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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]In Rel-16, RAN2 had introduced NeedForGapsInfoNR capability for NR measurement in [1]. 
	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 


However, there are no sufficient analysis and discussion on the “no gap” capability in RAN4 and the requirements of NeedForGaps are not completed.  The current situation is IntraFreq-needForGap was just captured in clause 9.2.1 without the detail requirement, and InterFreq-needForGap-r16 hasn’t captured in current specification. 
	The UE can perform intra-frequency SSB based measurements without measurement gaps if
-	the UE indicates ‘no-gap’ via intraFreq-needForGap for intra-frequency measurement, or
-	the SSB is completely contained in the active BWP of the UE, or
-	the active downlink BWP is initial BWP[3].
For intra-frequency SSB based measurements without measurement gaps, UE may cause scheduling restriction as specified in clause 9.2.5.3.


In this contribution, we will further discuss on UE’s behaviour for UE capable of NeedForGap with ‘no gap’.
2 Application rules
In TS 38.331, it specifies NeedForGaps in Rel-16 is only applied in NR SA.  
	–	NeedForGapsInfoNR
The IE NeedForGapsInfoNR indicates whether measurement gap is required for the UE to perform SSB based measurements on an NR target band while NR-DC or NE-DC is not configured.


[bookmark: _Ref71223300]Observation 1: NeedForGaps in Rel-16 is only applied in NR SA.
[bookmark: _Ref71223308]Proposal 1: When RAN4 defines the requirement for NeedForGaps, it shall be applied for NR SA only.
3 Intra-frequency NeedForGap
Intra-frequency NeedForGap indicates whether measurement gap is required for the UE to perform SSB based measurements on the serving cells while NR SA is not configured. This capability is dynamically reported in the RRC response message according to the current band combination and other physical layer configurations. 
	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. 



When UE reports ‘no gap’ for active serving cells, it implies the UE can perform SSB-based measurement without gap even the SSB isn’t in active BWP. Thus, the network won’t configure the measurement gap to perform measurement for these serving cells. However, RAN4 needs to further discuss whether there is always no interruption to UE when reporting ‘no gap’.  
· Relation to capability bwp-WithoutRestriction
When UE supports bwp-WithoutRestriction, it means UE has the capability to operate the BWP without bandwidth restriction. The DL BWP may not include CORESET #0 and SSB. Thus, when UE supports bwp-WithoutRestriction and UE reports ‘no gap’ for intra-frequencies, it means no interruption to the UE.
	bwp-WithoutRestriction
Indicates support of BWP operation without bandwidth restriction. The Bandwidth restriction in terms of DL BWP for PCell and PSCell means that the bandwidth of a UE-specific RRC configured DL BWP may not include the bandwidth of CORESET #0 (if configured) and SSB. For SCell(s), it means that the bandwidth of DL BWP may not include SSB.
	Band
	No
	N/A
	N/A


