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Introduction
Requirements for NeedForGaps (NFG) are discussed in RAN4#105, and the outcomes are captured in [1]. Based on [1], the following issues need to be further discussed.
· Interruption
· Measurement requirements
· Scheduling restriction
· UE behavior 
· Requirement applicability
In this paper we will provide our views on requirements for NFG.
Discussion
Interruption
	Issue 1-1-1: Whether interruption is expected when UE reports ’no-gap’ in ‘NeedForGapsInfoNR' 
< Agreement >: 
· Introduce additional Rel-18 UE signalling to differentiate UE supporting no gap with interruption (Case 2) 
· Signalling details are FFS.


Several options have been discussed in last meeting on the signalling.
· Opt 1a: no-gap means no-gap-no-interruption, and the new indication is used to indicate UE needs interruption to perform the measurement i.e. no-gap-with-interruption 
· Opt 1b: no-gap means no-gap-with-interruption, and the new indication is used to indicate needs also no interruption to perform the measurement i.e. no-gap-no-interruption
· Opt 2: the new indication indicates whether UE needs interruption (no-gap-with-interruption) or not (no-gap-no-interruption), and Rel-18 UE who reports no-gap must report this new indication
· Opt 3: define new signaling separately from Rel-16 NFG, and the new signaling can be used to indicate 3 states i.e. gap, no-gap-with-interruption and no-gap-no-interruption
Among all the options we support option 2. Problem of option 1a and 1b is that the Rel-16 no-gap must be interpreted in one way or the other, and no matter which way (with or without interruption) is adopted, it may cause a difference at NW side on how to handle Rel-16/17 UE and Rel-18 UE, which is not preferred. Problem of option 3 is that it is separate from Rel-16 NFG, making it effectively 3 report signaling (Rel-16 NFG, Rel-17 NFG-NCSG and Rel-18 NFG) for similar issue, and also the configuration and capability for the Rel-18 report signaling also needs to be discussed in RAN2 which can be complex.
If no consensus can be made in RAN4, we are also fine to leave the signaling detail to RAN2.
Proposal 1: Define a new UE indication on whether UE needs interruption (no-gap-with-interruption) or not (no-gap-no-interruption) when it reports no-gap with NFG. Rel-18 UE that reports no-gap must report this new indication.
	Issue 1-1-2: Requirements on the interruption length 
< Way forward >: 
· Option 1a:  
· As a starting point, the interruption length can be same as these defined for NCSG,e.g.
· When UE reporting “no-gap[TBD]” in [NeedForGapInfoNR]  the interruption length can be VIL=1ms in FR1 and VIL=0.75ms in FR2.
· When UE reporting “others[TBD]” in [NeedForGapInfoNR] no interruption allowed 
· Option 1b: 
· As a starting point, when UE reporting “no-gap [TBD]” in [NeedForGapInfoNR]  , 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.
· Option 1c: 
· The interruption length equalling 0.5ms for deactivated SCell measurement can be reused for NeedForGaps measurement.
· Option 1d: 
· Smaller interruption than these for NCSG is expected.
· Option 2: 
· No need define interruption length but total interruption ratio.


As baseline, 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: When interruption is allowed, the length of each interruption is defined as 1ms for FR1 and 0.75ms for FR2 as baseline.
	Issue 1-1-3: Requirements on the interruption location 
< Way forward >: 
· Option 1:  
· Interruption location needs to be specified.
· FFS on the specific location of interruption allowed
· Option 2:  
· No need to define the specific interruption location but the total interruption ratio
Issue 1-1-4: Requirements on the interruption ratio 
< Way forward >: 
· Option 1:  
· RAN4 needs to define the total interruption ratio 
· Option 1a: 
· the total interruption ratio shall not exceed 1.25%.
· Option 1b: 
· The total interruption ratio 0.5% for deactivated SCell measurement can be a good reference
· Option 2:  
· RAN4 needs NOT to define total interruption ratio when the requirements on interruption length and location are specified 
· Other options are not precluded


We prefer to define interruption ratio but not to define 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, we believe 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.
The exact interruption ratio is discussed together with measurement requirements in section 2.2.
Proposal 3: RAN4 to define the interruption ratio but not interruption location.
	Issue 1-1-5: Other aspect on whether to allow interruption 
< Way forward >: 
· FFS on: 
· Proposal 1: 
· When UE reports ‘ [TBD1 upon issue 1-1-1]’ to indicate the interruption allowed, the interruption should be allowed for each of intra- and inter-frequency measurements for which UE reports ‘[TBD1 upon issue 1-1-1]’. 
· The interruption will impact all the serving cells if UE does not support per-FR gap, and all the serving cells in the same FR as the measurement if UE supports per-FR gap.
· Proposal 2: 
· When UE reports ‘[TBD2 upon issue 1-1-1]’ to indicate NO interruption allowed, the interruption isn’t allowed for each of intra- and inter-frequency measurements for which UE reports ‘[TBD2 upon issue 1-1-1]’.


