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[bookmark: _Toc116995841]Introduction
This paper presents a discussion on the identified problem and proposes how to clarify the interruption behavior for “no gap” in Rel -16. 
[bookmark: _Toc116995842]Discussion
Discussed scenarios
In this paper, the following scenarios are discussed:
· Scenario 1: the UE is connected to LTE cell with NR inter-RAT measurement objects
· In this scenario the UE: 
· supports interRAT-NeedForGapsNR-r16, 
· is connected to an LTE eNB, 
· is configured to perform NR inter-RAT measurements. 
· Scenario 2: the UE is connected to NR cell with NR measurement objects
· In this scenario a UE 
· supports nr-NeedForGap-Reporting-r16 or interFrequencyMeas-Nogap-r16 
· is connected to NR gNB 
· is configured to perform NR measurements. 
Interruption for UEs in Scenario 1 and Scenario 2
In the RAN4 #110 meeting the following tentative agreement was captured in [1]:
	[bookmark: _Hlk160037727]Issue 1-1-1: Scenario 1, LTE – NR inter-RAT measurement 
Tentative agreements
1. interRAT-NeedForGaps-r16=FALSE means that the UE support measurement without gaps
i. The UE may or may not cause interruption.
2. if UE causes interruptions when performing measurements without gaps:
i. Support early implementation of Rel-18 NeedForInterruption:
1. Optional since R17
ii. [FFS mandatory report of the UE capability R18 interRAT-NeedForIntrNR-r18 from Rel-18 UE if the UE reports interRAT-NeedForGaps-r16=FALSE]
iii. FFS the UE behavior if the Rel-18 UE does not support interRAT-NeedForIntrNR-r18 

[bookmark: _Hlk143092912]Issue 1-1-2: Scenario 2, NR measurements without gaps
Tentative agreements
1. “no-gap” as part of NeedForGapsInfoNR-r16=FALSE means that the UE support measurement without gaps
i. The UE may or may not cause interruption.
2. if UE causes interruptions when performing measurements without gaps:
i. Support early implementation of Rel-18 NeedForInterruption:
1. Optional since R17
ii. FFS the UE behavior if the Rel-18 UE does not support NeedForInterruptionNR-r18




As part of this agreement, it was identified that Rel-16 UEs may or may not cause interruptions when supporting Rel-16 measurements without gaps. Since RAN4 specifies minimum requirements for UE, the impact of the bullet above is that interruptions are allowed for UEs supporting NeedForGapsInfoNR-r16 and/or interRAT-NeedForGaps-r16=FALSE. 
In order to have a fair deployment of the Rel-16 features for measurements without gaps, this tentative agreement needs to be captured on the specification. If this is not captured, the message for deployment will be unclear. As discussed in our previous papers [2][3] the conditions when interruptions are allowed have been always clearly indicated in the specification. Therefore, if we are now making one exception to allow interruptions for a feature from a previous release, that decision should be clearly indicated in the RRM specification. 
[bookmark: _Toc166076890]For Scenario 1 (LTE – NR inter-RAT measurement): Clarify that a UE supporting interRAT-NeedForGaps-r16=FALSE may cause interruptions with a ratio of X %.
[bookmark: _Toc158837791][bookmark: _Toc153801094][bookmark: _Toc153810401][bookmark: _Toc166076891][bookmark: _Toc153801095][bookmark: _Toc153810402]For Scenario 2: If needForInterruptionConfigNR-r18 is not enabled, a UE indicating “no-gap” as part of NeedForGapsInfoNR-r16 may cause interruptions with a ratio of X %.
The interruption ratio can be determined based on the minimum measurement cycle for the existing measurement delay requirements. 
The measurement delay is composed by the following stages which apply for intra/interfrequency and interRAT measurements:
· Tidentify_without_index = TPSS/SSS_sync + TSSB_measurement_period
· Tidentify_with_index = TPSS/SSS_sync + TSSB_measurement_period+ TSSB_time_index
From those stages, the following tables include lower bounds, number of samples, and the calculation of the interruption ratio considering 1+1 ms interruption per measurement sample for FR1 and 0.75+0.75 ms interruption per measurement sample for FR2.
Table 1 Interruption ratio calculation for measurements without gaps in FR1
	[bookmark: _Toc116995848]
	FR1 (from 9.2.5 and 9.3.9 of 38.133)

