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1 Introduction
In Rel-18, further work objective to complete the requirements for measurement without gaps is given in the work item description (WID) [1] as below:
	(1) Define RRM requirements for measurement without gaps for the following cases
· NR SSB-based inter-frequency and intra-frequency measurements without gaps for UEs reporting NeedForGapsInfoNR IE [RAN4]
i. Study whether the additional interruption is allowed when UE reporting ‘NeedForGapsInfoNR'. Further define the interruption length, occasion and ratio, if the interruption is allowed
ii. Define related requirements, such as CSSF, measurement period, scheduling restriction etc.


Furthermore, the open issues from the previous meeting (meeting RAN4#106) are given below [2]:
The analysis and discussion are given in the next section. 
2 Discussion
From the previous RAN4 meetings, RAN4 agreed to define the following cases to simplify the discussion in RAN4:
	it is better to differentiate the measurement without gap into the two scenarios below when considering the measurement reportint delay requirements as for the interruption requirements:
· Case 1: without gap and no interruption (e.g. ’[TBD1]’ indicated in [TBD new signaling])
· Case 2: without gap but interruption allowed (e.g. ’[TBD2]’ indicated in [TBD new signaling])


Further discussion on the details is provided in the following subsections. 
Discussion on interruption

	Sub-topic 1-1: Interruption
Issue 1-1-1: Signalling for UE to indicate UE supporting ”no-gap” with interruption
< Agreement >: 
· Inform RAN2 on RAN4 #105 agreements on signaling for UE to indicate UE supporting ”no-gap” with interruption
Issue 1-1-2: Framework of the interruption requirements
< Agreement >: 
· The following aspects will be defined in the requirements of interruption:
· Interruption length
< Way forward >: 
· Interruption ratio can be defined depending on the measurement cycle length and interruption length as: 
· Option 1: 
· with up to [1.25%] probability of interruption per a UE measurement sample cycle when it is NOT less than [160ms] ms
· FFS on whether and how to define the interruption ratio requirements when the UE measurement sample cycle is less than [160ms]
· Other options not precluded
· FFS on possible measurement delay requirements extension
· FFS whether there is a need to define the interruption location 
Issue 1-1-3: Requirements on the interruption length , if allowed 
< Way forward >: 
· FFS on: 
· Option 1:  Apple, Intel, CMCC, xiaomi, vivo, OPPO, Huawei, MTK
· 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, 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: CATT, Nokia,ZTE
· 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.
· Option 3: Ericsson
· The interruption length equalling 0.5ms for deactivated SCell measurement can be reused for NeedForGaps measurement.
· Option 4: Nokia
· Smaller interruption than these for NCSG is expected.
Issue 1-1-5: Requirements on the interruption location , if allowed 
< Way forward >: 
· Option 1:  Apple, Nokia, CMCC, OPPO, ZTE, MTK
· Interruption location needs to be specified.
· FFS on the specific location of interruption allowed
· Option 1a: Nokia
· to define requirements such that the location of interruption for no-gap Case 2 with vacant RF chain can be configured
· to define requirements such that the location of interruption for no-gap Case 2 without vacant RF chain is next to the symbols to be measured
· Option 1c: CMCC, E///
· not prefer to assume that interruption exists on each SMTC occasion
· Option 1d: CMCC
· if pattern is introduced to define interruption location, it is suggested to restrict the number of patterns (e.g. one or two patterns are enough), no need to introduce too many patterns like we did for NCSG patterns.
· Option 1e: CATT
· The interruption location should be close to both sides of the target measurement resources.
· Option 2:  vivo, Huawei, Qualcomm, E///
· No need to define the specific interruption location but the total interruption ratio
Issue 1-1-6: Requirements on the interruption ratio, if allowed 
< Way forward >: 
· Option 1: Huawei
· 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.
· Other options are not precluded.
Issue 1-1-6: Other aspect on whether to allow interruption 
< Agreement >: 
· When UE reports ‘ [TBD1 upon RAN2]’ to indicate the interruption allowed, the interruption should be allowed for 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 RAN2]’ to indicate NO interruption allowed, the interruption isn’t allowed for all intra- and inter-frequency measurements.
Issue 1-1-7: Trade-off between interruption ratio and measurement delay 
< Way forward >: 
· FFS on: 
· Proposal 1: E///
· Introduce a lower bound for NeedForGaps measurement, such as [80]ms
· Introduce a scaling factor KNeedForGaps to reduce the total interruption ratio