We see both proposals straightforward and reasonable.
Proposal 4: Agree on the following two proposals. 
· When UE reports ‘ [TBD1 upon issue 1-1-1]’ to indicate the interruption allowed, the interruption should be allowed for each of intra- and inter-frequency measurements for which UE reports ‘[TBD1 upon issue 1-1-1]’. 
· The interruption will impact all the serving cells if UE does not support per-FR gap, and all the serving cells in the same FR as the measurement if UE supports per-FR gap.
· When UE reports ‘[TBD2 upon issue 1-1-1]’ to indicate NO interruption allowed, the interruption isn’t allowed for each of intra- and inter-frequency measurements for which UE reports ‘[TBD2 upon issue 1-1-1]’.
Measurement requirements
	Issue 1-2-1 Requirement for intra/inter-freq measurement without gap when interruption allowed (case 2) 
< Way forward >: 
· Option 1: 
· Take requirements NCSG requirements in TS38.133 clause 9.3.10 as a starting point
· The other aspects can be FFS. e.g.
· The time slot alignment among the measurement objects and interruption location
· Option 2: 	
· The deactivated SCell measurement requirement can be the start point in case of interruption location is unknown.
· Option 2a: 
· The deactivated SCell measurement except the measCycleSCell can be a start point 
· To reduce the total interruption ratio, some trade-off solutions for extending the measurement can be
· introducing a lower bound, such as [80]ms, or 
· introducing a scaling factor KNeedForGaps, such as KNeedForGaps =[2]
· Option 3: 
· Take requirements in 38.133, clause 9.3.9 as a starting point


When UE reports no-gap with NFG, no matter if it needs interruption or not, the measurement will be performed without MG or NCSG. In this sense, option 1 does not work because NW will not configure any NCSG pattern. It is possible to define default measurement pattern or virtual SMTC or NCSG pattern, but it will make requirements no different from NCSG, and impose unnecessary restriction on UE.
Option 2 and 3 are same in the sense that they both treat interruption based measurement as measurement without gap. The difference is on the measurement period or more specifically measurement cycle. 
· For activated serving cell, the measurement cycle is based on SMTC period
· For deactivated serving cell, the measurement cycle is based on a configured cycle.
For interruption based measurement, one consideration factor is the interruption ratio. UE may need to switch on/off the spare RF chain before and after the measurement, so the interruption ratio should be defined as 2*L/T, where L is the length of each interruption and T is the measurement cycle, both in ms. 
In last meeting, some companies proposed fixed interruption ratios like 0.5% or 1.25%. We do not think this is reasonable because the interruption ratio may not be controllable at UE side. For deactivated SCell measurement, UE may reduce the interruption by keeping the RF chain on, i.e. at the cost of increased power consumption, but for interruption based measurement, UE may need to switch between different RF chains and interruption becomes unavoidable. 
Proposal 5: The interruption ratio for each MO requiring interruption is defined as 2*(L/T), where L is the interruption length, T is the measurement cycle of the MO, both in ms. 
The largest SMTC periodicity is 160ms, and assuming only single MO is measured with 160ms cycle, the interruption ratio would be 1.25%. This is larger than 0.5% assumed for deactivated SCell measurement. To achieve further lower interruption ratio, a measurement cycle larger than 160ms can be considered. In this case, the measurement period for interruption based measurement is similar as deactivated SCell.
Proposal 6: Take deactivated SCell measurement requirement as baseline for measurements requiring interruption. Measurement cycle larger than 160ms can be considered.
	Issue 1-2-2: Requirement for inter-freq measurement without gap when no interruption (Inter-f case 1)
< Agreement >: 
· Proposal 1: Take requirements in Section 9.3.9 of TS38.133 (inter-freq w/o gap) as a starting point
< Way forward >: 
· FFS on:     
· Proposal 2: 
· to update the definition of inter-frequency SSB based measurements without measurement gaps to include the case when UE indicates ‘no-gap’ via interFreq-needForGap
· Proposal 3: 
·  updates/clarification on CSSFoutside_gap is needed.  
· Proposal 4: Nokia
· Define measurement reporting delay requirements for UEs indicating no-gap with interruption considering both deriveSSB-IndexFromCellInter-r17 enabled and disabled