	
	Lower bound
	# samples
	Interruption ratio %

	TPSS/SSS_sync
	600 ms
	5
	1,67

	TSSB_measurement_period
	200 ms
	5
	5

	TSSB_time_index
	120 ms
	3
	5

	Tidentify_without_index
	800 ms
	10
	2,5

	Tidentify_with_index
	920 ms
	13
	2,83



Table 2 Interruption ratio calculation for measurements without gaps in FR2
	
	FR2 (from 9.2.5 and 9.3.9 of 38.133)

	
	Lower bound
	20 ms * # samples
	# samples
	Interruption ratio %

	TPSS/SSS_sync
	600 ms
	600 ms
	24
	6

	TSSB_measurement_period
	200 ms
	480 ms
	24
	7,5

	Tidentify_without_index
	800 ms
	1080 ms
	48
	6,6



Table 3 Interruption ratio calculation for inter-RAT NR measurements without gaps in FR1
	
	interRAT NR (from 8.1.2.4.21.1.1 of 36.133)

	
	Lower bound
	# samples
	Interruption ratio %

	TPSS/SSS_sync
	600 ms
	8
	2,67

	TSSB_measurement_period
	200 ms
	8
	8

	TSSB_time_index
	120 ms
	3
	5

	Tidentify_without_index
	800 ms
	16
	4

	Tidentify_with_index
	920 ms
	19
	4,13



Table 4 Interruption ratio calculation for inter-RAT NR measurements without gaps in FR2
	
	Lower bound
	20 ms * # samples
	# samples
	Interruption ratio %

	TPSS/SSS_sync
	600 ms
	800 ms
	40
	7,5

	TSSB_measurement_period
	200 ms
	800 ms
	40
	7,5

	TSSB_time_index
	200 ms
	480 ms
	24
	7,5

	Tidentify_without_index
	800 ms
	1080 ms
	80
	7,5

	Tidentify_with_index
	1000 ms
	2080 ms
	104
	7,5



From the calculation above, we can determine the maximum interruption ratio for the considered Rel-16 measurement interruption ratio as 2.5 % and 4% for NR measurement without gaps and interRAT NR measurements without gaps, respectively. The same ratio is increased to 2.83% and 4.13% when inter detection is considered. Considering that calculation on lower bounds of measurement delay, we can assume that a UE that is not collecting more samples than the ones required by 38.133 and 36.133 can perform those measurement with a interruption ratio smaller than 5% for Scenario 1 and 3% for Scenario 2. 
[bookmark: _Toc166076892]For Scenario 1 (LTE – NR inter-RAT measurement): a UE supporting interRAT-NeedForGaps-r16=FALSE may cause interruptions with a ratio of 5 % for FR1 and 8% for FR2.
[bookmark: _Toc166076893]For Scenario 2: If needForInterruptionConfigNR-r18 is not enabled, a UE indicating “no-gap” as part of NeedForGapsInfoNR-r16 may cause interruptions with a ratio of 3 % in FR1 and 7 % in FR2.
Measurement gap overlapping conditions 
As part of the Rel-18 discussion the following was agreed regarding SMTC overlapping with measurement gaps [5]:
	Issue 1-1-3: Scaling factor definition; the scaling factor is to scale the configured (SMTC) period value towards the actual UE measurement cycle/period value
· Agreements
· All NFG measurements with interruptions are carried within the MG(s), when MGs are configured and SMTC partially or fully overlaps with MG(s)
· Scaling factor to derive UE measurement period
· Use CSSF within gap to scale the configured SMTC period value when MG is configured and SMTC partially or fully overlaps with MG
· Use CSSF outside gap to scale the configured SMTC period value when MG is configured and SMTC does not overlap with MG
· FFS for scaling factor when MG is not configured 