[bookmark: _Ref71219181]Observation 2: When UE supports the capability bwp-WithoutRestriction, and reports ‘no gap’ for intra-frequencies, the UE may always use a larger BW to receive the data and CORSET #0 and SSB outside active BWP.
[bookmark: _Ref71219198]Proposal 2: When UE supports the capability bwp-WithoutRestriction and reports ‘no gap’ for intra-frequencies, it means no gap and no interruption for UE to perform intra-frequency measurements.
When UE doesn’t support bwp-WithoutRestriction, but UE still reports ‘no gap’ for intra-frequencies, one possible implementation is UE just uses a spare RF chain to perform the intra-frequency measurements if the SSB is outside active BWP. Thus, UE may have RF retuning before and after the measurements which will bring some interruptions to the system. RAN4 needs to discuss the interruption length for each RF retuning. 
[bookmark: _Ref71219185]Observation 3: When UE doesn’t support the capability bwp-WithoutRestriction, but reports ‘no gap’ for intra-frequencies, the UE may retune a spare RF chain to perform intra-frequency measurements.
[bookmark: _Ref71219203]Proposal 3: When UE supports ‘no gap’ for intra-frequencies by a spare RF chain, RAN4 needs to further discuss whether the interruptions immediately before and after an SMTC is allowed.
[bookmark: _Ref71219212]Proposal 4: If RAN4 agreed to introduce ‘no gap’ with interruption, RAN4 to discuss the possible interruption length when UE doesn’t support the capability bwp-WithoutRestriction, but reports ‘no gap’ for intra-frequency measurements.
Option 1: no interruption
Option 2: 0.5 ms for FR1, 0.25ms for FR2
· Scheduling restriction
RAN4 had also defined the scheduling restriction for intra-frequency measurements as follow.
· Uplink transmission in TDD bands on FR1
RAN4 defined uplink transmission restriction for UE performing SSB-based measurements in TDD bands on FR1. The network can’t schedule uplink transmission on SSB symbols even these symbols are ‘flexiable’ symbol. The reason is SSB measurements has higher priority than UL transmission. When UE uses a larger BWP to perform intra-frequency gapless measurements, this scheduling restriction shall still be applied. However, this scheduling restriction won’t be applied once UE uses a spare RF chain to perform intra-frequency measurements without gap because UE uses two independent RF chains for uplink transmission and SSB-based measurements. 
· Mix-numerology on FR1
RAN4 defined scheduling restrictions on SSB symbols or the whole SMTC duration to be measured when UE doesn’t support simultaneousRxDataSSB-DiffNumerology. When UE uses a larger BWP to perform intra-frequency gapless measurements, this scheduling restriction shall still be applied. However, this scheduling restriction won’t be applied once UE uses a spare RF chain to perform intra-frequency measurements without gap because UE uses two independent RF chains for data reception and SSB-based measurements.
· Rx beam sweeping on FR2 
RAN4 defined scheduling restrictions on SSB symbols or the whole SMTC duration to be measured when UE performs measurements on FR2. The reason is UE will use different Rx beam type to receive data and perform measurements. Thus, this scheduling restriction on FR2 will always applied no matter UE uses any implementation to support ‘no gap’ for intra-frequency measurements.
Currently, RAN4 has no discussion on the scheduling restriction for UE capable of NeedForGap with ‘no gap’ for intra-frequency measurements. Thus, we propose to further discuss the scheduling restriction for UE supporting ‘no gap’ for intra-frequency measurements.
[bookmark: _Ref71219217]Proposal 5: RAN4 needs to further discuss the scheduling restriction when UE supports ‘no gap’ for intra-frequency measurements.
4 Inter-frequency NeedForGap
Inter-frequency NeedForGap 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. This capability is dynamically reported in the RRC response message according to the current band combination and other physical layer configurations. 
When UE is capable to report ‘no-gap’ for inter-frequency measurements on the target bands, a typical implementation is the UE will use a spare RF chain to perform inter-frequency gapless measurements in each band. Obviously, the RF retuning may introduce additional interruption immediately before and after the measurements similar as intra-frequency measurements with spare RF chain.
[bookmark: _Ref71219189]Observation 4: When UE reports ‘no gap’ for inter-frequencies, the UE may retune a spare RF chain to perform inter-frequency measurements.
· Measurement period
When UE reports ‘no-gap’ for inter-frequency measurements on the target bands, these frequencies shall be measured within the CSSF outside measurement gaps other than CSSF within measurement gaps. It implies these frequencies shall also share the same scaling factor with SCells. Meanwhile, these frequencies will be moved from the CSSF within gap. Thus, RAN4 needs to further consider the CSSF for ‘no gap’ measurements.