Issue 1-1-2/1-1-3: In previous meeting RAN4 agreed that RAN4 shall define requirements for interruption length. In general, interruption length should be defined regardless of RAN4 agrees to define either interruption location or interruption ratio. In addition, the interruption length is based on the RF retune and baseband preparation duration as defined in NCSG requirements; hence, the interruption length can be the same as these defined for NCSG. This means, when a UE signals that interruption is needed for gap-less measurements the interruption length can be VIL=1 ms in FR1 and VIL=0.75 ms in FR2 (i.e. one VIL before and after the SMTC).
Proposal 1: [bookmark: _Ref127458598]RAN4 shall define the interruption length requirements the same as these defined for NCSG in Rel-17, (i.e. VIL=1 ms in FR1 and VIL=0.75 ms in FR2).
Issue 1-1-5: RAN4 agreed in the previous meeting to prioritise the requirements for interruption ratio and FFS the requirements for interruption location. Therefore, we don’t think there is a need to discuss the interruption location in this meeting. 
Proposal 2: [bookmark: _Ref127458609]RAN4 shall delay the discussion for interruption location until some progress is achieved for interruption ratio requirements. 
Issue 1-1-6/1-1-7: The requirements for the interruption when SCell is deactivated is allowed up to 0.5% with measurement cycle equal to 640 ms. This means the interruption length duration is equal to 0.005*640 = 3.2 ms. However, the SMTC the cycle is much faster and hence it is unrealistic to support 0.5% with short measurement cycle, therefore, the probability of missed ACK/NACK should be derived to allow UE to retune the RF chains in a suitable frequency in order to meet the measurement delay requirements. To assure this, the UE needs sufficient interruption length before and after the SMTC used for measurements, which is the case for existing requirements in NCSG and deactivated SCell. Now, given that the interruption length is a fixed value regardless of what is the measurement cycle length, hence the interruption ratio should be scaled according to the measurement cycle length. The baseline formula can be derived as:

However, for short measurement cycle length the interruption ratio is very high and hence RAN4 should restrict the defined requirements for high measurement cycle length, such as 160ms. 
Proposal 3: [bookmark: _Ref127458624]The interruption ratio should allow UE to retune the RF chains in a suitable frequency in order to meet the measurement delay requirements. 
Proposal 4: [bookmark: _Ref132039009]When signle inter-freq carrier is configured for measurement, introduce a concept of measurement cycle during which UE is expected to measure a target frequency once. FFS how to extend for multiple carrier cases.
Proposal 5: [bookmark: _Ref131972050]The interruption ratio for each MO requiring interruption is defined as 2*(L/T)*100%, where L is the interruption length, T is the measurement cycle of the MO, both in ms. FFS the CSSF design for the interruption ratio and Kp scaling factor.
Proposal 6: [bookmark: _Ref131972077]Interruption ratio can be defined depending on the measurement cycle length and interruption length as: with up to 1.25% probability of interruption per a UE measurement sample cycle, for FR1, when it is NOT less than 160ms.

Discussion on measurement reporting delay requirements
	Sub-topic 1-2: Measurement reporting delay requirements
Issue 1-2-1 Requirement for intra/inter-freq measurement without gap when interruption allowed (case 2) 
< Way forward/Agreement >: 
· Option 1: Apple, MTK
· Can be FFS after RAN4 agree how to define the interruption (length, location or ratio)
· Option 2:vivo, Huawei, Ericsson,
· The deactivated SCell measurement except the measCycleSCell can be a start point 
· Option 2a: 	Huawei
· Measurement cycle larger than 160ms can be considered
· Option 3: CATT, Xiaomi, Qualcomm, Nokia,
· For inter-f case 2,take requirements in 38.133, clause 9.3.9 (inter-freq w/o gap) as a starting point 
· For intra-f case 2, Take requirements in Section 9.2.5 of TS38.133 (intra-freq w/o gap) as a starting point for the definition of requirements
· Option 3a: Nokia,
· considering both deriveSSB-IndexFromCellInter-r17 enabled and disabled
· Option 4: OPPO, ZTE, MTK
· Take requirements NCSG requirements in TS38.133 clause 9.2.7 and 9.3.10 as a starting point for intra-f and inter-f case2 respectively.
Issue 1-2-2: Requirement for inter-freq measurement without gap (Inter-f case 1)
< Way forward >: 
· FFS on:     
· Proposal 1: CATT, CMCC, Huawei
· 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 2: Intel, CATT,Huawei
· 
· Proposal 3: Nokia, ZTE,  Huawei
· Define measurement reporting delay requirements for UEs indicating no-gap with interruption considering both deriveSSB-IndexFromCellInter-r17 enabled and disabled



