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[bookmark: _Toc116995841]Introduction
During RAN4 #108 a RAN2 LS triggered the discussion on whether interruption is allowed according to Rel-16 RAN4 specifications when UE reports “no gap” in Rel-16 field for LTE inter-RAT measurement to NR[1]. As a result RAN4 reached the conclusion that Rel-16 did not define requirements for UE reporting no-gap capability [3] and Rel-16 maintenance work was triggered in order to clarify UE behavior in that case [2][54]. 
This paper presents a discussion on the identified problem and proposes how to clarify the interruption behavior for “no gap” in Rel-16. 
This paper is organized as follows: In Section 2 we make general introduction to scenarios and present our proposals. In Section 3 a detailed technical analysis is presented, which justifies the proposals in Section 2.
[bookmark: _Toc116995842][bookmark: _Ref149321018]Discussion summary
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. 
Previous issues for discussion
During RAN4#109, the following issues were agreed for discussion regarding clarification of measurements without gaps in Rel-16 [54]:
	Issue 1-1-1: Scenario 1, LTE – NR inter-RAT measurement 
Agreement
· Further study the following options for LTE – NR inter-RAT measurement without gap in R16
· Option 1
· In R16 spec, specify that a UE shall not indicate support of “no-gap” in the LTE UE capability interRAT-NeedForGapsNR-r16 if such measurements cause interruptions.
· Option 2
· No change to R16 spec.
· Option 3
· Early implementation or release independence of R18 inter-RAT LTE – NR NFG by R16 UE, details FFS
· E.g. reporting of inter-RAT LTE – NR NFG capability is requested by NW

[bookmark: _Hlk143092912]Issue 1-1-2: Scenario 2, NR measurements without gaps
Agreement
· Further study the following options for NR measurements without gaps in R16
· Option 1
· In R16 spec, specify that a UE shall not indicate support of “no-gap” in the NR NeedForGapsInfoNR-r16 if such measurements cause interruptions.
· Option 2
· No change to R16 spec.
· Option 3
· Early implementation or release independence of R18 NR NFG by R16 UE, details FFS




Proposals 
Considering the analysis that follows in section 3, we can highlight some key points related to why it is necessary to have requirements for UEs supporting measurements without gaps in Rel-16: 
RAN4 status:
· Previously a UE indicating it can perform measurements without gaps is not allowed to cause interruptions due to performing those measurements. 
· During Rel-16 there was no RAN4 discussion related to UE and need for interruptions when performing measurements without gaps.
· Hence, no requirements were defined to allow or restrict interruptions when UE performs measurements without gaps.
· RAN4 has not defined requirements to allow UE interruptions for a UE performing measurement without gaps. 
System impacts from such interruptions:
· Interruptions as discussed in Rel-16 can lead to as much as a 10 % interruption ratio when assuming the basic 20 ms SMTC periodicity.
· Dropped packets due to interruptions cannot be distinguished by the network from dropped packets due to link problems and this can have significant impact on throughput and network KPIs.
· KPI and throughput degradation impact may lead to unnecessary corrective actions in real deployments.
· TP loss also has direct impact on the UE and user experience.
· For Scenario 1 (LTE), the network cannot avoid gapless measurements if the UE signals support of interRAT-NeedForGapsNR-r16. Hence, interruptions are unavoidable.
· NCSG was introduced in EUTRAN in Rel-14 and in NR in Rel-17 in order to address interruptions due to performing gapless measurements. 

