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1 	Introduction
In the last RAN4 meeting, Rel18 NR measurement gap enhance WI was initially discussed. In this paper, the objective 2 below in [1] was discussed.
	The following objectives are considered in this WI:
(1) Enhancements of pre-configured MGs, multiple concurrent MGs and NCSG 
(2) [bookmark: _Hlk95412263]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





2 Discussion
2.1. Interruption 
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]In the last RAN4 meeting, several open issues on whether the interruption requirements are allowed when UE reporting NeedofrGapInfoNR was captured in [2]
	Issue 1-1-1: Whether interruption is expected when UE reports ’no-gap’ in ‘NeedForGapsInfoNR' 
< Agreement >: 
· Introduce additional Rel-18 UE signalling to differentiate UE supporting no gap with interruption (Case 2) 
· Signalling details are FFS.




From RAN4 perspective, in order to more clearly define UE behaviors on the interruption requirements, the similar mechanism in Rel17 NCSG can be adopted. For an instance, if the additional indication (e.g. “nogap-notinerruption”) reported in NeedForGapsInfoNR, UE behaviors can be defined explicitly:
	     NW config         
UE capability
	No MG 

	Gap
	No requirements


	no-gap
	Measurements out of gap,
interruption allowed and interruption requirements defined in TS38.133 9.1.9[3] 

	nogap-nointerruption
	Measurements out of gap,
No interruption allowed



In other words, the more straightforward way is to extend “NeedForGapsInfoIE“ in Rel18 as below. 
	NeedForGapsInfoNR information element[TS38.331 v17.1.0]
-- 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}
}
NeedForGapsNR-r18  ::=                        SEQUENCE {
    bandNR-r16                                   FreqBandIndicatorNR,
    gapIndication-r16                            ENUMERATED {gap, no-gap, nogap-nointerruption }
}


-- TAG-NeedForGapsInfoNR-STOP
-- ASN1STOP




Proposal 1: The interruption requirements when UE performing SSB measurements without gap by reporting ‘NeedForGapsInfoNR' can be defined with the additional indication (e.g. “nogap-notinerruption”).

However, we are also fine to ask RAN2 to design these signaling necessary. 
Proposal 1a: The additional Rel-18 UE signalling to differentiate UE supporting no gap with interruption can be designed by RAN2.

Regarding to the detailed interruption requirements, RAN4 had the following agreements:
	Issue 1-1-2: Requirements on the interruption length 
< Way forward >: 
· Option 1a:  
· As a starting point, the interruption length can be same as these defined for NCSG,e.g.
· When UE reporting “no-gap[TBD]” in [NeedForGapInfoNR]  the interruption length can be VIL=1ms in FR1 and VIL=0.75ms in FR2.
· When UE reporting “others[TBD]” in [NeedForGapInfoNR] no interruption allowed 
· Option 1b: 
· As a starting point, when UE reporting “no-gap [TBD]” in [NeedForGapInfoNR]  , the interruption length can be specified based on the same RTT assumption as for NCSG (0.5ms in FR1 and 0.25ms in FR2) interruption occasion.
· Option 1c: 
· The interruption length equalling 0.5ms for deactivated SCell measurement can be reused for NeedForGaps measurement.
· Option 1d: 
· Smaller interruption than these for NCSG is expected.
· Option 2: 
· No need define interruption length but total interruption ratio.


Issue 1-1-3: Requirements on the interruption location 
< Way forward >: 
· Option 1:  
· Interruption location needs to be specified.
· FFS on the specific location of interruption allowed
· Option 2:  
· No need to define the specific interruption location but the total interruption ratio


Issue 1-1-4: Requirements on the interruption ratio 
< Way forward >: 
· Option 1:  
· RAN4 needs to define the total interruption ratio 
· Option 1a: 
· the total interruption ratio shall not exceed 1.25%.
· Option 1b: 
· The total interruption ratio 0.5% for deactivated SCell measurement can be a good reference
· Option 2:  
· RAN4 needs NOT to define total interruption ratio when the requirements on interruption length and location are specified 
· Other options are not precluded

Issue 1-1-5: Other aspect on whether to allow interruption 
< Way forward >: 
· FFS on: 
· Proposal 1: 
· When UE reports ‘ [TBD1 upon issue 1-1-1]’ to indicate the interruption allowed, the interruption should be allowed for each of intra- and inter-frequency measurements for which UE reports ‘[TBD1 upon issue 1-1-1]’. 
· The interruption will impact all the serving cells if UE does not support per-FR gap, and all the serving cells in the same FR as the measurement if UE supports per-FR gap.
· Proposal 2: 
· When UE reports ‘[TBD2 upon issue 1-1-1]’ to indicate NO interruption allowed, the interruption isn’t allowed for each of intra- and inter-frequency measurements for which UE reports ‘[TBD2 upon issue 1-1-1]’.



