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1 Introduction

In RAN2#90 meeting, RAN2 has started to discuss capability signaling to support 32 carriers in [1] and [2]. It has been well recognized that signaling overhead for 32 carriers will be very huge with current capability report design due to increased number of supported frequency bands and band combinations, and thus some enhancements need to be studied for capability report for B5C.

In RAN2#91bis meeting, it was agreed that: 
Agreements

1
Introduce some extension to the network request mechanism

1a
Network can request maximum number of DL CCs and maximum number of UL CCs (minimum number will need to be agreed considering backward compatibility issues)

1b
Network can request supported indexes (only if we also agree index reporting)

1c
FFS Network can request whether the UE reports using new format or legacy format

 In this paper, we will further focus on the topic and try to present the possible UE CA capability signalling solutions for massive CA.
2 Discussion
2.1 Compatibility of new capability signalling structure supporting 32 CA

In current specification, the UE could include the supported band combinations in 2 band combination lists of supportedBandCombination and supportedBandCombinationAdd. The supportedBandCombinationAdd could only be included in case network work requests specific bands report and the supportedBandCombination cannot accommodate all the band combinations in the requested bands. Since the legacy network has to rely on legacy capability signalling structures to comprehend the UE capability within 5CCs, we need to define a new band combination list to accommodate the optimized capability signalling structure and the new band combination list could only be report to network on request. Regarding the filling of UE capabilities into the three band combination lists, there seems has two options:
Option1:  split all capabilities among supportedBandCombination, supportedBandCombinationAdd and the new band combination list

In this option, if requested by the network to report the enhanced capability, the UE could firstly fill the capabilities within 5CC in licensed band into supportedBandCombination, and then fill supportedBandCombinationAdd if network requests specific bands. The remaining capabilities within 5CC and B5C capabilities could be filled into the new band combination list with optimized structure.

Option2: use the new band combination list instead of supportedBandCombination and supportedBandCombinationAdd
In this option, if requested by the network to report the enhanced capability, the UE could fill all the capabilities into the new band combination list. Otherwise the UE could fill the capabilities into supportedBandCombination, and supportedBandCombinationAdd as legacy.
With option1, if the network supporting B5C fetch the capabilities from UE and upload this capabilities to MME, all the other network serving the UE could use the capabilities and does not need to request the UE to report capabilities again regardless of support for B5C or not. However, since the UE capabilities included in supportedBandCombination and supportedBandCombinationAdd cannot be reported in optimized structure, the capability size may still be large.

With option2, if the network supports B5C, the reported capabilities could be minimized. However, if the UE moves to a network doesn’t support B5C, the network need to fetch the capability again. To avoid frequent UE capability request, the network supporting B5C could create supportedBandCombination and supportedBandCombinationAdd based on the new band combination list and report the legacy band combination lists as well as new band combination list to the MME so that the target eNB could use the capability without request from UE again. This will increase the eNB complexity and could decrease the signalling load on capability request, we slightly prefer option2.
Proposal 1: on requested from network for enhanced capability, the UE include all supported band combinations into a new band combination list with optimized capability signalling structure.

Proposal 2: the network supporting B5C could create supportedBandCombination and supportedBandCombinationAdd based on the new band combination list and report the legacy band combination lists as well as new band combination list to the MME or target eNB so that the target eNB not supporting B5C could use the capability without request from UE again.

2.2 Possible Capability signalling enhancements
· Support of fallback Capability
In current design of capability, one band combination is supported does not mean that its subsets on both DL and UL are supported. Each band combination needs to be explicitly signalled. 
In [3], it was agreed that “the The UE shall indicate support of CA band combinations, such that release of any SCell from a configuration of serving cells results in a new configuration of serving cell(s) supported by the UE, except for release of an SCell from a contiguous CA band configuration that results in a non-contiguous CA band configuration.” 
This means that the UE is supposed to support and report the fallback subsets capability for a supported band combination. To further reduce the signalling cost in 32CCs, for a band combination, the fallback subset band combination capability could be supposed to be supported by default and no capability indication for the fallback combinations sets if the UE could offer the same level of MIMO/CSI processes capability. If the UE could support different MIMO/CSI processes capability for some subset, it could indicate the capability in a separate band combination entity.
For example, if band combination set Band A (N carriers) + Band B (M carrier) are supported, its subset, i.e. Band A(X carrier, X < N)) +Band B(Y carrier, Y<M) with same MIMO/CSI process capability should be supported without capability indication in order to minimize the number of band combinations. 
Proposal 3: report of a superset of CA band combination implies that the fallback subsets band combination capability offering the same level of MIMO/CSI processes capability could be supported by default.

Proposal 4: If the UE could support different MIMO/CSI processes capability for some subsets of a super set, it could indicate these capabilities in a separate band combination list.

· Network Request CA band combination signalling 
It has been agreed that the network could request maximum number of DL CCs and maximum number of UL CCs in capability request. Thus The UE could reduce the capability size based on the requested carrier number in request. The reported capability may be transferred to a target eNB with movement of UE. To ensure the target eNB know the carrier number based on which the capability was requested, the UE could include the requested carrier number in the capability report.
Proposal 5: the UE could include the requested carrier number in the capability report if receives the capability request with requested carrier number.
3 Conclusion

In this paper, we try to analysis the possible capability report due to the introduction of Carrier Aggregation of up to 32 CCs, and made the following observations and proposals:
Proposal 1: on requested from network for enhanced capablity, the UE include all supported band combinations into a new band combination list with optimized capability signalling structure.