Proposals for Scenario 1: UE is connected to LTE cell with NR interRAT measurement objects:
[bookmark: _Toc149325505][bookmark: _Toc149398414]During RAN4 #109 a new option was raised concerning the early implementation of the interRAT-NeedForInterruptionNR-r18. 
As we understand, this proposal will enable Rel-16 UEs to be able to indicate when the UE causes interruptions when performing measurements without gaps (hence, UE can indicate when interruptions are needed). However, it is not clear how this solution can be used to solve the problem of non-backwards compatible behavior. If we allow UEs to early implement the Rel 18 feature interRAT-NeedForInterruptionNR-r18, they will still need to implement the new signaling. It is not clear the difference between a UE that has early implementation of interRAT-NeedForInterruptionNR-r18 and one UE that supports Rel 16 features and the Re 18 feature interRAT-NeedForInterruptionNR-r18. Therefore, unless the benefits of early implementation are clarified, we prefer not to consider this solution. 
In addition to that aspect, further details need to be considered in this LTE scenario. Since the UE interruption behavior is given based on a new UE capability in Rel-18, some indication by the network that interruptions are allowed is needed in order to guarantee that the eNB is updated and is able to consider interruptions as part of their KPIs for that particular UE. 
[bookmark: _Toc153801082][bookmark: _Toc153810393][bookmark: _Toc158837757]It is not clear how the support of early implementation of the Rel-18 interRAT-NeedForInterruptionNR-r18 may solve the problem of mismatch between UE and network support of interruptions for measurements without gaps.
[bookmark: _Toc158837758][bookmark: _Toc158837759][bookmark: _Toc158837760][bookmark: _Toc158837761][bookmark: _Toc158837762][bookmark: _Toc158837763][bookmark: _Toc158837764][bookmark: _Toc158837765][bookmark: _Toc158837766][bookmark: _Toc158837767][bookmark: _Toc158837768][bookmark: _Toc158837769][bookmark: _Toc158837770][bookmark: _Toc158837771][bookmark: _Toc158837772][bookmark: _Toc158837773][bookmark: _Toc158837774][bookmark: _Toc158837775][bookmark: _Toc158837776][bookmark: _Toc158837777][bookmark: _Toc158837778][bookmark: _Toc158837779][bookmark: _Toc152349357][bookmark: _Toc152575852][bookmark: _Toc152587438][bookmark: _Toc152587939][bookmark: _Toc152587972][bookmark: _Toc152587997][bookmark: _Toc152588022][bookmark: _Toc152588048][bookmark: _Toc152588082][bookmark: _Toc152588109][bookmark: _Toc153809307][bookmark: _Toc153809309][bookmark: _Toc158837780][bookmark: _Toc158837781][bookmark: _Toc158837782]For Scenario 1 (LTE – NR inter-RAT measurement): Clarify UE interruptions requirements on serving cells when UE reports interRAT-NeedForGaps-r16= FALSE. 
[bookmark: _Toc158837783]For Scenario 1 (LTE – NR inter-RAT measurement): Clarify that interRAT-NeedForGaps-r16=FALSE means that the UE support measurement without gaps without interruptions. If a UE is not capable of performing measurements without gaps and without interruption, the UE is required to signal interRAT-NeedForGaps-r16=TRUE. Capture this proposal in the following way:
a. [bookmark: _Toc158837784]In Rel-16 clarify the UE behavior with the following note to be added in 36.133:
i. [bookmark: _Toc158837785]NOTE 1: If the UE has indicated being able of conducting inter-RAT NR measurement without gaps according to the capability interRAT-NeedForGapsNR-r16=FALSE, the UE is expected to conduct such measurements without gaps and without interruptions. 
b. [bookmark: _Toc158837786]From Rel-17 and onwards clarify the UE behavior with normative text to be added in 36.133:
i. [bookmark: _Toc158837787]Inter-frequency and inter-RAT measurement requirements within this clause rely on the UE being configured with one measurement gap pattern unless the UE has signaled that it is capable according to the capability interFreqNeedForGaps, interRAT-NeedForGaps or interRAT-NeedForGapsNR-r16 of conducting such measurements without gaps and without interruptions.
A companion CR is going to be contributed to this meeting capturing the proposal above. 
Considering the detailed analysis in section 3, and summary of the considerations above, we think that clarification of the Rel 16 behavior is of major importance. As a compromise solution, we propose different way of clarification for Rel 16 and Rel 17.  
[bookmark: _Toc158837788]For Scenario 1 (LTE – NR inter-RAT measurement): Rel-18 explicit signaling is to be introduced allowing interruption for a UE supporting interRAT-NeedForInterruptionNR-r18. 
The proposal above is also discussed in a companion paper to NR_MG_enh2, inter-RAT measurements without gaps. 
[bookmark: _Toc158837789][bookmark: _Toc153801092][bookmark: _Toc153810400]Send LS to RAN2 informing the agreements and requesting UE capabilities to be updated accordingly.  
[bookmark: _Toc149556224][bookmark: _Toc149325507][bookmark: _Toc149398416]
Proposals for Scenario 2: UE is connected to NR cell with NR measurement objects:
For the Scenario 2 early implementation of needForInterruptionInfoNR-r18 was raised also as a potential option. We understand that this was proposed as a compromise for UEs that can perform measurements without gaps but causing interruptions, if interruptions are not allowed. However, as for the Scenario 1 it is not clear how early implementation is helping to prevent the problem of UE causing interruptions on a network that is not expecting interruptions. Clarification on the benefits of early implementation by the proponents of Option 3 would be needed in order to proceed with this type of solution. 
[bookmark: _Toc158837790]It is not clear how the support of early implementation of the Rel-18 needForInterruptionConfigNR-r18 may solve the problem of mismatch between UE and network support of interruptions for measurements without gaps.
[bookmark: _Toc152349362][bookmark: _Toc152575857][bookmark: _Toc152587443][bookmark: _Toc152587944][bookmark: _Toc152587977][bookmark: _Toc152588002][bookmark: _Toc152588027][bookmark: _Toc152588053][bookmark: _Toc152588087][bookmark: _Toc152588114][bookmark: _Toc153809315][bookmark: _Toc158837791][bookmark: _Toc153801094][bookmark: _Toc153810401][bookmark: _Toc153801095][bookmark: _Toc153810402][bookmark: _Toc158837792]For Scenario 2: If needForInterruptionConfigNR-r18 is not enabled, the indication of “no-gap” as part of NeedForGapsInfoNR-r16 means no gap and no interruption. Capture this proposal in the following way:
c. [bookmark: _Toc158837793]In Rel-16 clarify the UE behavior with the following note to be added in 38.133:
i. [bookmark: _Toc158837794]NOTE 1: The UE is expected to indicate ‘no-gap’ via intraFreq-needForGap for intra-frequency measurement if no interruptions are caused for those measurements. If the UE needs interruptions for measurement without gaps, the UE is expected to indicate ‘gap’ via intraFreq-needForGap.
d. [bookmark: _Toc158837795]From Rel-17 and onwards clarify the UE behavior with normative text to be added in 38.133:
i. [bookmark: _Toc158837796]The UE indicating ‘no-gap’ via intraFreq-needForGap for intra-frequency measurement must not cause interruptions for those measurements. If the UE needs interruptions for measurement without gaps, the UE shall indicate ‘gap’ via intraFreq-needForGap.
[bookmark: _Toc149556228][bookmark: _Toc152588057][bookmark: _Toc152588091]For a UE supporting interFrequencyMeas-Nogap-r16, gapless measurements are performed when the SSB is fully contained in the active BWP. This scenario was also discussed as part of Rel-18 and captured during the CR work. However, those changes are not captured starting from Rel-16. For this case RAN4 has already identified that interruptions are not needed, therefore it is important to simply capture that also in Rel-16 for clarifying the specification.  
[bookmark: _Toc158837797]For Scenario 2: it was already agreed in Rel-18 that measurements within the active BWP do not cause interruptions. 
[bookmark: _Toc158837798]For Scenario 2: Specify that a UE shall not indicate support of “no-gap” in the NR UE capability interFrequencyMeas-Nogap-r16 if such measurements without gaps cause interruptions.
[bookmark: _Toc158837799][bookmark: _Toc153801096][bookmark: _Toc153810403]Send LS to RAN2 informing the agreements and requesting UE capabilities and RRC signaling to be updated accordingly.  
[bookmark: _Ref149321021]Detailed analysis
Existing specification text
There is no specification text clarifying whether interruptions are allowed or not for interRAT-NeedForGapsNR-r16. Therefore, in order to provide background information of how similar features have been specified, we provide some background on existing specification text on 36.133 that includes the following text on chapter 8 “UE measurements procedures in RRC_connected State” for UEs supporting interFreqNeedForGaps and interRAT-NeedForGaps in Table 2 of Annex B. 
From the specification text, it is clear that in LTE Rel 14 interRAT-NeedForGaps UE capability did not allow interruptions, and the same holds for LTE Rel 14 interFreqNeedForGaps since the text specifically states that the UE reports the capability of conducting measurement without gaps and without interruptions. 
[bookmark: _Toc142684351][bookmark: _Toc153801097][bookmark: _Toc153810404][bookmark: _Toc158837800]LTE interFreqNeedForGaps or interRAT-NeedForGaps do not allow interruptions in 36.133. 
Additionally, the spirit of the specification is clear when one searches for the keyword interruptions in 38.133 for NR. The keyword “interruption” appears in the RRM core requirements 915 times. Of all those times the work “interruption” is mentioned, there is not a single time that the 38.133 specification explicitly states that interruption is “not allowed”. In all the cases where interruption is specified, we define the conditions and limits in which the interruption is allowed and state that interruptions are not allowed if the conditions are not met.
[bookmark: _Toc153801098][bookmark: _Toc153810405][bookmark: _Toc158837801]The requirements in 38.133 define the conditions where interruptions are allowed, without explicitly forbidding interruptions for every requirement. 

