarrierAggregationList-r10 

OPTIONAL 


-- Indicating what CA BW classes and MIMO capabilites per CA band UE supports including


-- contiguous, non-contiguous and intra-band non-contiguous cases

-- Container for Rel-10 RF Parameters.

}

SupportedBandListEUTRA ::=


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

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



SEQUENCE {


bandEUTRA






INTEGER (1..64),


halfDuplex






BOOLEAN

}

SupportedBandEUTRA-v10xy ::=


SEQUENCE { 

dl-mimo-capability-r10



MIMO-Capability-r10

OPTIONAL,


ul-mimo-capability-r10



MIMO-Capability-r10

OPTIONAL

-- UL/DL MIMO capabilities when CA is not configured



-- For UL only two or four layers are supported 
}
MIMO-Capability-r10 ::=

ENUMERATED {twoLayers, fourLayers, eightLayers} 

CarrierAggregationList-r10 ::=
SEQUENCE (SIZE (1..maxBandsCombinationsCA-r10)) OF CarrierAggregation-r10 

CarrierAggregation-r10 ::= 

SEQUENCE (SIZE (1 ..maxSimultaneousBandsCA-r10)) OF CarrierAggregationInfo-r10

CarrierAggregationInfo-r10 ::=

SEQUENCE {


bandEUTRA-r10





INTEGER (1..64),


dl-ca-class-r10





CA-Class-r10



OPTIONAL,

ul-ca-class-r10





CA-Class-r10



OPTIONAL,


dl-mimo-capability-r10



MIMO-Capability-r10


OPTIONAL,


ul-mimo-capability-r10



MIMO-Capability-r10


OPTIONAL,


-- Indicating MIMO capabilities when one CC is configured per band


dl-ex-mimo-capability-r10


MIMO-Capability-r10


OPTIONAL,


ul-ex-mimo-capability-r10


MIMO-Capability-r10


OPTIONAL


-- Indicating MIMO capabilities when more than one CC is configured per band
}

CA-Class-r10 ::=




SEQUENCE (SIZE (1..maxClassCA-r10)) OF BandwidthCA-r10
BandwidthCA-r10 ::=

ENUMERATED {a, b, c, d, e, f} –- CA BW classes defined in RAN4

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

<Cut until the next modified section>
6.4
RRC multiplicity and type constraint values

–
Multiplicity and type constraint definitions

-- ASN1START

maxBandsCombinationsCA-r10
INTEGER ::=
(0)
-- Maximum number of CA band combinations. Value is FFS

maxBands




INTEGER ::= 64
-- Maximum number of bands listed in EUTRA UE caps

maxCDMA-BandClass


INTEGER ::= 32
-- Maximum value of the CDMA band classes

maxCellBlack



INTEGER ::= 16
-- Maximum number of blacklisted cells












--
listed in SIB type 4 and 5

maxCellInfoGERAN-r9 

INTEGER ::=
32
-- Maximum number of GERAN cells for which system in-












-- formation can be provided as redirection assistance

maxCellInfoUTRA-r9


INTEGER ::=
16
-- Maximum number of UTRA cells for which system












-- information can be provided as redirection












-- assistance

maxCellInter



INTEGER ::= 16
-- Maximum number of neighbouring inter-frequency












-- cells listed in SIB type 5

maxCellIntra



INTEGER ::= 16
-- Maximum number of neighbouring intra-frequency












-- cells listed in SIB type 4

maxCellMeas




INTEGER ::= 32
-- Maximum number of entries in each of the












-- cell lists in a measurement object

maxCellReport



INTEGER ::= 8
-- Maximum number of reported cells

maxClassCA-r10



INTEGER ::=
(0)
-- Maximum number of supported CA BW classes per band.












-- Value is FFS.
maxDRB





INTEGER ::= 11
-- Maximum number of Data Radio Bearers

maxEARFCN




INTEGER ::= 65535
-- Maximum value of EUTRA carrier fequency

maxFFS





INTEGER ::= 0
-- Value is FFS
maxFreq





INTEGER ::= 8
-- Maximum number of EUTRA carrier frequencies

maxGERAN-SI




INTEGER ::= 10
-- Maximum number of GERAN SI blocks that can be












-- provided as part of NACC information

maxGNFG





INTEGER ::= 16
-- Maximum number of GERAN neighbour freq groups

maxLogMeasReport-r10

INTEGER ::= 520
-- Maximum number of logged measurement entries












--  that can be reported by the UE in one message

maxMBSFN-Allocations

INTEGER ::= 8
-- Maximum number of MBSFN frame allocations with












-- different offset

maxMBSFN-Area



INTEGER ::= 8

maxMeasId




INTEGER ::= 32

maxObjectId




INTEGER ::= 32

maxPageRec




INTEGER ::= 16
-- 

maxPhysCellIdRange-r9 

INTEGER ::= 4
-- Maximum number of physical cell identity ranges

maxPNOffset




INTEGER ::=
511
-- Maximum number of CDMA2000 PNOffsets

maxPMCH-PerMBSFN


INTEGER ::= 15

maxRAT-Capabilities


INTEGER ::= 8
-- Maximum number of interworking RATs (incl EUTRA)

maxReportConfigId


INTEGER ::= 32

maxSCell-r10



INTEGER ::= 4
-- Maximum number of SCells

maxServCell-r10



INTEGER ::= 5
-- Maximum number of Serving cells

maxSessionPerPMCH


INTEGER ::= 29

maxSessionPerPMCH-1


INTEGER ::= 28

maxSIB





INTEGER ::= 32
-- Maximum number of SIBs

maxSIB-1




INTEGER ::= 31
maxSimultaneousBandsCA-r10
INTEGER ::= (0)
-- Maximum number of simultaneusly aggregated bands.












-- Value is FFS.

maxSI-Message



INTEGER ::= 32
-- Maximum number of SI messages

maxUTRA-FDD-Carrier


INTEGER ::= 16
-- Maximum number of UTRA FDD carrier frequencies

maxUTRA-TDD-Carrier


INTEGER ::= 16
-- Maximum number of UTRA TDD carrier frequencies

-- ASN1STOP

NOTE: The value of maxDRB align with SA2.

–
End of EUTRA-RRC-Definitions

-- ASN1START

END

-- ASN1STOP
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