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Introduction
RAN4#100-e discussed the support of NCSG, and the outcome of the discussions are captured in WF [1]. Based on our understanding, the following issues are to be further discussed:
· User scenario of NCSG
· NCSG pattern
· UE capability and NW configuration for NCSG
· RRM requirements with NCSG
In this paper we will provide our views on support of NCSG.
Discussion
User scenario of NCSG
NCSG in FR2
	Issue 1-1: NCSG in FR2
· Agreement:
· NCSG in FR2 shall be considered in this WI. How to indicate support of NCSG in FR2 is FFS.


The term “NCSG in FR2” should be first clarified, and it can have at least the following cases:
· Case 1: per-FR NCSG for FR2
· Case 2: NCSG in FR2 serving cells in case of per-UE NCSG
For Case 1, we do not see the need to have additional indication to indicate the support because UE can simply indicate ‘gap’ is needed for FR2 measurements. In this way, NW would not configure per-FR NCSG for FR2.
For Case 2, we think it should be supported, otherwise NCSG cannot be used if a UE does not support per-FR NCSG and there are serving cell and measurements in FR2, which is a big limitation on the applicable scenario of NCSG. 
· Even UE does not support per-FR NCSG, an FR2 measurement will not impact data Tx/Rx in the FR1 serving cell, so using per-UE MG causes unnecessary data loss in FR1 serving cells.  
· Even scheduling restriction may apply on FR2 serving cells during NCSG, there is still benefit in using NCSG compared to legacy MG because scheduling restriction is limited to SMTC window and can be shorter than the MGL.
Proposal 1: Additional UE capability to indicate support for NCSG in FR2 is not needed.
NCSG for different types of measurements
	Issue 1-2: Use case for different types of measurement with NCSG
· Agreement:
· Confirm the agreements in RAN4#99e that NCSG can be used for:
· Measurement on de-activated SCell
· SSB based intra-frequency measurement with gap
· SSB based inter-frequency measurement with gap
· Inter-RAT E-UTRAN measurement
· It is FFS whether NCSG can be used for measurement on dormant SCell.
· It is FFS whether NCSG can be used for CSI-RS based inter-frequency measurement with gap.
· NCSG will not be used for 2G/3G measurements and PRS measurements.


For CSI-RS inter-frequency measurement, we think it can be supported with NCSG. NCSG is based on additional RF/BB resource which UE could use to simultaneously measure the target frequency layer and Tx/Rx data in the serving cells, and once the additional resource is available, it does not matter much whether the target frequency layer is for SSB or CSI-RS. 
However, one difference between CSI-RS and SSB measurement is that the CSI-RS BW is configurable, and can be as large as 264 RB. UE may not be able to support CSI-RS measurement with any BW while Tx/Rx data on the serving cell, so the supported CSI-RS BW needs to be reported when UE indicates support of NCSG for the measurement. 
Proposal 2: NCSG can be used for CSI-RS inter-frequency measurement. UE reports supported CSI-RS BW for each band.
For dormant SCell, both RRM measurement and CSI measurement (including that for beam and tracking) may cause interruption. In our view, NCSG can be used for the RRM measurement, which means the interruption due to RRM measurement on dormant SCell can be avoided if the SCC is measured with NCSG. CSI measurement is L1 measurement, and we do not think NCSG can be used for it. Also, it is not very practical to have all the L1 measurement RS, including those for CSI, beam and tracking, all confined within the ML of NCSG. 
Proposal 3: NCSG can be used for RRM but not CSI measurement for dormant SCell.
NCSG for MR-DC scenarios 
	Issue 1-5: Other applicability issues
· Agreement:
· RAN4 to clarify whether to allow NCSG to be supported with NRDC and NEDC as well.


In our view, supporting NCSG in any of the MR-DC scenarios would require MN and SN to exchange some information, so that the need for NCSG or MG and the configuration of NCSG or MG are coordinated between MN and SN. There could be some additional work for RAN2, but since NCSG is anyway supported with EN-DC, the efforts to introduce NCSG support for NE-DC and NR-DC may not be that much.
From UE measurement perspective, we understand there is not much difference whether NCSG is used in NR SA or any of the MR-DC.
Proposal 4: Support NCSG for all MR-DC scenarios, i.e. EN-DC, NE-DC and NR-DC.
Use cases for different UE capability and network configuration
	Issue 1-3: Use case for different UE capability and network configuration
· Open issues:
· Option 1: RAN4 to define UE measurement requirements with different UE capabilities and NW configurations as in the following table:
	                 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 2: other solutions are not precluded.


