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1. Introduction
In the last meeting, some agreements on the discussion on measurement without gaps for UEs reporting NeedForGapsInfo have been achieved [1]:
	Issue 1-1-1: Signalling for UE to indicate UE supporting ”no-gap” with interruption
· Inform RAN2 on RAN4 #105 agreements on signaling for UE to indicate UE supporting ”no-gap” with interruption.
Issue 1-1-2: Framework of the interruption requirements
· The following aspects will be defined in the requirements of interruption: Interruption length
Issue 1-1-6: Other aspect on whether to allow interruption   
· When UE reports ‘ [TBD1 upon RAN2]’ to indicate the interruption allowed, the interruption should be allowed for 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.
· When UE reports ‘[TBD2 upon RAN2]’ to indicate NO interruption allowed, the interruption isn’t allowed for all intra- and inter-frequency measurements.
Issue 1-3-3: Impacts on the legacy UE behavior 
· Legacy behavior of existing indication in needForGaps and needForGapsNCSG shall not be changed in Rel 18 NR_MG_enh2


In this paper, we’d like to share our views on measurement without gaps when UE reports NeedForGapsInfoNR in the aspects of interruption, measurement reporting delay requirements, UE behavior and scheduling availability.
2. Discussion
2.1 Interruption
Since interruption is allowed in no-gap measurement, there is a need for RAN4 to design corresponding RRM requirements. Specially, the following issues are discussed one by one in this subject: 
Issue 1-1-2: Framework of the interruption requirements
Issue 1-1-3: Requirements on the interruption length , if allowed 
Issue 1-1-5: Requirements on the interruption location , if allowed 

Issue 1-1-2: Framework of the interruption requirements
In the last meeting, RAN4 has agreed that interruption length should be defined in the interruption requirements. There are two alternative solutions related to the interruption length:
· solution 1: interruption location based solution (interruption length + interruption location)
· solution 2: interruption ratio based solution (interruption length + interruption ratio)
According to the solutions, the following options were proposed in the last meeting:
	· Interruption ratio can be defined depending on the measurement cycle length and interruption length as: 
· Option 1: 
· with up to [1.25%] probability of interruption per a UE measurement sample cycle when it is NOT less than [160ms] ms
· FFS on whether and how to define the interruption ratio requirements when the UE measurement sample cycle is less than [160ms]
· Other options not precluded
· FFS on possible measurement delay requirements extension
· FFS whether there is a need to define the interruption location 


Interruption location based solution is extremely similar to NCSG which has visible interruption length before and after the measurement length. While, interruption ratio based solution is similar to measurement on a deactivated SCell where up to certain interruption ratio will be allowed. In our view, solution 1 is more clear and straightforward. If choosing solution 1, the framework and requirements for NCSG can be reused, which will benefit our work. And, NW would not schedule UE during the interruption, which will avoid unnecessary throughput degradation and reduce power consumption. 
Observation 1: Compared with interruption ratio based solution, interruption location based solution is more clear and straightforward with advantages of limited throughput degradation and power saving. 
Proposal 1: RAN4 needs to define interruption location for the interruption requirements.

Issue 1-1-3: Requirements on the interruption length , if allowed 
Although it is agreed that interruption length should be defined in the interruption requirements, the exact interruption length has not be determined yet. Many options were proposed in the last meeting, as follows: 
	· Option 1:  
· 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, TBD]  the interruption length can be VIL=1ms in FR1 and VIL=0.75ms in FR2.
· When UE reporting “[others,TBD]” in [NeedForGapInfoNR, TBD] no interruption allowed 
· Option 2: 
· As a starting point, when UE reporting “no-gap [TBD]” in [NeedForGapInfoNR, TBD]  , the interruption length can be specified based on the same RRT assumption as for NCSG (0.5ms in FR1 and 0.25ms in FR2) interruption occasion.
· Option 3: 
· The interruption length equalling 0.5ms for deactivated SCell measurement can be reused for NeedForGaps measurement. 
· Option 4: 
· Smaller interruption than these for NCSG is expected.