We think all of Proposal 2 – 4 are reasonable and straightforward. In our view, they should not only apply for the case when interruption is not allowed, but also when interruption is allowed. 
Proposal 7: Agree on the following proposals for cases when interruption is allowed and not allowed
· to update the definition of inter-frequency SSB based measurements without measurement gaps to include the case when UE indicates ‘no-gap’ via interFreq-needForGap
· updates/clarification on CSSFoutside_gap is needed.  
· Define measurement reporting delay requirements for UEs indicating no-gap with interruption considering both deriveSSB-IndexFromCellInter-r17 enabled and disabled
Scheduling restriction
	Issue 1-4-1: General principles to define scheduling restriction requirements 
< Way forward/ >: 
· FFS on: 
· Proposal 1:
· [bookmark: _Toc118644736][bookmark: _Toc118614885][bookmark: _Toc118748537]whether the UE supports simultaneousRxTxInterBandCA in FR1. 
· [bookmark: _Toc118122550][bookmark: _Toc118748538][bookmark: _Toc118644737][bookmark: _Toc118614886][bookmark: _Toc118120845][bookmark: _Toc118122623]whether deriveSSB-IndexFromCellInter-r17 is enabled and supported by the UE in FR1 and FR2.
· [bookmark: _Toc118122624][bookmark: _Toc118122551][bookmark: _Toc118748539][bookmark: _Toc118614887][bookmark: _Toc118644738]whether IBM is supported in FR2.
Issue 1-4-2: On top of which existing requirements to define scheduling restriction requirements 
< Way forward >: 
· Option 1: 
· take the similar requirements for NCSG (TS38.133 v17.6.0 9.3.10.3) as baseline to define scheduling availability 
· Option 1a: 
· The scheduling restriction applies regardless of whether interruption is allowed
· FFS on deriveSSB-IndexFromCell-inter
· Option 2: 
· Reuse the scheduling availability requirements from intra-frequency without gaps 9.2.5.3 for UEs reporting no-gap but with interruption.
· Option 3: 
· If RAN4 agrees to define total interruption ratio without specifying location and length, no need to define scheduling restriction


We support to take the similar requirements for NCSG (TS38.133 v17.6.0 9.3.10.3) as baseline to define scheduling restriction for measurement with NFG.
In last meeting, one question raised is whether scheduling restriction applies only when interruption is allowed. Our view is that scheduling restriction applies regardless of whether interruption is allowed. The interruption discussed in section 2.1 is for RF re-tuning and BB adjustment before and after the measurement, while the scheduling restriction is caused by simultaneous UL and DL, mixed SC or FR2 Rx beam sweeping and applies during the measurement. It is separate issue from interruption. 
Another question raised in last meeting is whether deriveSSB-IndexFromCell-inter still applicable. In our view, the signalling and related requirements are applicable if we use NCSG requirements as bassline.
Proposal 8: Take the similar requirements for NCSG (TS38.133 v17.6.0 9.3.10.3) as baseline to define scheduling availability
· The scheduling restriction applies regardless of whether interruption is allowed
· deriveSSB-IndexFromCell-inter is applicable
	Issue 1-4-3: Default SMTC pattern
< Way forward >: 
· FFS on: 
· Proposal 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 already 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, but no other pattern is defined. We suggest to de-prioritize the optimization.  
Proposal 9: RAN4 not to define default SMTC pattern or dedicated measurement pattern to restrict the scheduling restriction occasions.
UE behavior 
	Issue 1-3-1: Mapping between NeedForGap and NCSG capabilities when UE supports both of them
< Way forward >: 
· Option 1: 
· The gap status indication in NeedForGaps should have 1-to-1 mapping with the gap status in NCSG if UE supports both NeedForGaps and NCSG capabilities.
· The exact mapping of the reports in NeedForGaps, NeedForGapNCSG and/or other new signaling options is FFS 
· Option 1a: 
· The gap status indication in NeedForGaps should have 1-to-1 mapping with the gap status in NCSG if UE supports both NeedForGaps and NCSG capabilities.
· UE should report ‘no gap’ in the same band for NeedForGaps if reporting ‘no gap no interruption’ or ‘no gap no interruption’ in a band for NCSG
· UE should report ‘gap’ in the same band for NeedForGaps if reporting ‘gap’ in a band for NCSG
· Option 2: 
·  No need to establish the mapping between UE’s indication for NeedForGaps and NCSG
· Option 2a: 
· NeedForGaps and NeedforGapsNCSG are not expected to be enabled for the same UE
Issue 1-3-2: Impacts on the legacy UE behavior 
< Way forward >: 
· FFS on:
· Option 1: 
· Legacy behavior of existing indication in needForGaps and needForGapsNCSG shall not be changed in Rel 18 NR_MG_enh2
Issue 1-3-3: UE behaviour mismatch between UE and NW 
< Way forward >: 
· FFS on: UE’s behaviour in the following mismatch scenarios
· Rel-17 UE which supports NCSG in a Rel-16 NW which only supports NeedForGaps
· Rel-16 UE which supports NeedForGaps in a Rel-17 NW which supports NCSG
· Both UE and NW support NCSG and NeedForGaps
· Others are not precluded