Table 1 Analysis of occurrences of the word interruption in 38.133 v18.3.0
	Clause in 38.133
	Number of occurrences
	Comment

	3 Definitions, symbols and abbreviations
4 SA: RRC_IDLE state mobility
5 SA: RRC_INACTIVE state mobility
6 RRC_CONNECTED state mobility
	159
	· Abbreviations
· Maximum interruption in paging reception
· Handover interruption time

	7 Timing
	0
	

	8 Signalling characteristics
	673
	· Only in 
· 8.2 Interruption
· 8.3 SCell Activation and Deactivation Delay 
· 8.8	NE-DC: E-UTRAN PSCell Addition and Release Delay
· 8.9	NR-DC: PSCell Addition and Release Delay
· 8.11PSCell Change
· 8.17	SCG Activation and Deactivation Delay
· Similar clauses for CCA, RedCap, NTN, ATG

	9 Measurement Procedure
	44
	· Only in 
· 9.1.2 Measurement gap
· 9.1.7 Pre-configured measurement gap
· 9.1.8 Concurrent measurement gaps
· 9.1.9 Network controlled small gaps
· 9.3.8 Inter-frequency SFTD measurement requirements
· 9.4	Inter-RAT measurements
· 9.11.2 CGI identification of an NR cell with autonomous gaps
· Similar clauses for CCA, RedCap, NTN, ATG


