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1. Introduction
In the last meeting, the following agreements on the network controlled small gap were achieved [1]: 
	Scenarios and use cases
NCSG for dormant SCell
· NCSG for CQI measurement for dormant Scell is not supported in R17. FFS for RRM measurement for dormant SSell.
NCSG under NE-DC and NR-DC
· Feasibility from requirement perspective of NCSG in EN-DC, NE-DC and NR-DC is FFS.
NCSG in FR2
· NCSG is applicable in FR2 
· Option 1: NCSG is applicable only when the following conditions hold
· The serving cell(s) and the target cell are on different bands.
· UE is performing IBM on the serving cell band and the target cell band.
· UE has a spared chain for target cell measurement
· FFS for additional conditions
· Option 2: No additional conditions are required
· Option 3: Additional network assistance is introduced to enable NCSG in FR2
NCSG pattern
how to define NCSG patterns
· NOT consider VIL as a part of NCSG pattern, i.e. only keep measurement length and repetition periodicity in the pattern design, and capture VIL separately as interruption requirements (similar to Table 9.1.2-4 in TS38.133).
NCSG patterns for sync and async
· Same NCSG pattern can apply for both sync and async scenario.
VIL
· RAN4 confirms the agreement in RAN4#100e regarding length of VIL:
· Translate [1ms] (FR1) and [0.75ms] (FR2) into the number of interrupted slots for defining the interruption requirements for the synchronous case and one more slot is added for asynchronous case.
· Exact number of interrupted slots will be discussed directly on CR in next meeting.
ML
· MLNCSG = MGLlegacy – 2*RRT
RRT
· RAN4 is to clarify that existing RRT (0.5 ms for FR1 and 0.25 ms in FR2) also applies for NCSG. RAN4 will not define any dedicated RRT for NCSG.
On top of #0 and #1, whether additional NCSG gap patterns shall be mandatorily supported if UE supports NCSG.
· NCSG patterns corresponding to legacy patterns #0 and #1 are mandatorily supported if UE supports NCSG. 
· FFS on whether other NCSG patterns are mandatorily supported.
· FFS on whether existing gap applicability in Rel-16 for NR-only measurement can apply for NCSG.
feasibility of NCSG patterns with long VIRP
· NCSG patterns with the longer MGRP (>160ms) can be deferred to the further release. 
feasibility of NCSG patterns with short ML
· RAN4 confirms the agreements in RAN4#100e: Define NCSG patterns corresponding to legacy patterns #0~#23. RAN4 will not further discuss the feasibility of NCSG patterns with short ML.
UE capability and NW configuration
how to indicate support of NCSG
· how to indicate UE capability to support of NCSG feature before NW inquiring
· Introduce a general UE capability for support of NCSG 
· how indicate the support of NCSG
· UE can report three different capabilities: ‘no-gap-no-ncsg’, ’ncsg’ and ‘gap’ 
· NCSG support reporting granularity 
· Per band in a band combination for inter-frequency measurement (same granularity as NeedForGap)
· whether to use RRCReconfigurationComplete based framework
· Up to RAN2
Measurement related requirements
CSSF design
· A new CSSF will be introduced dedicated for NCSG measurement.
other measurement requirements
· If the SSB of the inter-frequency layer is within UE’s active BWP, whether UE can perform gapless measurement is determined by Rel-16 feature 9-4 ‘SSB based inter-frequency measurement without measurement gap’. Otherwise, it is determined by NCSG reporting. 
· From requirement perspective, RAN4 will introduce NCSG based measurement requirements for the following cases: 
· Network can configure per UE NCSG only when UE can measure all the frequency layers (except intra-frequency and inter-frequency w/o gap) by NCSG for a per-UE gap UE. 
· Network can configure per FR NCSG only when UE can measure all the frequency layers (except intra-frequency and inter-frequency w/o gap) by NCSG in the FR for per-FR gap UE. 
· Note: even UE reports it can measure all frequency layers with NCSG, NW may still configure legacy MG. For this case, legacy RRM requirement can apply.
· When deactivated SCC measurements are based on NCSG, they should be considered in the CSSF within NCSG. 
· The requirements apply provided that SMTC on deactivated SCC are within ML of NCSG. 
others
NCSG for measurement on deactivation SCell
· The existing interruption requirements for de-activated Scell measurement are not applicable to the Ues configured with NCSG.
· No interruption besides VIL are allowed due to measurement on deactivated SCC or due to measurement on any carriers using NCSG.
transformation between NCSG and legacy gap
· It is FFS whether to define transformation between NCSG and legacy gap. 
· Note: Companies are encouraged to provide more input in the next meeting, covering the purpose of such transformation, triggering mechanism (such as RRC or MAC-CE) and etc.
UL slot after VIL1
· Whether to transmit in the UL slot immediately after VIL1 is up to UE implementation
impact from RTD between time reference cell and victim cell on the VIL requirements for NCSG.
· No need to further consider impact from RTD between time reference cell and victim cell on the VIL requirements for NCSG
LS to RAN2
· RAN4 will send a liaison to RAN2 in RAN4#101e to inform RAN2 with RAN4 agreements on NCSG design.