When UE supports inter-frequency measurements for UE capable of NeedForGap with ‘no gap’, the measurement period for these inter-frequencies will be MGRP agnostic similar as inter-frequency measurements for interFrequencyMeas-NoGap, but RAN4 still needs to further discuss the measurement period for UE capable of NeedForGap with ‘no gap’.  
[bookmark: _Ref71219220]Proposal 6: RAN4 needs to further discuss the CSSF and measurement period update for NeedForGap measurements.
· Interruption ratio (Data dropping rate)
When UE perform ‘no-gap’ measurements with interruption for inter-frequencies, and these frequency layers are included in CSSF outside measurement gaps, it implies the interruption may be expected before and after any SMTC for intra-frequency measurements because the network doesn’t know UE performs these ‘no-gap’ inter-frequency measurements in which SMTCs. For example, UE may perform inter-frequency with ‘no-gap’ in each inter-frequency’s SMTC as the figure below. If RAN4 permits the interruption ratio just following the SMTC for inter-frequency, it will result in too much performance degradation once several inter-frequencies will be measured by ‘no gap’ with interruption. We understand that the inter-frequency with ‘no gap’ for so large interruption ratio is too pessimistic from system design. Thus, RAN4 needs to further discuss the possible interruption ratio(data dropping rate) when UE supports ‘no gap’ but with interruption.
[image: ]
[bookmark: _Ref71219224]Proposal 7: If UE supports ‘no gap’ measurements but with interruption, RAN4 needs to further discuss the interruption ratio(data dropping rate).
· Scheduling restriction
When UE use a spare RF chain to perform inter-frequency measurements, it also implies no scheduling restriction on FR1 even if UE doesn’t support simultaneousRxDataSSB-DiffNumerology. 
When UE reports ‘no gap’ for inter-band inter-frequency measurements, and UE is capable of independent beam management on this FR2 band pair with serving cells’ band, there are no scheduling restrictions on FR2 serving cells in the bands due to inter-frequency measurement performed on different band(s). However, if UE only supports common beam management on this FR2 band pair, the scheduling restriction on FR2 shall still be applied. Thus, RAN4 shall further discuss the scheduling restriction for the UE supporting ‘no gap’ in inter-frequency measurements.
[bookmark: _Ref71219231]Proposal 8: RAN4 needs to further discuss the scheduling restriction when UE supports ‘no gap’ for inter-frequency measurements.
5 Conclusion
In the contribution, we discuss the UE’s behaviours for NeedForGap. We have the following proposals:
Observation 1: NeedForGaps in Rel-16 is only applied in NR SA.
Observation 2: When UE supports the capability bwp-WithoutRestriction, and reports ‘no gap’ for intra-frequencies, the UE may always use a larger BW to receive the data and CORSET #0 and SSB outside active BWP.
Observation 3: When UE doesn’t support the capability bwp-WithoutRestriction, but reports ‘no gap’ for intra-frequencies, the UE may retune a spare RF chain to perform intra-frequency measurements.
Observation 4: When UE reports ‘no gap’ for inter-frequencies, the UE may retune a spare RF chain to perform inter-frequency measurements.
Proposal 1: When RAN4 defines the requirement for NeedForGaps, it shall be applied for NR SA only.
Proposal 2: When UE supports the capability bwp-WithoutRestriction and reports ‘no gap’ for intra-frequencies, it means no gap and no interruption for UE to perform intra-frequency measurements.
Proposal 3: When UE supports ‘no gap’ for intra-frequencies by a spare RF chain, RAN4 needs to further discuss whether the interruptions immediately before and after an SMTC is allowed.
Proposal 4: If RAN4 agreed to introduce ‘no gap’ with interruption, RAN4 to discuss the possible interruption length when UE doesn’t support the capability bwp-WithoutRestriction, but reports ‘no gap’ for intra-frequency measurements.
Option 1: no interruption
Option 2: 0.5 ms for FR1, 0.25ms for FR2
Proposal 5: RAN4 needs to further discuss the scheduling restriction when UE supports ‘no gap’ for intra-frequency measurements.
Proposal 6: RAN4 needs to further discuss the CSSF and measurement period update for NeedForGap measurements.
Proposal 7: If UE supports ‘no gap’ measurements but with interruption, RAN4 needs to further discuss the interruption ratio(data dropping rate).
Proposal 8: RAN4 needs to further discuss the scheduling restriction when UE supports ‘no gap’ for inter-frequency measurements.
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