As part of this agreement, it was concluded that then the SMTC partially overlap with a measurement gap, than the UE should perform the measurements within gaps. The same can be used as an approach for mitigation of interruptions from the network side fir Rel-16 measurements without gaps. 
[bookmark: _Toc149568128][bookmark: _Toc166076894]For Scenario 1: If the SMTC of the NR interRAT carrier is partially overlapping with measurement gaps, the UE shall perform NR interRAT measurements using the gaps. 
[bookmark: _Toc149568131][bookmark: _Toc166076895]For Scenario 2: If the SMTC is partially overlapping with measurement gaps, the UE shall perform the measurements using the gaps. 

Early implementation of Rel-18 needForInterruption
While the early implementation is beneficial in clarifying the interruption behaviour, early implementation cannot provide a clear indication of whether the gap-less measurements will cause interruptions for Rel-18 UEs that do not support nr-NeedForInterruptionReport-r18 or interRAT-NeedForInterruptionNR-r18 signalling, since these are optional UE features. 
To address this issue, it is imperative that Rel-18 UE causing interruptions when performing gap-less measurements shall support signalling indicating if interruptions are needed. By making this a mandatory requirement, we ensure consistency and eliminate any ambiguity in the UE behaviour when supporting this feature.
[bookmark: _Toc161902221][bookmark: _Toc166076896]Early implementation of nr-NeedForInterruptionReport-r18 and interRAT-NeedForInterruptionNR-r18 has been proposed as solution for ambiguity in Rel-16 requirements.
[bookmark: _Toc166076897][bookmark: _Toc161902222]A Rel-18 UE indicating support of nr-NeedForGap-Reporting-r16 shall also indicate if interruptions are needed. 
[bookmark: _Toc161902223][bookmark: _Toc166076898]A Rel-18 UE indicating support of interRAT-NeedForGapsNR-r16 shall also indicate if interruptions are needed. . 
[bookmark: _Toc166076899]No new RRM test cases are defined for a Rel-18 UE supporting signalling in proposal 7 and 8. 
Conclusion
The paper has presented analysis on the problems and solutions associated with Rel 16 measurements without gaps that might cause interruptions. As part of the analysis, the following proposals are made: 
Proposal 1: For Scenario 1 (LTE – NR inter-RAT measurement): Clarify that a UE supporting interRAT-NeedForGaps-r16=FALSE may cause interruptions with a ratio of X %.
Proposal 2: For Scenario 2: If needForInterruptionConfigNR-r18 is not enabled, a UE indicating “no-gap” as part of NeedForGapsInfoNR-r16 may cause interruptions with a ratio of X %.
Proposal 3: For Scenario 1 (LTE – NR inter-RAT measurement): a UE supporting interRAT-NeedForGaps-r16=FALSE may cause interruptions with a ratio of 5 % for FR1 and 8% for FR2.
Proposal 4: For Scenario 2: If needForInterruptionConfigNR-r18 is not enabled, a UE indicating “no-gap” as part of NeedForGapsInfoNR-r16 may cause interruptions with a ratio of 3 % in FR1 and 7 % in FR2.
Proposal 5: For Scenario 1: If the SMTC of the NR interRAT carrier is partially overlapping with measurement gaps, the UE shall perform NR interRAT measurements using the gaps.
Proposal 6: For Scenario 2: If the SMTC is partially overlapping with measurement gaps, the UE shall perform the measurements using the gaps.
Observation 1: Early implementation of nr-NeedForInterruptionReport-r18 and interRAT-NeedForInterruptionNR-r18 has been proposed as solution for ambiguity in Rel-16 requirements.
Proposal 7: A Rel-18 UE indicating support of nr-NeedForGap-Reporting-r16 shall also indicate if interruptions are needed.
Proposal 8: A Rel-18 UE indicating support of interRAT-NeedForGapsNR-r16 shall also indicate if interruptions are needed. .
Proposal 9: No new RRM test cases are defined for a Rel-18 UE supporting signalling in proposal 7 and 8.
[bookmark: _Toc116995849]
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