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1	Introduction
In Release-15, the general understanding is that NeedForGap capability to inter-frequency and inter-RAT measurement would not be supported except legacy LTE mechanism to measure inter-Frequency LTE and Inter-RAT UTRA/GERAN/CDMA objects. As Measurement Gap will impact serving cell's throughput a lot, it is beneficial to support NeedForGap capability for each supported MO band in the case of UE serving in LTE SA, (NG) EN-DC, NR SA, NR-DC and NE-DC. This paper is to discuss NeedForGap capability support for inter-RAT and inter-Frequency measurement in Release 16.
2	Discussion
2.1 Scenarios to be considered for NeedForGap capability
NeedForGap capability is to indicate need for measurement gaps for each supported MO band when UE is trying to measure on inter-frequency or inter-RAT target object. The scenarios to be discussed which will have inter-frequency or inter-RAT measurement is listed in Table1 below, including the case of LTE SA, (NG) EN-DC, NR SA, NR-DC, NE-DC. It means UE can indicate for all supported bands/band combination (CA, DC, EN-DC etc) when it needs gaps for measuring certain target carriers in the different combinations. Case#1 and Case#2 was discussed in [1] to introduce NeedForGap capability for LTE SA UE before EN-DC configuration and it was concluded not supported in Release-15. 
Table 1: NeedForGap capability applied Cases
	Cases
	Serving cells
	Meas. Target
	Node to configure MO
	Meas. Type
	Impacted ASN.1
	Capability Container

	1
	LTE SA Single Band
	NR
	LTE
	Inter-RAT
	36.331
	UE-EUTRA-Capability

	2
	LTE SA BandCombination
	NR
	LTE
	Inter-RAT
	36.331
	UE-EUTRA-Capability

	3
	(NG) EN-DC
	LTE
	MN (LTE)
	Inter-Freq
	38.331
	UE-MRDC-Capability

	4
	(NG) EN-DC
	NR
	MN (LTE)
	Inter-RAT
	38.331
	UE-MRDC-Capability

	5
	(NG) EN-DC
	NR
	SN (NR)
	Inter-Freq
	38.331
	UE-MRDC-Capability

	6
	NR SA Single Band
	NR
	NR
	Inter-Freq
	38.331
	UE-NR-Capability

	7
	NR SA BC(NR-CA)
	NR
	NR
	Inter-Freq
	38.331
	UE-NR-Capability

	8
	NR SA Single band
	LTE
	NR
	Inter-RAT
	38.331
	UE-NR-Capability

	9
	NR SA BC(NR-CA)
	LTE
	NR
	Inter-RAT
	38.331
	UE-NR-Capability

	10
	NR-DC
	NR
	NR (MN or SN)
	Inter-Freq
	38.331
	UE-MRDC-Capability

	11
	NR-DC
	LTE
	NR (MN or SN)
	Inter-RAT
	38.331
	UE-MRDC-Capability

	12
	NE-DC
	NR
	MN (NR)
	Inter-Freq
	38.331
	UE-MRDC-Capability

	13
	NE-DC
	LTE
	MN (NR)
	Inter-RAT
	38.331
	UE-MRDC-Capability

	14
	NE-DC
	LTE
	SN (LTE)
	Inter-Freq
	38.331
	UE-MRDC-Capability



Observation 1: NeedForGap capability for each supported MO band is to indicate measurement gap is needed or not for inter-RAT measurement and inter-Frequency measurement. The scenarios to be considered for NeedForGap capability include LTE SA, (NG) EN-DC, NR SA, NR-DC and NE-DC.
As the Measurement Gap will downgrade LTE throughput for UE to search for NR cell in LTE SA mode (case#1 and case#2 in Table1), supporting NeedForGap capability to each NR bands into LTE RRC signalling is beneficial especially in Release-16 with more and more EN-DC deployment.
Proposal1: RAN2 agree to support NeedForGap capability for UE in LTE SA before EN-DC configuration in Release16,.
To support Proposal1, 36.331 ASN.1 modification shall be implemented. For cases in Table1 other than Case#1 and Case#2, 38.331 ASN.1 modification is expected.

2.2 Support NeedForGap capability in LTE SA before EN-DC configuration
In TS 36.331 ASN.1, to let network know UE capability on measurement gap needed or not for inter-RAT measurement, NeedforGap capability is reported via interRAT-NeedForGaps in interRAT-BandList included in UE-EUTRA-Capability for each supported band of UTRA, GERAN and CDMA while exclude NR bands.
	interRAT-BandList
One entry corresponding to each supported band of another RAT listed in the same order as in the interRAT-Parameters. The NR bands reported in SupportedBandListNR are excluded from this list.

	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.



