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1	Introduction
RAN2 has reached agreements to introduce Rel-18 indication for UE interruption requirements on top of the legacy Rel-16 NeedForGaps UE capability reporting. In both scenario#1 inter-/intra- NR measurement in NR (i.e., UE connected to NR cell with NR measurement objects) and scenario#2 inter-RAT NR measurement in LTE (i.e., UE connected to LTE cell with inter-RAT NR measurement objects), it was agreed that the UE can use the new introduced Rel-18 capability to indicate whether interruption is needed or not when UE reports “no-gap” in Rel-16 fields. 
	In RAN2#121bis

R2-2304199	Report of [AT121bis-e][023][MGE] Measurements without gap with interruption	MediaTek Inc. 
· [023] Introduce UE capability and indication for the Rel-18 case where interruption is needed for NR SSB based measurement without gap. The UE reports Rel-18 indication only if network requests it.
- The Rel-18 indication (e.g. NeedForInterruptionInfoNR) can be included in in RRCReconfigurationComplete and RRCResumeComplete message.
- The Rel-18 indication is in addition to the legacy NeedForGaps information. The UE may report 3 different cases: 
--- If gap is needed, the UE reports “gap” in Rel-16 field and empty field in corresponding R18 IE.
---- If gap is NOT needed and there is no interruption, the UE reports “no-gap” in Rel-16 field and “no-gap-no-interruption” in Rel-18 field
---- If gap is NOT needed but there is interruption, the UE reports “no-gap” in Rel-16 field and “no-gap-with-interruption” in Rel-18 field
- If the NW does not request Rel-18 NeedForInterruptionInfoNR, the UE only reports NeedForGaps in the legacy way. 
· [023] For inter-RAT NR measurement in LTE, introduce a new UE indication (e.g. interRAT-NeedForInterruptionNR-r18) to indicate whether interruption is needed (no-gap-with-interruption) or not (no-gap-no-interruption) when UE reports FALSE (i.e. no gap) in interRAT-NeedForGapsNR-r16.




However, based on current running CRs, the Rel-18 interruption report is an optional feature. Since the Rel-18 interruption indication is optional in both sceanro#1 and scenario#2, it is not clear about UE’s interruption requirements when the UE doesn’t report the Rel-18 interruption capability while it reports “no-gap” in Rel-16 fields. Therefore, an FFS has been captured in RAN2-123bis meeting on this issue. 
	Discussion
R2-2310362	Discussion on further measurement gap enhancement	MediaTek Inc.	discussion	NR_MG_enh2-Core
Proposal 1: Remove below editor note in endorsed LTE running CR (R2-2306802) for MGE; and endorse the update LTE running CR in R2-2310393 (36.331) and R2-2310395 (36.306).
•	Editor Note: It is FFS whether UE indicating “no-gap-with-interruption” shall indicate TRUE for the corresponding NR band entry in the interRAT-NeedForGapsNR.
-	ZTE still has some concern with the ASN1 structure 
=>	Remove the editor’s note for now.  
=>	FFS if we need to specify something regarding what is expected if the UE doesn’t report this Rel-18 capability



In this paper, we would like to address the FFS and discuss the interruption requirements for Rel-18 UE when it reports “no-gap” in Rel-16 fields but doesn’t report Rel-18 interruption capability. 
2	Discussion
In scenario#1 (UE connected to NR cell with NR measurement objects), the UE includes Rel-18 interruption requirement information (needForInterruptionInfoNR-r18) only if network requests it via a controlling flag (needForInterruptionConfigNR-r18 = enabled) as indicated in [1]. The network may enable the Rel-18 interruption reporting only if the UE supports the feature as indicated in UE capability nr-NeedForInterruptionReport=supported.
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Figure1 signaling introduced in Rel-18 for indication of need for interruption
	NeedForInterruptionNR-r18  ::=       SEQUENCE {
[bookmark: _Hlk134563761]    interruptionIndication-r18                       ENUMERATED {no-gap-with-interruption, no-gap-no-interruption}                     OPTIONAL
}

	needForInterruptionConfigNR
Indicates whether the UE shall report interruption requirement information of NR target bands in the RRCReconfigurationComplete and RRCResumeComplete message. The network sets this field to enabled only if the needForGapsConfigNR is configured. The network sets this field to disabled if the needForGapsConfigNR is released.