In our understanding, NFG reporting and NCSG reporting are separate features, and they have separate UE capabilities and NW flag to enable the feature.
· Support of NFG reporting is indicated via the following UE capability.
	nr-NeedForGap-Reporting-r16
Indicates whether the UE supports reporting the measurement gap requirement information for NR target in the UE response to a network configuration RRC message.
	UE
	No
	No
	No


· Support of NCSG reporting is indicated via the following UE capabilities.
	nr-NeedForGapNCSG-reporting-r17
Indicates whether the UE supports reporting of the NCSG and measurement gap requirement information for SSB based measurement in the UE response to a network configuration RRC message as specified in TS 38.331 [9].
	UE
	No
	No
	No

	eutra-NeedForGapNCSG-reporting-r17
Indicates whether the UE supports reporting of the NCSG and measurement gap requirement information for E-UTRA target bands in the UE response to a network configuration RRC message as specified in TS 38.331 [9].
	UE
	No
	No
	No


Based on following description in 38.331, 
· When NW configures needForGapsConfigNR UE should report with NFG reporting signaling, i.e. NeedForGapsInfoNR. 
· When NW configures needForGapNCSG-ConfigNR UE should report with NCSG reporting signaling, i.e. NeedForGapNCSG-InfoNR.
· When NW configures needForGapNCSG-ConfigEUTRA UE should report with NFG reporting signaling, i.e. NeedForGapNCSG-InfoEUTRA.
	1>	if the RRCReconfiguration message includes the needForGapsConfigNR:
2>	if needForGapsConfigNR is set to setup:
3>	consider itself to be configured to provide the measurement gap requirement information of NR target bands;
2>	else:
3>	consider itself not to be configured to provide the measurement gap requirement information of NR target bands;
1>	if the RRCReconfiguration message includes the needForGapNCSG-ConfigNR:
2>	if needForGapNCSG-ConfigNR is set to setup:
3>	consider itself to be configured to provide the measurement gap and NCSG requirement information of NR target bands;
2>	else:
3>	consider itself not to be configured to provide the measurement gap and NCSG requirement information of NR target bands;
1>	if the RRCReconfiguration message includes the needForGapNCSG-ConfigEUTRA:
2>	if needForGapNCSG-ConfigEUTRA is set to setup:
3>	consider itself to be configured to provide the measurement gap and NCSG requirement information of E‑UTRA target bands;
2>	else:
3>	consider itself not to be configured to provide the measurement gap and NCSG requirement information of E‑UTRA target bands;


Observation 1: NeedForGaps reporting and NeedforGapsNCSG reporting are separate features with separate NW flags and separate UE capabilities.
With above observation, 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.
Assuming NW would not enable the two features at the same time for a single UE, there would be no UE behaviour mismatch between UE and NW as listed in Issue 1-3-3.
Proposal 10: NeedForGaps and NeedforGapsNCSG are not expected to be enabled for the same UE. No need to define mapping between status indication in NeedForGaps and NeedforGapsNCSG.
Requirement applicability
	Issue 1-5-2: Condition for intra-frequency requirements without gaps with interruption
< Way forward/Agreement >: 
· FFS on: 
· Proposal 1: 
· Any interruption for UE reporting no-gap type 2 is not allowed in the following intra-frequency measurement cases:
· a. the SSB is completely contained in the active BWP of the UE, or
· b. the active downlink BWP is initial BWP
· Proposal 2: 
· Any interruption for UE reporting no-gap type 2 is allowed in the following intra-frequency measurement case:
· a. the SSB is not completely contained in the active BWP of the UE, and the active downlink BWP is not an initial BWP