Issue 1-2-1: The interruption requirements for deactivated SCell is defined in terms of interruption ratio and a specific interruption length. However, the interruption requirements for deactivated SCell doesn’t consider the overlap from other frequency layers. Therefore, the requirements from deactivated SCell is not applicable.
Proposal 7: [bookmark: _Ref131972093]RAN4 shall not use the interruption requirement from deactivated SCell as baseline for NFG.
Given that the new interruption mechanism for NeedForGap has already been covered in NCSG requirements, therefore, RAN4 shall use the existing Rel-17 NCSG requirements as a baseline to define the interruption related requirements in NeedForGap. In general, for measurements without gap, the overall measurement delay has the following structure: (Delay of a single layer) x CSSFwithin_nfg. However, the delay of a single layer in existing requirements from NCSG requirements is defined based on VIRP, yet NFG is not defined based on interruption periodicity, but it is defined based on measurement cycle length, where the UE performs a single measurement in a measurement cycle window for NFG. Therefore, the NCSG requirements could be used as a baseline after exchanging the VIRP from NCSG with measurement cycle length for NFG. Besides, the CSSF should be designed taking the requirements from clause 9.1.5.3 for NCSG as a baseline with update for VIRP to be measurement cycle length. For example, a typical intra-frequency measurement period can be as follows: 
T SSB_measurement_period_intra  = max(200ms, 5 x max(measurement cycle length, SMTC period)) x CSSFintra

Proposal 8: [bookmark: _Ref127458659]For the scenario of intra- and inter-frequency without gap when interruption is allowed, RAN4 shall leverage the existing Rel-17 NCSG requirements to define the new interruption requirements for NeedForGap after replacing the ‘VIRP’ in the measurement period requirement from NCSG with ‘measurement cycle length’ for NFG.

Issue 1-2-2: RAN4 already agreed in meeting #105 [R4-2220360]:
	Agreement:
Take requirements in Section 9.3.9 of TS38.133 (inter-freq w/o gap) as a starting point.


Similarly, RAN4 shall take the requirement of Section 9.2.5 of TS38.133 (intra-freq w/o gap) as a starting point for the intra-frequency requirements without gap and without interruption. 
Proposal 9: [bookmark: _Ref131972105]For intra-frequency case 1: RAN4 shall take requirements in Section 9.2.5 of TS38.133 (intra-frequency without gap) as a starting point.
In addition, even if a frequency layer f1 does not need any MG nor interruption, its measurement delay requirement could be impacted by another frequency layer f2 which needs interruption. Regarding the corresponding measurement delay, we can refer start from Clauses 9.3.9 and 9.2.5 for the scenario of NCSG interruption as:
	Clause 9.2.5.1 for intra-frequency without MG:
‘When intra-frequency SMTC is partially overlapping with NCSG, Kp = 1/(1- (SMTC period /VIRP)), where SMTC period < VIRP.’
Clause 9.3.9.1 for intra-frequency without MG:
‘When inter-frequency SMTC is partially overlapping with NCSG, Kp = 1/(1- (SMTC period /VIRP)), where SMTC period < VIRP.’


Hence, RAN4 shall update the existing requirements for MG without gaps by adding new requirements for NFG with scaling factor Kp as following:
· For Clause 9.2.5.1 for intra-frequency without MG:
· [bookmark: _Hlk131445876]‘When intra-frequency SMTC is partially overlapping with interruption, Kp = 1/(1- (SMTC period /measurement cycle length)), where SMTC period < measurement cycle length.’
· For Clause 9.3.9.1 for intra-frequency without MG:
· ‘When inter-frequency SMTC is partially overlapping with interruption, Kp = 1/(1- (SMTC period / measurement cycle length)), where SMTC period < measurement cycle length.’

