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Introduction
Following the discussions on measurements without gaps for UE reporting NeedForGapInfoNR, the uses cases are classified into two 
· Case 1: without gap and no interruption (e.g. ’[TBD1]’ indicated in [TBD new signaling])
· Case 2: without gap but interruption allowed (e.g. ’[TBD1]’ indicated in [TBD new signaling])
In this paper we provide our views on how to specify the requirements for each of the cases.
Discussion
Interruptions
Interruption lengths
For the interruption length requirement itself, the methodology we had for NCSG in Rel17 can be reused. That is our proposal:
Proposal 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]  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, it was agreed in the one of the previous meeting that 
	· 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
· FFS if the interruption rate can be captured in equation format
· Do not define requirement for the case Tcycle < 80ms
· FFS if interruption ratio applies to a single frequency layer or all frequency layers
· Tcycle definition is FFS
· Option 1: Tcycle = SMTC x CSSF x Kp
· Other options are not precluded


In the last WG meeting, issue 1-1-5a and 1-1-5b were discussed and the discussion was captured in [1]. The below box shows them.
	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 1-1-5a: 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. 


Tcycle
Regarding Tcycle we almost had the consensus in the last meeting that it is the frequency layer-specific periodicity for the interruptions on the concerned layer to occur. 
	· For information: 
· Current assumption: non-DRX, no MG configured, FR1 and multiple frequency layers.
· [bookmark: _Hlk140660402]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)


When we consider specifying the definition of Tcycle, the group decided to start with a typical simplified environment where there is no DRX or measurement gap configured and it is multi-frequency case in FR1. Under such circumstances, the definition of Tcycle can be depicted as in the following function.
Tcycle_fx = max(measCycleNFG, SMTC period) x Nfx
In the above function it is natural that we could understand Nfx, which is the scaling factor for each concerned frequency layer fx due to multiple frequency layers f1 ~ fn (x is between 1 and n) configured. In a straight-forward way, we understand that Tcycle_fx is the measurement cycle for the specific frequency layer fx (it is SMTC_fx scaled with factor Nfx); while measCycleNFG is the network configured measurement cycle per MO so that the network has full control of the measurement behaviours of the UE. In this way the requirements are very much accessible and readable that the UE has a normalized requirement on all the frequency layers for both measurement and interruption.
When there is no gap configured, the NFG measurements are not shared with any measurement else. The UE measures inter-frequency and inter-RAT MO-s only with NFG vacant RF chain. We assume that all the relevant resources to carry out such measurements are dedicated designed for the UE. However, when there is measurement gap configured, it is natural that the measurements without interruptions with NFG vacant RF chain be carried out outside the gaps. But for the measurements with interruptions to avoid measurement gaps is not something optimal since anyway the network does not schedule anything during configured gaps for UE so our preference is to use measurement gaps for those measurements. Having this said we would like to also explore the performance for measurement without interruptions within measurement gaps since there is no need to share the occasions between NFG measurements and others.
Proposal 2: Network configured measCycleNFG per MO to control the measurement and interruption periods for UE carrying out NFG measurements with or without interruptions. 
Interruption ratios
Given all the discussions for Tcycle_fx, we could have continued to consider the interruption ratio requirements in a frequency layer specific way. However, in a typical interruption test case, the UE is tested against ACK/NACK loss to its serving cell despite whatever operation is carried out on whichever target frequency layer. That is to say even if we specified frequency specific interruption ratio requirements, there is no obvious approach to carry out the test against those requirements.
Having these said, our view on interruption requirements is to specify only a total normalized interruption ratio taking into account all the configured frequency layers according to the smallest of all Tcycle_fx. The minimum requirement is defined according to the worst interrupted frequency layer and usually it is where the UE measures the most frequently on the reference signals (that is with the smallest duration of Tcycle_fx). In the test, the UE is tested in a certain time period within which the UE measures on different frequency layers causing interruptions on some of them. The UE then is required to lose ACK/NACK responses in a smaller portion than what it could have been as if the UE was always measuring on the worst frequency layer.
Proposal 3: Specify a total interruption ratio to the serving cell and the minimum requirement is derived according to the worst case among all the frequency layers possible (according to the smallest of all Tcycle_fx).
With this, the consideration of whether to account for layers that are not interrupted into the interruption ratio requirements is no longer relevant to RAN4 discussions.
Measurement reporting delay requirements
It is agreed that when RAN4 specifies the measurement requirements for intra/inter-freq measurement without gap when interruptions are allowed (case 2), the following key aspects need to be updated at least. 
· Update the definition of intra/inter-frequency SSB based measurements without measurement gaps to include the cases when UE indicates ‘nogap-withinterruption[TBD]’ via ‘needForGap-r18[TBD]’ 
· Update the scaling factor because of the measurement gap overlapping (Kp)
· Updates on CSSFoutside_gap
· Updates on Klayer1_measurement
Now that RAN4 has agreed on the interruption requirements with the interruption ratio and length, in principle the measurement requirements can be specified as the similar way as those for deactivated SCell measurement without gap in TS38.133 Table 9.2.5.2-3/9.2.5.2-4.
For the measurement period requirements of intra/inter-freq measurements without gap when interruption allowed (case 2), the most essential difference with these of measurements without gaps on deactivated SCell is the “measCycleSCell” which is invalid any more. And the corresponding requirements for case 2 needs to update the measurement cycle.
Since we have specified the measCycleNFG for a certain frequency layer, this measurement period can be naturally used to measurement period requirements for intra/inter-frequency measurements without gaps for UE reporting capable of NFG. In the spec we suggest to use measCycleNFG to have alignment in the text with measCycleSCell for better understanding.
Proposal 4: The measurement period requirements of inter-freq measurements without gap when interruption allowed (case 2) in Rel18 can be defined as
Table 9. x.y.zz-1: Measurement period for inter-frequency measurements without gaps ((FR1)
	DRX cycle
	T SSB_measurement_period_inter  

