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1. Introduction
In the last meeting, some meaningful agreements on the measurement without gaps for UEs reporting NeedForGapsInfo have been achieved [1], as follows:
	Issue 1-1-1: Framework of the interruption requirements
· Do not define any restriction on interruption location
Issue 1-1-5b: Requirements on the interruption ratio, if allowed - how Tcycle is specified
· FFS if there are MOs that need interruption and MOs that do not need interruption. FFS whether these MOs compete the same opportunities for measurements?


However, there are still some open issues left to be discussed. In this contribution, we’d like to share our views on the intra-freq/inter-freq no-gap measurement in the aspects of interruption, UE behavior, scheduling availability and the impact on L1 measurements.
2. Discussion
2.1 Interruption
Since interruption is allowed in the intra-freq/inter-freq no-gap measurement, there is a need for RAN4 to design corresponding RRM requirements. Specially, the following issues are discussed one by one in this subject: 
· Issue 1-1-2: Requirements on the interruption length, if allowed
· Issue 1-1-5a: Requirements on the interruption ratio, if allowed - whether ratios are for individual frequency layer or in total
· Issue 1-1-5b: Requirements on the interruption ratio, if allowed - how Tcycle is specified 
· Issue 1-1-10: UE behaviour when UE reports ‘no gap with interruption’ in some/all bands and NW configures MG

Issue 1-1-2: Requirements on the interruption length, if allowed
Although it has been agreed that the interruption length should be defined in the requirements of interruption, the exact interruption length has not be determined yet. During the discussion, the following two options were proposed:
	· 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.
· Otherwise, no interruption is allowed


In our view, option 2 is preferred. We think the interruption in the no-gap-with-interruption measurement is caused by RF re-tuning. Thus, we shall take RTT as starting point, i.e. the interruption length is 0.5 ms in FR1 or 0.25ms in FR2. For option 1, in addition to RF re-tuning, the UE also needs to prepare the baseband during the VIL, which is different from no-gap-with-interruption measurement.
Proposal 1: The requirements on interruption length can take RTT as base line, i.e. the interruption length can be 0.5ms in FR1 and 0.25ms in FR2.
 
Issue 1-1-5b: Requirements on the interruption ratio, if allowed - how Tcycle is specified
In the previous meetings, the upper boundary of interruption ratio has been defined based on the Tcycle, as follows:
	· 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
· Do not define requirement for the case Tcycle < 80ms


However, the definition of Tcycle has not been determined yet. In order to simplify our discussions, some assumptions were provided in the last meeting, including non-DRX, no MG configured, FR1 and multiple frequency layers. It is noted that companies have different views on whether to consider CSSF in the definition of Tcycle. In our view, CSSF is used to handle the collision between the SMTC occasions for different MOs. Thus in order to describe the real measurement cycle for one measurement object, CSSF is needed. 
Besides, some companies prefer to extend the measurement cycle to reduce the interruption ratio via introducing new concept ‘measCycleNFG’ or ‘Kneedforgap’. MeasCycleNFG is the cycle during which the UE is expected to perform a measurement once. In this way, the interruption ratio for one frequency layer is the interruption ratio for all frequency layers, which is simple and straightforward. It is noted that the measCycleNFG is only applicable for no-gap-with-interruption measurement, because there is no need to extend the measurement cycle for no-gap-no-interruption measurement. However, the measCycleNFG is for all no-gap-with-interruption MOs, and all no-gap-with-interruption MOs would have the same measurement cycle, which is inflexible and unreasonable. Because the network may expect the UE to perform measurement on some MOs more frequently. For Kneedforgap, it is an additional scaling factor used to extend the measurement delay of no-gap-with-interruption measurement and which is MO specific. With Kneedforgap, each MO would have different measurement cycle. Thus, compared with introducing measCycleNFG, introducing Kneedforgap is more flexible. In addition, we can also introduce a new measurement cycle for each MO, similar to legacy measurement cycle for deactivated SCells (measCycleSCell). 
Proposal 2: RAN4 to consider Tcycle = Kneedforgap x SMTC x CSSF, where Kneedforgap is an additional scaling factor applicable for each no-gap-with-interruption MO.