In this contribution, we provide some further discussions on the following open issues.
· Scenarios and use cases
· NCSG in FR2
· For CSI-RS based inter-f measurement
· NCSG under NE-DC, EN-DC and NR-DC
· UE capability and network configuration of NCSG
· NW configuration and corresponding UE behaviour 
· Measurement related requirements
· scheduling restriction
· Others
· transformation between NCSG and legacy gap
2. Discussion
2.1 Scenarios and use cases
NCSG in FR2
As agreed in 101 meeting, NCSG is applicable in FR2, but since the support of NCSG is somehow related to the support of IBM in FR2, so the application condition should be specified. The following considerations discussed during 101 meeting:
	· NCSG is applicable in FR2 
· Option 1: NCSG is applicable only when the following conditions hold
· The serving cell(s) and the target cell are on different bands.
· UE is performing IBM on the serving cell band and the target cell band.
· UE has a spared chain for target cell measurement
· FFS for additional conditions
· Option 2: No additional conditions are required
· Option 3: Additional network assistance is introduced to enable NCSG in FR2


As analyzed during 101 meeting, the common understanding is that in order to apply NCSG in FR2, an idle RF chain is needed, except that, IBM capability is also necessary. Based on these, we believe Option 1 is reasonable. All related aspects are covered by Option 1, which can be summarized as NCSG in FR2 is only supported for the case that UE is capable of IBM for the band of serving cell and the band of target cell, further more, there is an idle chain used for target cell measurement. For Option 3, which is not the condition of applying NCSG in FR2, but some additional assistance mechanism for the applying of NCSG in FR2. But such additional assistance is still need further discussion. So, we suggest Option 1 can be used of the condition for application of NCSG in FR2.
[bookmark: OLE_LINK2]Proposal 1: All related aspects have been covered in Option 1. We believe Option 1 can be the conditions of application of NCSG in FR2.

For CSI-RS based inter-f measurement
For CSI-RS based inter-frequency measurement with gap, it is similar with the case of SSB based inter-frequency measurement with gap. We do not have any technical factor to refuse the application of NCSG to CSI-RS based inter-f measurement. However, similar as the discussion procedure of measurement gap in NR early version, we can first prioritize the SSB based measurement, once SSB-based measurement is identified, then extent to CSI-RS based measurement. So, first focus on applying NCSG to the SSB-based measurement, which is recommended by us.    
[bookmark: OLE_LINK3]Proposal 2: De-prioritize the CSI-RS based inter-f measurement, until the discussion of applying of NCSG to SSB-based measurement finished. Or considering the NCSG for CSI-RS based measurement in Rel-18 MG enhancement.