Proposal 2: the network supporting B5C could create supportedBandCombination and supportedBandCombinationAdd based on the new band combination list and report the legacy band combination lists as well as new band combination list to the MME or target eNB so that the target eNB not supporting B5C could use the capability without request from UE again.

Proposal 3: report of a superset of CA band combination implies that the fallback subsets band combination capability offering the same level of MIMO/CSI processes capability could be supported by default.

Proposal 4: If the UE could support different MIMO/CSI processes capability for some subsets of a super set, it could indicate these capabilities in a separate band combination list.

Proposal 5: the UE could include the requested carrier number in the capability report if receives the capability request with requested carrier number.
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5 Annex

Example of ASN.1 impacts

UE-EUTRA-Capability information element
-- ASN1START

RF-Parameters-v1180 ::=



SEQUENCE {

requestedCarrierNumber






RequestedCarrierNumber


OPTIONAL,


supportedBandCombinationExtension-r13


SupportedBandCombinationExtension-r13
,
OPTIONAL

}

SupportedBandCombinationExtension-r13 ::= SEQUENCE (SIZE (1..maxBandComb-r13)) OF BandCombinationParametersSuperSet-r13 

BandCombinationParametersSuperSet-r13 ::=
SEQUENCE {


bandCombinationParameters-r13

BandCombinationParameters-r13,

bandCombinationParameterSubsetExtension
SEQUENCE (SIZE (1..maxBandComb-r13)) OF BandCombinationParameters-r13
}
BandCombinationParameters-r13 ::=
SEQUENCE {


bandParameterList-r13


SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF 




BandParameters-r13,


supportedBandwidthCombinationSet-r13
SupportedBandwidthCombinationSet-r10
OPTIONAL,


multipleTimingAdvance-r13

ENUMERATED {supported}




OPTIONAL,


simultaneousRx-Tx-r13


ENUMERATED {supported}




OPTIONAL,


bandInfoEUTRA-r13



BandInfoEUTRA,


dc-Support-r12




SEQUENCE {



asynchronous-r12



ENUMERATED {supported}


OPTIONAL,



supportedCellGrouping-r12

CHOICE {





threeEntries-r12



BIT STRING (SIZE(3)),





fourEntries-r12




BIT STRING (SIZE(7)),





fiveEntries-r12




BIT STRING (SIZE(15))



}















OPTIONAL


}
















OPTIONAL,

supportedNAICS-2CRS-AP-r12

BIT STRING (SIZE (1..maxNAICS-Entries-r12))

OPTIONAL,

commSupportedBandsPerBC-r12



BIT STRING (SIZE (1.. maxBands))

OPTIONAL
}
BandParameters-r13 ::= SEQUENCE {


bandEUTRA-r13




FreqBandIndicator-r11,


bandParametersUL-r13


BandParametersUL-r10




OPTIONAL,


bandParametersDL-r13


BandParametersDL-r13




OPTIONAL
}

BandParametersDL-r13 ::= SEQUENCE (SIZE (1..maxBandwidthClass-r10)) OF CA-MIMO-ParametersDL-r13
CA-MIMO-ParametersDL-r13 ::= SEQUENCE {


ca-BandwidthClassDL-r10



CA-BandwidthClass-r10,


supportedMIMO-CapabilityDL-r10

MIMO-CapabilityDL-r10



OPTIONAL,


intraBandContiguousCC-InfoList-r12

SEQUENCE (SIZE (1.. maxServCell-r10)) OF IntraBandContiguousCC-Info-r12

}

IntraBandContiguousCC-Info-r12 ::= SEQUENCE {

supportedMIMO-CapabilityDL-r12
MIMO-CapabilityDL-r10

OPTIONAL,


supportedCSI-Proc-r12


ENUMERATED {n1, n3, n4}

OPTIONAL
}
-- ASN1STOP

–
UECapabilityEnquiry
The UECapabilityEnquiry message is used to request the transfer of UE radio access capabilities for E‑UTRA as well as for other RATs.

Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: E‑UTRAN to UE

UECapabilityEnquiry message
-- ASN1START

UECapabilityEnquiry ::=



SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE {




ueCapabilityEnquiry-r8



UECapabilityEnquiry-r8-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

UECapabilityEnquiry-r8-IEs ::=

SEQUENCE {


ue-CapabilityRequest



UE-CapabilityRequest,


nonCriticalExtension



UECapabilityEnquiry-v8a0-IEs

OPTIONAL

}

UECapabilityEnquiry-v8a0-IEs ::= SEQUENCE {


lateNonCriticalExtension


OCTET STRING





OPTIONAL,


nonCriticalExtension



UECapabilityEnquiry-v1180-IEs






OPTIONAL

}

UECapabilityEnquiry-v1180-IEs ::= SEQUENCE {


requestedFrequencyBands-r11


SEQUENCE (SIZE (1..16)) OF FreqBandIndicator-r11






OPTIONAL,


nonCriticalExtension



UECapabilityEnquiry-v13xy-IEs






OPTIONAL

}

UECapabilityEnquiry-v13xy-IEs ::= SEQUENCE {


enhancedCapabilityRequest-r13

BOOLEAN







OPTIONAL,

requestedCarrierNumber



RequestedCarrierNumber



OPTIONAL,

nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

RequestedCarrierNumber::= SEQUENCE {

maximumTotalDLCarrierNumber


INTEGER (1..maxSrvingCells)


OPTIONAL,

maximumTotalULCarrierNumber


INTEGER (1..maxSrvingCells)


OPTIONAL
}
UE-CapabilityRequest ::=

SEQUENCE (SIZE (1..maxRAT-Capabilities)) OF RAT-Type

-- ASN1STOP
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