We assume type 2 means interruption is needed (as signaled with the new indication). If this is the case, both proposals are reasonable and straightforward.
When any of the condition a) or b) in P1 is met, the measurement is already considered as measurement without gap in Rel-15 and no interruption is allowed. There is no reason to change in Rel-18. Under condition a) of P2 and if UE indicates it needs interruption, interruption should be allowed.
Proposal 11: Agree on the following proposals for the case when interruption is needed. 
· Any interruption for UE reporting no-gap type 2 is not allowed in the following intra-frequency measurement cases:
· a. the SSB is completely contained in the active BWP of the UE, or
· b. the active downlink BWP is initial BWP
· Any interruption for UE reporting no-gap type 2 is allowed in the following intra-frequency measurement case:
· a. the SSB is not completely contained in the active BWP of the UE, and the active downlink BWP is not an initial BWP
Conclusions
In this paper we provided our views on requirements for NFG.
Proposal 1: Define a new UE indication on whether UE needs interruption (no-gap-with-interruption) or not (no-gap-no-interruption) when it reports no-gap with NFG. Rel-18 UE that reports no-gap must report this new indication.
Proposal 2: When interruption is allowed, the length of each interruption is defined as 1ms for FR1 and 0.75ms for FR2 as baseline.
Proposal 3: RAN4 to define the interruption ratio but not interruption location.
Proposal 4: Agree on the following two proposals. 
· When UE reports ‘ [TBD1 upon issue 1-1-1]’ to indicate the interruption allowed, the interruption should be allowed for each of intra- and inter-frequency measurements for which UE reports ‘[TBD1 upon issue 1-1-1]’. 
· The interruption will impact all the serving cells if UE does not support per-FR gap, and all the serving cells in the same FR as the measurement if UE supports per-FR gap.
· When UE reports ‘[TBD2 upon issue 1-1-1]’ to indicate NO interruption allowed, the interruption isn’t allowed for each of intra- and inter-frequency measurements for which UE reports ‘[TBD2 upon issue 1-1-1]’.
Proposal 5: The interruption ratio for each MO requiring interruption is defined as 2*(L/T), where L is the interruption length, T is the measurement cycle of the MO, both in ms. 
Proposal 6: Take deactivated SCell measurement requirement as baseline for measurements requiring interruption. Measurement cycle larger than 160ms can be considered.
Proposal 7: Agree on the following proposals for cases when interruption is allowed and not allowed
· to update the definition of inter-frequency SSB based measurements without measurement gaps to include the case when UE indicates ‘no-gap’ via interFreq-needForGap
· updates/clarification on CSSFoutside_gap is needed.  
· Define measurement reporting delay requirements for UEs indicating no-gap with interruption considering both deriveSSB-IndexFromCellInter-r17 enabled and disabled
Proposal 8: Take the similar requirements for NCSG (TS38.133 v17.6.0 9.3.10.3) as baseline to define scheduling availability
· The scheduling restriction applies regardless of whether interruption is allowed
· deriveSSB-IndexFromCell-inter is applicable
Proposal 9: RAN4 not to define default SMTC pattern or dedicated measurement pattern to restrict the scheduling restriction occasions.
Proposal 10: NeedForGaps and NeedforGapsNCSG are not expected to be enabled for the same UE. No need to define mapping between status indication in NeedForGaps and NeedforGapsNCSG.
Proposal 11: Agree on the following proposals for the case when interruption is needed. 
· Any interruption for UE reporting no-gap type 2 is not allowed in the following intra-frequency measurement cases:
· a. the SSB is completely contained in the active BWP of the UE, or
· b. the active downlink BWP is initial BWP
· Any interruption for UE reporting no-gap type 2 is allowed in the following intra-frequency measurement case:
· a. the SSB is not completely contained in the active BWP of the UE, and the active downlink BWP is not an initial BWP
A draft LS on signalling for indicating the interruption need is provided in the Annex based on Proposal 1.
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1. Overall Description:
RAN4 discussed RRM requirements for UE reporting NeedForGapsInfoNR, and agreed to introduce additional signalling to differentiate UE supporting ‘no-gap’ with interruption in Rel-18.
Specifically, based on discussion in RAN4#106, RAN4 agreed to define a new UE indication on whether UE needs interruption (e.g. ‘no-gap-with-interruption’) or not (e.g. ‘no-gap-no-interruption’) when it reports ‘no-gap’ with NeedForGapsInfoNR. Rel-18 UE that reports ‘no-gap’ must report this new indication.

RAN4 respectfully asks RAN2 to take the above information into account and define corresponding signalling support.

2. Actions:
To RAN2:
RAN4 respectfully asks RAN2 to take the above information into account and define corresponding signalling support.

3. Date of Next TSG-RAN4 Meetings:
RAN WG4 Meeting #106-bis-e		Apr 17 – Apr 26, 2023			Online
RAN WG4 Meeting #107				May 22 – May 26, 2023		Incheon, South Korea
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