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1 Introduction
This paper discusses the signalling enhancements to limit the measurement gap capability and to reduce the inter RAT capabilities based on the network request.
2 Discussion

Currently in carrier aggregation the UE indicates whether it requires gap to perform the inter-frequency/inter-RAT measurements for each supported EUTRAN band and each supported inter RAT band per band combination. In the signalling two bit strings of up to 64bits are signalled for EUTRA bands and inter RAT bands respectively for each supported band combination. Similar to the carrier aggregation capability, the network would be only interested in the measurement gap capability for the bands that are deployed in the network. Further two RATs could be supported in a network usually but the UE may support more other RATs. Hence it would be reasonable to also optimze the measurement gap capability and the inter RAT capabilities at the same time trying to reduce the band combination signalling. 
Proposal 1 The measurement gap capability and the inter RAT capabilities should be optimized to be provided based on the network request. 
The network would explicitly request in the capability enquiry whether the UE should provide the measurement gap and inter RAT capabilities for a limited number of EUTRAN bands and/or Inter RAT bands. In other words, when such explicit request is not received by the UE, it should still provide the measurement gap and inter RAT capabilities for all supported EUTRAN and inter RAT bands. 
To avoid the backward compatibility issue, the measurement gap capability for a requested number of EUTRA bands can be applied e.g. only in case the UE supports enhanced CA capability signalling for more than 4DL+2UL (when signalling the new band combination list) as discussed in the email discussion ([91bis#10] capability signalling enhancements). 

For inter RAT capabilities, the UE can indicate the supported inter RAT bands and corresponding capabilities including the interRAT-NeedfForGaps that are limited by the requested number of inter RAT bands from the network. Any legacy eNBs in one network should still be able to cope with the received inter RAT capabilities though it may not be the complete inter RAT capabilities of the UE. Thus no backward compatibility issue is foreseen.    
The solution can be used in combination with the existing network requested CA capability procedure. Since the UE still needs to signal the supported band combinations even with the enhanced signalling solutions that are being discussed in RAN2, e.g. request for maximum number of CCs and implicit signalling of fallback combinations etc, the optimization of measurement gap and inter RAT capabilities would be done independently and therefore should be able to be applied together with other enhanced signalling solutions focusing on reduction of CA capability. 
2.1 Measurement gap and inter RAT capability

As discussed above, one straight-forward solution is to let the UE indicate the need for gap only for the supported frequency bands that are requested by the network.
For inter-frequency measurements, the UE indicates the interFreqNeedForGaps only for the supported frequency bands that are included in a list of requested EUTRAN bands for measurement, which can be signalled in the UE capability enquiry. 
For interRATNeedForGaps and the inter RAT capabilities, the network can include a list of requested bands of other RATs (UTRAN/GERAN/CDMA2000) in the UE Capability Enquiry. Upon reception of this list, the UE reports the supported bands for other RATs and the corresponding capabilities including the measurement gap capability that are restricted by the list of requested inter RAT bands. The network may only include the bands for one specific RAT in this list. In this case the UE can exclude the entire inter RAT capabilities for other RATs that have not been requested. 
The above enhancements would largely reduce the measurement gap capability size. And it also provides the possibility to reduce the total UE capability by restricting the inter RAT capabilities to be signalled.

Proposal 2 The UE indicates the interFreqNeedForGaps per band combination for each supported frequency bands that are included in the list of requested EUTRAN bands for measurement if provided in the UE capability enquiry.
Proposal 3 A list of requested bands for other RATs (UTRAN/GERAN/CDMA2000) could be included in the UE Capability Enquiry and in this case the UE reports the supported inter-RAT bands and the corresponding capabilities including the measurement gap capability which are limited within the requested inter-RAT bands.
Proposal 4 If the list of requested Inter-RAT bands does not include any band for a specific RAT, the UE excludes the entire inter-RAT capabilities for that RAT.
3 Conclusions

In this paper, we have discussed the enhanced signalling to limit the measurement gap capability and to reduce the inter RAT capabilities based on the network request. In summary we propose the following:
Proposal 1
The measurement gap capability and the inter RAT capabilities should be optimized to be provided based on the network request.
Proposal 2
The UE indicates the interFreqNeedForGaps per band combination for each supported frequency bands that are included in the list of requested EUTRAN bands for measurement if provided in the UE capability enquiry.
Proposal 3
A list of requested bands for other RATs (UTRAN/GERAN/CDMA2000) could be included in the UE Capability Enquiry and in this case the UE reports the supported inter-RAT bands and the corresponding capabilities including the measurement gap capability which are limited within the requested inter-RAT bands.
Proposal 4
If the list of requested Inter-RAT bands does not include any band for a specific RAT, the UE excludes the entire inter-RAT capabilities for that RAT.