In our view, when UE performs measurement on a certain carrier frequency, there can be 3 different impacts to the data Tx/Rx on serving cell, depending on the RF/BB capability for the measurement:
· Case 1 (gap): UE cannot Tx/Rx data on the serving cell. 
· Case 2 (no-gap-with-interruption): UE can Tx/Rx data on the serving cell but would cause interruption before and after the measurement. 
· Case 3 (no-gap-no-interruption): UE can Tx/Rx data on the serving cell without causing any interruption. 
To utilize NCSG, UE needs to indicate NW which case (Case 1, 2 or 3) the concerned measurement belongs to, such that NW can make the corresponding configuration of MG or NCSG. The measurement requirements with different UE capabilities and NW configurations listed option 1 are very straightforward.
Proposal 5: RAN4 to define UE measurement requirements with different UE capabilities and NW configurations as in Table 1.
Table 1: UE measurement requirements with different UE capabilities and NW configurations
	                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


NCSG pattern
ML, RRT and MGL
	Issue 3-3: relation between ML, MGL and RRT
· Open issues:
· Option 1: ML = MGL – 2*RRT
· Option 1a: ML = MGL – 2*RRT and ML + VIL1 + VIL2 > MGL
· Option 1b: ML = MGL – 2*RRT and ML + VIL1 + VIL2 > MGL, if VIL is defined as the number of interrupted slots
· Option 1c: ML = MGL - RRT1 - RRT2
· Option 2: ML + VIL1 + VIL2 = MGL
· Option 2a: ML = MGL – VIL1 – VIL2, if VIL is defined as the absolute time 
· Option 3:
· Step 1: Define MLNCSG from legacy gap patterns by MLNCSG = MGLlegacy – 2*RRTlegacy, e.g.,
· Gap patterns 0-11: MLNCSG = MGLlegacy – 1 (ms)
· Gap patterns 12-23: MLNCSG = MGLlegacy – 0.5 (ms)
· Step 2: Define RRTNCSG before and after MLNCSG in FR1 and FR2 
· Handled by Issue 3-5, e.g., same or longer than RRTlegacy.
· Step 3: Define MGLNCSG as MLNCSG + 2* RRTNCSG.
· Step 4: Define VIL
· Handled by Issue 3-4


We support step 1 of option 3 in deriving ML for NCSG. It is important to make sure that the effective measurement time in NCSG, which is ML, is same as that with legacy MG, which is MGL minus two times RF re-tuning time for legacy MG. For example, the effective measurement time with MGP#0 is 5ms, and if we define an NCSG pattern corresponding to legacy MGP#0, ML should be also 5ms. Otherwise, some RS that would have been measured with legacy MG may not be measured with NCSG or vice versa.
Proposal 6: Define MLNCSG from legacy gap patterns by MLNCSG = MGLlegacy – 2*RRTlegacy
· NCSG patterns 0-11: MLNCSG = MGLlegacy – 1 (ms)
· NCSG patterns 12-23: MLNCSG = MGLlegacy – 0.5 (ms)
Parameterization of NCSG pattern
	Issue 2-3: whether to consider VIL as a part of NCSG pattern
· Option 1:
· 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).
· Option 2:
· Keep VIL as a part of the NCSG pattern.
Issue 3-1: whether to replace VIL (visible interruption length) with RRT (RF retuning time)
· Open issues:
· Option 1: Yes. Introduce absolute RRT to replace VIL.
· Option 2: VIL and RRT can be defined separately.
· Option 3: only capture VIL in RAN4 spec. RRT can be used to calculate ML in discussion. But no need to capture RRT in RAN4 spec.
Issue 3-5: length of RRT
· Agreements in the 1st round:
· The following RRT time can be used as assumption to derive ML
· RRT = 0.5 ms for FR1 and 0.25 ms for FR2
· Whether to capture above RRT time in RAN4 spec is FFS.


