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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
In RP #95 meeting, the WI of further enhancements on NR and MR-DC measurement gaps and measurements without gaps was approved [1].  The second objective is to discuss the measurement without gaps. 
	(1) 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


[bookmark: _Ref516345544]In this contribution, we will share our general views on these gapless measurements.
2 NeedForGaps
Background
In Rel-16, RAN2 introduced NeedForGapsInfoNR for NR measurement in [2]. As described in RAN2, the NeedForGaps can be used to 
· LTE SA, EN-DC: Inter-RAT NR measurements without gap
· NR SA: intra-frequency or inter-frequency SSB-based measurements without gap
	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 



The meaning of ‘no gap’
In Rel-17, RAN4 has already introduced NCSG which supports three elements as ‘no gap no interruption’, ‘no gap with interruption’ and ‘gap’. However, UE is only supported to report ‘no gap’ and ‘gap’ in NeedForGaps. Thus, the first issue is to clarify the UE’s behaviour when UE reports ‘no gap’ in NeedForGaps. From our understanding, when UE reports ‘no gap’, it implies the UE has a spare RF chain to perform the related measurements which is the same as NCSG. In NCSG, due to different band combination and RF architecture design, UE may report ‘no gap no interruption’ or ‘no gap no interruption’ for a band’s measurement. Obviously, the reporting granularity in NCSG is clearer than the ‘no gap’ reporting in NeedForGaps. To extend the application bands of the gapless measurement, we propose to define ‘no gap’ in NeedForGaps as a union set of ‘no gap no interruption’ or ‘no gap no interruption’ if UE supports both capabilities. That means when UE reports ‘no gap’ in NeedForGaps, the additional interruption due to RF switching before and after the measurement occasions may be expected.
For example, if UE supports both NeedForGaps and NCSG, UE reports the following gap status in NCSG.
Table 1. The example of gap status indication for UE supporting NCSG
	CC
	B1
	B2
	B3
	B4
	B5
	B6

	B1+B2 (Pcell+Scell)
	2
	1
	0
	0
	0
	1


Note: (‘0’: gap, ‘1’: NCSG, ‘2’: no gap no interruption)
The gap status indication in NeedForGaps should have 1-to-1 mapping with the gap status in NCSG with the following rules.
· UE should report ‘no gap’ in the same band for NeedForGaps if reporting ‘no gap no interruption’ or ‘no gap no interruption’ in a band for NCSG
· UE should report ‘gap’ in the same band for NeedForGaps if reporting ‘gap’ in a band for NCSG
[bookmark: _Ref110192511]Observation 1:  When UE reports ‘no gap’ in a band, it implies the UE uses a spare RF chain to perform the related measurements in this band without gap.
[bookmark: _Ref110192532]Proposal 1: When UE reports ‘no gap’ in NeedForGaps, the additional interruption due to RF switching before and after the measurement occasions may be expected.
[bookmark: _Ref110192536]Proposal 2: The gap status indication in NeedForGaps should have 1-to-1 mapping with the gap status in NCSG if UE supports both NeedForGaps and NCSG capabilities.
· UE should report ‘no gap’ in the same band for NeedForGaps if reporting ‘no gap no interruption’ or ‘no gap no interruption’ in a band for NCSG
· UE should report ‘gap’ in the same band for NeedForGaps if reporting ‘gap’ in a band for NCSG
Interruption requirement
In Rel-15, deactivated SCell is measured without gap but with interruption. The deactivated SCell is counted in CSSF outside gap and the interruption requirement is also defined. In Rel-17, when UE supports NCSG capability and NW configures NCSG, the deactivated SCell will be measured within NCSG and the existing interruption requirements are not applicable if the SMTC on the deactivated Scell is partially or fully overlapping with NCSG. From our understanding, the frequency layer with ‘no gap’ can follow the same behaviour as deactivated SCell measurement.
[bookmark: _Ref110192503]Observation 2: Deactivated SCell measurement requirement is defined without gap but with interruption ratio. 
[bookmark: _Ref110192541]Proposal 3: When UE reports ‘no gap’ for a band, the UE can perform measurement without gap for the frequency layers in the band. The related frequency layer should be counted in CSSF outside gap.
[bookmark: _Ref110192545]Proposal 4: The deactivated SCell’s interruption requirement can be a start point to define the interruption requirement for NeedForGaps.
When UE reports ‘no-gap’ measurements with interruption for frequency layers, it implies the interruption may be expected before and after any SMTC outside gap because the network doesn’t know the dedicated SMTC occasions in which UE performs the ‘no-gap’ measurements. 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 when UE supports ‘no gap’ but with interruption.
