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[bookmark: _Toc116995841]Introduction
This paper presents Nokia’s views on measurements without gaps in Rel 18. As part of this paper, we analyze the interruption behavior, considering how interruption ration can be calculated based on the Tcycle, and how this affects measurement delay calculation. 
[bookmark: _Toc116995842]Discussion
Interruption
In the previous meeting the following issues were left open for discussion regarding interruption [1]: 
	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 



Issue 1-1-2: Requirements on the interruption length, if allowed
The discussion on the interruption length has been targeting 2 main options. In Option 1 it is proposed that NCSG VIL is used for determining the interruption length for gapless measurement when interruption is allowed. In option 2 it is proposed that RF retuning time (RRT) is used for the interruption length. 
The RRT has been used for describing the time that a spare RF chain needs to retuning to a new frequency. This is also used in the case of NCSG to describe the interruption that one RF chain can cause on another during that process. 
Some background information is needed in order to understand why NCSG did not apply RRT as VIL for the requirements. When NCSG is considered, two small gaps are configured instead of a traditional measurement gap. Those 2 small gaps will be placed before and after the SMTC to be measured at a position that is configured by the network. The NCSG can be configured perUE or perFR, which imply that the VIL needs to be aligned over multiple CCs. Since different cells are not exactly aligned at the UE, the VIL needs to be larger the actual interruption to eliminate the risk that the interruption will fall outside of the small gap. If the VIL would be exactly the length of the RRT, there would be a risk that the network would schedule the UE during the interruption in at least one of the CCs. 
In the case of the gapless measurement with interruption the scenario is very different. Since the network doesn’t have the information of the interruption location, there is no means for the network to avoid scheduling during the interruption. Therefore, alignment across CCs is not relevant in this scenario, and the interruption may be set to exactly the RRT duration. 
[bookmark: _Toc142683781]NCSG has VIL parameters larger than RRT to account for misalignment across multiple component carriers. 
[bookmark: _Toc142683782]In measurements without gaps with interruptions it is agreed that interruption location is not defined. 
[bookmark: _Toc142683783]When a UE is reporting “no-gap-with-interruption” in NeedForInterruptionInfoNR-r18, the interruption length is specified based as the RRT, i.e. 0.5ms in FR1 and 0.25ms in FR2.

Issue 1-1-5a: Requirements on the interruption ratio, if allowed - whether ratios are for individual frequency layer or in total
On Issue 1-1-5a the focus of the discussion is on how the interruption ratio relates to frequency layers. 
In Option 2 and 3, it is assumed that the largest interruption ratio would apply for all the frequency layers. One challenge with this approach is that the total interruption ratio would be much higher than the one that is really needed for the UE to perform the measurements. 
Since the SMTC configuration doesn’t need to be the same for each frequency layer, it is possible that each layer would experience a different interruption ratio per layer. For example, one layer has SMTC configuration of 80 ms, and another has a periodicity of 160 ms which will result in 2 times less interruptions for the second SMTC. Furthermore, it is also possible that 2 SMTCs will have the same periodicity but different offset, and that a gap is overlapping with one SMTC but not with another. 
As for Option 5, it is not clear what would be the final requirement in case that we don’t define the case for multiple frequency layers. 
[bookmark: _Toc142683784]Depending on the SMTC configuration and overlap with gaps the total interruption ratio would differ between 2 frequency layers. 
[bookmark: _Toc142683785]Interruption ratio is defined for a single frequency layer, and total interruption ratio is the sum of interruption ratio of individual frequency layers. 
Issue 1-1-5b: Requirements on the interruption ratio, if allowed - how Tcycle is specified
In the definition of Tcycle, it is important that we consider the typical cycle where the UE would be actually causing interruptions. In current requirements, we have Kp to consider that not all SMTC occasions are available for the gapless measurement due to overlap with measurement gaps. Additionally, the CSSF takes into account the number of frequency layers that are measured outside of gaps. If we agree that the interruption ration is defined per frequency layer, the best approach is that the Tcycle considers the CSSF as part of its calculation. 
In our proposal, we calculated Tcycle for as 
· Tcycle = max( 80, max(TSMTC, DRX cycle) x CSSF x Kp)
That formula can be understood if we take the example of Figure 1. Inv this example frequency layers 1 and 2 are measured outside gaps, and TSMTC is configured with 20 ms. In this example there is also a gap configured at every 40 ms, which results in Kp=2. Additionally, since there are 2 frequency layers to be measured outside gaps, CSSF=2. 
· Tcycle = max( 80, max(20, DRX cycle) x 2 x 2) = 80 ms
As it can be observed in this figure, the UE would measure frequency layer 1 and 2 with 1 sample per 80 ms, which is in line with the formula above. 
[bookmark: _Toc142683786]Tcycle is the available measurement interval in the measurement period requirements after considering the resource collision.
[bookmark: _Toc142683787]Tcycle = max( 80, max(TSMTC, DRX cycle) x CSSF x Kp) 




[image: ]
[bookmark: _Ref142375612]Figure 1 Example of measurements overlapping with gaps and with 2 frequency layers. 