4 ASN.1 details

Below shows the example of ASN.1 implementation for the above proposed solutions. Details can be discussed in the CR drafting after agreements are made. 
–
UECapabilityEnquiry
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 {


requestedFrequencyBandsForMeasGap-r13
RequestedFrequencyBandsForMeasGap-r13
OPTIONAL,

requestedInterRAT-Bands-r13


    RequestedInterRAT-BandParameters-r13
OPTIONAL,

nonCriticalExtension




SEQUENCE {}







OPTIONAL

}

UE-CapabilityRequest ::=

SEQUENCE (SIZE (1..maxRAT-Capabilities)) OF RAT-Type
-- Below new IE types could be introduced as global IEs that can be referenced in UE capability
RequestedFrequencyBandsForMeasGap-r13::=
SEQUENCE (SIZE (1..16)) OF FreqBandIndicator-r11
RequestedInterRAT-BandParameters-r13 ::=
SEQUENCE {



utraFDD-r13







BandListUTRA-FDD-r13



OPTIONAL,



utraTDD128-r13






BandListUTRA-TDD128-r13



OPTIONAL,



utraTDD384-r13






BandListUTRA-TDD384-r13



OPTIONAL,



utraTDD768-r13






BandListUTRA-TDD768-r13



OPTIONAL,



geran-r13







BandListGERAN-r13




OPTIONAL,



cdma2000-HRPD-r13





BandListCDMA2000-HRPD-r13


OPTIONAL,



cdma2000-1xRTT-r13





BandListCDMA2000-1XRTT-r13


OPTIONAL

}
BandListUTRA-FDD-r13 ::=
SEQUENCE (SIZE (1..16)) OF BandUTRA-FDD-r13 

BandUTRA-FDD-r13 ::=
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}

BandListUTRA-TDD128-r13 ::=
SEQUENCE (SIZE (1..16)) OF BandUTRA-TDD128-r13 

BandUTRA-TDD128-r13 ::=

ENUMERATED {











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











o, p}

BandListUTRA-TDD384-r13 ::=
SEQUENCE (SIZE (1..16)) OF BandUTRA-TDD384-r13 

BandUTRA-TDD384-r13 ::=

ENUMERATED {











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











o, p}

BandListUTRA-TDD768-r13 ::=
SEQUENCE (SIZE (1..16)) OF BandUTRA-TDD768-r13
BandUTRA-TDD768-r13 ::=

ENUMERATED {











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











o, p}

BandListGERAN-r13 ::=

SEQUENCE (SIZE (1..16)) OF BandGERAN-r13 

BandGERAN-r13 ::=


ENUMERATED {











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











gsm900P, gsm900E, gsm900R, gsm1800, gsm1900,











spare5, spare4, spare3, spare2, spare1}

BandListCDMA2000-HRPD-r13 ::=
SEQUENCE (SIZE (1..16)) OF BandclassCDMA2000

BandListCDMA2000-1XRTT-r13 ::=
SEQUENCE (SIZE (1..16)) OF BandclassCDMA2000

-- ASN1STOP

	UECapabilityEnquiry field descriptions

	ue-CapabilityRequest

List of the RATs for which the UE is requested to transfer the UE radio access capabilities i.e. E-UTRA, UTRA, GERAN-CS, GERAN-PS, CDMA2000.

	requestedFrequencyBands

List of frequency bands for which the UE is requested to provide supported CA band combinations and non CA bands.

	requestedFrequencyBandsForMeasGap
List of E-UTRA frequency bands for which the UE is requested to provide the interFreqNeedForGaps capability for the requestedBandCombinationListEUTRA in UE-EUTRA-Capability.

	requestedInterRAT-Bands

List of inter RAT bands for which the UE is requested to provide the corresponding inter RAT capabilities.


