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1 Introduction
A new WI on Rel-18 measurement gaps enhancement agreed in the RAN#95-e meeting [1]. RRM requirements for measurement without gaps to be discussed in core part is captured in the following:
	(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.
· Inter-RAT measurements without gaps [RAN4]
i. Inter-RAT NR measurements
ii. Inter-RAT LTE measurement


In this paper, we provide our initial analysis on the RRM requirements for measurement without gaps.
2 Discussion
NR SSB-based inter-frequency and intra-frequency measurements without gaps
In Rel-16, the UE capability NeedForGap was introduced by RAN2 for UE reporting measurement gap requirement dynamically. For NR measurement, the content of NeedForGapsInfoNR IE is captured below.
	NeedForGapsInfoNR information element
-- ASN1START
-- TAG-NeedForGapsInfoNR-START
 
NeedForGapsInfoNR-r16 ::=        SEQUENCE {
    intraFreq-needForGap-r16      NeedForGapsIntraFreqList-r16,
    interFreq-needForGap-r16      NeedForGapsBandListNR-r16
}
 
NeedForGapsIntraFreqList-r16 ::=          SEQUENCE (SIZE (1.. maxNrofServingCells)) OF NeedForGapsIntraFreq-r16
 
NeedForGapsBandListNR-r16 ::=             SEQUENCE (SIZE (1..maxBands)) OF NeedForGapsNR-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}
}

-- TAG-NeedForGapsInfoNR-STOP
-- ASN1STOP



In case UE reporting ‘no-gap’ via NeedForGapsInfoNR, it indicates measurement gap is not needed no matter the SSB is within active BWP or not which is different from Rel-16 inter-frequency gapless measurement. In our understanding, there are two scenarios where UE is capable to report ‘no gap’. One is that there is another spare RF chain for UE to detect or measure SSBs, and the other one is the bandwidth of UE’s active RF chain is opened wide enough to cover the target SSB. 
Observation 1: Two implementations for UE capable of reporting ‘no gap’ via NeedForGapsInfoNR:
· Another spare RF chain is available for UE, or
· The bandwidth of UE’s active RF chain is wide enough.
In this way, to conduct inter/intra-frequency measurement without gap, UE would be expected to power on the inactive RF chain, or adjust the active RF chain to cover the target SSB. Both of the two implantations would cause interruption. Therefore, we prefer to define interruption requirement for UE reporting ‘no gap’. The interruption would happen before UE performing target measurement and after UE completing the measurement instance. 
Proposal 1: RAN4 to define the interruption requirement for UE reporting ‘no gap’ via NeedForGapsInfoNR.
For CSSFoutside_gap and measurement period requirement, the current Rel-16 inter-frequency without gap requirement could be reused as baseline. 
Proposal 2: For CSSFoutside_gap and measurement period requirement, the requirement for Rel-16 inter-frequency without gap could be reused as baseline for NR SSB-based inter-frequency and intra-frequency measurements without gaps for UEs reporting NeedForGapsInfoNR IE.
RAN4 has defined scheduling restriction for the following three cases: Uplink transmission in TDD bands on FR1, mix-numerology on FR1, and Rx beam sweeping on FR2. Based on the observation on the UE implementations for reporting ‘no gap’ via NeedForGapsInfoNR, the existing scheduling restriction could be reused.
Proposal 3: The existing scheduling restriction could be reused for NR SSB-based inter-frequency and intra-frequency measurements without gaps for UEs reporting NeedForGapsInfoNR IE.
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Inter-RAT measurements without gaps
As listed in the WID, requirements for both inter-RAT NR measurement and inter-RAT LTE measurement are to be discussed in RAN4.
For inter-RAT NR measurement without gap, the existing signaling NeedForGap introduced in Rel-16 has already supported the scenario when UE in LTE SA. 
	InterRAT-BandInfoNR-r16 ::=			SEQUENCE {
	interRAT-NeedForGapsNR-r16			BOOLEAN
}
	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.





