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1. Introduction
NeedForGaps RRM requirement was widely discussed during the previous RAN4 meetings. The last agreements can be found in [1]. In this contribution, we continue discussing the open issue.
2. Discussion
2.1 Sub-topic 1-1 Interruption
Issue 1-1-2: Requirements on the interruption length, if allowed
· Way forward
· Option 1: As a starting point, the interruption length can be same as VIL 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 RTT assumption as for NCSG (0.5ms in FR1 and 0.25ms in FR2) interruption occasion.
· Otherwise, no interruption is allowed
The cause of interruption in NeedForGap is extremely similar with that of NCSG. Typically, UE would use additional RF and BB resource to conduct measurement so that it can keep data Rx/Tx with serving cell(s) concurrently, which has been extensively discussed in R17 NCSG design. Therefore, it is straightforward to reuse the same interruption length as defined in NCSG.
[bookmark: _Ref142392482]Proposal 1: interruption length shall be same as VIL defined for NCSG, e.g.
· When UE reporting “no-gap-with-interruption” in NeedForInterruptionNR the interruption length can be VIL=1ms in FR1 and VIL=0.75ms in FR2.
· When UE reporting “no-gap-no-interruption” in NeedForInterruptionNR no interruption is allowed

Issue 1-1-5a: Requirements on the interruption ratio, if allowed - whether ratios are for individual frequency layer or in total
· Previous agreements
· Interruption ratio is defined as follows: 
· 80ms ≤ Tcycle < 160ms: up to [2.50%] probability of interruption
· 160ms ≤ Tcycle < 320ms: up to [1.25%] probability of interruption
· 320ms ≤ Tcycle: up to [0.625%] probability of interruption
· Do not define requirement for the case Tcycle < 80ms
· Way forward
· Option 1: Interruption ratio is defined for a single frequency layer, and total interruption ratio is the sum of interruption ratio of individual frequency layers
· Option 2: The agreed interruption ratio should only apply to single frequency layer. In case of multiple frequency layers with different measurement cycle, the interruption ratio with the shortest measurement cycle should apply
· Option 3: The interruption ratios agreed apply for a single frequency layer. It is expected that the same interruption ratio will apply for all related frequency layers
· Option 4: Define Tcycle based on sampling interval on all MOs which would cause interruption. With this, the interruption ratio is the total ratio, i.e., it shall apply for all frequency layers.
· Option 5: No need to define separate interruption ratio for multiple frequency layers or DRX. The previous agreed interruption requirement are applied for both single frequency layer and multiple frequency layers, and both non-DRX and DRX. 
Technically, Tcycle for different frequency layer could be different, since SMTC configuration on each frequency layer could be different. Therefore, per layer calculated Tcycle is necessary. However, it would be clearer if a total interruption ratio will also be specified in interruption requirements.
[bookmark: _Ref142392485]Proposal 2: a total interruption ratio can be considered in interruption requirements.