–
UE-EUTRA-Capability
UE-EUTRA-Capability information element
-- ASN1START
--Irrelevant part not shown

UE-EUTRA-Capability-v1270-IEs ::= SEQUENCE {


rf-Parameters-v1270




RF-Parameters-v1270





OPTIONAL,


nonCriticalExtension



UE-EUTRA-Capability-v13xy-IEs






OPTIONAL
}

UE-EUTRA-Capability-v13xy-IEs ::= SEQUENCE {


rf-Parameters-v13xy




RF-Parameters-v13xy





OPTIONAL,

measParameters-v13xy



MeasParameters-v13xy




OPTIONAL,


nonCriticalExtension



SEQUENCE {}







OPTIONAL
}

RF-Parameters-v13xy ::=

SEQUENCE {


32CarriersSupport-r13



ENUMERATED {supported}




OPTIONAL,

requestedInterFreqGap-r13


ENUMERATED {supported}




OPTIONAL,

requestedInterRAT-Capability-r13
ENUMERATED {supported}




OPTIONAL,

requestedBandsForMeasGap-r13

RequestedFrequencyBandsForMeasGap-r13
OPTIONAL,

requestedInterRAT-Bands-r13


RequestedInterRAT-BandParameters-r13
OPTIONAL,

supportedBandCombination32Carriers-r13
SupportedBandCombination32Carriers-r13

OPTIONAL

}
MeasParameters-v13xy ::=
SEQUENCE {


requestedBandCombinationListEUTRA-r13
RequestedBandCombinationListEUTRA-r13 
OPTIONAL
}
RequestedBandCombinationListEUTRA-r13 ::=
SEQUENCE (SIZE (1..maxBandCombination-r13)) OF RequestedBandInfoEUTRA-r13
RequestedBandInfoEUTRA-r13 ::=
SEQUENCE {


requestedInterFreqBandList-r13


RequestedInterFreqBandList-r13,


requestedInterRAT-BandList-r13


RequestedInterRAT-BandList-r13

OPTIONAL

}

RequestedInterFreqBandList-r13 ::=

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

RequestedInterRAT-BandList-r13 ::=

SEQUENCE (SIZE (1..maxBands)) OF InterRAT-BandInfo
MeasParameters ::=




SEQUENCE {


bandListEUTRA





BandListEUTRA

}

MeasParameters-v1020 ::=


SEQUENCE {


bandCombinationListEUTRA-r10


BandCombinationListEUTRA-r10
}

BandListEUTRA ::=




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

BandCombinationListEUTRA-r10 ::=
SEQUENCE (SIZE (1..maxBandComb-r10)) 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
}

-- ASN1STOP

	UE-EUTRA-Capability field descriptions
	FDD/ TDD diff

	bandCombinationListEUTRA

One entry corresponding to each supported band combination listed in the same order as in supportedBandCombination. 
	-

	bandCombinationListEUTRA

One entry corresponding to each supported band combination listed in the same order as in supportedBandCombination. 
	-

	bandListEUTRA

One entry corresponding to each supported E‑UTRA band listed in the same order as in supportedBandListEUTRA.
	-

	requestedBandCombinationListEUTRA
One entry corresponding to each supported band combination listed in the same order as in supportedBandCombination32Carriers.
	-

	interFreqBandList

One entry corresponding to each supported E‑UTRA band listed in the same order as in supportedBandListEUTRA.
	-

	interFreqNeedForGaps

Indicates need for measurement gaps when operating on the E‑UTRA band given by the entry in bandListEUTRA or on the E-UTRA band combination given by the entry in bandCombinationListEUTRA and measuring on the E‑UTRA band given by the entry in interFreqBandList.
	-

	interRAT-BandList

One entry corresponding to each supported band of another RAT listed in the same order as in the interRAT-Parameters.
	-

	interRAT-NeedForGaps

Indicates need for DL measurement gaps when operating on the E‑UTRA band given by the entry in bandListEUTRA or on the E-UTRA band combination given by the entry in bandCombinationListEUTRA and measuring on the inter-RAT band given by the entry in the interRAT-BandList.
	-
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