	10 Measurement Performance requirements
	0
	

	12 V2X Requirements
13 Measurement Performance Requirements for NR gNB
	39
	· Only in 
· 12.7 Interruption




History of Rel 16 and Rel 17 discussion 
The Rel 16 requirements for measurements without gaps were discussed as part of RRM enhancements, mostly between meetings RAN4 #92bis and RAN4 #96. During all those meetings there has been no proposal in any of the contributed discussion papers related to the need of interruption in gapless measurements. All the discussion papers between RAN4 #92bis and RAN4 #96 are listed from [23] to [50]. From that lack of discussion, the obvious conclusion is that the same as for LTE gapless measurements shall apply and that no interruptions are expected. In LTE the UE capabilities interFreqNeedForGaps or interRAT-NeedForGaps are used for the UE to indicate support of gapless measurements. As shown in the discussion about InterRAT measurements above, the LTE requirements are very clear that interruptions are not allowed for gapless measurements performed in those cases, and the same can be applied for inter-frequency measurements.  
[bookmark: _Toc142684360][bookmark: _Toc153801099][bookmark: _Toc153810406][bookmark: _Toc158837802]The need for interruptions was never discussed for Scenario 2 during Rel-16 RRM enhancements for inter-frequency gapless measurements. 
For Scenario 1 InterRAT NR measurements, a new UE capability was introduced in interRAT-NeedForGapsNR-r16 without RAN4 specifying any requirements in the same release. From the background of the discussion during Rel 16, there was never a discussion on the need for interruption for measurements without gaps. 
[bookmark: _Toc142684353][bookmark: _Toc153801100][bookmark: _Toc153810407][bookmark: _Toc158837803]During Rel-16 discussion, the need for interruption for Scenario 1 InterRAT NR measurements without gaps was never considered or brought up. 
After Rel-16 was specified, it was identified that UEs using an spare RF chain might cause interference due to RF retuning. As a result, NCSG was introduced in Rel 17. 
In Rel 17, NCSG was introduced which was enabling the UEs to perform measurements without a long gap but with a small interruption for retuning. This was also similar in LTE, and once the interruptions due to retuning were introduced in LTE Rel-11 (see [52] and allowPcellInterruption and needForPcellInterruption in 36.331 v11.9.0 [14]), the discussion eventually turned to enabling NCSG (network controlled small gaps) in LTE Rel-14. These “small gaps” were always meant to allow UE to retune (and hence require shorter gap than otherwise). When the discussion entered NR in Rel-17, the reasoning was the same: Allowing more efficient UE operation due to allowing retuning via smaller than full measurement gaps. One can thus ask “why the NCSG would ever have been introduced if the gapless measurements with interruptions would have been considered?” – the whole rationale for NCSG is built on the fact that the UE is not allowed to retune by itself and cause interruptions outside the gaps! Therefore, it seems that the discussion is mainly on the oversight during the heavy Rel-16 RAN4 workload to clearly define the requirements, and less about whether the gapless measurements were ever supposed to allow interruptions: Measurements without gaps were never intended to allow interruptions. If the network wished to allow this, NCSG should be used. 
[bookmark: _Toc153801101][bookmark: _Toc153810408][bookmark: _Toc158837804]Gapless measurements were never intended to allow UE interruptions 
[bookmark: _Toc153801102][bookmark: _Toc153810409][bookmark: _Toc158837805]If interruptions were allowed in Rel-16, 3GPP would have not specified NCSG. 
Potential performance impacts
In this section we analyze the potential interruption ratio for UEs supporting measurements without gaps in case it is not specified. Since there is no definition of an allowed interruption ratio for Rel 16 measurements without gaps, it can be expected that a similar behavior to the one being discussed in Rel 18 can be assumed by analyzing a typical interruption length and typical SMTC periodicity. 
From Rel 18 discussion, 1 ms interruption length was tentatively agreed for FR1 [11], and the SMTC periodicity can be configured as low as 5 ms 38.331 [18], with a more typical scenario using 20 ms periodicity. 
In Figure 1 it is possible to notice that for every SMTC, 2 interruptions are created due to retuning, one before and another after the SMTC. Considering that a single interruption might have a length of 1 ms resulting in 2 ms of interruption per SMTC period, and a network configuration of 20 ms, that results in 10 % interruption ratio. 
In some of the existing requirements, 38.133 considers a lower bound for the measurement period, which is 200 ms for FR1. It is assumed that the UE would use 5 samples for calculating the measurement, which would result in an equivalent period of 40 ms per sample and a 5% interruption ratio. However, the requirements do not prevent that the UE collects 10 samples within that measurement period, which would anyway result in 10% interruption ratio. 

[image: ]
[bookmark: _Ref148112697]Figure 2 Inter-RAT scenario with LTE PCell and UE performing NR measurement 
 
[bookmark: _Toc153801103][bookmark: _Toc153810410][bookmark: _Toc158837806]If not specified, interruptions due to measurements without gaps could account for 5 to 10% interruption ratio when using 20 ms SMTC periodicity. 
From the base station perspective, the interruptions need to be considered as part of network KPIs. If the network is aware of the interruption ratio it can use this information when monitoring UE link quality. On the other hand, if there are interruptions that are not known by the network, those cannot be considered on the KPIs, and will be easily confused with network planning issues that would cause for example high block error rate or missed ACKs. This type of issue may cause network operators to trigger maintenance actions in order to identify the problem and correct it. 
With that in mind, for Scenario 1 there might be LTE base stations supporting Rel 15, 16 and 17 which would be experiencing unnecessary maintenance breaks if interruptions are allowed for interRAT-NeedForGapsNR-r16.
Similarly, For Scenario 2, the same will apply to a NR base station supporting Rel 15, 16, and 17. In that case if the network configures the UE with NeedForGapsConfigNR-r16 or if the UE supports interFrequencyMeas-Nogap-r16
[bookmark: _Toc142684354][bookmark: _Toc153801104][bookmark: _Toc153810411][bookmark: _Toc158837807]If interruptions are allowed for UEs supporting no-gap in Rel-16, the interruptions will impact network KPIs of both LTE and NR base stations supporting Rel-15, Rel-16 and Rel-17 in the field. 
[bookmark: _Toc153801105][bookmark: _Toc153810412][bookmark: _Toc158837808]In a real deployment an unspecified interruption ratio from unspecified sources may trigger corrective actions. 