[image: ]
Figure 1. The possible interruption occasions for UE supporting NeedForGaps
[bookmark: _Ref110192549]Proposal 5: If UE reports ‘no gap’ for NeedForGaps, RAN4 needs to further discuss the interruption ratio (data dropping rate).
Mismatch configuration
There is a possible mismatch issue between NW and UE with different gapless capability. In real field, a NW may only support Rel-16 NeedForGaps capability but not support Rel-17 NCSG. However, the UE may support both Rel-16 NeedForGaps and Rel-17 NCSG. On the contrary, a UE may only support Rel-16 NeedForGaps capability, while the NW may support both Rel-16 NeedForGaps and Rel-17 NCSG. RAN4 needs to clearly define UE’s behaviour on these mismatch scenarios. Furthermore, when both UE and NW support NeedForGaps and NCSG, UE’s behaviour also needs to be defined when NW configures the MG and NCSG. 
[bookmark: _Ref110192552]Proposal 6: RAN4 to define clear UE behaviour in the following mismatch scenarios
· Rel-17 UE which supports NCSG in a Rel-16 NW which only supports NeedForGaps
· Rel-16 UE which supports NeedForGaps in a Rel-17 NW which supports NCSG
· Both UE and NW support NCSG and NeedForGaps
3 Inter-RAT LTE gapless measurement
Background
LTE/NR Dynamic Spectrum Sharing technology (also referred as LTE-NR co-existence scenario in RAN4 specifications) is one of the important 5G features introduced to enable fast and cost-efficient rollout of 5G networks which has widely deployed in the real field. In DSS deployments both LTE and NR technologies share the same spectrum, and the base stations dynamically share the resources based on the specific traffic load conditions. This enables flexible partitioning of resources between NR and LTE with a limited impact on LTE capacity. However, LTE interference will degrade the system performance. In order to ensure that the NR performance is not affected by the always-on LTE CRS signals, specific CRS rate-matching feature was introduced to make sure that NR PDSCH performance is not affected by the LTE CRS signals transmitted from the serving cell. The CRS rate-matching solution mainly ensures the NR PDSCH protection from the LTE CRS signals transmitted from the LTE cell co-located with the NR serving cell, but it would increase the cost of overhead and is not an optimal solution. In Rel-17, RAN4 has studied the further enhancement technology to handle LTE CRS interference in DSS network, which is called as CRS-IM receiver from UE side[3]. 
Two typical scenarios were studied in the CRS-IM WI as follow[4].
· Scenario 1: Both, Serving and neighbor cells are operated in DSS (NR+LTE) mode
· Scenario 2: Serving cell is operated in NR mode and neighbor cell is operated in LTE mode
[image: ]
Figure 2 CRS interference in overlapping spectrum for LTE and NR
However, there are some restrictions to apply the CRS-IM receiver in the above two scenarios. For example, UE assumes the neighbour cell should apply the same configuration as serving cell to perform the CRS-IM receiver in scenario 1. In scenario 2, UE had to perform inter-RAT EUTRAN measurement before performing CRS-IM demodulation technology once NW cannot configure the assistant information. It implies additional performance degradation will be introduced due to inter-RAT LTE measurements’ interruption. Thus, RAN4 should introduce a separate inter-RAT LTE gapless measurement for DSS enhancement. 
[bookmark: _Ref110192515]Observation 3: When RAN4 introduced the CRS-IM technology for enhancement DSS in Rel-17, additional performance degradation or network deployment restriction is expected due to inter-RAT LTE measurement within gap.
[bookmark: _Ref110192557]Proposal 7: RAN4 to introduce a separate inter-RAT LTE gapless measurement for DSS enhancement.
Definition  
In Rel-16, inter-frequency without gap capability was introduced. The UE can perform inter-frequency SSB based measurements without measurement gaps if the SSB is completely contained in the active BWP of the UE. Considering the inter-RAT LTE measurement is for CRS which occupies the full LTE BW, an inter-RAT LTE measurement can be called as gapless if the LTE cell’s target to be measured bandwidth are fully within the NR active BWP.
[bookmark: _Ref110192877]Proposal 8: Inter-frequency without gap capability in Rel-16 can be a good start to study inter-RAT LTE measurements without gap.
[bookmark: _Ref110192563]Proposal 9: The UE can perform inter-RAT LTE measurements without measurement gaps if the LTE cell’s target to be measured bandwidth are fully within the NR active BWP.