Proposal 10: [bookmark: _Ref131972120]For intra-frequency case 1, RAN4 shall add the following line in Clause 9.2.5.1: ‘When intra-frequency SMTC is partially overlapping with interruption occasion, Kp = 1/(1- (SMTC period /measurement cycle length)), where SMTC period < measurement cycle length’.
Proposal 11: [bookmark: _Ref131972135]For inter-frequency case 1, RAN4 shall add the following line in Clause 9.3.9.1: ‘When inter-frequency SMTC is partially overlapping with interruption occasion, Kp = 1/(1- (SMTC period / measurement cycle length)), where SMTC period < measurement cycle length’.
Discussion on the UE behaviour

	Sub-topic 1-3: UE behaviour
Issue 1-3-1: Mapping between NeedForGap and NCSG capabilities when UE supports both of them
< Way forward >: 
· FFS on: 
· [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: 
· [bookmark: _Toc118748532][bookmark: _Toc118644731][bookmark: _Toc118614880]No impact on Rel-18 NFG requirements because of mismatch scenarios where either UE or NW support Rel-17 or earlier release.
· The requirements of Rel18 NFG will not be applicable to these 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
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
    < Way forward >: 
· FFS on:
· Proposal 2: Qualcomm
· It is up to UE what reporting capability is used for reporting when both R17 and R18 reporting capability are supported
· Proposal 3: Nokia
· Indication of “no-gap” as part of needForGaps or needForGapsNCSG means no-gap Case 1 (no gap without interruption)
· Proposal 4: E///
· Rel-16 UE is assumed to need interruption since no new interruption indication bit will be reported.


Issue 1-3-1: From the previous meeting, RAN4 agreed to define the interruption ratio requirements for NFG, which means the requirements of NeedForGap and NCSG are different. Therefore, there is no need to have 1-2-1 mapping between the two features. Besides, in existing specification, it is not expected that the NW configures the UE with MG and NCSG at the same time, therefore, we don’t expect the NW to configure the UE with both NCSG and NFG.
Proposal 12: [bookmark: _Ref127458681]No need to establish the mapping between UE’s indication for NeedForGaps and NCSG.
Proposal 13: [bookmark: _Ref131972152][NeedForGapsInfoNR] and NeedForGapNCSG-InfoNR are not expected to be enabled for the same UE at the same time.
Issue 1-3-2: When a rel-17 UE supports NCSG in a rel-16 NW that only support NeedForGap or when a rel-16 UE that supports NeedForGap is connected a rel-17 NW that supports then the UE shall not be expected to have a specific behaviour for such cases and there is no need to specify requirements for it, also, existing requirements of NCSG and NeedForGap are not applicable. Now, if both the UE and the NW support NCSG and NeedForGap, then the UE shall follow the NW configuration, yet this issue also depends on whether the NFG and NCSG share the same requirements or not.
Proposal 14: [bookmark: _Ref118742508]When there is a mismatch between the no-gap capability supported by the NW and the UE then the existing requirements are not applicable and RAN4 should not define new requirements for such mismatch cases.
Proposal 15: [bookmark: _Ref118742518]When both the NW and UE support NFG and NCSG then which requirements shall be applied is left to the NW configuration and depends on whether the requirements of NFG and NCSG are the same.
Issue 1-3-3: In previous meeting, RAN4 agreed to keep the UE behaviour for Rel-16 NeedForGap unchanged. Furthermore, we don’t see the need to clarify the meaning of value ‘no-gap’ because the UE behaviour is not impacted.
Proposal 16: [bookmark: _Ref131972169]RAN4 doesn’t need to further clarify the meaning of value ‘no-gap’ in NeedForGap Rel-16 signalling.

Discussion on scheduling availability

	Sub-topic 1-4: Scheduling availability
Issue 1-4-1: General principles to define scheduling restriction requirements 
< Way forward/ >: 
· FFS on: 
· Option 1: Nokia,vivo, OPPO
· [bookmark: _Toc118614885][bookmark: _Toc118644736][bookmark: _Toc118748537]whether the UE supports simultaneousRxTxInterBandCA in FR1. 
· [bookmark: _Toc118122550][bookmark: _Toc118614886][bookmark: _Toc118120845][bookmark: _Toc118748538][bookmark: _Toc118122623][bookmark: _Toc118644737]whether deriveSSB-IndexFromCellInter-r17 is enabled and supported by the UE in FR1 and FR2.
· Option 1a: Nokia,OPPO
· whether the UE supports simultaneousRxTxInterBandCA in FR1. 
· whether deriveSSB-IndexFromCellInter-r17 is enabled and supported by the UE in FR1 and FR2.
· whether IBM is supported in FR2.
· Option 2: Qualcomm
· No need to introduce scheduling restriction due to interruption for performing inter-frequency measurements. 
Issue 1-4-2: On top of which existing requirements to define scheduling restriction requirements 
< Way forward >: 
· FFS on:
· Option 1: Apple, CMCC, Intel, OPPO, Huawei, MTK, E///
· take the similar requirements for NCSG (TS38.133 v17.6.0 9.3.10.3) as baseline to define scheduling availability 
· Option 1a: Huawei
· The scheduling restriction applies regardless of whether interruption is allowed (for both case 1 and case 2)
· Option 2: CATT
· Reuse the scheduling availability requirements from intra/inter-frequency without gaps 9.2.5.3 or 9.3.9.3 for UEs reporting no-gap but with interruption.
· Option 3: vivo
· If RAN4 agrees to define total interruption ratio without specifying location and length, no need to define scheduling restriction
Issue 1-4-3: Default SMTC pattern
< Way forward >: 
· FFS on: 
· Option 1: Ericsson
· Default SMTC pattern should be defined to restrict the scheduling restriction occasions if RAN4 doesn’t define a dedicated measurement pattern for interruption occasions
· Option 2: Huawei
· No


