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Introduction
RRM requirements for NeedForGaps (NFG) are discussed in RAN4#106-bis-e and the outcomes are captured in [1]. Based on [1] the following issues need to be further discussed.
· Interruption 
· Measurement delay 
· Scheduling restriction
· UE behavior 
In this paper we will provide our views on RRM requirements for NFG.
Discussion
Interruption 
	Issue 1-1-1: Framework of the interruption requirements
< Agreement/Way forward >: 
· Define interruption length and ratio
· FFS on possible restrictions for interruptions
· Option 1: The UE is only allowed to cause interruptions on PCell or activated Scell(s) immediately before and after an SMTC. The UE is not expected to cause interruption on each SMTC occasion.
· Option 2: The UE is only allowed to cause interruptions on Pcell or activated Scell(s) in the certain time window before and after an SMTC. 
· Other options are not precluded.


We do not support to define additional restriction on interruption location.
If interruption location is defined, NFG is very similar but worse than NCSG (no NW flexibility to control the interruption), and we do not see much point to define a new solution in Rel-18 that is worse than existing solution in Rel-17. Also, when multiple MOs are measured with interruption, NW cannot know whether an SMTC occasion is used thus has interruption around. On the other hand, defining interruption location is not a trivial work considering that SMTC for different MOs may not be aligned, and it may impose unnecessary restriction on UE side, e.g. UE may choose to do RF re-tuning at a different time from SMTC boundary.
It is true that without interruption location, NW may still schedule the UE during interruption. However, with reasonable NW configuration, the interruption ratio can be kept low, and the impact to system can be kept low even NW does not account for the interruption in scheduling. We believe this is the particular use case of NFG compared to NCSG.
Proposal 1: No additional restriction on interruption location is defined. 
	Issue 1-1-2: Requirements on the interruption length , if allowed 
< Way forward >: 
· FFS on: 
· 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.


The interruption length should be same as the assumption for defining VIL for NCSG in Rel-17. In both cases, UE would need to not only re-tune the RF but also prepare the BB to receive simultaneously data on the serving cells and RS on the target frequency layer for measurement.
Proposal 2: The length of each interruption is defined as 1ms for FR1 and 0.75ms for FR2.
	Issue 1-1-5: Requirements on the interruption ratio, if allowed 
< Way forward/Agreement >: 
· Interruption ratio is defined as follows: 
· 80ms ≤ Tcycle < 160ms: up to [2.50%] probability of interruption
· 160ms ≤ Tcycle < 320ms: up to [1.25%] probability of interruption
· 320ms ≤ Tcycle: up to [0.625%] probability of interruption
· FFS if the interruption rate can be captured in equation format
· Do not define requirement for the case Tcycle < 80ms
· FFS if interruption ratio applies to a single frequency layer or all frequency layers
· Tcycle definition is FFS
· Option 1: Tcycle = SMTC x CSSF x Kp
· Other options are not precluded
Issue 1-1-7: Trade-off between interruption ratio and measurement delay
< Way forward >: 
· FFS after RAN4 conclude issue 1-1-5:
· Option 1: 
· RAN4 to introduce a NW indicator KNeedForGaps to reduce the total interruption ratio


We do not have strong view on the format of interruption ratio.
We understand interruption ratio in the agreed bullets applies to a single frequency layer, and the total interruption ratio is the sum of interruption ratio for each frequency layer. However, this does not mean the total interruption ratio will increase with number of layers because CSSF is considered in definition of Tcycle.
On Tcycle, we support to consider SMTC, CSSF and Kp as in option 1. Some companies suggested to also include lower bound of 80ms in the definition, and it is reasonable. Another consideration is the trade-off between interruption ratio and measurement delay in issue 1-1-7. Option 1 in issue 1-1-7 allows NW to configure a larger measurement cycle than max SMTC period (160ms) to further lower down the interruption ratio. This is also meaningful, and another alternative is to directly configure a larger cycle which is similar to measCycleSCell. 
Proposal 3: Adopt the following updates to the interruption ratio requirements.
· 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 defined as max(80ms, TmeasCycle * CSSF * Kp), where TmeasCycle equals to SMTC period or a NW configured value (similar to measCycleSCell).
	Issue 1-1-9: DRX based interruption ratio, if allowed
< Way forward >: 
· FFS on DRX based interruption ratio
· Option 1: E///
· 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


We do not support further optimization of interruption ratio based on DRX.
While we can understand the motivation of option 1, we think it is conflict with the more fundamental motivation of DRX. NW configures DRX to allow UE to achieve power saving, but with option 1 UE has to do measurement during the DRX off time which will increase the power consumption.
From UE implementation perspective, option 1 will lead to dynamic measurement behavior. The on/off time with DRX can change based on scheduling, retransmission etc., and UE would need to dynamically decide the measurement opportunities based on those dynamic factors. This will increase UE implementation complexity.  
Proposal 4: RAN4 not to define further optimization of interruption ratio based on DRX.
Measurement delay 
	1.1.1 Issue 1-2-1 Requirement for intra/inter-freq measurement without gap when interruption allowed (case 2) 
< Way forward/Agreement >: 
 [Moderator notes: With the table below in which the framework and induvial companies of these measurement requirements are listed. So we can remove these background statements to avoid any misunderstanding.]
· 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
· Encourages companies provide views on these factors of which the measurement period requirement is composed in the tables below directly [Moderator notes: the proposals in 2nd round can be captured as candidate options but the other options are not precluded.]


