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1 Introduction
In existing Rel-15/16 NR, two measurement gaps have been identified, which are per-UE and per-FR measurement gap. Then, in Rel-16 NeedForGap feature have been introduced, however, there has been no requirements in RAN4 to support this feature. Later in Rel-17 NR, three measurement gap enhancement have been considered, which are: (i) pre-configured MG pattern(s) per configured BWP (fast MG configuration), (ii) multiple concurrent and independent MG patterns, and (iii) network controlled small gap (NCSG). Now in Rel-18, further work objective to complete the requirements for measurement without gaps is given in the work item description (WID) [1] as below:
	(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.


Furthermore, the open issues from the previous meeting (meeting RAN4#105) are given below [2]:
The analysis and discussion are given in the next section. 
2 Discussion
From the previous RAN4 meetings, RAN4 agreed to define the following cases to simplify the discussion in RAN4:
	it is better to differentiate the measurement without gap into the two scenarios below when considering the measurement reportint delay requirements as for the interruption requirements:
· Case 1: without gap and no interruption (e.g. ’[TBD1]’ indicated in [TBD new signaling])
· Case 2: without gap but interruption allowed (e.g. ’[TBD2]’ indicated in [TBD new signaling])


Further discussion on the details is provided in the following subsections. 
Discussion on interruption
	Sub-topic 1-1: Interruption
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.
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]’.


Issue 1-1-1: RAN4 agreed that interruption is allowed in NeedForGap and given that the existing signalling allows the UE to report two levels only. Therefore, the following task in RAN4 is to ask RAN2 to define the signalling to indicate whether interruption is need or not. Thus, one possible solution is to add additional bit to the NeedForGap reporting, where the additional bit indicates the need for interruption. 
Observation 1: Existing Rel-16 NeedForGap signalling allows two reporting levels which don’t include interruption explicitly.
Proposal 1: [bookmark: _Ref127458585]RAN4 shall ask RAN2 (send an LS to RAN2) to add another bit in the NeedForGap reporting to allow the UE to indicate the need for interruption.
Issue 1-1-2: In general, interruption length should be defined regardless of RAN4 agrees to define either interruption location or interruption ratio. As a starting point, the interruption length can be same as these defined for NCSG. This means, when a UE signals that interruption is needed for gap-less measurements the interruption length can be VIL=1 ms in FR1 and VIL=0.75 ms in FR2.
Proposal 2: [bookmark: _Ref127458598]RAN4 shall define the interruption length requirements the same as these defined for NCSG in Rel-17, (i.e. VIL=1 ms in FR1 and VIL=0.75 ms in FR2).
Issue 1-1-3: Firstly, RAN4 needs to make a decision on the interruption form, i.e., on whether the interruption is defined in terms of length and location (similar to that for NCSG) or it is defined in terms of interruption ratio as in SCell dormancy. After consensus is reached, issues 1-1-3, and 1-1-4 can be discussed in detail. 
Proposal 3: [bookmark: _Ref127458609]RAN4 shall reach consensus on the interruption form, whether to define the interruption in terms of length and location or interruption ratio before going to discuss the requirements in detail. 
Issue 1-1-4: The requirements for the interruption when SCell is deactivated is allowed up to 0.5% with measurement cycle equal to 640 ms. This means the interruption length duration is equal to 0.005*640 = 3.2 ms. However, the SMTC the cycle is much faster and hence it is unrealistic to support 0.5% with short measurement cycle, therefore, the probability of missed ACK/NACK should be derived to allow UE to retune the RF chains in a suitable frequency in order to meet the measurement delay requirements.
Proposal 4: [bookmark: _Ref127458624]If RAN4 would define interruption ratio following deactivated SCell, the interruption ratio should allow UE to retune the RF chains in a suitable frequency in order to meet the measurement delay requirements. 
Issue 1-1-5: When UE reports ‘interruption’ in NeedForGap to indicate the interruption allowed, the interruption should be allowed for each of intra- and inter-frequency measurements for which UE reports ‘interruption’. 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 5: [bookmark: _Ref127458636]When UE reports ‘interruption’ in NeedForGap to indicate the interruption allowed, the interruption should be allowed for each of intra- and inter-frequency measurements for which UE reports ‘interruption’. 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. 

Discussion on measurement reporting delay requirements
	Sub-topic 1-2: Measurement reporting delay requirements
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
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



Issue 1-2-1: Given that the new interruption mechanism for NeedForGap has already been covered in NCSG requirements, therefore, RAN4 shall use the existing Rel-17 NCSG requirements as a baseline to define the interruption related requirements in NeedForGap. In general, for measurements without gap, the overall measurement delay has the following structure: (Delay of a single layer) x CSSFoutside_gap. Now, the delay of a single layer can reuse existing requirements from NCSG requirements. However, this issue depends on the outcome of issues 1-1-2, 1-1-3, and 1-1-4, where the interruption can be defined either as in interruption length and location or interruption ratio. 
Proposal 6: [bookmark: _Ref127458659]For the scenario of without gap when interruption is allowed, RAN4 shall leverage the existing Rel-17 NCSG requirements to define the new interruption requirements for NeedForGap.
Proposal 7: [bookmark: _Ref127458669]RAN4 can wait for the outcome of the interruption type discussion before discussing issues 1-2-1.
Discussion on the UE behaviour

