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Introduction
This document is the way forward to agreements with the following topics covered
· Topic 1:	 Measurement without gaps for UEs reporting NeedForGapsInfoNR (AI 8.10.3.1)
· Topic 2:	 Inter-RAT measurement without gap (AI 8.10.3.2)
Topic #1: Measurement without gaps for UEs reporting NeedForGaps
Summary of discussions
Sub-topic 1-1 Interruption
Issue 1-1-1: Framework of the interruption requirements
· Agreements:
· Do not define any restriction on interruption location
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
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. 
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?
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
Issue 1-1-9: DRX based interruption ratio, if allowed
· Way forward
· FFS on DRX based interruption ratio
· When DRX cycle is equal or smaller than 320ms, 
· no interruption is expected when configured SMTC occasions are misalignment with DRX ON duration; 
· otherwise, the interruption ratio is min(K, 2*L/(KNeedForGaps,i *1.5* max(DRX cycle, SMTCi) *CSSFi)). 
· When DRX cycle is larger than 320ms, no interruption is expected
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

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.




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’
Sub-topic 1-3 UE behaviours
Issue 1-3-1a: Mapping between NeedForGap and NCSG capabilities when UE supports both of them
· Way forward
· Option 1: Indication of “no-gap” as part of needForGaps or needForGapsNCSG means no-gap Case 1 (no gap without interruption)
· Option 2: No need to establish the mapping between UE’s indication for NeedForGaps and NCSG
· Option 3: RAN4 to postpone the 1-to-1 mapping between NeedForGaps and NCSG capabilities until RAN4 has a clear understanding on NeedForGaps requirement

Issue 1-3-1b: enabling NCSG and NFG at the same time
· Way forward
· Option 1: NeedForGapsInfoNR and NeedForGapNCSG-InfoNR are not expected to be enabled for the same UE
· [bookmark: _Toc131949619]Option 2: [Rel 18 NeedForGapsInfoNR] and NeedForGapNCSG-InfoNR may be enabled for the same UE at the same time
· Option 3: NeedForGaps and NCSG are not expected to be enabled for the same UE at the same time, but NW can alternatively switch between NeedForGaps and NCSG once both UE and NW support NeedForGaps and NCSG

Issue 1-3-2: UE behaviors mismatch between UE and NW
· Way forward
· FFS on the issue until the signaling for NFG are stable enough
Issue 1-3-3: Impacts on the legacy UE behavior
· Way forward
· FFS on when RAN2’s signalling design is stable 
· For the legacy UEs, whether RAN4  needs to further clarify the meaning of value ‘no-gap’ in Rel-16 NeedForGap signalling.
Sub-topic 1-4 Scheduling availability
Issue 1-4-3: On top of which existing requirements to define scheduling restriction requirements
· Way forward
· The requirements for NCSG (TS38.133 v17.6.0 9.3.10.3) can be taken as start point to define scheduling availability.
· FFS on the specific issues need to be updated
Issue 1-4-4: Default SMTC pattern
· Way forward
· FFS: Default SMTC pattern should be defined to restrict the scheduling restriction occasions if RAN4 doesn’t define a dedicated measurement pattern for interruption occasions

Topic #2: Inter-RAT measurement without gap
Summary of discussions
Up to this meeting, all agreed using scenarios for inter-RAT NR/LTE measurements without gap can summarized as:
1. the inter-RAT NR measurements without gap in Rel18 includes the two scenarios below.
· Case a-1: UE performing the measurements without gap in NR carriers as there is vacant RF chains for UE measurements
1. the inter-RAT LTE measurements without gap in Rel18 includes the two scenarios below.
· Case b-1: UE performing the measurements without gap in LTE carriers as there is vacant RF chains for UE measurements 
· Case b-2: LTE CRS are fully contained within UE’s active BWP 
Sub-topic 2-1 Scenarios
Issue 2-1-1: Differentiate scenarios for Case b-2
· Agreements
· Do not differentiate the cases. The same requirements apply for both CRS rate matching and CRS-IM use cases
Sub-topic 2-2 UE capabilities
It shall be noted that the main tasks related to RAN4 (listed in the table below) are to investigate how UE to support these features and define the necessary measurement requirements. Based on the general principles, we can also organize the discussion on UE capabilities in the several sub issues below, which are coupled with the using scenarios. 
	Using scenarios 
	Capability (sub-topic 2-2)

	Case a-1: 
Inter-RAT NR wo gap because of the vacant RF chain available
	< Agreement in R4#106>: 
Add the request on the additional signaling from UE to indicate the inter-RAT NR measurements without gap but interruption needed in the inter-RAT NR measurement without gap (case a-1) to the LS to RAN2

	Case b-1: 
Inter-RAT LTE wo gap
because of the vacant RF chain available
	< Agreement in R4#106bis-e>:
Reuse NeedForNCSG-InfoEUTRA-r17 to support Case b-1 and Define requirements for case when UE reports “nogap-noncsg” in NeedForNCSG-InfoEUTRA-r17 for indicating no-gap without interruption.