CSSF
When the inter-RAT frequency layer’s measurement is without gap, these frequency layers measurement should not be performed within the gap. Furthermore, inter-RAT layers can be measured in flexible time occasions based on PSS/SSS/CRS structure in LTE. For example, UE can perform inter-RAT LTE measurements in any time except the MG. However, if the inter-RAT LTE measurement without gap is allowed to be performed in any time occasions, it may collide with the L3 intra-frequency or L1-RSRP measurement. To avoid the delay extension for the SSB-based intra-frequency measurement outside gap and L1-RSRP measurement, the inter-RAT LTE gapless measurements are also expected to not be performed overlapping with any SSBs. Thus, naturally, the inter-RAT LTE measurement without gap doesn’t need to share the measurement with any other NR frequency layers. Consequently, the inter-RAT LTE measurement without gap delay will be expedited due to no sharing factor needed.
[bookmark: _Ref110192523]Observation 4: Inter-RAT LTE measurement without gap can be performed in any time occasions except the MG.
[bookmark: _Ref110192569]Proposal 10: RAN4 to discuss whether to restrict the inter-RAT LTE gapless measurements in some dedicated time occasions.
[bookmark: _Ref110193595]Proposal 11: RAN4 to discuss the enhanced inter-RAT LTE measurement without gap delay, such as no any sharing factor CSSF needed.
Release independent
Currently, RAN4 is discussing the CRS-IM test case with inter-RAT LTE measurement in Rel-17. The additional performance degradation and longer trigger delay due to inter-RAT LTE measurement within gap will be defined. Obviously, the inter-RAT LTE measurement without gap can enhance the system performance when UE applies the CRS-IM receiver, and the trigger delay due to inter-RAT measurements can also be reduced. Thus, we suggest the group to further consider whether applying the inter-RAT LTE measurement without gap capability release independent from Rel-17.  
[bookmark: _Ref110193599]Proposal 12: RAN4 to discuss whether to introduce the inter-RAT LTE measurements without gap as release independent from Rel-17.
4 Conclusion
In the contribution, we discuss the gapless measurements in Rel-18. We have the following proposals:
Observation 1:  When UE reports ‘no gap’ in a band, it implies the UE uses a spare RF chain to perform the related measurements in this band without gap.
Observation 2: Deactivated SCell measurement requirement is defined without gap but with interruption ratio.
Observation 3: When RAN4 introduced the CRS-IM technology for enhancement DSS in Rel-17, additional performance degradation or network deployment restriction is expected due to inter-RAT LTE measurement within gap.
Observation 4: Inter-RAT LTE measurement without gap can be performed in any time occasions except the MG.
Proposal 1: When UE reports ‘no gap’ in NeedForGaps, the additional interruption due to RF switching before and after the measurement occasions may be expected.
Proposal 2: The gap status indication in NeedForGaps should have 1-to-1 mapping with the gap status in NCSG  if UE supports both NeedForGaps and NCSG capabilities.
· UE should report ‘no gap’ in the same band for NeedForGaps if reporting ‘no gap no interruption’ or ‘no gap no interruption’ in a band for NCSG
· UE should report ‘gap’ in the same band for NeedForGaps if reporting ‘gap’ in a band for NCSG
Proposal 3: When UE reports ‘no gap’ for a band, the UE can perform measurement without gap for the frequency layers in the band. The related frequency layer should be counted in CSSF outside gap.
Proposal 4: The deactivated SCell’s interruption requirement can be a start point to define the interruption requirement for NeedForGaps.
Proposal 5: If UE reports ‘no gap’ for NeedForGaps, RAN4 needs to further discuss the interruption ratio(data dropping rate).
Proposal 6: RAN4 to define clear UE behaviour in the following mismatch scenarios
· Rel-17 UE which supports NCSG in a Rel-16 NW which only supports NeedForGaps
· Rel-16 UE which supports NeedForGaps in a Rel-17 NW which supports NCSG
· Both UE and NW support NCSG and NeedForGaps
Proposal 7: RAN4 to introduce a separate inter-RAT LTE gapless measurement for DSS enhancement.
Proposal 8: Inter-frequency without gap capability in Rel-16 can be a good start to study inter-RAT LTE measurements without gap.
Proposal 9: The UE can perform inter-RAT LTE measurements without measurement gaps if the LTE cell’s target to be measured bandwidth are fully within the NR active BWP.
Proposal 10: RAN4 to discuss whether to restrict the inter-RAT LTE gapless measurements in some dedicated time occasions.
Proposal 11: RAN4 to discuss the enhanced inter-RAT LTE measurement without gap delay, such as no any sharing factor CSSF needed.
Proposal 12: RAN4 to discuss whether to introduce the inter-RAT LTE measurements without gap as release independent from Rel-17.
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