[bookmark: _Hlk133596700]In our view, interruption based measurement is essentially measurement without MG. While many details in the requirements are discussed last meeting, in our view most of existing requirements for measurement without gap, i.e. cl. 9.2.5 for intra-frequency and cl. 9.3.9 for inter-frequency, can be re-used.
One adaptation is the measurement cycle. In existing requirements, the measurement cycle is based on SMTC period. In Proposal 3 we suggested to replace SMTC period to TmeasCycle in order to allow NW to control the trade-off between interruption ratio and measurement delay. Another adaptation is the CSSF calculation. CSSF outside MG should be updated to account for MOs measured with interruption.
One point discussed in last meeting is the number of samples. In our view, we should follow the existing number of samples for intra- and inter-frequency. Taking PSS/SSS detection in FR1 as example, it should be 5 samples for intra- and 8 samples for inter-frequency. 
Proposal 5: For measurement with interruption, adopt the following updates based on existing requirements for measurement without gap.
· SMTC period is changed to TmeasCycle as in Proposal 3
· [bookmark: _Hlk133596814]CSSF outside MG is updated to account for MOs measured outside MG
	Issue 1-2-2: Requirement for inter-freq measurement without gap (Inter-f case 1)
< Way forward/Agreement >: 
· 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
· Encourages companies provide views on these factors of which the measurement period requirement is composed in the tables below directly


For inter-frequency measurement without interruption, we assume it is same as the case where UE reports ‘nogap-noncsg’ with NeedForGapNCSG-InfoNR. In both cases UE the measurement is without MG nor interruption. The requirements have been defined in Rel-17 for the latter case and can be re-used directly.
Proposal 6: For inter-frequency measurement without interruption, existing requirements in cl. 9.3.9 (for the case where UE reports ‘nogap-noncsg’ with NeedForGapNCSG-InfoNR) can be re-used.
Scheduling restriction
	Issue 1-4-3: On top of which existing requirements to define scheduling restriction requirements 
< Way forward/Agreement >: 
· 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 1-4-3: Default SMTC pattern
< Way forward/Agreement >: 
· FFS on: 
· Option 1: 
· Default SMTC pattern should be defined to restrict the scheduling restriction occasions if RAN4 doesn’t define a dedicated measurement pattern for interruption occasions


We do not see the need to define either default SMTC pattern or dedicated measurement pattern to limit the scheduling restriction occasions. 
Scheduling restriction is limited to SMTC occasions, and even in Rel-15 we already have cases where UE does not measure an MO in each of its SMTC occasions, e.g. in case of multiple frequency layers or with DRX. In this case, scheduling restriction due to measurement of the concerned MO is assumed in every SMTC occasion. We do not see strong reason to do optimization for measurement based on NFG.  
Proposal 7: RAN4 not to define default SMTC pattern or dedicated measurement pattern to restrict the scheduling restriction occasions.
UE behavior 
All the issues related to UE behaviour are FFS pending on RAN2 conclusion on signalling design. RAN2 reached the following agreement in April e-meeting. 
	[023] Introduce UE capability and indication for the Rel-18 case where interruption is needed for NR SSB based measurement without gap. The UE reports Rel-18 indication only if network requests it.
- The Rel-18 indication (e.g. NeedForInterruptionInfoNR) can be included in in RRCReconfigurationComplete and RRCResumeComplete message.
- The Rel-18 indication is in addition to the legacy NeedForGaps information. The UE may report 3 different cases: 
--- If gap is needed, the UE reports “gap” in Rel-16 field and empty field in corresponding R18 IE.
---- If gap is NOT needed and there is no interruption, the UE reports “no-gap” in Rel-16 field and “no-gap-no-interruption” in Rel-18 field
---- If gap is NOT needed but there is interruption, the UE reports “no-gap” in Rel-16 field and “no-gap-with-interruption” in Rel-18 field
- If the NW does not request Rel-18 NeedForInterruptionInfoNR, the UE only reports NeedForGaps in the legacy way. 