	No DRX
	max(200ms, ceil( 5 x Kp) x measCycleNFG)Note 1 x Nfx

	DRX cycle≤ 320ms
	max(200ms, ceil(1.5x 5 x Kp) x max(measCycleNFG,DRX cycle)) x Nfx

	DRX cycle>320ms
	ceil( 5 x Kp ) x DRX cycle x Nfx

	NOTE 1:	measCycleNFG is the configured measurement cycle when UE supported [no-gap-with-interruption]


Table 9. x.y.zz-2: Measurement period for inter-frequency measurements without gaps (FR2)
	DRX cycle
	T SSB_measurement_period_inter  

	No DRX
	max(400ms, ceil(Mmeas_period_inter x Kp x Klayer1_measurement) x measCycleNFG)Note 1 x Nfx

	DRX cycle≤ 320ms
	max(400ms, ceil(1.5x Mmeas_period_inter x Kp x Klayer1_measurement) x max(measCycleNFG,DRX cycle)) x Nfx 

	DRX cycle>320ms
	ceil(Mmeas_period_inter xKp x Klayer1_measurement) x DRX cycle x Nfx

	NOTE 1:	measCycleNFG is the measurement cycle when UE supported [no-gap-with-interruption]



Conclusion
Proposal 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]  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 2: Network configured measCycleNFG per MO to control the measurement and interruption periods for UE carrying out NFG measurements with or without interruptions. 
Proposal 3: Specify a total interruption ratio to the serving cell and the minimum requirement is derived according to the worst case among all the frequency layers possible (according to the smallest of all Tcycle_fx).
Proposal 4: The measurement period requirements of inter-freq measurements without gap when interruption allowed (case 2) in Rel18 can be defined as
Table 9. x.y.zz-1: Measurement period for inter-frequency measurements without gaps ((FR1)
	DRX cycle
	T SSB_measurement_period_inter  

	No DRX
	max(200ms, ceil( 5 x Kp) x measCycleNFG)Note 1 x Nfx

	DRX cycle≤ 320ms
	max(200ms, ceil(1.5x 5 x Kp) x max(measCycleNFG,DRX cycle)) x Nfx

	DRX cycle>320ms
	ceil( 5 x Kp ) x DRX cycle x Nfx

	NOTE 1:	measCycleNFG is the configured measurement cycle when UE supported [no-gap-with-interruption]


Table 9. x.y.zz-2: Measurement period for inter-frequency measurements without gaps (FR2)
	DRX cycle
	T SSB_measurement_period_inter  

	No DRX
	max(400ms, ceil(Mmeas_period_inter x Kp x Klayer1_measurement) x measCycleNFG)Note 1 x Nfx

	DRX cycle≤ 320ms
	max(400ms, ceil(1.5x Mmeas_period_inter x Kp x Klayer1_measurement) x max(measCycleNFG,DRX cycle)) x Nfx 

	DRX cycle>320ms
	ceil(Mmeas_period_inter xKp x Klayer1_measurement) x DRX cycle x Nfx

	NOTE 1:	measCycleNFG is the measurement cycle when UE supported [no-gap-with-interruption]
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