Among these options, we can note that option 1 and option 2 are proposed with the assumption of interruption location allowed, and option 3 is proposed with the assumption of interruption ratio allowed. In our view, RF retuning results in the interruption in the no-gap measurement. While, for NCSG, UE performs more than RF retuning during VIL, e.g. UE also needs to prepare the baseband for simultaneous data Tx/Rx on the serving cells and measurement on the target carrier during VIL, which is different from no-gap measurement with interruption. Thus, we prefer option 2, i.e. the interruption length is 0.5ms for FR1 or 0.25 ms for FR2.
Proposal 2: For the requirements on interruption length, applying the RRT assumption, i.e. the interruption length can be 0.5ms in FR1 or 0.25ms in FR2.
 
Issue 1-1-5: Requirements on the interruption location, if allowed 
If interruption location based solution is allowed, how to define it would be an important issue. Many options were proposed: 
	· Option 1:  
· Interruption location needs to be specified.
· FFS on the specific location of interruption allowed
· Option 1a: 
· to define requirements such that the location of interruption for no-gap Case 2 with vacant RF chain can be configured
· to define requirements such that the location of interruption for no-gap Case 2 without vacant RF chain is next to the symbols to be measured  
· Option 1c: 
· not prefer to assume that interruption exists on each SMTC occasion
· Option 1d: 
· if pattern is introduced to define interruption location, it is suggested to restrict the number of patterns (e.g. one or two patterns are enough), no need to introduce too many patterns like we did for NCSG patterns.
· Option 1e: 
· The interruption location should be close to both sides of the target measurement resources.
· Option 2: 
· No need to define the specific interruption location but the total interruption ratio


If aware of interruption location, NW can schedule UE more effectively. Among these options, option 1a propose that NW can configure interruption location in the case 2 with vacant RF chain available. However, we think for case 2, there is no need to separate two different scenario that whether vacant RF chain is available or not, which will complex our work. Besides, an additional RRC procedure is needed to inform the preferred / configured interruption location, which will increase the work for RAN2. So we think we can define the interruption location in the specification. For exact interruption location, we prefer to take NCSG as reference. Specially, there are two interruptions in each SMTC occasion that UE performs measurement on. One interruption is before the SMTC occasion as close as possible, and the other is immediately after the SMTC occasion. However, there will be another issue that whether NW can know exact SMTC occasion that UE perform measurement on. To our understanding, it is fine for NW to know the exact SMTC occasion to be measured. While, even if unaware of exact SMTC occasion and needs to apply interruption in each SMTC occasion, NW can still schedule other UE during the potential interruptions. In this way, the efficiency loss on the whole system is limited and acceptable
Observation 2: If aware of interruption location, NW can schedule UE more effectively. 
Proposal 3: The interruption location needs to be specified.
Proposal 4: There are two interruptions for each SMTC occasion to be measured, one is before SMTC occasion, and the other is after the SMTC occasion.
Proposal 5: Even if unaware of exact SMTC occasion in which UE performs measurement on, NW can still  schedule other UEs during the potential interruptions, so the efficiency loss on the whole system is limited and acceptable.
2.2 Measurement reporting delay requirements
In the past meeting, RAN4 has agreed to reuse the requirements in Section 9.2.5 of TS38.133 for the reporting delay requirements for intra-frequency no-gap measurement without interruption. In this subject, we continue to discuss the measurement reporting delay requirements in the remaining cases:
Requirements for intra/inter-freq no gap measurement with interruption
Requirements for inter-freq no gap measurement without interruption

Issue 1-2-1 Requirement for intra/inter-freq measurement without gap when interruption allowed (case 2)
For this issue, the following options were proposed during last meeting:
	· Option 1: 
· Can be FFS after RAN4 agree how to define the interruption (length, location or ratio)
· Option 2:   
· The deactivated SCell measurement except the measCycleSCell can be a start point 
· Option 2a: 	
· Measurement cycle larger than 160ms can be considered
· Option 3:  
· For inter-f case 2,take requirements in 38.133, clause 9.3.9 (inter-freq w/o gap) as a starting point 
· For intra-f case 2, Take requirements in Section 9.2.5 of TS38.133 (intra-freq w/o gap) as a starting point for the definition of requirements
· Option 3a:
· considering both deriveSSB-IndexFromCellInter-r17 enabled and disabled
· Option 4:     
· Take requirements NCSG requirements in TS38.133 clause 9.2.7 and 9.3.10 as a starting point for intra-f and inter-f case2 respectively.