NCSG under NE-DC, EN-DC and NR-DC
During Rel-17, considering the timeline is very pressing, maybe we do not have enough time to discuss NCSG in DC scenario. The mechanism of NeedForGap can be good reference for the discussion of multiple aspects in Rel-17 NCSG. Right now, NeedForGap can not support DC scenario. So, some further study on how to applying NCSG in DC scenario can be continued during Rel-18 phase. Of course, the suggestions from RAN2 is always welcome.   
[bookmark: OLE_LINK5]In DC scenario, gap reconfiguration, MO reconfiguration and SCell addition/release, all these updates should be considered comprehensively, each of them would impact the applicability of NCSG. Whether one CG can know the other CG’s configuration update? Which type of configuration update would happen more frequently? After all these details clarified, RAN4 would have enough basis to identify the feasibility of NCSG in DC scenario. So, seek for the advise from RAN2 is an efficient choice.
Proposal 3: To identify the feasibility of NCSG in EN-DC, NE-DC and NR-DC, some configuration update clarification is needed from RAN2 group.
2.2 UE capability and network configuration of NCSG
UE capability issue has been deeply discussed from 4 aspects during 101 meeting. Finally two types of UE capabilities were agreed: a general UE capability for support of NCSG and a per-band UE capability for support of NCSG similar as NeedForGap. Until now, the related UE capability for support of NCSG has been identified. For the latter UE capability, whether re-using the NeedForGap structure or introduce additional structure, which is up to RAN2. RAN2 is experienced for the signalling design. We do not need spending time to discuss it.
Proposal 4: For the agreed per-band UE capability for support of NCSG, the implementation details whether re-using the NeedForGap structure or introduce additional structure is up to RAN2.
Combining the UE capability and NW configuration, three candidate options discussed during 101 meeting as follows:
	· Option 1:
	[bookmark: OLE_LINK38]           NW config
UE capability
	Case a: 
No MG nor NCSG
	Case b:
NCSG
	Case c: 
MG

	Case 1: gap
	No requirement
	No requirement
	Measurement within MG

	Case 2: no-gap-with-interruption
	No requirement
	Measurement within NCSG with only NCSG interruption allowed
	Measurement within MG with only legacy gap interruption allowed Measurement within MG

	Case 3: no-gap-no-interruption
	Measurement without MG
	Measurement outside NCSG Measurement within NCSG with only NCSG interruption allowed
	Measurement outside MG Measurement within MG


· Option 2:
	          NW config

UE capability
	Case a: 
No MG nor NCSG
	Case b:
NCSG
	Case c: MG

	Case 1: gap
	No requirement
	No requirement
	Measurement within MG

	Case 2: no-gap-with-interruption
	No requirement
	Measurement within NCSG with only NCSG interruption allowed
	Measurement within MG with only legacy gap interruption allowed

	Case 3: no-gap-no-interruption
	Measurement without MG
	Measurement outside NCSG
	Measurement outside MG


· Option 3: FFS


The proponent of Option 2 argues that the principle of Option 2 is similar as the principle of inter-f measurement without gap introduced in legacy Rel-16, while option 1 is different. Since if UE can measure a frequency layer without any interruption, then it should measure this frequency layer outside NCSG or legacy MG which may be configured by the NW for measurement of other frequency layers.
After further analysis the first two candidates, we believe the divergence between these two candidates are mainly caused by the ambiguous of the granularity for NW configuration and UE capability. Then different proponent has different understanding. According to the agreed per-band UE capability, we try to analysis this issue based on different assumption of the granularity for NW configuration.  
· Possibility 1: Per-band UE capability + Per-band NW configuration
Under this assumption, since no matter the UE capability or the NW configuration, both per-band granularity,  we should not compare the Option 1, Option 2 with the inter-f measurement without gap in legacy Rel-16. For the mechanism of inter-f measurement without gap in legacy Rel-16, both UE capability and NW configuration are per-UE granularity. So different with the assumption here. Once both the UE capability and NW configuration are per-band granularity, which means the NW configuration aims at the specific band, so even the UE believe it has strong capability to realize measurement of ‘no-gap-no-ncsg’, NW can decide which level of measurement should be executed by the UE, since NW can have comprehensive consideration between transmission scheduling in serving cell and RRM measurement in neighbour frequency.So, the UE behavior should rely on NW configuration. However in fact, if without additional consideration, NW configuration would be in line with the reported UE capability. 
Under this assumption, we prefer Option 1.
· Possibility 2: Per-band UE capability + Per-UE/Per-FR NW configuration
This case is really similar with the mechanism of inter-f measurement without gap in legacy Rel-16. For the band that the UE with strong capability of supporting ‘ncsg’ or ‘no gap no ncsg’, since the NW configuration is per-UE/per-FR not per-band, even NW configure ‘gap’, UE can execute the measurement without gap or measurement with NCSG in such band, then for other band not capable of ‘ncsg’ or ‘no gap no ncsg’, UE can execute measurement within gap.
Under this assumption, we prefer Option 2.
Based on the analysis for Possibility 1 and Possibility 2, we believe the objective of Option 1 and Option 2 is not exclusive.
Proposal 5: We believe the objective of Option 1 and Option 2 is not exclusive. If per-band NW configuration introduced, we prefer Option 1, Otherwise, Option 2 is preferred.