Issue 1-1-7: Trade-off between interruption ratio and measurement delay
For this issue we believe that the network can already control the trade-off between between interruption ratio and measurement delay by configuration of the SMTC window. An additional NW indicator could be useful, but the existing RRC signalling already provides support to enable the same effect. On the other hand, we assume that Tcycle as calculated in Issue 1-1-5b is enough to be used for determining the measurement delay. 
[bookmark: _Toc142683788]The network can control interruption ratio and measurement delay by configuration of SMTC periodicity. 
[bookmark: _Toc142683789]Interruption ratio and measurement delay defined based on Tcycle, which is a function of SMTC. 
Issue 1-1-9: DRX based interruption ratio, if allowed
It was identified that DRX configuration should be also considered for the interruption ratio. When DRX is configured the measurement cycles of the UE are typically extended for power saving, where the UE is not expected to measure every SMTC occasion in the case of DRX is configured. In that case the UE can choose one or more SMTC occasions for performing measurements within the DRX cycle, which are not necessarily aligned with the DRX ON duration of the DRX cycle. It is also possible that the SMTC configuration is such that the DRX ON duration is never overlapping with the SMTC. The DRX duration may also be as short as 1 ms, and if we consider the interruption length values that are under discussion, any interruption during the DRX ON would have high impact on the UE throughput performance. DRX ON duration can be as short as 1/32 ms. 
[bookmark: _Toc135079728][bookmark: _Toc142683790]drx-onDurationTimer can be as small as 1/32 ms
[bookmark: _Toc135079729][bookmark: _Toc142683791]Interruption lengths of 0.25 to 1 ms during DRX ON duration would have extremely large impact on UE throughput, since it could cover the whole DRX ON duration. 
[image: ]
Figure 2 Diagram representing DRX with ON duration, inactivity timer, long and short DRX cycle

When DRX is configured, every time the UE is scheduled during the DRX ON period, the active part of the DRX cycle is extended by the DRX inactivity timer. Safeguarding the DRX ON duration, together with the extensions due to the inactivity timer from interruptions can avoid extremely long latencies. 
As an example, if the UE causes an interruption during the DRX ON period it could miss the PDCCH transmission. If an interruption, which is not a scheduling restriction period on the NW side, is colliding with a PDCCH occasion, especially during long DRX cycles, the device will lose the opportunity for UL and DL grants. If the PDCCH occasion is the only PDCCH occasion during the on-period of the long DRX period, the device is not reachable until next on-period of the DRX configuration, which will result in a long latency for retransmission of data. 
The effect of missing PDSCH is not as severe as missing PDCCH due to an interruption. If the UE receives PDCCH it will be aware the extension of the activity timer, and could receive the retransmission.
[bookmark: _Toc142683792]Interruptions on PDCCH on the DRX cycle can cause the UE to experience delay in UL and DL grants as long as the drx-longcycle.
[bookmark: _Toc142683793]The impact of interruption is more severe on PDCCH than for PDSCH during DRX activity time. 
[bookmark: _Toc135079730][bookmark: _Toc142683794]No interruption is expected during DRX activity time (DRX ON duration extended by inactivity-timer after each PDCCH reception)
Measurement reporting delay requirements
In the previous meeting the following issues were left open for discussion regarding measurement reporting delay [1]: 
	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’



Issue 1-2-1: Requirement for intra/inter-freq measurement without gap when interruption allowed (case 2)
For the measurements with interruptions, we can consider the Tcycle formula in order to determine how the measurement delays can be updated. Table 1 shows FR1 requirements for intra frequency measurements. In the formulas, it can be noticed that the measurement tumes include 
· a number of samples, 5 for PSSS/SSS sync, 3 for SSB time intex detection, and 5 for the SSB measurement period, 
· Kp factor, which takes into account overlap of measurement without gaps with measurement gaps
· CSSF which is the carrier specific scaling factor
[bookmark: _Ref135076867]Table 1 Summary of intrafrequency measurements without measurement gaps for FR1
	DRX cycle
	TPSS/SSS_sync_intra
	TSSB_time_index_intra
	T SSB_measurement_period_intra  