Among these options, option 2 and option 2a are based on the interruption ratio, and option 3 as well as option 4 are based on the interruption location. So to our understanding, we need to determine how to define the interruption requirements (interruption location or interruption ratio) first. Then, if interruption is allowed, since no-gap measurement with interruption is extremely similar to NCSG, so we can take the requirements for intra/inter-freq measurements with NCSG in clause 9.2.7/9.3.10 of TS 38133 as starting point.
Proposal 6: Regarding to requirements for intra/inter-freq no-gap measurement with interruption, RAN4 needs to determine how to define the interruption first.
Proposal 7: Regarding to requirements for intra/inter-freq no-gap measurement with interruption, take requirements for intra/inter-freq measurement with NCSG in clause 9.2.7/9.3.10 of TS38.133 as starting point if interruption location allowed.

Issue 1-2-2: Requirement for inter-freq measurement without gap (Inter-f case 1)
In the RAN4 105 meeting, it is agreed that RAN4 takes requirements in Section 9.3.9 of TS38.133 as a starting point. With this agreement, the following options were proposed for further discussion:
	· Proposal 1: 
· 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 2: 
·  Updates/Clarification on CSSFoutside_gap.
· Proposal 3: 
· Define measurement reporting delay requirements for UEs indicating no-gap with interruption considering both deriveSSB-IndexFromCellInter-r17 enabled and disabled  


For proposal 1, a measurement is defined as an inter-freq SSB based measurements without gap provided:
	For UE capable of interFrequencyMeas-NoGap provided
- the UE supports interFrequencyMeas-Nogap-r16 [15], and
- the SSB is completely contained in the active BWP of the UE.
For UE supporting nr-NeedForGapNCSG-reporting-r17 and indicating NeedForGapNCSG-InfoNR for inter-frequency measurement,
- An inter-frequency SSB measurement is defined as measurement without gap if
- the UE indicates ‘nogap-noncsg’ via NeedForGapNCSG-InfoNR for the inter-frequency measurement, and
- the SSB is not completely contained in the active BWP of the UE


It is be noted that NeedForGap feature has not been introduced into the definition of measurement without gaps in the clause 9.3 of TS38.133, so in our opinion, there is a need to update the definition of inter-freq SSB based measurement without gaps. Besides, since interruption has been introduced into no-gap measurement, we may need to consider the following three cases in the clause 9.3:
· UE indicates ‘no-gap’ with interFreq-NeedForGap-r16;
· UE indicates ‘nogap-nointerruption’ via TBD-r18;
· UE indicates ‘nogap-withinterruption’ via TBD-r18.
RAN4 needs to start this update after RAN2 finishes the signaling design. 
Regrading to CSSFoutside_gap, update is needed in order to identify CSSF for no-gap measurement with interruption and CSSF for no-gap measurement without interruption. For deriveSSB-IndexFromCellInter-r17, although it is introduced in Rel-17 NCSG, it can also be extended to Rel-18. And, with deriveSSB-IndexFromCellInter-r17 enabled, the whole delay for identifying a detectable cell can be reduced by ignoring the latency for acquiring SSB index. So whether the IE deriveSSB-IndexFromCellInter-r17 is enabled or not should be considered when defining requirements for inter-freq measurement without gaps.
Proposal 8: Updating the definition of inter-frequency SSB based measurement without gap is fine, but needs to begin after RAN2 finish the signaling design.
Proposal 9: Updating CSSFoutside_gap is fine, but how to update is FFS.
Proposal 10: Whether the IE deriveSSB-IndexFromCellInter-r17 is enabled or not should be considered when defining requirements for no-gap inter-freq measurement without interruption.