Issue 1-1-5b: Requirements on the interruption ratio, if allowed - how Tcycle is specified
· Proposals
· Option 1: Tcycle is the available measurement interval in the measurement period requirements after considering the resource collision
· Option 1a: 
· Tcycle = Max(SMTC period, DRX cycle) x CSSF x Kp
· Option 1b: 
· When no DRX is used: Tcycle = SMTC x Kp;
· When DRX cycle ≤ 320ms, Tcycle = 1.5 x max(SMTC, DRX) x Kp;
· When DRX cycle > 320ms, Tcycle = DRX cycle x Kp;
· Option 1c: 
· Tcycle = measCycleNFG x CSSF, provided that at least an SMTC occasion is available per measCycleNFG per frequency layer
· Option 1d: 
· Tcycle = max( 80, max(TSMTC, DRX cycle) x CSSF x Kp) for FR1, where Kp is the scaling factor for an SSB frequency layer to be measured without measurement gaps
· Tcycle = max( 80, max(TSMTC, DRX cycle) x CSSF x Kp x KFR x Klayer1_measurement) for FR2, where Kp is the scaling factor for an SSB frequency layer to be measured without measurement gaps, and KFR is the scaling factor depending on the frequency range and SSB SCS
· Option 2a:
· Tcycle = SMTC x CSSF x Kp x Kinterruption, where is the number of carriers on which the measurement may cause interruption
· Option 3: 
· Tcycle = max (80ms, SMTC period, DRX cycle).
· CSSF and other scaling factor need to be included at measurement requirements similar to existing measurement requirements.  
· For information: 
· Current assumption: non-DRX, no MG configured, FR1 and multiple frequency layers.
· FFS the definition of Tcycle: max (measCycleNFG, SMTC period) x Nf
· It is expected that the interruption ratio will not be increased compared to the single frequency layer when configured with all related frequency layers
· TBD if Nf value is calculated only based on the MOs that require interruption
· FFS: measCycleNFG is configured by network (the value is not smaller than 80ms)
· Agreements:
· FFS if there are MOs that need interruption and MOs that do not need interruption. FFS whether these MOs compete the same opportunities for measurements?
Considering SMTC configuration on different frequency layers may be different and interruption availability on different layers may also be different, per layer calculated Tcycle is necessary. Similar as above proposal 2, it is preferred to specify a total interruption ratio in interruption requirements. 
Therefore, we propose the following approach to define Tcycle in interruption requirements.
[bookmark: _Ref142392489]Proposal 3: in interruption requirements, Tcycle can be defined as:
·  , where
· N is number of carriers which are measured with interruption,
· M is total number of carriers according to measurement configuration,
· Tcyclei is the interruption cycle of the ith carrier which is measured with interruption: 
· When no DRX is used: Tcycle = max{80ms, SMTC x Kp};
· When DRX cycle ≤ 320ms, Tcycle = max{80ms, 1.5 x max(SMTC, DRX) x Kp};
· When DRX cycle > 320ms, Tcycle = DRX cycle x Kp;

Issue 1-1-7: Trade-off between interruption ratio and measurement delay
· Way forward
· Option 1: RAN4 to introduce a NW indicator KNeedForGaps to reduce the total interruption ratio
· Option 2: RAN4 to introduce measCycleNFG to reduce the total interruption ratio
The intention of NeedForGaps is to reduce gap overhead. Based on all candidate solutions of interruption design on the table, interruption ratio due to NeedForGaps is already much lower than that of legacy measurement gap. Further reducing interruption ratio at the price of longer measurement delay is unexpected and seems out of scope of this work item.
[bookmark: _Ref142392468]Observation 1: intention of NeedForGaps is to reduce gap overhead. Current interruption ratio for NeedForGaps (based on all candidate solutions) is already much lower than that of legacy MG.
[bookmark: _Ref142392493]Proposal 4: further reducing interruption ratio at the price of increasing measurement delay is unexpected and seems out of scope of this objective.

Issue 1-1-10: UE behaviour when UE reports ‘no gap with interruption’ in some/all bands and NW configures MG
· Way forward
· RAN4 to further study UE’s behaviour as follow.
· Scenario 1: There is no band UE reporting ‘gap’ in NeedForGaps, but NW configures the MG
· Scenario 2: There are some band(s) UE reporting ‘gap’ in NeedForGaps, and NW configures the MG
We don’t think scenario 1 is a typical scenario. If network only configures MO on the bands in inquiry list and UE doesn’t report ‘gap’ on any band, it would be an error configuration for network to configure MG. If network wants UE to use MG to measure other bands, network probably should include those band in inquiry list. With this understanding, we don’t think RAN4 need to define requirement for scenario 1.
[bookmark: _Ref142392496]Proposal 5: no need to define requirements for scenario 1: there is no band UE reporting ‘gap’ in NeedForGaps, but NW configures the MG.
As for scenario 2, MG is still necessary on some bands if they in the MO configuration. For other bands on which UE reports ‘no-gap-with-interruption’, RAN4 shall discuss whether UE shall perform measurement outside MG or not. The benefit of doing measurement within MG is interruption ratio can be reduced since UE won’t cause any interruption outside MG due to RRM measurement. However, from measurement latency and flexibility perspective, performing this measurement outside MG could be better. We slightly prefer the later solution.
[bookmark: _Ref142392500]Proposal 6: two options to handle scenario 2: when UE reports ‘no-gap-with-interruption’ in some bands, while reports ‘gap’ some other bands, and NW configures the MG:
· Option 1: UE shall measure bands with ‘no-gap-with-interruption’ or ‘gap’ within MG
· Option 2: UE shall measure bands with ‘no-gap-with-interruption’ outside gap, and measure bands with ‘gap’ within MG (preferred)