Scenario 1: Expected LTE eNB and UE behavior for interRAT-NeedForGapsNR-r16
In Rel 16, RAN2 has defined the UE capability for interRAT-NeedForGapsNR-r16, and this allows UEs to declare support of this feature. However, there are many challenges for a UE that is reporting this feature. 
In general, there is no description of the behavior when a UE indicates the support of interRAT-NeedForGapsNR-r16. This is defined as a UE capability only in 36.306, and until now no behavior is specified. Therefore, this section focuses in making analogy to other existing features, and try to predict UE and Network behavior under the assumption that those would also be used for interRAT-NeedForGapsNR-r16 by some implementation.  
One challenge is raised when the UE supports interRAT-NeedForGapsNR-r16 and the Network configures a gap. One example of a similar requirement can be found for inter-frequency in clause 9.3 of 38.133 (see Table 3 for specification text). In this example, if the UE is capable of the UE feature interFrequencyMeas-Nogap-r16, the inter-frequency measurements are defined as “measurement without gaps” as long as the SSB is contained in the active BWP. The same applies if we take NeedForGapNCSG-InfoNR-r17 in Rel 17 as an example (clause 9.3.1 of 38.133), the UE is always performing measurements without gaps if reporting ‘nogap-noncsg’ via NeedForGapNCSG-InfoNR-r17. 
In this case, since interFrequencyMeas-Nogap-r16 is a UE capability, the UE will report that feature even if the network is supporting only Rel 15. If a UE implementation decides to apply the same to interRAT-NeedForGapsNR-r16, that UE implementation would start gapless measurements without any network control.
[bookmark: _Toc153801106][bookmark: _Toc153810413][bookmark: _Toc158837809]A NR inter-frequency measurement is defined as “without gaps” for a UE supporting interFrequencyMeas-Nogap-r16 even when the network configures a measurement gap. 
[bookmark: _Toc153801107][bookmark: _Toc153810414][bookmark: _Toc158837810]The behavior when the network configures measurement gaps is not defined for a UE supporting no-gap and a network configuring a gap. 
[bookmark: _Toc153801108][bookmark: _Toc153810415][bookmark: _Toc158837811]The network cannot control the UE behavior after it reports interRAT-NeedForGapsNR-r16. 
Another important issue is regarding how UE capabilities are reported by the UE. The following diagram shows how capability is exchanged between UE and eNB in LTE. In the UECapabilityEnquiry the network includes configuration of some capabilities to be reported, including frequency bands, filters for NE-DC, EN-DC, etc.. For Rel-16 UE capabilities, there is no filter limiting which capabilities are to be reported for LTE in 36.133. That means that a UE will indicate support of Rel 16 (as well as most of the Rel 17 and Rel 18 features) even if a eNB is capable of Rel 15. For the interRAT-NeedForGapsNR-r16 capability, it can be particularly problematic if a UE is also causing interruptions. In that case, the UE would report the UE capability interRAT-NeedForGapsNR-r16, but if the network is supports only Rel 15 features, it would not be aware of why the UE is causing interruptions since it does not understand the meaning of the UE capability interRAT-NeedForGapsNR-r16. 
A network supporting Rel 15 or earlier cannot stop the UE from reporting support of interRAT-NeedForGapsNR-r16 
[image: A close-up of a text

Description automatically generated]
Figure 3 Initial UE Capability Handling

In LTE RRM specification, the delay related to measurements without gaps is defined considering a default gap pattern #0, as described in 36.133 clause 8.1.2.1, (see Table 4 in Annex B for the specification text). The existing text include inter-frequency and interRAT excluding NR measurements until now, i.e. same was not defined for interRAT-NeedForGapsNR-r16. Therefore, it is unclear what is the measurement delay expected for a UE supporting that feature, even when the network configures a gap. 
[bookmark: _Toc153801109][bookmark: _Toc153810416][bookmark: _Toc158837812]There are no measurement delay requirements associated with gapless measurements performed by UEs supporting interRAT-NeedForGapsNR-r16
[bookmark: _Toc116995848]
Scenario 2: ongoing discussion in Rel 18 MG_enh2
Similarly, to the discussion on LTE inter RAT measurements, there is a discussion whether Rel 16 no-gaps allowed for interruption. The open issues and agreements regarding legacy behavior are listed in Table 7, Table 8, and Table 9 from [20], [21], and [22]. From the open issues, some companies claim that signaling no-gap in Rel-16 didn’t prevent interruptions. 


[image: ]
Figure 4 New signaling introduced by RAN2 for indication of need for interruption
In the Rel 18 RAN2 signaling design, a new IE is included for the network to configure NeedForInterruptionConfigNR-r18, to which the UE replies with NeedForInterruptionInfoNR-r18 (see Table 5 from [19] for the approved specification text). The RAN2 design includes a single flag for determining whether interruption is needed by the UE when performing the gapless measurements, which is associated with the entries in list NeedForGapsInfoNR-r16. 
The behavior of RAN2 design is however still not clear in the case that NeedForInterruptionConfigNR-r18 is not enabled. When UE behavior is considered, some important aspects have to be considered concerning legacy networks. In the case the UE signals NeedForGapsInfoNR-r16 and NeedForGapNCSG-InfoNR-r17 there is already an expected behavior considered by the network. In that case, if no-gap is signaled, it is clear that no additional interruptions are expected. Therefore, it is important that whatever new RRM enhancement is developed the legacy behavior should remain unchanged. 
[bookmark: _Toc149325523][bookmark: _Toc149398432][bookmark: _Toc149325524][bookmark: _Toc149398433][bookmark: _Toc149325525][bookmark: _Toc149398434][bookmark: _Toc118120837][bookmark: _Toc118122542][bookmark: _Toc118122615][bookmark: _Toc118614876][bookmark: _Toc118644727][bookmark: _Toc118748528][bookmark: _Toc127555240][bookmark: _Toc131685059][bookmark: _Toc135079739][bookmark: _Toc142684362][bookmark: _Toc153801110][bookmark: _Toc153810417][bookmark: _Toc158837813]If a UE signals no-gap as part of NeedForGapsInfoNR-r16 or NeedForGapNCSG-InfoNR-r17 no interruption is expected by Rel-15 to Rel-17 gNBs.