2.3 Measurement related requirements
Around all related requirements, only the scheduling restriction is still open. The proposed options are as follows:
	· Scheduling restriction in FR1:
· Option 1: 
· For intra-frequency measurement, existing scheduling restriction requirements apply. 
· For inter-frequency measurement and the target carrier and the serving cell are in same band, existing scheduling restriction requirements apply except that all symbols in SMTC windows are restricted. 
· For inter-frequency measurement and the target carrier and the serving cell are in different bands, all symbols in SMTC windows are restricted when scheduling restrictions apply, and whether scheduling restrictions apply depends on UE capability. 
· NW should be informed whether UE needs scheduling restriction or not for a combination of an inter-frequency target carrier and a serving cell.
· Option 2: 
· For intra-frequency measurement, existing scheduling restriction requirements apply. 
· For inter-frequency measurement and the target carrier and the serving cell are in same band, existing scheduling restriction requirements apply 
· For inter-frequency measurement and the target carrier and the serving cell are in different bands, SSB symbols to be measured are restricted when scheduling restrictions apply, and whether scheduling restrictions apply depends on UE capability.
· SSB symbols to be measured are the SSB symbols indicated by SSB-ToMeasure, if it is configured; otherwise, all L SSB symbols within the SMTC window duration
· NW should be informed whether UE needs scheduling restriction or not for a combination of an inter-frequency target carrier and a serving cell.
· Scheduling restriction in FR2: FFS