In our understanding, Issue 2-3, 3-1 and 3-5 are same, and they are all about whether to include RRT as a parameter in NCSG patterns. 
On RTT for NCSG (denoted as RRTNCSG), it is noted that, unlike with legacy MG, with NCSG UE does not only need to turn ON/OFF the unused RF chain but also need to prepare the baseband for simultaneous data Tx/Rx on the serving cells and measurement on the target carrier, so the RF retuning time assumed in legacy MGPs is not sufficient for RRT in NCSG. As a result, it was agreed to use 1ms (for FR1) and 0.75ms (for FR2) to derive the VIL due to NCSG, so the value of RTTNCSG, if to be captured in the spec, should be 1ms for NCSG pattern 0-11 (per-UE NCSG or per-FR NCSG for FR1) and 0.75ms for 12-23 (per-FR NCSG for FR2).
It is noted that in Issue 3-5, it was agreed to use RRT = 0.5 ms for FR1 and 0.25 ms for FR2 as assumption to derive ML. As discussed in section 2.2.1, ML should be derived based on MGL and RRT of legacy MG, so we understand the RRT values agreed in this issue are for legacy MG. 
On whether to capture RRT as a parameter for NCSG pattern in the spec, both options can work:
· Option 1: RRT is not captured in the spec
· NCSG pattern includes only ML and VIRP. 
· Each NCSG occasion includes ML and they are repeated with periodicity of VIRP. 
· Before and after each NCSG occasion, there will be 2 allowed interruptions given by VIL requirements. 
· Option 2: RRT is captured in the spec
· NCSG pattern includes ML, RRT and VIRP. 
· Each NCSG occasion includes RRT1+ML+RRT2 and they are repeated with periodicity of VIRP. 
· During each NCSG occasion, there will be 2 allowed interruptions given by VIL requirements. 
We do not have strong view, and slightly prefer option 2 because with option 2 it is more clear which slots in the victim cells are interrupted, i.e. slots overlapped in time with RRT. This will help to simplify the requirement especially for async case.
Proposal 7: RRT is included a parameter for NCSG pattern, and the value of RRTNCSG is 1ms for NCSG pattern 0-11 and 0.75ms for NCSG pattern 12-23. 
NCSG pattern
	Issue 2-1: supported NCSG patterns in R17
· Agreement:
· No need to introduce NCSG patterns corresponding to legacy MG patterns #24 and #25.
· It is FFS whether to introduce NCSG patterns with longer repetition periodicity (>160ms).
· Define NCSG patterns corresponding to legacy patterns #0~#23
· FFS how to indicate the support of NCSG patterns 
· A subset of mandatory NCSG patterns for UEs supporting NCSG will be defined. FFS on the set of mandatory NCSG patterns.
Issue 2-2: whether to define separate NCSG patterns for sync and async
· Open issues:
· Option 1: yes
· Option 2: no
· Option 3: different patterns in FR1 but same patterns in FR2
· Option 4: FFS


We do not think RAN4 should introduce NCSG patterns with longer VIRP. 
The benefit is not well justified. We do not see NCSG configured only for deactivated SCC measurement is a likely case, especially when the SCell measurement cycle is large. In such cases, the interruption rate is rather low, so using NCSG to control interruptions does not provide much gain. On the other hand, defining VIRP larger than 160ms may cause big standardization efforts, e.g. currently for CSSF the long periodicity measurement is defined based on largest MGRP 160ms. 
Proposal 8: RAN4 not to introduce NCSG patterns with VIRP longer than 160ms.
On support of different NCSG patterns, since it was agreed to define NCSG patterns corresponding to legacy MGPs #0-23, it would be straightforward that if UE can support an NCSG pattern if it can support the corresponding legacy MGP. In this way, there is no need to define a separate UE capability for NCSG patterns, and NW could also use the same UE capability (reported for legacy MGPs) to configure NCSG. The set of mandatory NCSG patterns should be same as that for legacy MGPs.
Proposal 9: Re-use the UE capability for legacy MGP for NCSG patterns. The set of mandatory NCSG patterns is same as that for legacy MGPs.
No matter which option in section 2.2.2 is adopted for NCSG parameterization, all the parameters in the NCSG pattern will be defined in ms, which is same as legacy MGPs. Therefore, there is no need to define separate NCSG patterns for sync and aysnc cases. VIL requirements will be different for sync and async.
Proposal 10: Define same NCSG patterns for sync and async cases.
UE capability and NW configuration for NCSG
UE capability reporting for NCSG
	Issue 4-1: whether additional NCSG capability for per-UE and per-FR differentiation is needed on top of existing per-UE and per-FR capability
· Open issues:
· Option 1: no.
· Option 2: yes. Introduce per BC indication of per FR NCSG in Rel-17. The discussion can be postponed till progress is made towards per BC indication for per FR UE capability.
Issue 4-2: how to indicate the support of NCSG pattern
· Open issues:
· Option 1: introduce new signalling (separately from NeedForGap) to indicate support of NCSG.
· Option 2: introduce new element in NeedForGap to indicate support of NCSG.
· Option 3: introduce new signalling (separately from NeedForGap) to indicate support of following cases
· Case 1: gap 
· Case 2: no-gap-with-interruption (or NCSG)
· Case 3: no-gap-no-interruption
· Option 4: up to RAN2.
Issue 4-3: whether RAN4 needs to decide whether UE is allow to report ‘no gap’, ’NCSG’ and ‘gap’ capabilities to different bands. The UE behaviour and the corresponding measurement requirements are highly depending on how signaling will be provided and UE capability will be reported.
· Open issues:
· Option 1: yes
· Option 2: FFS