Conclusion	
In the paper, the following Observations and Proposals were made:
Observation 1: It is not clear how the support of early implementation of the Rel-18 interRAT-NeedForInterruptionNR-r18 may solve the problem of mismatch between UE and network support of interruptions for measurements without gaps.
Proposal 1: For Scenario 1 (LTE – NR inter-RAT measurement): Clarify UE interruptions requirements on serving cells when UE reports interRAT-NeedForGaps-r16= FALSE.
Proposal 2: For Scenario 1 (LTE – NR inter-RAT measurement): Clarify that interRAT-NeedForGaps-r16=FALSE means that the UE support measurement without gaps without interruptions. If a UE is not capable of performing measurements without gaps and without interruption, the UE is required to signal interRAT-NeedForGaps-r16=TRUE. Capture this proposal in the following way:
a.	In Rel-16 clarify the UE behavior with the following note to be added in 36.133:
i.	NOTE 1: If the UE has indicated being able of conducting inter-RAT NR measurement without gaps according to the capability interRAT-NeedForGapsNR-r16=FALSE, the UE is expected to conduct such measurements without gaps and without interruptions.
b.	From Rel-17 and onwards clarify the UE behavior with normative text to be added in 36.133:
i.	Inter-frequency and inter-RAT measurement requirements within this clause rely on the UE being configured with one measurement gap pattern unless the UE has signaled that it is capable according to the capability interFreqNeedForGaps, interRAT-NeedForGap or interRAT-NeedForGapsNR-r16 of conducting such measurements without gaps and without interruptions.
Proposal 3: For Scenario 1 (LTE – NR inter-RAT measurement): Rel-18 explicit signaling is to be introduced allowing interruption for a UE supporting interRAT-NeedForInterruptionNR-r18.
Proposal 4: Send LS to RAN2 informing the agreements and requesting UE capabilities to be updated accordingly.
Observation 2: It is not clear how the support of early implementation of the Rel-18 needForInterruptionConfigNR-r18 may solve the problem of mismatch between UE and network support of interruptions for measurements without gaps.
 For Scenario 2:
Proposal 5: If needForInterruptionConfigNR-r18 is not enabled, the indication of “no-gap” as part of NeedForGapsInfoNR-r16 means no gap and no interruption. Capture this proposal in the following way:
a.	In Rel-16 clarify the UE behavior with the following note to be added in 38.133:
i.	NOTE 1: The UE is expected to indicate ‘no-gap’ via intraFreq-needForGap for intra-frequency measurement if no interruptions are caused for those measurements. If the UE needs interruptions for measurement without gaps, the UE is expected to indicate ‘gap’ via intraFreq-needForGap.
b.	From Rel-17 and onwards clarify the UE behavior with normative text to be added in 38.133:
i.	The UE indicating ‘no-gap’ via intraFreq-needForGap for intra-frequency measurement must not cause interruptions for those measurements. If the UE needs interruptions for measurement without gaps, the UE shall indicate ‘gap’ via intraFreq-needForGap.
Observation 3: For Scenario 2: it was already agreed in Rel-18 that measurements within the active BWP do not cause interruptions.
Proposal 6: For Scenario 2: Specify that a UE shall not indicate support of “no-gap” in the NR UE capability interFrequencyMeas-Nogap-r16 if such measurements without gaps cause interruptions.
Proposal 7: Send LS to RAN2 informing the agreements and requesting UE capabilities and RRC signaling to be updated accordingly.
Observation 4: LTE interFreqNeedForGaps or interRAT-NeedForGaps do not allow interruptions in 36.133.
Observation 5: The requirements in 38.133 define the conditions where interruptions are allowed, without explicitly forbidding interruptions for every requirement.
Observation 6: The need for interruptions was never discussed for Scenario 2 during Rel-16 RRM enhancements for inter-frequency gapless measurements.
Observation 7: During Rel-16 discussion, the need for interruption for Scenario 1 InterRAT NR measurements without gaps was never considered or brought up.
Observation 8: Gapless measurements were never intended to allow UE interruptions
Observation 9: If interruptions were allowed in Rel-16, 3GPP would have not specified NCSG.
Observation 10: If not specified, interruptions due to measurements without gaps could account for 5 to 10% interruption ratio when using 20 ms SMTC periodicity.
Observation 11: If interruptions are allowed for UEs supporting no-gap in Rel-16, the interruptions will impact network KPIs of both LTE and NR base stations supporting Rel-15, Rel-16 and Rel-17 in the field.
Observation 12: In a real deployment an unspecified interruption ratio from unspecified sources may trigger corrective actions.
Observation 13: A NR inter-frequency measurement is defined as “without gaps” for a UE supporting interFrequencyMeas-Nogap-r16 even when the network configures a measurement gap.
Observation 14: The behavior when the network configures measurement gaps is not defined for a UE supporting no-gap and a network configuring a gap.
Observation 15: The network cannot control the UE behavior after it reports interRAT-NeedForGapsNR-r16.
Observation 17: There are no measurement delay requirements associated with gapless measurements performed by UEs supporting interRAT-NeedForGapsNR-r16
Observation 18: If a UE signals no-gap as part of NeedForGapsInfoNR-r16 or NeedForGapNCSG-InfoNR-r17 no interruption is expected by Rel-15 to Rel-17 gNBs.
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Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org 	