For UE in LTE SA with B1/B2 measurement triggered to NR frequency, network also needs to know UE capability on measurement gap needed or not. In current TS36.331 ASN.1 vf60, UE-EUTRA-Capability-v1510-IEs was defined for EN-DC UE capability, which includes SupportedBandListNR-r15. But there is no association the NeedForGap capability with supported NR band list, which means there is no irat-ParametersNR in UE-EUTRA-Capability-v1510-IEs to link supported NR Band list with interRAT-BandList.

UE-EUTRA-Capability-v1510-IEs ::= SEQUENCE {
	irat-ParametersNR-r15					IRAT-ParametersNR-r15					OPTIONAL,
	basebandParameters-r15					BasebandParameters-r15					OPTIONAL,
	pdcp-ParametersNR-r15					PDCP-ParametersNR-r15					OPTIONAL,
	fdd-Add-UE-EUTRA-Capabilities-v1510		UE-EUTRA-CapabilityAddXDD-Mode-v1510	OPTIONAL,
	tdd-Add-UE-EUTRA-Capabilities-v1510		UE-EUTRA-CapabilityAddXDD-Mode-v1510	OPTIONAL,
	nonCriticalExtension					SEQUENCE {}								OPTIONAL
}
….
IRAT-ParametersNR-r15 ::=		SEQUENCE {
	en-DC-r15						ENUMERATED {supported}						OPTIONAL,
	supportedBandListNR-r15			SupportedBandListNR-r15						OPTIONAL
}

[bookmark: _GoBack]To support proposal1, we propose to reuse LTE legacy mechanism which has been used for other RATs but asks for UE capability size increasing to support NeedForGap capability for NR bands. That means, interRAT-BandList needs to be extended in Rel-16 ASN.1 to cover supproted NR band list. 
In ASN.1, the simplest way is to add “irat-ParametersNR-r15” into field description of interRAT-BandList, to make interRAT-BandList cover NR band list reported in SupportedBandListNR as well.

	interRAT-BandList
One entry corresponding to each supported band of another RAT listed in the same order as in the interRAT-Parameters and irat-ParametersNR. The NR bands reported in SupportedBandListNR are excluded from this list.
	-



Currently the interRAT-BandList can indicate maximum 64 bands for NeedForGap capability, which have included band list of GERAN, UTRA FDD, UTRA TDD and CDMA2000 and now will cover NR bands list. It may have problem that 64 may be not enough to cover all these bands from different RATs. To solve it, interRAT-BandList may be extended in furture, or define one new interRAT-BandListNR for NR band list only. It is up to RAN2 discussion.

2.3 Support NeedForGap capability in MRDC and NR-SA
In Release15, there is no requirement to support NeedForGap capability in the case of UE serving in (NG) EN-DC, NR SA, NR-DC and NE-DC. For UE in (NG) EN-DC, NR-DC and NE-DC (i.e. case# 3/4/5,10/11/12,13/14 in Table1), NeedForGap capability IE is not provided in UE-MRDC-Capability in current TS38.331 ASN.1 vf60. Similarly, for UE in NR SA (i.e. case# 6/7,8/9 in Table1), there is no NeedForGap capability in UE-NR-Capability in TS38.331 ASN.1 vf60 as well.
Considering it is quite complex to support NeedForGap in all cases, RAN2 should decide how to support the capability step by step.
Proposal2: RAN2 to study the feasibility of supporting NeedForGap capability for UE in NR SA in Release16.
Proposal3: RAN2 to study the feasibility of supporting NeedForGap capability for UE in (NG) EN-DC, NR-DC and NE-DC in Release 16.

3	Conclusion
Based on the above discussion, we kindly request RAN2 to agree the support of NeedForGap capability for UE in LTE SA before EN-DC configuration, and discuss the feasibilty to support NeedForGap in the case of MRDC and SA.
Observation 1: NeedForGap capability for each supported MO band is to indicate measurement gap is needed or not for inter-RAT measurement and inter-Frequency measurement. The scenarios to be considered for NeedForGap capability include LTE SA, (NG) EN-DC, NR SA, NR-DC and NE-DC.
Proposal1: RAN2 agree to support NeedForGap capability for UE in LTE SA before EN-DC configuration in Release16,.
Proposal2: RAN2 to study the feasibility of supporting NeedForGap capability for UE in NR SA in Release16.
Proposal3: RAN2 to study the feasibility of supporting NeedForGap capability for UE in (NG) EN-DC, NR-DC and NE-DC in Release 16.
Reference
[1] R2-1808552	NeedForGap capability supported for inter-RAT measurement to NR frequency before EN-DC configuration, Nokia, Nokia Shanghai Bell
[2] 3GPP TS 36.331- LTE; Radio Resource Control (RRC); Protocol specification
[3] 3GPP TS 38.331- NR; Radio Resource Control (RRC); Protocol specification