	No DRX
	max( 600ms, ceil( 5 x Kp) x SMTC period )Note 1 x CSSFintra
	max(120ms, ceil( 3 x Kp ) x SMTC period)Note 1 x CSSFintra
	max(200ms, ceil( 5 x Kp) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max( 600ms, ceil(M2 Note 2x 5 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra
	max(120ms, ceil (M2 Note 2 x 3 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra
	max(200ms, ceil(1.5x 5 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

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



One option for calculating the Tcyle in Session 2.2 is to consider all of those in the Tcycle definition. The purpose is that if the UE is skipping the gapless measurement due to a gap, this SMTC should not be considered for the calculation of the final interruption ratio. Therefore, if we consider Tcycle = max( 80, max(TSMTC, DRX cycle) x CSSF x Kp), CSSF and Kp do not need to be considered for the calculation of the measurement delay. This procedure is shown in Table 2. 
[bookmark: _Toc135079735][bookmark: _Toc142683795]Consider the formulas for calculating intra-frequency measurement without gaps with interruption for FR1 as in the table below: 
[bookmark: _Ref135077435][bookmark: _Ref135077430]Table 2 Proposed requirements for intrafrequency measurements without measurement gaps with interruption for FR1
	DRX cycle
	TPSS/SSS_sync_intra
	TSSB_time_index_intra
	T SSB_measurement_period_intra  

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

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

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

	NOTE 1:	Tcycle = max( 80, TSMTC x CSSFintra 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 CSSFintra 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.




The requirements for FR2 from Table 3 are similar to the ones for FR1, where additional factors are considered for the calculation of the measurement delays, which include: 
· KFR, which extends the measurement delay for FR2-2 when the SSB is using either 480 of 960 kHz SCS. 
· Klayer1_measurement, which considers overlap with Layer 1 measurements. 
[bookmark: _Ref135077944]Table 3 Summary of intrafrequency measurements without measurement gaps for FR2
	DRX cycle
	TPSS/SSS_sync_intra
	TSSB_time_index_inter
	T SSB_measurement_period_intra  

	No DRX
	max(600ms, ceil(Mpss/sss_sync_w/o_gaps x KFR x Kp x Klayer1_measurement)  x SMTC period)Note 1 x CSSFintra
	-
	max(400ms, ceil(Mmeas_period_w/o_gaps x Kp x Klayer1_measurement) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(600ms, ceil(1.5 x Mpss/sss_sync_w/o_gaps x KFR x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra
	-
	max(400ms, ceil(1.5x Mmeas_period_w/o_gaps x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra 

	DRX cycle>320ms
	ceil(Mpss/sss_sync_w/o_gaps x KFR x Kp x Klayer1_measurement)  x DRX cycle x CSSFintra
	-
	ceil(Mmeas_period_w/o_gaps xKp x Klayer1_measurement ) x DRX cycle x CSSFintra



For the case of FR2, Tcyle is also calculated in Session 2.2 considering Kp and CSSF. Additionally, since Klayer1_measurement is used to consider the SMTC occasions which are not used because the UE is performing L1 measurements, that is considered for the Tcycle calculation which is used to determine the final interruption ratio. Therefore, if we consider Tcycle = max( 80, max(TSMTC, DRX cycle) x CSSF x Kp x KFR x Klayer1_measurement), CSSF, Kp, KFR and  Klayer1_measurement do not need to be considered for the calculation of the measurement delay. This procedure is shown in Table 4. 
[bookmark: _Toc135079736][bookmark: _Toc142683796]Consider the formulas for calculating intra-frequency measurement without gaps with interruption for FR2 as in the table below: 
[bookmark: _Ref135077952]Table 4 Proposed requirements for intrafrequency measurements without measurement gaps for FR2
	DRX cycle
	TPSS/SSS_sync_intra
	T SSB_measurement_period_intra  

	No DRXNote 1
	max(600ms x CSSFintra, Mpss/sss_sync_w/o_gaps  x Tcycle) 
	max(400ms x CSSFintra, Mmeas_period_w/o_gaps Tcycle)

	DRX cycle≤ 320ms Note 2, Note 3
	max(600ms x CSSFintra, ceil(1.5 x Mpss/sss_sync_w/o_gaps) x Tcycle) 
	max(400ms x CSSFintra, ceil(1.5x Mmeas_period_w/o_gaps) Tcycle)

	DRX cycle>320ms
	ceil(Mpss/sss_sync_w/o_gaps x KFR x Kp x Klayer1_measurement)  x DRX cycle x CSSFintra
	ceil(Mmeas_period_w/o_gaps xKp x Klayer1_measurement ) x DRX cycle x CSSFintra

	NOTE 1:	Tcycle = max( 80, TSMTC x CSSFintra 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 CSSFintra 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.