1. Overall Description:
During Rel-18 discussion, RAN4 identified that the behaviour relative to measurements without gaps in Rel-16 was not clearly defined. 
As part of this discussion RAN2 requested information on UE behaviour when UE is reporting UE capability Rel-16 “no gap” indication R2-2306919, which was replied with R4-2314457. 
From existing RAN4 requirements, interRAT measurements did not allow for interruptions, as described in the following from 36.133:
	Inter-frequency and inter-RAT measurement requirements within this clause rely on the UE being configured with one measurement gap pattern unless the UE has signaled that it is capable according to the capability interFreqNeedForGaps or interRATNeedForGaps of conducting such measurements without gaps and without interruption. 



RAN4 has not defined UE requirements for interRAT NR measurements in LTE allowing interruptions on PCell, PSCell and activated SCell, if configured, when UE reports “no gap”.
Considering the RAN2 request, RAN4 believes a clarification for the Rel-16 behavior is needed. 
The following is agreed regarding the EUTRA interRAT NR measurements:
· Clarify that interRAT-NeedForGaps-r16=FALSE means that the UE support measurement without gaps without interruptions. If a UE is not capable of performing measurements without gaps and without interruption, the UE is required to signal interRAT-NeedForGaps-r16=TRUE. Capture this proposal in the following way:
· In Rel-16 clarify the UE behavior with the following note to be added in 36.133:
· NOTE 1: If the UE has indicated being able of conducting inter-RAT NR measurement without gaps according to the capability interRAT-NeedForGapsNR-r16=FALSE, the UE is expected to conduct such measurements without gaps and without interruptions. 
· From Rel-17 and onwards clarify the UE behavior with normative text to be added in 36.133:
· Inter-frequency and inter-RAT measurement requirements within this clause rely on the UE being configured with one measurement gap pattern unless the UE has signaled that it is capable according to the capability interFreqNeedForGaps, interRAT-NeedForGaps or interRAT-NeedForGapsNR-r16 of conducting such measurements without gaps and without interruptions.
· Rel-18 explicit signaling is to be introduced allowing interruption for a UE supporting interRAT-NeedForInterruptionNR-r18.
The following is agreed regarding NR measurements with NeedForGapsInfoNR-r16 and interFrequencyMeas-Nogap-r16:
· If needForInterruptionConfigNR is not enabled, the indication of “no-gap” as part of NeedForGapsInfoNR-r16 means no gap and no interruption. Capture this proposal in the following way:
· In Rel-16 clarify the UE behavior with the following note to be added in 38.133:
· NOTE 1: The UE is expected to indicate ‘no-gap’ via intraFreq-needForGap for intra-frequency measurement if no interruptions are caused for those measurements. If the UE needs interruptions for measurement without gaps, the UE is expected to indicate ‘gap’ via intraFreq-needForGap.
· From Rel-17 and onwards clarify the UE behavior with normative text to be added in 38.133:
· The UE indicating ‘no-gap’ via intraFreq-needForGap for intra-frequency measurement must not cause interruptions for those measurements. If the UE needs interruptions for measurement without gaps, the UE shall indicate ‘gap’ via intraFreq-needForGap.
· Specify that a UE shall not indicate support of “no-gap” in the NR UE capability interFrequencyMeas-Nogap-r16 if such measurements without gaps cause interruptions. Capture this proposal in the following way:
· In Rel-16 clarify the UE behavior with the following note to be added in 38.133:
· NOTE 1: 	The UE indicating support of interFrequencyMeas-Nogap-r16 for inter-frequency measurement must not cause interruptions for those measurements. If the UE needs interruptions for measurement without gaps, the UE shall indicate support of interFrequencyMeas-Nogap-r16.
· From Rel-17 and onwards clarify the UE behavior with normative text to be added in 38.133:
· The UE indicating support of interFrequencyMeas-Nogap-r16 for inter-frequency measurement must not cause interruptions for those measurements. If the UE needs interruptions for measurement without gaps, the UE shall indicate support of interFrequencyMeas-Nogap-r16.
2. Actions:
To RAN2 group:
ACTION: 	RAN4 respectfully asks RAN2 to take the above information into account in their future work. 

3. Dates of next TSG-RAN WG4 meetings:
RAN4#110-bis	15 – 15 April 2024			CN	
RAN4#111	20 – 24 May 2024			Fukuoka, JP





Annex B: Specification extracts

[bookmark: _Ref149321598][bookmark: _Ref149321594]Table 2 Extract of 36.133 showing that UEs supporting interRAT and inter-frequency measurement without gaps were not allowed interruption [12]
	Inter-frequency and inter-RAT measurement requirements within this clause rely on the UE being configured with one measurement gap pattern unless the UE has signaled that it is capable according to the capability interFreqNeedForGaps or interRATNeedForGaps of conducting such measurements without gaps and without interruption. UEs shall only support those measurement gap patterns listed in Table 8.1.2.1-1 and table 8.1.2.1.-2 that are relevant to its measurement capabilities. UEs supporting network controlled small gap and which have signaled that they are capable of measurements without gap but requiring NCSG, can be configured with a network controlled small gap pattern in table 8.1.2.1.3-1 on all component carrier(s) to perform inter-frequency and inter-RAT measurement.