Firstly, if there are not any requirements on the induvial interruption length but the total ratio allowed, it is a little bit risk to introduce longer interruption within a specific duration. For an example, if we follow the requirements for deactivated SCC in 8.2.2.2.3 in TS38.133 [TS38.133 v17.5.0], the maximum interruption can be large as 3.2ms which is much larger than VIL defined for NCSG. That is in that case the more outage will be allowed. Therefore, in order to avoid such case, we suggest to define the overall framework of interruption requirements with the interruption length at least. On the other hand, from NW and UE efficiency perspective, the minimum interruption ratio allowed is also to be desired. 

Proposal 2: The interruption requirements can be defined by both interruption length and minimum ratio allowed.

For the interruption length requirement itself, the same methodology to define such requirements for NCSG Rel17 can be reused. That is
Proposal 3: As a starting point, the interruption length can be same as these defined for NCSG,e.g.
· When UE reporting “no-gap[TBD]” in [NeedForGapInfoNR]  the interruption length can be VIL=1ms in FR1 and VIL=0.75ms in FR2.
· When UE reporting “others[TBD]” in [NeedForGapInfoNR] no interruption allowed 

For the requirements on the interruption ratio, the existing requirements for interruption on the deactivated SCC can be taken as the start point.
Proposal 4: For the requirements on the interruption ratio, the existing requirements for interruption on the deactivated SCC [2] below can be taken as the start point.
	8.2.2.2.3 Interruptions during measurements on deactivated SCC
Interruptions on PCell or activated SCell(s) due to measurements when an SCell is deactivated are allowed with up to
0.5% probability of missed ACK/NACK when the configured measCycleSCell [2] is 640 ms or longer


 
2.2. Measurement reporting delay requirements 
In the last meeting, RAN4 has some discussion on the principles to define the necessary measurement reporting requirements for the different cases below[WF][Summary]. 
· Case 1: without gap and no interruption (e.g. ’nogap’ or ’nogap-nointerruption[TBD]’ indicated in NeedForGapInfoNR)
· Case 2: without gap but interruption allowed (e.g. ’nogap’ indicated in NeedForGapInfoNR)
Thus, the following options were agreed. 
	Issue 1-2-1 Requirement for intra/inter-freq measurement without gap when interruption allowed (case 2) 
< Way forward >: 
· Option 1: 
· Take requirements NCSG requirements in TS38.133 clause 9.3.10 as a starting point
· The other aspects can be FFS. e.g.
· The time slot alignment among the measurement objects and interruption location
· Option 2: 	
· The deactivated SCell measurement requirement can be the start point in case of interruption location is unknown.
· Option 2a: 
· The deactivated SCell measurement except the measCycleSCell can be a start point 
· To reduce the total interruption ratio, some trade-off solutions for extending the measurement can be
· introducing a lower bound, such as [80]ms, or 
· introducing a scaling factor KNeedForGaps, such as KNeedForGaps =[2]
· Option 3: 
· Take requirements in 38.133, clause 9.3.9 as a starting point
· 



In principle, the measurement reporting delay requirements depends on multiple factors (e.g. CCSF and gap occasions). However, we believe the framework of NCSG requirements can be taken as our start point. Some impacts (e.g. CCSF) can be discussed separately. Thus we can support Option 1 for issue 1-2-2 &1-2-4 above.

Proposal 5: Take requirements NCSG requirements (9.3.10 in TS38.133[3]) as a starting point to define the measurement reporting delay requirements for the case 2.
	Issue 1-2-1: Requirement for intra-freq measurement without gap when no interruption (intra-f case 1) [R4#104b-e agreements]
< Agreement >: 
· Reuse requirements in Section 9.2.5 of TS38.133 (intra-freq w/o gap) for the reporting delay requirements for intra-frequency measurement without gap and no interruption allowed 
Issue 1-2-2: Requirement for inter-freq measurement without gap when no interruption (Inter-f case 1)
< Agreement >: 
· Proposal 1: Take requirements in Section 9.3.9 of TS38.133 (inter-freq w/o gap) as a starting point
< Way forward >: 
· FFS on:     
· Proposal 2: 
· to update the definition of inter-frequency SSB based measurements without measurement gaps to include the case when UE indicates ‘no-gap’ via interFreq-needForGap
· Proposal 3: 
·  updates/clarification on CSSFoutside_gap is needed.  
· Proposal 4: Nokia
· Define measurement reporting delay requirements for UEs indicating no-gap with interruption considering both deriveSSB-IndexFromCellInter-r17 enabled and disabled
· 
	