The scheduling restriction are caused by three items: 1) UE does not support receiving downlink transmissions with different SCS simultaneously; 2) UE does not support receiving and transmitting simultaneously; 3) UE is not capable of IBM. However, for the last two reasons, some company concerned that the existing related UE capabilities in the legacy Rel-16 might not meet the need of NCSG. The analysis is as follows:
For item 2), for single TDD cell and intra-band TDD CA cases, UE can not support receiving and transmitting simultaneously; For inter-band TDD CA, whether supporting receiving and transmitting simultaneously, which depends on the UE capability of simultaneousRxTxInterBandCA. According to the definition in legacy Rel-16, this UE capability can indicate whether UE supports receiving and transmitting simultaneously across the multiple inter-band serving cells. We believe this UE capability can be re-used in the case of inter-band serving cell and target cell. Because no matter inter-band serving cells or inter-band serving cell and target cell, the essence of simultaneous receiving and transmitting is always same. So, not need to introduce additional UE capability.
For item 3), which only affect FR2, not affect FR1. IBM capability has been used for determining whether the measurement in target cell has impact on the scheduling of serving cell for inter-band CA case. So, we believe the IBM capability can apply not only multiple inter-band serving cells, but also inter-band serving cell and target cell. Not any additional UE capability is needed.
Considering for intra-f measurement and inter-f measurement one by one.
For intra-f measurement, Option 1 and Option 2 both suggest scheduling restriction existing, so re-using the scheduling restriction is enough.
For inter-f measurement, for the sake of discussion easily, we classify the relation between serving cell and target cell into the intra-band case and inter-band case.
For inter-band case, if all bands all are all in FR1, which is not specified in legacy Rel-16, so additional UE capability is necessary; if all bands are all in FR2, we believe depending on the capable of IBM. If UE supports IBM, not any scheduling restriction is needed, otherwise, the scheduling restriction is needed. For the case of FR1+FR2 inter-band, not any scheduling restriction is needed.
To summarize, we believe only additional UE capability is needed for the case of inter-f measurement in inter-band FR1. Review the Option 1 and Option 2, their only divergence is the scheduling restriction should be only impose on the SSB symbol or on the whole SMTC window. The following rules can be used to decide whether only scheduling restriction on the SSB symbol or on the whole SMTC window:
-	SFN and frame boundary across serving cell and inter-frequency neighbor cells is aligned, and
-	the timing of SSBs across serving cell and inter-frequency neighbor cells are aligned
If both of them can be satisfied, Option 2 is preferred, otherwise, we prefer Option 1. 
Proposal 6: Generally Option 1 and Option 2 are reasonable, only introducing an additional UE capability for the case of inter-f measurement in inter-band FR1. 
Proposal 7: The following rules can be used to identify whether Option 1 or Option 2. If both of them are satisfied, Option 2 is preferred, otherwise, Option 1 is preferred.
-	SFN and frame boundary across serving cell and inter-frequency neighbor cells is aligned, and
-	the timing of SSBs across serving cell and inter-frequency neighbor cells are aligned
2.4 Others
For the transformation between NCSG and legacy gap, it is still FFS. From our view, considering it has been agreed that the definition of VIL is independent with MGL pattern, and MLNCSG = MGLlegacy – 2*RRT. So for the configuration of NCSG, we believe re-using the configuration signaling of legacy gap is enough, only additional 1 bit distinguishing between legacy gap and NCSG is OK. For the transformation between NCSG and legacy gap, the conclusion in pre-configured MG can be a good reference, i.e. not supporting any transformation, just re-configuration necessary NCSG or legacy gap is enough. Which has been approved in the topic of pre-configured MG.
Proposal 8: Re-using the configuration signaling of legacy gap, only 1 bit distinguishing between legacy gap and NCSG is needed.
Proposal 9: Same as the agreed solution in pre-configured MG, not introducing any transformation mechanism, re-configuration is OK.
3. Conclusion
In this contribution, we have the following proposals for NCSG:
Proposal 1: All related aspects have been covered in Option 1. We believe Option 1 can be the conditions of application of NCSG in FR2.
Proposal 2: De-prioritize the CSI-RS based inter-f measurement, until the discussion of applying of NCSG to SSB-based measurement finished. Or considering the NCSG for CSI-RS based measurement in Rel-18 MG enhancement.
Proposal 3: To identify the feasibility of NCSG in EN-DC, NE-DC and NR-DC, some configuration update clarification is needed from RAN2 group.
Proposal 4: For the agreed per-band UE capability for support of NCSG, the implementation details whether re-using the NeedForGap structure or introduce additional structure is up to RAN2.
Proposal 5: We believe the objective of Option 1 and Option 2 is not exclusive. If per-band NW configuration introduced, we prefer Option 1, Otherwise, Option 2 is preferred.
Proposal 6: Generally Option 1 and Option 2 are reasonable, only introducing an additional UE capability for the case of inter-f measurement in inter-band FR1. 
Proposal 7: The following rules can be used to identify whether Option 1 or Option 2. If both of them are satisfied, Option 2 is preferred, otherwise, Option 1 is preferred.
-	SFN and frame boundary across serving cell and inter-frequency neighbor cells is aligned, and
-	the timing of SSBs across serving cell and inter-frequency neighbor cells are aligned
Proposal 8: Re-using the configuration signaling of legacy gap, only 1 bit distinguishing between legacy gap and NCSG is needed.
Proposal 9: Same as the agreed solution in pre-configured MG, not introducing any transformation mechanism, re-configuration is OK.
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