2.3 UE behavior 
In this subject, we will discuss the following issues:
Issue 1-3-1: Mapping between NeedForGap and NCSG capabilities when UE supports both of them
Issue 1-3-2: UE behaviors mismatch between UE and NW 
Issue 1-3-3: Impacts on the legacy UE behavior 

Issue 1-3-1: Mapping between NeedForGap and NCSG capabilities when UE supports both of them
In this issue, the following options were proposed:
	· [NeedForGapsInfoNR] and NeedForGapNCSG-InfoNR are not expected to be enabled for the same UE at the same time
· No need to establish the mapping between UE’s indication for NeedForGaps and NCSG 


In our view, both NeedForGapInfoNR and NeedForGapNCSG-InfoNR can indicate to NW whether a measurement gap is needed or not. And, there are some agreements approved by RAN2:
	R2 #117:
There is no need to allow simultaneous configurations on Rel-16 NeedForGap and Rel-17 NCSG reporting.
R2 #118:
R2 think R17 UEs not capable of NCSG can use the R17 NeedForNCSG signalling mechanism to report “gap” or “nogap-noncsg”.


So, we think there is no need to allow NeedForGapInfo and NeedForGapNCSG-InfoNR to work together. 
Proposal 11： There is no need to allow NeedForGapInfo and NeedForGapNCSG-InfoNR to work together.

Issue 1-3-2: UE behaviors mismatch between UE and NW 
Regarding to this issue, the following options were proposed:
	· No impact on Rel-18 NFG requirements because of mismatch scenarios where either UE or NW support Rel-17 or earlier release.
· The requirements of Rel18 NFG will not be applicable to these 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
· Others are not precluded


In our view, the mismatch scenario that UE or NW only support Rel-17 or earlier release have no impact on Rel-18 requirements. Because none of them needs to apply Rel-18 requirements. 
Proposal 12: The mismatch scenarios listed have no impact on Rel-18 NeedForGap requirements

Issue 1-3-3: Impacts on the legacy UE behavior 
Regarding to this issue, many options were proposed in last meeting, as follows:
	· FFS on:
· Proposal 2: 
· It is up to UE what reporting capability is used for reporting when both R17 and R18 reporting capability are supported
· Proposal 3:
· Indication of “no-gap” as part of needForGaps or needForGapsNCSG means no-gap Case 1 (no gap without interruption) 
· Proposal 4:     
· Rel-16 UE is assumed to need interruption since no new interruption indication bit will be reported.



In current specification, UE always reports the needforgap capabilities after configured by NW via RRCResume message or RRCReconfiguration message. In our view, it is up to NW to determine to use which capability. And NW informs UE this information via RRC configuration. For example, UE reports NeedForGapNCSG-InfoNR-r17 when receiving NeedForGapNCSG-ConfigNR-r17; while UE uses R-18 reporting capability when receiving Rel-18 RRC configuration. Otherwise, if it is up to UE, an additional RRC procedure is needed to inform NW which capability UE is preferred, which will complex our work. 
Proposal 13: It is up to NW what reporting capability is used when both R17 and R18 reporting capability are supported

2.4 Scheduling availability
In this subject, we discuss the following two issues:
General principles to define scheduling restriction requirements;
General principles to define scheduling restriction requirements

	Issue 1-4-1: General principles to define scheduling restriction requirements 
< Way forward/ >: 
· FFS on: 
· Option 1:     
· [bookmark: _Toc118614885][bookmark: _Toc118748537][bookmark: _Toc118644736]whether the UE supports simultaneousRxTxInterBandCA in FR1. 
· [bookmark: _Toc118122623][bookmark: _Toc118122550][bookmark: _Toc118614886][bookmark: _Toc118748538][bookmark: _Toc118644737][bookmark: _Toc118120845]whether deriveSSB-IndexFromCellInter-r17 is enabled and supported by the UE in FR1 and FR2.
· Option 1a: 
· whether the UE supports simultaneousRxTxInterBandCA in FR1. 
· whether deriveSSB-IndexFromCellInter-r17 is enabled and supported by the UE in FR1 and FR2.
· whether IBM is supported in FR2.
· Option 2:    
· No need to introduce scheduling restriction due to interruption for performing inter-frequency measurements. 
Issue 1-4-2: On top of which existing requirements to define scheduling restriction requirements 
< Way forward >:  
· FFS on:
· 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 (for both case 1 and case 2)
· Option 2: 
· Reuse the scheduling availability requirements from intra/inter-frequency without gaps 9.2.5.3 or 9.3.9.3 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