Issue 1-4-1/1-4-2/1-4-3: In general, we believe RAN4 can reuse the scheduling restrictions requirements from Rel-17 NCSG in Ts 38.133 clause 9.3.10.3. Yet, with NCSG the SMTC occasion for measurement is known but for NFG it is not clear which SMTC occasion is used for measurement, thus the default SMTC pattern can be defined to restrict the scheduling restriction occasions.
Proposal 17: [bookmark: _Ref127458421]RAN4 to use requirements of NCSG as baseline to define scheduling availability. Yet, default SMTC pattern can be defined to restrict the scheduling restriction occasions.

3 Summary
In this contribution, discussion on measurement without gaps for UEs reporting NeedForGapsInfoNR is provided and we have the following proposals
Proposal 1: RAN4 shall define the interruption length requirements the same as these defined for NCSG in Rel-17, (i.e. VIL=1 ms in FR1 and VIL=0.75 ms in FR2).
Proposal 2: RAN4 shall delay the discussion for interruption location until some progress is achieved for interruption ratio requirements.
Proposal 3: The interruption ratio should allow UE to retune the RF chains in a suitable frequency in order to meet the measurement delay requirements. 
Proposal 4: When signle inter-freq carrier is configured for measurement, introduce a concept of measurement cycle during which UE is expected to measure a target frequency once. FFS how to extend for multiple carrier cases.
Proposal 5: The interruption ratio for each MO requiring interruption is defined as 2*(L/T)*100%, where L is the interruption length, T is the measurement cycle of the MO, both in ms. FFS the CSSF design for the interruption ratio and Kp scaling factor.
Proposal 6: Interruption ratio can be defined depending on the measurement cycle length and interruption length as: with up to 1.25% probability of interruption per a UE measurement sample cycle, for FR1, when it is NOT less than 160ms.
Proposal 7: RAN4 shall not use the interruption requirement from deactivated SCell as baseline for NFG.
Proposal 8: For the scenario of intra- and inter-frequency without gap when interruption is allowed, RAN4 shall leverage the existing Rel-17 NCSG requirements to define the new interruption requirements for NeedForGap after replacing the ‘VIRP’ in the measurement period requirement from NCSG with ‘measurement cycle length’ for NFG.
Proposal 9: For intra-frequency case 1: RAN4 shall take requirements in Section 9.2.5 of TS38.133 (intra-frequency without gap) as a starting point.
Proposal 10: For intra-frequency case 1, RAN4 shall add the following line in Clause 9.2.5.1: ‘When intra-frequency SMTC is partially overlapping with interruption occasion, Kp = 1/(1- (SMTC period /measurement cycle length)), where SMTC period < measurement cycle length’.
Proposal 11: For inter-frequency case 1, RAN4 shall add the following line in Clause 9.3.9.1: ‘When inter-frequency SMTC is partially overlapping with interruption occasion, Kp = 1/(1- (SMTC period / measurement cycle length)), where SMTC period < measurement cycle length’.
Proposal 12: No need to establish the mapping between UE’s indication for NeedForGaps and NCSG.
Proposal 13: [NeedForGapsInfoNR] and NeedForGapNCSG-InfoNR are not expected to be enabled for the same UE at the same time.
Proposal 14: When there is a mismatch between the no-gap capability supported by the NW and the UE then the existing requirements are not applicable and RAN4 should not define new requirements for such mismatch cases.
Proposal 15: When both the NW and UE support NFG and NCSG then which requirements shall be applied is left to the NW configuration and depends on whether the requirements of NFG and NCSG are the same.
Proposal 16: RAN4 doesn’t need to further clarify the meaning of value ‘no-gap’ in NeedForGap Rel-16 signalling.
Proposal 17: RAN4 to use requirements of NCSG as baseline to define scheduling availability.
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