Issue 1-1-5a: Requirements on the interruption ratio, if allowed - whether ratios are for individual frequency layer or in total
Besides the definition of Tcycle, the issue that whether interruption ratio is for individual frequency layer or for all frequency layers has not been determined either. Many options were proposed in the last meeting, as follows:
	· Option 1: Interruption ratio is defined for a single frequency layer, and total interruption ratio is the sum of interruption ratio of individual frequency layers.  
· Option 2: The agreed interruption ratio should only apply to single frequency layer. In case of multiple frequency layers with different measurement cycle, the interruption ratio with the shortest measurement cycle should apply  
· Option 3: The interruption ratios agreed apply for a single frequency layer. It is expected that the same interruption ratio will apply for all related frequency layers. 
· Option 4: Define Tcycle based on sampling interval on all MOs which would cause interruption. With this, the interruption ratio is the total ratio, i.e., it shall apply for all frequency layers. 
· Option 5: No need to define separate interruption ratio for multiple frequency layers or DRX. The previous agreed interruption requirement are applied for both single frequency layer and multiple frequency layers, and both non-DRX and DRX.  


With the assumption that CSSF can be considered in the definition of Tcycle, we prefer option 1. The definition of interruption ratio is determined as 2 x interruption length / measurement cycle. In this equation, the measurement cycle is for a single frequency layer and the considered interruption is also caused by its own frequency layer, thus the interruption ratio shall be applied in single frequency layer. And it is noted that the interruption cycle has taken multiple frequency layers into consideration. In order to calculate total interruption ratio, we need to consider interruptions caused by all frequency layers. Thus, the total interruption ratio is the sum of interruption ratio of individual frequency layers.
Proposal 3: The interruption ratio agreed above is defined for a single frequency layer, and the total interruption ratio is the sum of interruption ratio of individual frequency layers.

Issue 1-1-9: DRX based interruption ratio, if allowed
DRX is an important technology in NR to achieve power saving, thus DRX based interruption ratio requirement is worth to be discussed. The options proposed in the last meeting are as follows:
	· FFS on DRX based interruption ratio
· 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 understand the motivation of this issue is that the UE performs no-gap-with-interruption measurement during the DRX OFF duration, which can reduce the interruption ratio with the cost of power consumption. Generally, we are fine with this idea. 
Specially, due to the fact that SMTC is cell specific and DRX is UE specific, it is possible that the configured SMTC occasions are completely misaligned with DRX ON duration. In this case, the UE only can perform measurement on the DRX OFF duration, which can not cause interruption. In the case that DRX cycle is larger than 320ms, a DRX cycle would have multiple SMTC occasions. The UE can select one SMTC occasion within DRX OFF duration to perform measurement on. In this way, no interruption is expected. The most complicated case is that the SMTC occasion is partially or completely overlapping with DRX ON duration. In this case, we can reuse the same logic as legacy DRX based measurement requirement, i.e. introduce an additional scaling factor 1.5 to extend the measurement cycle, which may help the UE to select suitable SMTC occasion to perform measurement on.
Proposal 4: The UE is expected to perform no-gap-with-interruption measurement during DRX OFF duration to reduce interruption ratio.