For issue 1-2-3 above, in our view there is no clear definitions on CSSFoutside_gap for the measurement without when UE reports ‘no-gap’ via ‘needForGapInfoNR’ in current spec [3]. Thus we propose to clarify the CSSFoutside_gap in 9.1.5.1 of TS38.133.
Proposal 6: Updates/Clarification on CSSFoutside_gap when defining the requirements for case 1 is needed.   
2.3. UE behaviours
In the last meeting, RAN4 has some discussion on UE behaviours when UE support both NeedForGap and NCSG as below.
	Issue 1-3-1: Mapping between NeedForGap and NCSG capabilities when UE supports both of them
< Way forward >: 
· Option 1: 
· 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.
· The exact mapping of the reports in NeedForGaps, NeedForGapNCSG and/or other new signaling options is FFS 
· Option 1a: 
· 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
· Option 2: 
·  No need to establish the mapping between UE’s indication for NeedForGaps and NCSG
· Option 2a: 
· NeedForGaps and NeedforGapsNCSG are not expected to be enabled for the same UE



Generally, we also thought there was some overlap or ambiguity when UE support both NeedForGap and NCSG for the possible gap-less measurements. For an example, when there is a vacant RF chain UE can indicate either of the following options to perform the measurement outside of measurement gap.
· Alt 1. ‘no-gap’ via “needForGapsInfoNR” 
· Alt 2. ‘ncsg or nogap-noncsg’ via “needForNCSG-InforNR’
Thus, whether UE need to distinguish them for the same purpose can be FFS. More importantly, for the possible enhancements, RAN4 shall be investigate the potential impacts on legacy UE. To simplify RAN4’s works, Option 2/2a is more preferable. 

Proposal 7: No need to establish the mapping between UE’s indication for NeedForGaps and NCSG.   

In the last meeting, one of controversial issue is
	Issue 1-3-2: Impacts on the legacy UE behavior 
< Way forward >: 
· FFS on:
· Option 1: 
· Legacy behavior of existing indication in needForGaps and needForGapsNCSG shall not be changed in Rel 18 NR_MG_enh2



From RAN4 perspective, we believe the requirements and UE behavior defined in Rel18 is only applied to UE supporting Rel18 UE capability. That is for the legacy UE, the UE behavior when the the legacy IE (e.g. Rel16/17 needForGaps and needForGapsNCSG ) were indicated will not changed. 

Proposal 8: Legacy behavior of existing indication in needForGaps and needForGapsNCSG shall not be changed in Rel 18 NR_MG_enh2.


3 Conclusion
In this contribution, serval issues related to the measurement gap enhancement WI are discussed. The proposals can be summarized as:
Proposal 1: The interruption requirements when UE performing SSB measurements without gap by reporting ‘NeedForGapsInfoNR' can be defined with the additional indication (e.g. “nogap-notinerruption”).
Proposal 1a: The additional Rel-18 UE signalling to differentiate UE supporting no gap with interruption can be designed by RAN2.

Proposal 2: The interruption requirements can be defined by both interruption length and minimum ratio allowed.
Proposal 3: As a starting point, the interruption length can be same as these defined for NCSG,e.g.
· When UE reporting “no-gap[TBD]” in [NeedForGapInfoNR]  the interruption length can be VIL=1ms in FR1 and VIL=0.75ms in FR2.
· When UE reporting “others[TBD]” in [NeedForGapInfoNR] no interruption allowed 
Proposal 4: For the requirements on the interruption ratio, the existing requirements for interruption on the deactivated SCC [2] below can be taken as the start point.
	8.2.2.2.3 Interruptions during measurements on deactivated SCC
Interruptions on PCell or activated SCell(s) due to measurements when an SCell is deactivated are allowed with up to
0.5% probability of missed ACK/NACK when the configured measCycleSCell [2] is 640 ms or longer



Proposal 5: Take requirements NCSG requirements (9.3.10 in TS38.133[3]) as a starting point to define the measurement reporting delay requirements for the case 2.
Proposal 6: Updates/Clarification on CSSFoutside_gap when defining the requirements for case 1 is needed.   
Proposal 7: No need to establish the mapping between UE’s indication for NeedForGaps and NCSG.   
Proposal 8: Legacy behavior of existing indication in needForGaps and needForGapsNCSG shall NOT be changed in Rel 18 NR_MG_enh2.
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