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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]In last meeting, RAN4 discussed the remaining issues of Rel-16 NeedForGaps capability. The issues were identified in WF [1]. In this paper, we discuss the relation between Rel-18 NeedForInterruption capability and Rel-16 NeedForGaps capability. 
2 Justification
The WID “Further Enhancements on NR and MR-DC Measurement Gaps and Measurements without Gaps” clearly captures that RAN4 will implement the requirement for NeedForGaps feature and identify additional interruption when UE reporting NeedForGapsInfoNR.
	RP-222337 New WID: Further Enhancements on NR and MR-DC Measurement Gaps and Measurements without Gaps
…
3	Justification
…
(2) RRM requirements for measurements without gaps
The NeedForGaps feature can bring gains for system throughput and/or mobility performance under certain conditions, where gap-less measurements can be applied. The existing RRM requirements for UEs supporting NeedForGaps feature are specified for intra-frequency SSB based measurements without gaps, while requirements for inter-frequency measurements without gaps are missing. Also, RRM requirements for intra-frequency SSB based measurements without gaps do not assume interruptions, which may be required. 
…
4.1 Objective of SI or Core part WI or Testing part WI
…
(2)Define RRM requirements for measurement without gaps for the following cases
· NR SSB-based inter-frequency and intra-frequency measurements without gaps for UEs reporting NeedForGapsInfoNR IE [RAN4]
i. Study whether the additional interruption is allowed when UE reporting ‘NeedForGapsInfoNR'. Further define the interruption length, occasion and ratio, if the interruption is allowed
ii. Define related requirements, such as CSSF, measurement period, scheduling restriction etc.


[bookmark: _Ref160700587]Observation 1: In Rel-18 WID, it is clearly captured that the intention to introduce NeedForGaps-r18 is to solve the additional interruption issue of NeedForGaps-r16.
3 The relation between Rel-16 and Rel-18 NeedForGaps capability 
Background
In RAN2, the Rel-18 NeedForGaps capability was agreed as follow.
	-- ASN1START
-- TAG-NeedForInterruptionInfoNR-START

NeedForInterruptionInfoNR-r18 ::=    SEQUENCE {
    intraFreq-needForInterruption-r18    NeedForInterruptionIntraFreqList-r18,
    interFreq-needForInterruption-r18    NeedForInterruptionBandListNR-r18
}

NeedForInterruptionIntraFreqList-r18 ::=          SEQUENCE (SIZE (1.. maxNrofServingCells)) OF NeedForInterruptionNR-r18

NeedForInterruptionBandListNR-r18 ::=             SEQUENCE (SIZE (1..maxBands)) OF NeedForInterruptionNR-r18

NeedForInterruptionNR-r18  ::=       SEQUENCE {
[bookmark: _Hlk134563761]    interruptionIndication-r18           ENUMERATED {no-gap-with-interruption, no-gap-no-interruption}                     OPTIONAL
}

-- TAG-NeedForInterruptionInfoNR-STOP
-- ASN1STOP

	NeedForInterruptionInfoNR field descriptions

	intraFreq-needForInterruption
Indicates the interruption requirement information for NR intra-frequency measurement. Each entry in the list is associated to the entry in list intraFreq-needForGap-r16 with the same index. This field shall be set to no-gap-no-interruption for the corresponding band(s) where bwpOperationMeasWithoutInterrupt-r18 is supported by the UE.

	interFreq-needForInterruption
Indicates the interruption requirement information for NR inter-frequency measurement. Each entry in the list is associated to the entry in list interFreq-needForGap-r16 with the same index.



	NeedForInterruptionNR field descriptions

	interruptionIndication
Indicates whether interruption is needed for the UE to perform SSB based measurements without measurement gap. Value no-gap-with-interruption indicates that interruption is needed. Value no-gap-no-interruption indicates interruption is not needed. 





In the Rel-18 RAN2 signalling design, a new IE is introduced for the network to configure the flag needForInterruptionConfigNR, to which the UE replies with nr-NeedForInterruptionReport-r18. The RAN2 design enables the NeedForGaps capability for determining whether interruption is needed by the UE when performing the gapless measurements, which is associated with the entries in list NeedForGapsInfoNR-r16.
	Nr-NeedForGap-Reporting-r16
Indicates whether the UE supports reporting the measurement gap requirement information for NR target in the UE response to a network configuration RRC message.
	UE
	No
	No
	No

	nr-NeedForInterruptionReport-r18
Indicates whether the UE supports reporting the interruption requirement information for SSB based measurement towards NR target without gap in the UE response to a network configuration RRC message. The UE supporting this feature shall also indicate support of nr-NeedForGap-Reporting-r16.
	UE
	No
	No
	No