Issue 1-1-10: UE behaviour when UE reports ‘no gap with interruption’ in some/all bands and NW configures MG
In the last meeting, some companies want to specify the UE behaviors in the following scenarios:
Scenario 1: There is no band UE reporting ‘gap’ in NeedForGaps, but NW configures the MG.
Scenario 2: There are some band(s) UE reporting ‘gap’ in NeedForGaps, and NW configures the MG
For scenario 1, we can not get the motivation that network configures the measurement gap to the UE in the case that no band UE reporting ‘gap’ up to now, this scenario seems as corner case. For scenario 2, we think it is a common case, where measurement with gap, no-gap-with-interruption measurement and no-gap-no-interruption measurement may exist at the same time. The SMTC occasions for multiple measurement types may be completely or partially overlapping. In our understanding, the corresponding UE behaviors are as follows:
· Case 1: Measurement gap partially or completely overlaps with SMTC occasion of no-gap-no-interruption
In this case, the existing UE behaviors of the legacy no-gap measurement can be reused, i.e.leave the measurement gap occasion to the MO(s) which need gap as much as possible unless completely overlapping between the no-gap-no-interruption and the measurement gap.
· Case 2: Measurement gap partially or completely overlaps with SMTC occasion of no-gap-with-interruption
In this case, there are the following two options:
Option 1: The UE is only allowed to perform no-gap-with-interruption measurement outside the gap;
Option 2: The UE is allowed to perform no-gap-with-interruption within the gap.
With option 1, the no-gap-with-interruption measurement is only allowed to be performed outside the gap, which follows the UE behaviors of legacy no-gap measurement. However, the measurement cycle of the no-gap-with-interruption measurement may be extended since the SMTC occasions that the UE performs no-gap-with-interruption measurement on shall be misaligned with the gap. With option 2, no-gap-with-interruption measurement is allowed to be performed within the measurement gap, since the measurement gap would cause interruption originally, so the interruption caused by no-gap-with-interruption measurement can be limited within the gap interruption, which can reduce the total interruption ratio. However, in this way, the measurement cycle of measurement with gap may be extended since partial gap occasions are occupied by the no-gap-with-interruption measurement. 
Therefore, the advantages and disadvantages for each option are clear, we are wondering companies’ views on this case, or the conditions for each option can be discussed.
Proposal 5: For the case of measurement gap partially or completely overlaps with SMTC occasion of no-gap-no-interruption measurement, the existing UE behaviors of the legacy no-gap measurement can be reused.
For the case of measurement gap partially or completely overlaps with SMTC occasion of no-gap-with-interruption measurement, two alternatives can be discussed:
Alternative 1: The UE is only allowed to perform no-gap-with-interruption measurement outside the gap;
Alternative 2: The UE is allowed to perform no-gap-with-interruption within the gap.

2.2 UE behavior 
In this subject, the following issues would be discussed:
Issue 1-3-1a: Mapping between NeedForGap and NCSG capabilities when UE supports both of them
Issue 1-3-1b: Enabling NCSG and NFG at the same time
Issue 1-3-1a: Mapping between NeedForGap and NCSG capabilities when UE supports both of them
In this issue, the following options were proposed in the last meeting:
	· 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



For option1, the meaning ‘no gap’ in the Rel-16 NeedForGap has not been explained in the existing specification. If we reinterpret legacy signaling, existing network performance may be impacted. Thus, we prefer not to further clarity the meaning of value ‘no-gap’ in the Rel-16 NeedForGap signaling. Besides, we think ‘nogap-noncsg’ in the Rel-17 NCSG means no-gap without interruption. Since if the measurement is with interruption, the UE can report ‘ncsg’. And in the inter-RAT LTE measurement, we have agreed to use “nogap-noncsg” in  NeedForGapNCSG-InfoEUTRAN-r17 to indicate no gap without interruption. It is reasonable that the meaning of ‘nogap-noncsg’ in the Rel-17 NCSG signaling keeps consistent.
For option 2, we can not see the necessity of establishing the mapping between UE’s indication for NeedForGaps and NCSG. Besides, it is difficult to find a suitable mapping relationship. For example, ‘no-gap’ in Rel-16 may be mapped to ‘ncsg’ or ‘nogap-noncsg’ depending on whether interruption exists.
Proposal 6: RAN4 not to further clarify the meaning of value ‘no-gap’ in the Rel-16 NeedForGap signaling.
Proposal 7: The value of ‘nogap-noncsg’ in Rel-17 NCSG signaling means no gap without interruption.
Proposal 8: No need to establish the mapping between UE’s indications for NeedForGaps and NCSG.
Issue 1-3-1b: enabling NCSG and NFG at the same time
In previous meetings, some companies discussed whether to enable NCSG and NFG at the same time, and their views are as follows:
	· Option 1: NeedForGapsInfoNR and NeedForGapNCSG-InfoNR are not expected to be enabled for the same UE
· [bookmark: _Toc131949619]Option 2: [Rel 18 NeedForGapsInfoNR] and NeedForGapNCSG-InfoNR may be enabled for the same UE at the same time
· Option 3: NeedForGaps and NCSG are not expected to be enabled for the same UE at the same time, but NW can alternatively switch between NeedForGaps and NCSG once both UE and NW support NeedForGaps and NCSG