	Sub-topic 1-3: UE behaviour
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.
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
Issue 1-3-3: UE behaviour mismatch between UE and NW 
< Way forward >: 
· Error! Reference source not found.
· 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
· Others are not precluded


Issue 1-3-3: If the requirements of NeedForGap and NCSG are different then there is no need to have 1-2-1 mapping between the two features. 
Proposal 8: [bookmark: _Ref127458681]No need to establish the mapping between UE’s indication for NeedForGaps and NCSG.
Issue 1-3-3: When a rel-17 UE supports NCSG in a rel-16 NW that only support NeedForGap or when a rel-16 UE that supports NeedForGap is connected a rel-17 NW that supports then the UE shall not be expected to have a specific behaviour for such cases and there is no need to specify requirements for it, also, existing requirements of NCSG and NeedForGap are not applicable. Now, if both the UE and the NW support NCSG and NeedForGap, then the UE shall follow the NW configuration, yet this issue also depends on whether the NFG and NCSG share the same requirements or not.
Proposal 9: [bookmark: _Ref118742508]When there is a mismatch between the no-gap capability supported by the NW and the UE then the existing requirements are not applicable and RAN4 should not define new requirements for such mismatch cases.
Proposal 10: [bookmark: _Ref118742518]When both the NW and UE support NFG and NCSG then which requirements shall be applied is left to the NW configuration and depends on whether the requirements of NFG and NCSG are the same.
Discussion on scheduling availability
	Sub-topic 1-4: Scheduling availability
Issue 1-4-1: General principles to define scheduling restriction requirements 
< Way forward/ >: 
· FFS on: Proposal 1:
· [bookmark: _Toc118644736][bookmark: _Toc118614885][bookmark: _Toc118748537]whether the UE supports simultaneousRxTxInterBandCA in FR1. 
· [bookmark: _Toc118122550][bookmark: _Toc118748538][bookmark: _Toc118644737][bookmark: _Toc118614886][bookmark: _Toc118120845][bookmark: _Toc118122623]whether deriveSSB-IndexFromCellInter-r17 is enabled and supported by the UE in FR1 and FR2.
· [bookmark: _Toc118122624][bookmark: _Toc118122551][bookmark: _Toc118748539][bookmark: _Toc118614887][bookmark: _Toc118644738]whether IBM is supported in FR2.
Issue 1-4-2: On top of which existing requirements to define scheduling restriction requirements 
< Way forward >: 
· Option 1: 
· take the similar requirements for NCSG (TS38.133 v17.6.0 9.3.10.3) as baseline to define scheduling availability 
· Option 1a: 
· The scheduling restriction applies regardless of whether interruption is allowed
· FFS on deriveSSB-IndexFromCell-inter
· Option 2: 
· Reuse the scheduling availability requirements from intra-frequency without gaps 9.2.5.3 for UEs reporting no-gap but with interruption.
· Option 3: 
· If RAN4 agrees to define total interruption ratio without specifying location and length, no need to define scheduling restriction


Issue 1-4-1/1-4-2: In general, we believe RAN4 can reuse the scheduling restrictions requirements from Rel-17 NCSG in Ts 38.133 clause 9.3.10.3. 
Proposal 11: [bookmark: _Ref127458421]RAN4 to use requirements of NCSG (TS38.133 v17.6.0 9.3.10.3) as baseline to define scheduling availability.

3 Summary
In this contribution, discussion on measurement without gaps for UEs reporting NeedForGapsInfoNR is provided and we have the following proposals
Proposal 1: RAN4 shall ask RAN2 (send an LS to RAN2) to add another bit in the NeedForGap reporting to allow the UE to indicate the need for interruption.
Proposal 2: RAN4 shall define the interruption length requirements the same as these defined for NCSG in Rel-17, (i.e. VIL=1 ms in FR1 and VIL=0.75 ms in FR2).
Proposal 3: RAN4 shall reach consensus on the interruption form, whether to define the interruption in terms of length and location or interruption ratio before going to discuss the requirements in detail.
Proposal 4: If RAN4 would define interruption ratio following deactivated SCell, the interruption ratio should allow UE to retune the RF chains in a suitable frequency in order to meet the measurement delay requirements. 
Proposal 5: When UE reports ‘interruption’ in NeedForGap to indicate the interruption allowed, the interruption should be allowed for each of intra- and inter-frequency measurements for which UE reports ‘interruption’. 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 6: For the scenario of without gap when interruption is allowed, RAN4 shall leverage the existing Rel-17 NCSG requirements to define the new interruption requirements for NeedForGap.
Proposal 7: RAN4 can wait for the outcome of the interruption type discussion before discussing issues 1-2-1.
Proposal 8: No need to establish the mapping between UE’s indication for NeedForGaps and NCSG.
Proposal 9: When there is a mismatch between the no-gap capability supported by the NW and the UE then the existing requirements are not applicable and RAN4 should not define new requirements for such mismatch cases.
Proposal 10: When both the NW and UE support NFG and NCSG then which requirements shall be applied is left to the NW configuration and depends on whether the requirements of NFG and NCSG are the same.
Proposal 11: RAN4 to use requirements of NCSG (TS38.133 v17.6.0 9.3.10.3) as baseline to define scheduling availability.
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