For inter-freq measurement, the IE simultaneousRxTxInterBandCA indicates whether UE supports simultaneous transmission and reception or not. For UE incapable of simultaneousRxTxInterBandCA, some extra restrictions should be applied. The IE DeriveSSB-IndexFromCellInter-r17 indicates the time alignment characteristic of network, and the restrictions may be reduced with this IE enabled. Besides, both of them are commonly applied for inter-freq measurement without gap and with NCSG. So in our option, regarding to defining scheduling restriction requirements, simultaneousRxTxInterBandCA and DeriveSSB-IndexFromCellInter should be considered. And since NeedForGap is extremely similar with NCSG, it is fine to take the scheduling availability of NCSG as base line for no-gap measurement with interruption. The no-gap measurement without interruption can be defined on the top of scheduling availability requirements from intra/inter-freq without gaps in TS 38133 clause 9.2.5.3 or 9.3.9.3 . 
Proposal 14: When defining scheduling restriction requirements, whether UE support simultaneousRxTxInterBandCA or DeriveSSB-IndexFromCellInter should be considered.
Proposal 15: For no-gap measurement with interruption, it is fine to take the scheduling availability of measurement with NCSG in the clause 9.2.7.3/9.3.10.3 of TS38.133 as base line.
Proposal 16: For no-gap measurement without interruption, it is fine to take the scheduling availability of intra/inter-freq measurement without gap in the clause 9.2.5.3/9.3.9.3 of TS38.133 as base line.
3. Conclusion
In this contribution, we have the following observations and proposals for measurement without gaps: 
Observation 1: Compared with interruption ratio based solution, interruption location based solution is more clear and straightforward with advantages of limited throughput degradation and power saving. 
Proposal 1: RAN4 needs to define interruption location for the interruption requirements.
Proposal 2: For the requirements on interruption length, applying the RRT assumption, i.e. the interruption length can be 0.5ms in FR1 or 0.25ms in FR2.
Observation 2: If aware of interruption location, NW can schedule UE more effectively. 
Proposal 3: The interruption location needs to be specified.
Proposal 4: There are two interruptions for each SMTC occasion to be measured, one is before SMTC occasion, and the other is after the SMTC occasion.
Proposal 5: Even if unaware of exact SMTC occasion in which UE performs measurement on, NW can still  schedule other UEs during the potential interruptions, so the efficiency loss on the whole system is limited and acceptable.
Proposal 6: Regarding to requirements for intra/inter-freq no-gap measurement with interruption, RAN4 needs to determine how to define the interruption first.
Proposal 7: Regarding to requirements for intra/inter-freq no-gap measurement with interruption, take requirements for intra/inter-freq measurement with NCSG in clause 9.2.7/9.3.10 of TS38.133 as starting point if interruption location allowed.
[bookmark: _GoBack]Proposal 8: Updating the definition of inter-frequency SSB based measurement without gap is fine, but needs to begin after RAN2 finish the signaling design.
Proposal 9: Updating CSSFoutside_gap is fine, but how to update is FFS.
Proposal 10: Whether the IE deriveSSB-IndexFromCellInter-r17 is enabled or not should be considered when defining requirements for no-gap inter-freq measurement without interruption.
Proposal 11： There is no need to allow NeedForGapInfo and NeedForGapNCSG-InfoNR to work together.
Proposal 12: The mismatch scenarios listed have no impact on Rel-18 NeedForGap requirements
Proposal 13: It is up to NW what reporting capability is used when both R17 and R18 reporting capability are supported
Proposal 14: When defining scheduling restriction requirements, whether UE support simultaneousRxTxInterBandCA or DeriveSSB-IndexFromCellInter should be considered.
Proposal 15: For no-gap measurement with interruption, it is fine to take the scheduling availability of measurement with NCSG in the clause 9.2.7.3/9.3.10.3 of TS38.133 as base line.
Proposal 16: For no-gap measurement without interruption, it is fine to take the scheduling availability of intra/inter-freq measurement without gap in the clause 9.2.5.3/9.3.9.3 of TS38.133 as base line.
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