For option 1, we think both NeedForGapInfoNR and NeedForGapNCSG-InfoNR can be used to indicate whether a measurement gap is needed or not. There is no need to report same information repeatedly (if reporting ‘gap’), which may increase signaling overheads. Besides, in the RAN2 #117 meeting, RAN2 has achieved the following agreement:
	There is no need to allow simultaneous configurations on Rel-16 NeedForGap and Rel-17 NCSG reporting.



Thus, we think there is no need to enable Rel-16 NeedForGap and Rel-17 NCSG reporting at the same time.
For option 2, if Rel-18 NeedForGapsInfoNR and NeedForNCSG-InfoNR can be enabled for the same UE at the same time, it is hard to determine which Rel-18 value (with interruption, without interruption or null) shall be reported when Rel-17 value is ‘ncsg’. Thus, we prefer that Rel-18 NeedForGap and Rel-17 NCSG reporting are not allowed to be enabled at the same time. 
Proposal 9: Rel-16 NeedForGap and Rel-17 NCSG reporting are not expected to be enabled for the same UE at the same time.
Proposal 10: Rel-17 NCSG and Rel-18 NeedForGap reporting are not expected to be enabled for the same UE at the same time.

2.3 Scheduling availability
In this subject, we will discuss the following two issues:
Issue 1-4-3: On top of which existing requirements to define scheduling restriction requirements:
Issue 1-4-4: Default SMTC pattern
Issue 1-4-3: On top of which existing requirements to define scheduling restriction requirements:
	· 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


In the previous meetings, it has been agreed that the requirements for NCSG can be taken as baseline to define the scheduling availability. In our understanding, although there are no concepts such as VIRP and ML in the no-gap measurement, the scheduling restriction requirements focus on the SSB to be measured/SMTC window without consideration of VIRP or ML. Considering that the interruption location is not specified, the network can not apply additional scheduling restriction for interruption. We can reuse the scheduling restriction requirements in the TS38133 clause 9.3.10.3. 
Proposal 11: The scheduling availability for NCSG can be reused for no-gap-no-interruption measurement and no-gap-with-interruption measurement.
Issue 1-4-4: Default SMTC pattern
Some companies suggested to define default SMTC pattern to restrict the scheduling restrictions occasions due to interruption. However, in the last meeting, RAN4 has agreed not to define any restriction on interruption location, thus there is no additional scheduling restrictions for interruption. We think there is no need for network to define default SMTC pattern.
Proposal 12: There is no need to define default SMTC pattern.

2.4 The impact on L1 measurements
We want to discuss the impact on L1 measurements cased by NFG. Here the L1 measurements includes L1-RSRP measurement, L1-SINR measurement, RLM and BFD/CBD. In the analysis, we only take L1-RSRP measurement as example. 
Compared with legacy, the NFG impact to L1-RSRP measurement mainly lies in the collision between L1-RSRP occasion and the interruption of no-gap-with-interruption measurement. While based on previous agreements, without any restriction on interruption location was defined, so the interruption location of no-gap-with-interruption is uncertain, the interruption is possible located within the gap or outside the gap given that it locates outside the SMTC. In such situation, it is hard to introduce any additional sharing factor to reflect the collision between L1-RSRP measurement and the interruption of no-gap-with-interruption. So it is suggested to not introduce additional scaling for L1-RSRP measurement.
Furthermore, if gap is configured by the NW while UE reports ‘no-gap-no-interruption’ and/or ‘no-gap-with-interruption’ for each MO, i.e. no ‘gap’ reported for any MO, then the L1 RS occasion/SMTC occasion is not considered as overlapped with gap.
Proposal 13: Not introduce additional scaling for L1 measurement. Furthermore, for the case of gap configured by the NW while UE reports ‘no-gap-no-interruption’ and/or ‘no-gap-with-interruption’ for each MO, i.e. no ‘gap’ reported for any MO, the L1 RS occasion/SMTC occasion is not considered as overlapped with gap.
In general, since different Rx beam assumption for FR2, UE is not able to perform L1-RSRP and RRM measurement in parallel in FR2, Psharing factor is introduced to scale the L1-RSRP measurement period so as to share the overlapping occasions between L1 measurement and RRM measurement. Here a potential enhancement lies in the paralleled L1-RSRP and RRM measurement for the IBM capable bands, similar enhancement has been introduced for NCSG as belw:
	-	Otherwise, when NCSG measurement gap is configured,
-	an SSB or an SMTC occasion is considered to be overlapped with the GAP if 
-	it overlaps the VIL1 or VIL2 of NCSG, or 
-	it overlaps the ML of NCSG in FR2, and there exists a target carrier to be measured within NCSG that is intra-frequency carrier or inter-frequency carrier in the same band as the serving cell, or inter-frequency carrier in different band as the serving cell and UE does not support IBM between the target carrier and the serving cell, 