[bookmark: _Ref149325570]Table 3 Extract from 38.133 with the definition of inter-frequency measurements without gaps [15]
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[bookmark: _Ref149326023][bookmark: _Ref149326010]Table 4 Extract from 36.133 with default gap pattern definition for inter-frequency and inter-RAT measurements [12]
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[bookmark: _Ref149399566]Table 5 Extract from CR approved for Rel 18 in 38.331 [19] [18]
	–	NeedForInterruptionInfoNR
The IE NeedForInterruptionInfoNR indicates whether interruption is needed for the UE to perform SSB based measurements on an NR target band without measurement gap while NR-DC or NE-DC is not configured.
NeedForInterruptionInfoNR information element
-- ASN1START
-- TAG-NeedForInterruptionInfoNR-START

NeedForInterruptionInfoNR-r18 ::=    SEQUENCE {
    intraFreq-needForInterruption-r18      NeedForInterruptionIntraFreqList-r18,
    interFreq-needForInterruption-r18      NeedForInterruptionBandListNR-r18
}

NeedForInterruptionIntraFreqList-r18 ::=          SEQUENCE (SIZE (1.. maxNrofServingCells)) OF NeedForInterruptionNR-r18

NeedForInterruptionBandListNR-r18 ::=             SEQUENCE (SIZE (1..maxBands)) OF NeedForInterruptionNR-r18


NeedForInterruptionNR-r18  ::=       SEQUENCE {
[bookmark: _Hlk134563761]    interruptionIndication-r18                       ENUMERATED {no-gap-with-interruption, no-gap-no-interruption}                     OPTIONAL
}

-- TAG-NeedForInterruptionInfoNR-STOP
-- ASN1STOP

	NeedForInterruptionInfoNR field descriptions

	intraFreq-needForInterruption
Indicates the interruption requirement information for NR intra-frequency measurement. Each entry in the list is associated to the entry in list intraFreq-needForGap-r16 with the same index.

	interFreq-needForInterruption
Indicates the interruption requirement information for NR inter-frequency measurement. Each entry in the list is associated to the entry in list interFreq-needForGap-r16 with the same index.



	NeedForInterruptionNR field descriptions

	interruptionIndication
Indicates whether interruption is needed for the UE to perform SSB based measurements without measurement gap. Value no-gap-with-interruption indicates that interruption is needed. Value no-gap-no-interruption indicates interruption is not needed. 






[bookmark: _Ref149399631]Table 6 Extract of 38.133 with behavior of gapless measurements when fully overlapping with measurement gaps [15]
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Annex C: Agreements from Rel 18 NR_MG_enh2
[bookmark: _Ref149399087]Table 7 Agreement from RAN4 #107 regarding impacts on legacy UE behavior [20]
	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 1-3-3: 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.




[bookmark: _Ref149399088]Table 8 Agreement from RAN4 #106-bis regarding impacts on legacy UE behavior [21]
	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.




[bookmark: _Ref149399090]Table 9 Agreement from RAN4 #106 regarding impacts on legacy UE behavior [22]
	
Issue 1-3-3: Impacts on the legacy UE behavior 
< Agreement >: 
· Proposal 1: Intel, Nokia, ZTE, CATT
· Legacy behavior of existing indication in needForGaps and needForGapsNCSG shall not be changed in Rel 18 NR_MG_enh2



[bookmark: _Ref149399940]Table 10 Agreement for Rel 18 MG_enh2 for gapless measurements when SMTC overlaps with measurement gaps [51]
	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 
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A measurement is defined as an inter-frequency SSB based measurements without measurement gaps (either legacy
measurement gap or NCSG) in active BWP and its delay requirements are specified in clause 9.3.9, for UE capable of
interFrequencyMeas-NoGap provided that

- the UE supports interFrequencyMeas-Nogap-r16 [15], and

- the SSB is completely contained in the active BWP of the UE.
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A UE that is capable of identifying and measuring inter-frequency and/or inter-RAT cells without gaps shall follow
requirements as if Gap Pattern Id #0 had been used and the minimum available time Tinter] of 60 ms shall be assumed
for the corresponding requirements.
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Where:

Trssisss sync_inta? it is the time period used in PSS/SSS detection given in table 9.2.5.1-1,9.2.5.1-2,9.2.5.1-4
(deactivated SCell) or 9.2.5.1-5 (deactivated SCell)

TsSB_time _index_inira® it iS the time period used to acquire the index of the SSB being measured given in table 9.2.5.1-
3 or 9.2.5.1-6 (deactivated SCell)

T 5B _measurement_period_inira? €qual to @ measurement period of SSB based measurement given in table 9.2.5.2-1, table
9.2.5.2-2 table 9.2.5.2-3 (deactivated SCell) or 9.2.5.2-4(deactivated SCell)

CSSFin: it is a carrier specific scaling factor and is determined

utside_gap.i N clause 9.1.5.1 for measurement conducted outside measurement gaps, i.e. when

if the high layer in TS 38.331 [2] signalling of smtc2 is configured, the assumed periodicity of intra-frequency
SMTC occasions corresponds to the value of higher layer parameter smtc2; Otherwise the assumed periodicity of
intra-frequency SMTC occasions corresponds to the value of higher layer parameter smtcl.