2.2 Sub-topic 1-2 Measurement reporting delay requirements
· Case 1: without gap and no interruption (e.g. ’nogap’ or ’nogap-nointerruption[TBD]’ indicated in [NeedForGapInfoNR-r18: TBD])
· Case 2: without gap but interruption allowed (e.g. ’nogap-with interruption[TBD]’ indicated in [NeedForGapInfoNR-r18:TBD])
Issue 1-2-1: Requirement for intra/inter-freq measurement without gap when interruption allowed (case 2)
· Previous agreements
· When RAN4 defining the measurement requirements for intra/inter-freq measurement without gap when interruption allowed (case 2), the following key aspects needs to be updated at least. 
· Updated the definition of intra/inter-frequency SSB based measurements without measurement gaps to include the case when UE indicates ‘nogap-withinterruption[TBD]’ via ‘needForGap-r18[TBD]’ 
· Updated the scaling factor because of the measurement gap overlapping (Kp )
· Updates on CSSFoutside_gap
· Updates on Klayer1_measurement
· Way forward
· Option 1: The measurement requirements for intra/inter-freq measurement without gap when interruption allowed (case 2) can be defined with the following aspects:
· Update the definition part
· Take the low bound and measurement samples needed for the procedure of PSS/SSS detection, measurement and SSB index detection for NCSG in 9.3.10 as baseline
· Measurement cycle, Kp, Klayer1_measurement, and CSSFoutside_gap depends on the Tcycle definition discussed in issue 1-1-1 
· Option 2: For measurement with interruption, adopt the following updates based on existing requirements for measurement without gap.
· SMTC period is changed to TCycle as in Issue 1-1-5b
· CSSF outside MG is updated to account for MOs measured outside MG
· Option 3: For the scenario of intra- and inter-frequency without gap when interruption is allowed, RAN4 shall leverage the existing Rel-17 NCSG requirements to define the new interruption requirements for NeedForGap after 
· replacing the ‘max (VIRP, SMTC)’ in the measurement period requirement from NCSG with ‘measCycleNFG’ for NFG
· The CSSF should be designed taking the requirements from clause 9.1.5.3 for NCSG as a baseline with update that at least one SMTC per measCycleNFG per frequency layer should be available
· Option 4 : Replace measurement period component to Tcycle. General measurement period format is Max(lower_bound, Number of Samples * scaling factors* Tcycle * CSSFinter/intra ), where Tcycle = max (80ms, SMTC period, DRX cycle).
· Option 5a: Consider the formulas for calculating inter-frequency measurement without gaps with interruption for FR1 as in the table below:
	DRX cycle
	TPSS/SSS_sync_inter
	TSSB_time_index_inter
	T SSB_measurement_period_inter  

	No DRXNote 1
	max( 600ms x CSSFinter, 5 x Tcycle)
	max(120ms x CSSFinter, 3 x Tcycle)
	max(200ms x CSSFinter, 5 x Tcycle)

	DRX cycle≤ 320ms Note 2, Note 3
	max( 600ms x CSSFinter, ceil(M2x 5) x Tcycle)
	max(120ms x CSSFinter, ceil (M2 x 3) x Tcycle) 
	max(200ms x CSSFinter, ceil(1.5x 5) x Tcycle) 

	DRX cycle>320ms
	ceil(5 x Kp) x DRX cycle x CSSFinter
	Ceil(3 x Kp) x DRX cycle x CSSFinter
	ceil( 5 x Kp ) x DRX cycle x CSSFinter

	NOTE 1:	Tcycle = max( 80, TSMTC x CSSFinter x Kp), where Kp is the scaling factor for an SSB frequency layer to be measured without measurement gaps.
NOTE 2:	Tcycle = max( 80, max(TSMTC, DRX cycle) x CSSFinter x Kp), where Kp is the scaling factor for an SSB frequency layer to be measured without measurement gaps.
NOTE 3: 	Requirements considered only if SMTC overlaps with DRX ON, otherwise requirements without gaps without interruption apply.