We believe such enhancement can also be applied for [NFG], i.e. the UE is capable of performing paralleled L1-RSRP measurement and RRM measurement for the IBM capable bands given the RRM measurement is no-gap-no-interruption or no-gap-with-interruption at the L1-RSRP occasion overlapped with SMTC.
Proposal 14: For FR 2, compared with existing requirements of P for L1 measurement, the potential enhancement lies in the paralleled L1-RSRP and RRM measurement of no-gap-no-interruption/no-gap-with-interruption for the IBM capable bands.
We provided the relevant CR in this meeting, based on the above analysis.  
3. Conclusion
In this contribution, we have the following observations and proposals for measurement without gaps: 
Proposal 1: The requirements on interruption length can take RTT as base line, i.e. the interruption length can be 0.5ms in FR1 and 0.25ms in FR2.
Proposal 2: RAN4 to consider Tcycle = Kneedforgap x SMTC x CSSF, where Kneedforgap is an additional scaling factor applicable for each no-gap-with-interruption MO.
Proposal 3: The interruption ratio agreed above is defined for a single frequency layer, and the total interruption ratio is the sum of interruption ratio of individual frequency layers.
Proposal 4: The UE is expected to perform no-gap-with-interruption measurement during DRX OFF duration to reduce interruption ratio.
Proposal 5: For the case of measurement gap partially or completely overlaps with SMTC occasion of no-gap-no-interruption measurement, the existing UE behaviors of the legacy no-gap measurement can be reused.
For the case of measurement gap partially or completely overlaps with SMTC occasion of no-gap-with-interruption measurement, two alternatives can be discussed:
Alternative 1: The UE is only allowed to perform no-gap-with-interruption measurement outside the gap;
Alternative 2: The UE is allowed to perform no-gap-with-interruption within the gap.
Proposal 6: RAN4 not to further clarify the meaning of value ‘no-gap’ in the Rel-16 NeedForGap signaling.
Proposal 7: The value of ‘nogap-noncsg’ in Rel-17 NCSG signaling means no gap without interruption.
Proposal 8: No need to establish the mapping between UE’s indications for NeedForGaps and NCSG.
Proposal 9: Rel-16 NeedForGap and Rel-17 NCSG reporting are not expected to be enabled for the same UE at the same time.
Proposal 10: Rel-17 NCSG and Rel-18 NeedForGap reporting are not expected to be enabled for the same UE at the same time.
Proposal 11: The scheduling availability for NCSG can be reused for no-gap-no-interruption measurement and no-gap-with-interruption measurement.
Proposal 12: There is no need to define default SMTC pattern.
Proposal 13: Not introduce additional scaling for L1 measurement. Furthermore, for the case of gap configured by the NW while UE reports ‘no-gap-no-interruption’ and/or ‘no-gap-with-interruption’ for each MO, i.e. no ‘gap’ reported for any MO, the L1 RS occasion/SMTC occasion is not considered as overlapped with gap.
Proposal 14: For FR 2, compared with existing requirements of P for L1 measurement, the potential enhancement lies in the paralleled L1-RSRP and RRM measurement of no-gap-no-interruption/no-gap-with-interruption for the IBM capable bands.
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