	Case b-2: 
Inter-RAT LTE wo gap because the measurement reference signal can be contained within UE’s active BWP
	< Agreement in R4#107>:
Introduce a new per-UE capability to support case b-2 similar as Rel-16 inter-frequency measurement without gap.
“No gap with interruption” is not considered for case b-2.
No interruption is considered for case b-2.



Issue 2-2-2: UE capability to support the inter-RAT LTE measurement requirements when LTE CRS to be measured is contained in UE’s active BWP(Case b-2)
· Agreement
· Introduce a new per-UE capability to support case b-2 similar as Rel-16 inter-frequency measurement without gap
· “No gap with interruption” is not considered for case b-2
· No interruption is considered for case b-2
· FFS on power imbalance side conditions for Case b-2 measurements
· FFS whether scheduling restriction shall be defined for inter-RAT LTE measurement case b-2 with mixed numerology.
Sub-topic 2-3 Searcher limitation
Issue 2-3-2: searcher limitation
· Way forward
· Option 1: Inter-RAT LTE measurement without gap(case b-2) can be performed in parallel with NR measurement without searcher limitation
· Option 2: Performing inter-RAT measurement and NR measurements in parallel without searcher limitation is NOT supported
· Option 3: RAN4 shall delay the discussion on searcher limitation requirement until RAN4 reaches conclusion on parallel measurements
Sub-topic 2-4 Measurement reporting period requirements
	Using scenarios 
	Capability indications
	New RRM requirements needed
	Notes

	Case a-1: 
Inter-RAT NR wo gap because of the vacant RF chain available
	“gap”

	No
	The existing requirements in TS36.133 8.1.2.4.21&22 can be applied

	
	“no gap but interruption allowed”
	Yes 
	To be defined in TS36.133

	
	“no gap no interruption”
	Yes
	To be defined in TS36.133

	Case b-1: 
Inter-RAT LTE wo gap
because of the vacant RF chain available
	“gap”

	No
	The existing requirements in TS38.133 9.4.2&9.4.3 can be applied 

	
	“ncsg” 


	
No. 
	the existing requirements in TS38.133 9.4.2&9.4.3 can be reused. 

	
	“nogap-noncsg”
	Yes
	To be defined in TS38.133

	Case b-2: 
Inter-RAT LTE wo gap because the measurement reference signal can be contained within UE’s active BWP
	“gap”
	No
	The existing requirements in TS38.133 9.4.2&9.4.3 can be applied

	
	“no gap but interruption allowed”

	No
	Do not consider

	
	“no gap”
	Yes
	To be defined in TS38.133



Issue 2-4-2: Measurement period requirements for case a-1 with “no gap but interruption allowed”
· Way forward
· FFS on measurement period requirements for case a-1 with “no gap but interruption allowed”
Issue 2-4-3: Measurement period requirements for case a-1 with “no gap no interruption”
· Way forward
· FFS on measurement period requirements for case a-1 with “no gap no interruption”
Issue 2-4-5: Measurement period requirements for case b-1 no gap no interruption allowed
· Way forward
· The measurement requirement for case b-1 and case b-2 can be defined by the framework below.

· FFS on update definition of Tinter1 and CSSFinterRAT
Issue 2-4-7: Measurement period requirements for case b-2 no gap no interruption allowed
· Way forward
· Leverage the same agreements from issue 2-4-5. 
· The measurement requirement for case b-1 and case b-2 can be defined by the framework below.
,
· FFS on update definition of Tinter1 and CSSFinterRAT
Issue 2-4-9: Effective measurement window
· Agreement
· Introduce the effective measurement window for inter-RAT LTE measurement, including offset, duration and periodicity.
· The effective measurement window is used to determine the location of scheduling and measurement restriction.
· FFS whether the effective measurement window is used to handle the collision between the SSB and LTE measurement
· Candidate values for effective measurement window duration: 5ms
· Other values are not precluded
· Candidate values for periodicity of effective measurement window: 40ms and 80ms
· Other values are not precluded