[bookmark: _Ref160700590]Observation 2: In Rel-18, UE supporting nr-NeedForInterruptionReport-r18 shall also indicate support of nr-NeedForGap-Reporting-r16 in TS 38.306.
 In last meeting, RAN4 triggered some discussion about Rel-16 NeedForGaps capability with the following agreements. 
	Issue 1-1-1: Scenario 1, LTE – NR inter-RAT measurement 
Tentative agreements
1. interRAT-NeedForGaps-r16=FALSE means that the UE support measurement without gaps
0. The UE may or may not cause interruption.
1. if UE causes interruptions when performing measurements without gaps:
1. Support early implementation of Rel-18 NeedForInterruption:
1. Optional since R17
1. [bookmark: _Ref160700472]FFS mandatory report of the UE capability R18 interRAT-NeedForIntrNR-r18 from Rel-18 UE if the UE reports interRAT-NeedForGaps-r16=FALSE
1. FFS the UE behavior if the Rel-18 UE does not support interRAT-NeedForIntrNR-r18 
 
Issue 1-1-2: Scenario 2, NR measurements without gaps
Tentative agreements
1. “no-gap” as part of NeedForGapsInfoNR-r16=FALSE means that the UE support measurement without gaps
0. The UE may or may not cause interruption.
1. if UE causes interruptions when performing measurements without gaps:
1. Support early implementation of Rel-18 NeedForInterruption:
1. Optional since R17
1. FFS the UE behavior if the Rel-18 UE does not support NeedForInterruptionNR-r18


It can be seen that whether Rel-18 NeedForGaps capability is conditional mandatory based on Rel-16 NeedForGaps capability is FFS.
Capability
In our understanding, currently Rel-16 UE which supports Rel-16 NFG but not supporting Rel-18 NFI can achieve the performance gain due to no gap request from the UEs. However, if we mandatorily require a Rel-18 UE to report both Rel-16 NFG and Rel-18 NFI, the Rel-18 UE which has implemented Rel-16 NFG only but not support Rel-18 NFI cannot report to support Rel-16 NFG. In this case, the performance degradation will be observed for Rel-18 UEs which supports Rel-16 NFG capability only. Thus, we propose that UE is allowed to optional report Rel-18 NFI capability in Rel-18.
[bookmark: _Ref161394939]Observation 3: Rel-16 UE which supports Rel-16 NFG but not supporting Rel-18 NFI can achieve the performance gain due to no gap request from UE.
[bookmark: _Ref161394942]Observation 4: The performance degradation will be observed for the Rel-18 UEs which only supports Rel-16 NFG capability provided that Rel-18 UE is required to support both Rel-16 NFG and Rel-18 NFI as a pair.
UE behaiour
Secondly, RAN4 needs to clarify UE’s behaviour under different scenarios. In our understanding, when UE only reports Rel-16 NFG capability but not reports Rel-18 NFI capability, the UE’s behaviour is the same as Rel-16 UE which means the UE’s measurement behaviour is undefined in spec if UE reports ‘no gap’. 
The next issue is to clarify the UE’s behaviour when a UE supports both Rel-16 NFG and Rel-18 NFI capabilities in a Rel-16 NW. We understand that if a NW only supports Rel-16 NFG, it cannot identify the Rel-18 NFI capability and won’t request UE to report Rel-18 NFI status. Thus, the UE’s behaviour is also the same as Rel-16 UE in such Rel-16 NW.
[bookmark: _Ref141278656]Proposal 1: In Rel-18, UE is allowed to optional report Rel-18 NFI capability for both interRAT-NeedForIntrNR-r18 and NeedForInterruptionNR-r18. 
Proposal 2: When a Rel-18 UE only supports Rel-16 NFG capability but not supports Rel-18 NFI capability, the UE’s behaviour is the same as Rel-16 UE.
Proposal 3: When a Rel-18 UE supports both Rel-16 NFG and Rel-18 NFI capabilities, but NW doesn’t configure Rel-18 needForInterruptionConfigNR, the UE’s behaviour is the same as Rel-16 UE.
 
4 Summary and Conclusion
In the contribution, we discuss the relation between Rel-16 NeedForGaps capability and Rel-18 NeedForInterruption with the following proposals:
Observation 1: In Rel-18 WID, it is clearly captured that the intention to introduce NeedForGaps-r18 is to solve the additional interruption issue of NeedForGaps-r16.
Observation 2: In Rel-18, UE supporting nr-NeedForInterruptionReport-r18 shall also indicate support of nr-NeedForGap-Reporting-r16 in TS 38.306.
Observation 3: Rel-16 UE which supports Rel-16 NFG but not supporting Rel-18 NFI can achieve the performance gain due to no gap request from UE.
Observation 4: The performance degradation will be observed for the Rel-18 UEs which only supports Rel-16 NFG capability provided that Rel-18 UE is required to support both Rel-16 NFG and Rel-18 NFI as a pair. 
Proposal 1: In Rel-18, UE is allowed to optional report Rel-18 NFI capability for both interRAT-NeedForIntrNR-r18 and NeedForInterruptionNR-r18. 
Proposal 2: When a Rel-18 UE only supports Rel-16 NFG capability but not supports Rel-18 NFI capability, the UE’s behaviour is the same as Rel-16 UE.
Proposal 3: When a Rel-18 UE supports both Rel-16 NFG and Rel-18 NFI capabilities, but NW doesn’t configure Rel-18 needForInterruptionConfigNR, the UE’s behaviour is the same as Rel-16 UE.
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