The same procedure for determining the measurement delay is adopted for the inter-frequency measurements taking into consideration the requirements in 9.3.9 of 38.133 as a baseline. As a result, the formulas for deriving the measurement delays for inter frequency requirements without gaps with interruption are determined in Table 5 and Table 6. 
[bookmark: _Toc135079737][bookmark: _Toc142683797]Consider the formulas for calculating inter-frequency measurement without gaps with interruption for FR1 as in the table below: 
[bookmark: _Ref135079247]Table 5 Proposed requirements for interfrequency measurements without measurement gaps with interruption for FR1
	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.




[bookmark: _Toc135079738][bookmark: _Toc142683798]Consider the formulas for calculating intra-frequency measurement without gaps with interruption for FR2 as in the table below: 
[bookmark: _Ref135079248]Table 6 Proposed requirements for interfrequency measurements without measurement gaps for FR2
	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)
For the requirements without gaps where no interruption is allowed, we already have requirements from Rel 16 Rel 17, so no need for further discussion. From our perspective it is not clear why revision of those requirements is being proposed by some companies, since it was already clear 
[bookmark: _Toc135079733][bookmark: _Toc142683799]38.133 already have requirements for inter/intra frequency without measurement gaps in 9.2.5 and 9.3.9. 
[bookmark: _Toc135079734][bookmark: _Toc142683800]RAN4 can reuse measurement delay requirements in 9.2.5 and 9.3.9 for measurement without gaps and without interruption. 


UE behaviour
In the previous meeting the following issues were left open for discussion regarding interruption [1]: 
	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
· 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



 During the last RAN4 meeting, there were proposals regarding NCSG and needForGaps not being configured at the same time. In our view that would make it much slowed for the UE to be configured with the correct measurements if it cannot report NCSG or needForGaps at the same time. As an example, consider a network that will always attempt to configure either NCSG or measurements without gaps, the delay in this configuration would need to take into account that every time the UE is configured to report either NCSG or needForGaps the RRC processing delay would apply again. Figure 1 shows one such example, where the RRC processing delay needs to be considered 3 times before the network has the full picture of the UE capabilities whether gap, NCSG or measurement without gap should be configured. 



[image: ]
[bookmark: _Ref130831007]Figure 3 Example of how RRC processing delay would be repeated 3 times if the UE should not be configured to report NCSG and NFG simultaneously
[bookmark: _Toc131685057][bookmark: _Toc135079742][bookmark: _Toc142683801]RRC messages configuring NFG or NCSG include overhead of RRC processing delay. 
[bookmark: _Toc131685058][bookmark: _Toc135079743][bookmark: _Toc142683802]needForGapsConfigNR-r16 and needForInterruptionConfigNR-r18 and needForNCSG-ConfigNR may be enabled for the same UE at the same time.

Scheduling availability
In the previous meeting the following issues were left open for discussion regarding scheduling availability [1]: 
	Sub-topic 1-2 Measurement reporting delay requirements
Sub-topic 1-3 UE behaviours
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




Since there is a minimum measurement cycle agreed to be 80 ms, it might be that not all the SMTC occasions are being used for measurements by the UE. From that perspective, it is important that we try to optimize the scheduling restrictions in order to avoid waste of resources. 
One example is shown in Figure 3, where one layer is represented, and SMTC configuration is using 20 ms periodicity. In this scenario, only 1 out of 4 SMTC occasions is being measured by the UE, but the network doesn’t know which one is applicable to scheduling restriction. In this example it is extremely inefficient to define measurements without gaps with interruptions, since scheduling restrictions need to be applicable to all the SMTC occasions, even the ones that the UE is not performing measurements. Therefore, the only situation where the gapless measurements with interruptions make sense are if the UE supports all the features that enable it not to require scheduling restrictions. 
In session 9.3.10 the following UE features are related to removal os scheduling restrictionsÆ
· For FR1 
· simultaneousRxTxInterBandCA
· simultaneousRxDataSSB-DiffNumerology
· For FR2
· IBM
· simultaneousRxTxInterBandCA
· Ncsg-SymbolLevelScheduleRestrictionInter-r17


[image: ]
[bookmark: _Ref142421455]Figure 4 Example of UE performing gapless measurement using minimum measurement cycle of 80 ms at random SMTC occasions. 