When the Rel-18 interruption reporting is not configured/enabled by network while the Rel-16 NeedForGap reporting is configured, the UE may only report “no-gap” in Rel-16 fields without interruption information. Since the interruption information is not reported by UE, it comes to the question that, the value “no-gap” indicates in the Rel-16 fields means no-gap-with-interruption or non-gap-no-interruption. 
	NeedForGapsInfoNR-r16 ::=        SEQUENCE {
    intraFreq-needForGap-r16      NeedForGapsIntraFreqList-r16,
    interFreq-needForGap-r16      NeedForGapsBandListNR-r16
}
…
NeedForGapsIntraFreq-r16  ::=                 SEQUENCE {
    servCellId-r16                               ServCellIndex,
    gapIndicationIntra-r16                       ENUMERATED {gap, no-gap}
}

NeedForGapsNR-r16  ::=                        SEQUENCE {
    bandNR-r16                                   FreqBandIndicatorNR,
    gapIndication-r16                            ENUMERATED {gap, no-gap}
}


In our understanding, in the case the UE signals NeedForGapsInfoNR-r16 there is already an expected behaviour considered by the network. In that case, if “no-gap” is signaled, it is clear that no additional interruptions are expected. Otherwise, it will end with a sub-optimal solution as the network scheduler has to assume the worst scenario considering interruptions caused by UE. Since UE interruptions when "no-gap" is reported are unpredictable for the network, a conservative approach will waste scheduling occasions and consequently, the network performance will decrease. Additionally, having an unpredictable and increased number of interrupts will likely have a negative impact on the network scheduler who may see the dropped packages due to interrupts as radio link problems and hence, trying to actively mitigate the ‘radio link problem’. 
In the past RAN2 discussions, RAN2 has clarified the similar issue for Rel-17 in the case the UE reports the NeedForGapNCSG-InfoNR-r17. RAN2 agreed that “nogap-noncsg” means “no gap no interruption”. Accordingly, the Rel-17 CR was agreed in principle in RAN2-123bis [2]. For Rel-16 NeedForGap reporting, we think the same principle can be followed.
	In RAN2#121bis
[023] RAN2 understands that no need to extend the concept of “no-gap measurement with interruption” to Rel-17 NeedForGapNCSG reporting. RAN2 assumes "nogap-noncsg" in Rel-17 NeedForGapNCSG signalling implies "no gap and no interruptions". 



Observation 1: If a UE signals "no-gap" as part of NeedForGapsInfoNR-r16, no interruption is expected by gNB. 
We noticed that, for Rel-16 UE, RAN4 has indicated to RAN2 in [3] that they did not specify whether interruptions are allowed or not yet. In other words, it is still open in RAN4 on the interruption requirements for legacy Rel-16 UE and RAN4 may further discuss it in the coming meetings. However, for Rel-18 UE which is to be implemented in the future, it makes no sense to keep the interruption ambiguity if the UE reports Rel-16 signalling as “no-gap”. Therefore, we propose to clarify in the Rel-18 specification value no-gap” in NeedForGapsInfoNR-r16 means no gap without interruption.
Proposal 1: For Rel-18 UE, if UE reports value “no-gap” in NeedForGapsInfoNR-r16, it means no gap and no interruption. 
One possible implementation on the modification can be found in the Annex, which includes field description update to clarify no gap means no interruption.
Proposal 2: RAN2 to discuss how to update the field description for NeedForGapsInfoNR-r16 in the Rel-18 specification to indicate value no-gap also indicates interruption is not needed.

In scenario#2 inter-RAT NR measurement in LTE (i.e., UE connected to LTE cell with inter-RAT NR measurement objects), the UE may include Rel-18 interruption requirement information (interRAT-NeedForIntrNR-r18) to indicate whether the UE support no gap with or without interruption as indicated in [4].
	interRAT-NeedForIntrNR
Indicates need for Interruption when operating on the E‑UTRA band given by the entry in supportedBandListEUTRA or on the E-UTRA band combination given by the entry in supportedBandCombination-r10 or supportedBandCombinationAdd-r11 or supportedBandCombinationReduced-r13 and measuring without measurement gaps on the NR band given by the entry in the InterRAT-BandListNR.



According to current running CR [4], the Rel-18 interruption reporting is optional. The UE may only report no gap in Rel-16 fields (i.e., FALSE in interRAT-NeedForGapsNR-r16) without interruption information. Similar as scenario#1, if the interruption information is not reported by UE, it is not clear the value “FALSE” indicates in the Rel-16 field means no-gap-with-interruption or non-gap-no-interruption. 
MeasParameters-v18xy ::=	SEQUENCE {
	bandInfoNR-v18xy                SEQUENCE (SIZE (1..maxBands)) OF MeasGapInfoNR-r18
}
…
MeasGapInfoNR-r16 ::= SEQUENCE {
	interRAT-BandListNR-EN-DC-r16		InterRAT-BandListNR-r16				OPTIONAL,
	interRAT-BandListNR-SA-r16			InterRAT-BandListNR-r16				OPTIONAL
}

MeasGapInfoNR-r18 ::= SEQUENCE   {
    interRAT-BandListNR-EN-DC-r18		InterRAT-BandListNR-r18				OPTIONAL,
	interRAT-BandListNR-SA-r18		    InterRAT-BandListNR-r18				OPTIONAL
}

…
InterRAT-BandListNR-r16 ::=				SEQUENCE (SIZE (1..maxBandsNR-r15)) OF InterRAT-BandInfoNR-r16