· Option 5b: Consider the formulas for calculating inter-frequency measurement without gaps with interruption for FR2 as in the table below:
	DRX cycle
	TPSS/SSS_sync_inter
	T SSB_measurement_period_inter  

	No DRXNote 1
	max(600ms x CSSFinter, Mpss/sss_sync_inter x Tcycle) 
	max(400ms x CSSFinter, Mmeas_period_inter x Tcycle)

	DRX cycle≤ 320ms Note 2, Note 3
	max(600ms x CSSFinter, ceil(1.5 x Mpss/sss_sync_inter ) x Tcycle) 
	max(400ms x CSSFinter, ceil(1.5x Mmeas_period_inter) x Tcycle) 

	DRX cycle>320ms
	ceil(Mpss/sss_sync_inter  x Kp x Klayer1_measurement)  x DRX cycle x CSSFinter
	ceil(Mmeas_period_inter xKp x Klayer1_measurement) x DRX cycle x CSSFinter

	NOTE 1:	Tcycle = max( 80, TSMTC x CSSFinter x Kp x KFR x Klayer1_measurement), where Kp is the scaling factor for an SSB frequency layer to be measured without measurement gaps.
NOTE 2:	Tcycle = max( 80, max(TSMTC, DRX cycle) x CSSFinter x Kp x KFR x Klayer1_measurement), where Kp is the scaling factor for an SSB frequency layer to be measured without measurement gaps, and KFR is the scaling factor depending on the frequency range and SSB SCS.
NOTE 3: 	Requirements considered only if SMTC overlaps with DRX ON, otherwise requirements without gaps without interruption apply.



We don’t think Tcycle is necessary to be captured in RRM measurement delay requirements, since it has impact on UE measurement behaviour. The intention of NeedForGaps is to reduce negative impact of MG by reducing interruption time. Changing UE measurement behaviour (by putting Tcycle in measurement delay) seems unnecessary and out of scope. 
[bookmark: _Ref142392471]Observation 2: capturing Tcycle in measurement delay would affect UE measurement behaviour, which seems unnecessary and out of scope of this objective.
[bookmark: _Ref142392505]Proposal 7: Tcycle shall not be captured in measurement delay requirements. Instead, RAN4 only needs to reflect it in interruption requirements. 
With this proposal in mind, existing measurement requirements outsides measurement gap can be reused. The agreed lower bound of 80ms can be reflected in interruption requirements.
[bookmark: _Ref142392509]Proposal 8: Requirement for intra/inter-freq measurement without gap when interruption allowed (case 2): existing requirements of measurement without gap can be reused. 

Issue 1-2-2: Requirement for inter-freq measurement without gap (Inter-f case 1)
· Previous agreements
· The requirements for inter-frequency case 1 can be defined by reusing 9.3.9 framework in TS38.133.
· The following updates needed can be FFS:
· Updated the definition of inter-frequency SSB based measurements without measurement gaps to include the case when UE indicates ‘no-gap’ via interFreq-needForGap.  
· Measurement samples needed for the induvial process (PSS/SSS detection, measurement and SSB index detection 
· Measurement cycles definition
· Updated the scaling factor because of the measurement gap overlapping (Kp )
· Updates on CSSFoutside_gap
· Way forward
· Option 1: The measurement requirements for inter-frequency case 1 can be defined by reusing 9.3.9 framework in TS38.133, and the update is only needed for the definition part.
· Option 2: The measurement period requirements of intra/inter-freq measurements without gap and no interruption (case 1) in Rel18 can be defined by reusing the existing requirements in Section 9.2.5 / 9.3.9 of TS38.133 respectively with the necessary updates on CSSFoutside_gap in 9.1.5.1 of TS38.133 
· Option 3: For inter-frequency case 1, RAN4 shall add the following line in Clause 9.3.9.1: ‘When inter-frequency SMTC is partially overlapping with interruption occasion, Kp = 1/(1- (SMTC period / measCycleNFG)), where SMTC period < measCycleNFG’
RAN4 already agreed that for inter-frequency case 1 can be defined by reusing 9.3.9 framework in TS38.133. It is FFS that which parts need update. First of all, definition of inter-frequency SSB based measurements without measurement gaps needs to be updated to cover the case when UE indicates ‘no-gap-no-interruption’. Second, number of samples needs to be updated as well. In current section 9.3.9, number of samples is less than that defined in 9.3.4 because inter-frequency SSB in section 9.3.9 can be covered by UE active BWP. So UE doesn’t need to adjust AGC before it can measure target SSB accurately. However, for case 1 when UE indicates ‘no-gap-no-interruption’, it doesn’t mean UE can always have accurate AGC information before measurement. For instance, RF for target band is completely isolated with serving band. UE switching on/off the RF chain has no impact on other serving cells. However, UE shall also be allowed to switch off the RF chain outsides SMTC occasion on target band.
[bookmark: _Ref142392474]Observation 3: in case 1 when UE indicates ‘no-gap-no-interruption’ for target band, AGC settling time is also needed for inter-frequency measurement on target band.
[bookmark: _Ref142392513]Proposal 9: Requirement for inter-freq measurement without gap (Inter-f case 1): the requirements for inter-frequency case 1 can be defined by reusing 9.3.9 framework in TS38.133 with the following updates:
· Updated the definition of inter-frequency SSB based measurements without measurement gaps to include the case when UE indicates ‘no-gap-no-interruption’ via interFreq-needForInterruption.
· Number of samples shall be updated to algin with that defined in section 9.3.4.