However, no inter-RAT NR measurement without gap requirement is defined in TS 36.133.
Proposal 4: RAN4 to define inter-RAT NR measurement without gap requirements in TS 36.133 for UE capable of reporting interRAT-NeedForGapsNR.
For inter-RAT LTE measurement without gap, the existing signaling NCSG introduced in Rel-17 has already supported the scenario when UE in NR SA and MR-DC.
	NeedForGapNCSG-InfoEUTRA information element
-- ASN1START
-- TAG-NEEDFORGAPNCSG-INFOEUTRA-START
 
NeedForGapNCSG-InfoEUTRA-r17 ::=   SEQUENCE {
    needForNCSG-EUTRA-r17              SEQUENCE (SIZE (1..maxBandsEUTRA)) OF NeedForNCSG-EUTRA-r17
}
 
NeedForNCSG-EUTRA-r17  ::=         SEQUENCE {
    bandEUTRA-r17                      FreqBandIndicatorEUTRA,
    gapIndication-r17                  ENUMERATED {gap, ncsg, nogap-noncsg}
}
 
-- TAG-NEEDFORGAPNCSG-INFOEUTRA-STOP
-- ASN1STOP


The scaling factor CSSFoutside_gap should be modified by taking inter-RAT LTE MOs without gap into consideration.
Proposal 5: RAN4 to modify the scaling factor CSSFoutside_gap in TS 38.133 for UE indicating ‘nogap-noncsg’ via needForNCSG-EUTRA for inter-RAT LTE measurement.
Based on the analysis above, it can be found that inter-RAT NR measurement without gap and inter-RAT LTE measurement without gap are supported by NeedForGaps and NeedForNCSG respectively. UE supporting NeedForGap capability could not report the measurement gap requirement for inter-RAT LTE measurement, while UE supporting NeedForNCSG capability could not report the measurement gap requirement for inter-RAT NR measurement. For UE capable of conducting both inter-RAT LTE measurement without gap and inter-RAT NR measurement without gap, it has to support two capabilities to report NW its measurement gap requirement. 
To reduce the UE complexity and signaling overhead, RAN4 could consider extend the two UE capabilities. That is to say, for UE supporting NeedForGap capability, it is allowed to report measurement gap requirement for both inter-RAT NR measurement and inter-RAT LTE measurement, and so it is for UE supporting NCSG capability. In this way, UE supporting either of the NeedForGaps and NeedforNCSG capabilities is capable to report the inter-RAT measurement without gap indication in all development scenarios.
Proposal 6: RAN4 to extend the capability of NeedForGaps to inter-RAT NR measurement.
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3 Conclusion
Observation 1: Two implementations for UE capable of reporting ‘no gap’ via NeedForGapsInfoNR:
· Another spare RF chain is available for UE, or
· The bandwidth of UE’s active RF chain is wide enough.
Proposal 1: RAN4 to define the interruption requirement for UE reporting ‘no gap’ via NeedForGapsInfoNR.
Proposal 2: For CSSFoutside_gap and measurement period requirement, the requirement for Rel-16 inter-frequency without gap could be reused as baseline for NR SSB-based inter-frequency and intra-frequency measurements without gaps for UEs reporting NeedForGapsInfoNR IE.
Proposal 3: The existing scheduling restriction could be reused for NR SSB-based inter-frequency and intra-frequency measurements without gaps for UEs reporting NeedForGapsInfoNR IE.
Proposal 4: RAN4 to define inter-RAT NR measurement without gap requirements in TS 36.133 for UE capable of reporting interRAT-NeedForGapsNR.
Proposal 5: RAN4 to modify the scaling factor CSSFoutside_gap in TS 38.133 for UE indicating ‘nogap-noncsg’ via needForNCSG-EUTRA for inter-RAT LTE measurement.
Proposal 6: RAN4 to extend the capability of NeedForGaps to inter-RAT NR measurement.
Proposal 7: RAN4 to extend the capability of NeedForNCSG to inter-RAT LTE measurement.
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