The discussion on the default SMTC pattern would make sense in order to avoid specifying more scheduling restrictions than needed. However, this is equivalent to determining the interruption location, which was strongly opposed by many companies. The best solution is indeed to specify interruption location, limiting the STMC occasions where measurement is expected to minimize scheduling restrictions. 
[bookmark: _Toc142683803]RAN4 has already agreed not to define interruption location. 
[bookmark: _Toc142683804]Do not define default SMTC pattern for measurements without gaps with interruptions. 
[bookmark: _Toc142683805]A UE suporting measurements without gaps with interruptions shall support the features that enable measurements without scheduling restrictions, i.e.
a. [bookmark: _Toc142683806]simultaneousRxTxInterBandCA
b. [bookmark: _Toc142683807]simultaneousRxDataSSB-DiffNumerology
c. [bookmark: _Toc142683808]IBM
d. [bookmark: _Toc142683809]Ncsg-SymbolLevelScheduleRestrictionInter-r17

[bookmark: _Toc116995848]Conclusion
This paper has presented Nokia’s views on measurements without gaps in Rel 18. Among the conclusions drawn in this paper, the following observations and proposals can be highlighted: 
1. [bookmark: _Toc116995849]NCSG has VIL parameters larger than RRT to account for misalignment across multiple component carriers.
In measurements without gaps with interruptions it is agreed that interruption location is not defined.
1. When a UE is reporting “no-gap-with-interruption” in NeedForInterruptionInfoNR-r18, the interruption length is specified based as the RRT, i.e. 0.5ms in FR1 and 0.25ms in FR2.
Depending on the SMTC configuration and overlap with gaps the total interruption ratio would differ between 2 frequency layers.
Interruption ratio is defined for a single frequency layer, and total interruption ratio is the sum of interruption ratio of individual frequency layers.
Tcycle is the available measurement interval in the measurement period requirements after considering the resource collision.
Tcycle = max( 80, max(TSMTC, DRX cycle) x CSSF x Kp)
The network can control interruption ratio and measurement delay by configuration of SMTC periodicity.
Interruption ratio and measurement delay defined based on Tcycle, which is a function of SMTC.
drx-onDurationTimer can be as small as 1/32 ms
Interruption lengths of 0.25 to 1 ms during DRX ON duration would have extremely large impact on UE throughput, since it could cover the whole DRX ON duration.
Interruptions on PDCCH on the DRX cycle can cause the UE to experience delay in UL and DL grants as long as the drx-longcycle.
The impact of interruption is more severe on PDCCH than for PDSCH during DRX activity time.
No interruption is expected during DRX activity time (DRX ON duration extended by inactivity-timer after each PDCCH reception)
Consider the formulas for calculating intra-frequency measurement without gaps with interruption for FR1 as in the table below:
Consider the formulas for calculating intra-frequency measurement without gaps with interruption for FR2 as in the table below:
Consider the formulas for calculating inter-frequency measurement without gaps with interruption for FR1 as in the table below:
Consider the formulas for calculating intra-frequency measurement without gaps with interruption for FR2 as in the table below:
38.133 already have requirements for inter/intra frequency without measurement gaps in 9.2.5 and 9.3.9.
RAN4 can reuse measurement delay requirements in 9.2.5 and 9.3.9 for measurement without gaps and without interruption.
RRC messages configuring NFG or NCSG include overhead of RRC processing delay.
needForGapsConfigNR-r16 and needForInterruptionConfigNR-r18 and needForNCSG-ConfigNR may be enabled for the same UE at the same time.
RAN4 has already agreed not to define interruption location.
Do not define default SMTC pattern for measurements without gaps with interruptions.
A UE suporting measurements without gaps with interruptions shall support the features that enable measurements without scheduling restrictions, i.e.
a. simultaneousRxTxInterBandCA
b. simultaneousRxDataSSB-DiffNumerology
c. IBM
d. Ncsg-SymbolLevelScheduleRestrictionInter-r17
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