3. Conclusion
In this contribution, we provide discussion on NeedForGaps RRM requirement. After discussion, the following conclusions are provided:
Proposal 1: interruption length shall be same as VIL defined for NCSG, e.g.
· be VIL=1ms in FR1 and VIL=0.75ms in FR2.
· When UE reporting “no-gap-no-interruption” in NeedForInterruptionNR no interruption is allowed
Proposal 2: a total interruption ratio can be considered in interruption requirements.
Proposal 3: in interruption requirements, Tcycle can be defined as:
·  , where
· N is number of carriers which are measured with interruption,
· M is total number of carriers according to measurement configuration,
· Tcyclei is the interruption cycle of the ith carrier which is measured with interruption: 
· When no DRX is used: Tcycle = max{80ms, SMTC x Kp};
· When DRX cycle ≤ 320ms, Tcycle = max{80ms, 1.5 x max(SMTC, DRX) x Kp};
· When DRX cycle > 320ms, Tcycle = DRX cycle x Kp;
Observation 1: intention of NeedForGaps is to reduce gap overhead. Current interruption ratio for NeedForGaps (based on all candidate solutions) is already much lower than that of legacy MG.
Proposal 4: further reducing interruption ratio at the price of increasing measurement delay is unexpected and seems out of scope of this objective.
Proposal 5: no need to define requirements for scenario 1: there is no band UE reporting ‘gap’ in NeedForGaps, but NW configures the MG.
Proposal 6: two options to handle scenario 2: when UE reports ‘no-gap-with-interruption’ in some bands, while reports ‘gap’ some other bands, and NW configures the MG:
· Option 1: UE shall measure bands with ‘no-gap-with-interruption’ or ‘gap’ within MG
· Option 2: UE shall measure bands with ‘no-gap-with-interruption’ outside gap, and measure bands with ‘gap’ within MG (preferred)
Observation 2: capturing Tcycle in measurement delay would affect UE measurement behaviour, which seems unnecessary and out of scope of this objective.
Proposal 7: Tcycle shall not be captured in measurement delay requirements. Instead, RAN4 only needs to reflect it in interruption requirements.
Proposal 8: Requirement for intra/inter-freq measurement without gap when interruption allowed (case 2): existing requirements of measurement without gap can be reused.
Observation 3: in case 1 when UE indicates ‘no-gap-no-interruption’ for target band, AGC settling time is also needed for inter-frequency measurement on target band.
Proposal 9: Requirement for inter-freq measurement without gap (Inter-f case 1): the requirements for inter-frequency case 1 can be defined by reusing 9.3.9 framework in TS38.133 with the following updates:
· Updated the definition of inter-frequency SSB based measurements without measurement gaps to include the case when UE indicates ‘no-gap-no-interruption’ via interFreq-needForInterruption.
· Number of samples shall be updated to algin with that defined in section 9.3.4.
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