InterRAT-BandListNR-r18 ::=			SEQUENCE (SIZE (1..maxBandsNR-r15)) OF InterRAT-BandInfoNR-r18

…

InterRAT-BandInfoNR-r16 ::=			SEQUENCE {
	interRAT-NeedForGapsNR-r16			BOOLEAN
}

InterRAT-BandInfoNR-r18 ::=			SEQUENCE {
[bookmark: _Hlk131686816]	interRAT-NeedForIntrNR-r18		ENUMERATED {gap, no-gap-with-interruption, no-gap-no-interruption}
}

As we discussed in previous section, in our understanding, if no-gap is required for inter-RAT NR measurement in LTE, no additional interruption is expected by the network. 
[bookmark: _Hlk149503984]Observation 2: If a UE signals "FALSE" in interRAT-NeedForGapsNR-r16, no interruption is expected by eNB. 
In LTE, the UE gap capability is reported in a static way. The Rel-18 interruption capability report is not separately enabled/disabled by the network. When UE reports “no gap” in Rel-16 field (i.e., interRAT-NeedForGapsNR-r16), one way to avoid the interruption ambiguity is that UE always report Rel-18 interruption capability (i.e., interRAT-NeedForIntrNR-r18) together with “no gap” to clarify the interruption requirement. In other words, the Rel-18 NeedForInterruption reporting is conditional mandatory if the UE supports Rel-16 reporting. But this may bring extra Uu interface overhead to always include Rel-18 signalling. The other way is to clarify in the Rel-18 specification, “FALSE" in interRAT-NeedForGapsNR-r16 means no gap without interruption.  We prefer to go the latter way to align with the solution for scenario#1.
Proposal 3: For Rel-18 UE, if UE reports value “FALSE” in interRAT-NeedForGapsNR-r16, it means no gap and no interruption. 
One possible implementation on the modification can be found in the Annex.
Proposal 4: RAN2 to discuss how to update the field description for interRAT-NeedForGapsNR-r16 in the Rel-18 specification to indicate value “FALSE” also indicates interruption is not needed.
3	Conclusion
This document has made the following observations:
Observation 1: If a UE signals "no-gap" as part of NeedForGapsInfoNR-r16, no interruption is expected by gNB. 
Observation 2: If a UE signals "FALSE" in interRAT-NeedForGapsNR-r16, no interruption is expected by eNB. 
And proposed the following:
Proposal 1: For Rel-18 UE, if UE reports value “no-gap” in NeedForGapsInfoNR-r16, it means no gap and no interruption. 
Proposal 2: RAN2 to discuss how to update the field description for NeedForGapsInfoNR-r16 in the Rel-18 specification to indicate value no-gap also indicates interruption is not needed.
Proposal 3: For Rel-18 UE, if UE reports value “FALSE” in interRAT-NeedForGapsNR-r16, it means no gap and no interruption. 
Proposal 4: RAN2 to discuss how to update the field description for interRAT-NeedForGapsNR-r16 in the Rel-18 specification to indicate value “FALSE” also indicates interruption is not needed.
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Annex
The proposed change is marked in yellow.
38.331:
	NeedForGapsIntraFreq field descriptions

	servCellId
Indicates the serving cell which contains the target SSB (associated with the initial DL BWP) to be measured. 

	gapIndicationIntra
Indicates whether measurement gap is required for the UE to perform intra-frequency SSB based measurements on the concerned serving cell. Value gap indicates that a measurement gap is needed if any of the UE configured BWPs (except the BWP(s) configured with servingCellMO associated with NCD-SSB) do not contain the frequency domain resources of the SSB associated to the initial DL BWP (CD-SSB). Value no-gap indicates a measurement gap is not needed to measure the SSB associated to the initial DL BWP (CD-SSB) for all configured BWPs (except the BWP(s) configured with servingCellMO associated with NCD-SSB), no matter the SSB is within the configured BWP or not. Value no-gap also indicates interruption is not needed.



	NeedForGapsNR field descriptions

	bandNR
Indicates the NR target band to be measured.

	gapIndication
Indicates whether measurement gap is required for the UE to perform SSB based measurements on the concerned NR target band while NR-DC or NE-DC is not configured. The UE determines this information based on the resultant configuration of the RRCReconfiguration or RRCResume message that triggers this response. Value gap indicates that a measurement gap is needed, value no-gap indicates a measurement gap is not needed. Value no-gap also indicates interruption is not needed.



36.331:
	UE-EUTRA-Capability field descriptions
	FDD/ TDD diff

	interRAT-NeedForGapsNR
Indicates need for measurement gaps when operating on the E‑UTRA band given by the entry in supportedBandListEUTRA or on the E-UTRA band combination given by the entry in supportedBandCombination-r10 or supportedBandCombinationAdd-r11 or supportedBandCombinationReduced-r13 and measuring on the NR band given by the entry in the InterRAT-BandListNR. Value FALSE indicates that a measurement gap is not needed. Value FALSE also indicates interruption is not needed.
	-
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