We will discuss the UE behaviour based on RAN2 agreements.
	Issue 1-3-1: Mapping between NeedForGap and NCSG capabilities when UE supports both of them
< Way forward >: 
· FFS on the issue until the signaling and requirements for NFG are stable enough


As discussed in our earlier paper, NeedForGaps reporting and NeedforGapNCSG reporting are separate features with separate NW flags and separate UE capabilities. We do not see clear need to define mapping between status indication in NFG signalling and NCSG signalling. Instead, we assume NW would not enable both for the same UE.  
· If UE only supports one of them, NW can only configure UE to report with the supported signaling
· If UE supports both of them, it is up to NW to configure which signaling to use. If both are configured, there could be confusion in the UE behavior when UE reports ‘no-gap’ with NFG reporting and ‘ncsg’ with NFG reporting. 
· If UE reports ‘no-gap’ with NFG reporting, UE would expect no MG to be configured, and UE is required to meet the requirements either with or without interruption.
· If UE reports ‘ncsg’ with NCSG reporting, UE would expect NCSG to be configured, otherwise UE is not required to meet any requirement.
In last meeting, some companies proposed to allow NW to switch between NFG and NCSG by establishing a mapping between NFG and NCSG reporting. Even this use case is supported, NFG and NCSG reporting are not assumed to be enabled to the same UE at same time.
As to the mapping between NFG and NCSG reporting, we understand the existing signalling can already allow NW to switch between them. For example, NW can use NFG by configuring needForGapsConfigNR and later on switch to NCSG by re-configuring needForGapNCSG-ConfigNR. What is saved by the mapping is the UE capability report after receiving needForGapNCSG-ConfigNR. We agree that some signalling overhead can be saved, but as UE anyway needs to report RRCReconfigurationComplete, the need to define a new procedure and establish a mapping between two report signalling to enable the switch is not justified. 
Proposal 8: Agree on the following principles for NeedForGap and NCSG reporting 
· [NeedForGapsInfoNR] and NeedForGapNCSG-InfoNR are not expected to be enabled for the same UE at the same time. 
· No need to establish the mapping between UE’s indication for NeedForGaps and NCSG
	Issue 1-3-2: UE behaviors mismatch between UE and NW 
< Way forward >: 
· FFS on the issue until the signaling for NFG are stable enough


Assuming NW would not enable the two features (NFG and NCSG) at the same time for a single UE, there would be no UE behaviour mismatch between UE and NW as listed in Issue 1-3-2.
Proposal 9: RAN4 not to further discuss UE behaviours in mismatch scenarios.
	1.1.2 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.


For Rel-16 UE: since the requirements are only defined for Rel-18 UE, we understand there is no need to discuss the assumption on whether interruption is needed or not for Rel-16 UE when it reports ‘no-gap’ in Rel-16 NeedForGapsInfoNR. 
For Rel-18 UE: Based on RAN2 signaling design, both UE that needs interruption and UE that does not need interruption will report ‘no-gap’ in Rel-16 NeedForGap. Whether interruption is needed depends on the additional Rel-18 indication (e.g. NeedForInterruptionInfoNR).
Proposal 10: RAN4 not to further discuss the assumption on whether interruption is needed or not for a UE reporting ‘no-gap’ in Rel-16 NeedForGapsInfoNR.
Conclusions
In this paper we provided our views on RRM requirements for NFG.
Proposal 1: No additional restriction on interruption location is defined. 
Proposal 2: The length of each interruption is defined as 1ms for FR1 and 0.75ms for FR2.
Proposal 3: Adopt the following updates to the interruption ratio requirements.
· 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 defined as max(80ms, TmeasCycle * CSSF * Kp), where TmeasCycle equals to SMTC period or a NW configured value (similar to measCycleSCell).
Proposal 4: RAN4 not to define further optimization of interruption ratio based on DRX.
Proposal 5: For measurement with interruption, adopt the following updates based on existing requirements for measurement without gap.
· SMTC period is changed to TmeasCycle as in Proposal 3
· CSSF outside MG is updated to account for MOs measured outside MG
Proposal 6: For inter-frequency measurement without interruption, existing requirements in cl. 9.3.9 (for the case where UE reports ‘nogap-noncsg’ with NeedForGapNCSG-InfoNR) can be re-used.
Proposal 7: RAN4 not to define default SMTC pattern or dedicated measurement pattern to restrict the scheduling restriction occasions.
Proposal 8: Agree on the following principles for NeedForGap and NCSG reporting 
· [NeedForGapsInfoNR] and NeedForGapNCSG-InfoNR are not expected to be enabled for the same UE at the same time. 
· No need to establish the mapping between UE’s indication for NeedForGaps and NCSG
Proposal 9: RAN4 not to further discuss UE behaviours in mismatch scenarios.
Proposal 10: RAN4 not to further discuss the assumption on whether interruption is needed or not for a UE reporting ‘no-gap’ in Rel-16 NeedForGapsInfoNR.
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