The issue of per-FR MG capability reporting has been extensively discussed in the Rel-16 feature list discussion. We were proposing to allow UE to report the support of per-FR MG separately for each band combination because depending on UE implementation, support of per-FR MG could be different for different band combinations. The concern was also shared by some other companies, but the discussion ended without introducing a per-BC capability due to time limitation in RAN4 TEI discussions, and it was also agreed that the issue would not be further discussed in Rel-17.
For NCSG, which is a new feature, we should avoid the same limitation as for legacy MG, and there is also no existing capability from earlier release, so we suggest to define a per BC indication for per FR NCSG.
Proposal 11: Define a per BC indication for per FR NCSG.
On how to indicate the need for NCSG to perform a certain measurement, our preference is option 3, i.e. to define a new set of framework for NW to inquire and for UE to report the measurement capability, independent from the Rel-16 NeedForGap framework. 
Compared to re-using or extending the Rel-16 NeedForGap framework, a new and independent framework (denoted as NeedForGapOrIntrp) has benefits from both NW and UE side:
· On NW side, this would allow NW flexibility in choosing to use Rel-16 NeedForGap framework, Rel-17 NeedForGapOrIntrp framework or both. For example, NW may prefer to use MG or NCSG to avoid interruption for, so it may choose to not use Rel-16 NeedForGap framework because Rel-16 UE reporting ‘no-gap’ for NeedForGap may cause interruption (this was discussed in Rel-16 TEI but without conclusion, leaving no UE requirement for NeedForGap in Rel-16 or Rel-17).
· On UE side, this would allow UE to report Rel-16 capability and Rel-17 capability independently. For example, UE causes interruption may report ‘no-gap’ for the Rel-16 capability, so it can still benefit from the MG-less measurement with Rel-16 NeedForGap framework when NW chooses to use it by inquiring NeedForGapsConfigNR-r16. If NW chooses to use Rel-17 NeedForGapOrIntrp framework, UE can report ‘no-gap-with-interruption’, and NW would configure NCSG or MG, so this UE would not suffer performance loss due to interruption, and when NCSG is configured it can benefit from the MG-less measurement 
Based the Rel-17 NeedForGapOrIntrp framework, UE capability indication, NW configuration and UE measurement requirements should be rather clear as follows:
· Case 1: UE cannot Tx/Rx data on the serving cell. 
· UE reports ‘gap’ in the capability reporting
· NW configures MG
· UE performed MG based measurement
· Case 2: UE can Tx/Rx data on the serving cell but would cause interruption before and after the measurement. 
· UE reports ‘no-gap-with-interruption’ in the capability reporting
· NW configures MG or NCSG
· UE performed MG or NCSG based measurement
· Case 3: UE can Tx/Rx data on the serving cell without causing any interruption. 
· UE reports ‘no-gap-no-interruption’ in the capability reporting
· NW does not configures MG or NCSG for this measurement, but it may configure MG or NCSG for other measurements
· UE performed measurement without MG or NCSG, when NW configures MG or NCSG for other measurements, UE performs measurement outside MG.
Proposal 12: Define a new framework for NW to inquire and for UE to report the measurement capability, independent from the Rel-16 NeedForGap framework, which allows UE to report measurement capability for the following 3 cases:
· Case 1: gap 
· Case 2: no-gap-with-interruption (or ncsg)
· Case 3: no-gap-no-interruption (or no-gap-no-ncsg)
On whether UE is allow to report ‘no gap’, ’NCSG’ and ‘gap’ capabilities to different bands, we think the answer is ‘yes’. 
In Rel-16 NeedForGap, UE is allowed to report ‘gap’ or ‘no-gap’ for different bands separately, and there is no restriction. It is then up to NW to decide whether to configure MG or not. If UE indicates ‘gap’ for some bands where MO is configured, then NW should configure MG, otherwise UE would not measure such MOs. This is nothing different from LTE or Rel-15, where UE would not measure inter-frequency MOs if MG is not provided, and we see no need to make a difference for NCSG.  
It is noted that the UE measurement capacity, either it is based on Rel-16 NeedForGap or separately defined (as in Proposal 13 and is our preference), is reported for all the bands as inquired by NW in requestedTargetBandFilterNR, and if this filter is not configured, UE reports the capability for all bands it supports. 
	5>	include the NeedForGapsInfoNR and set the contents as follows:
6>	include intraFreq-needForGap and set the gap requirement information of intra-frequency measurement for each NR serving cell;
6>	if requestedTargetBandFilterNR is configured, for each supported NR band that is also included in requestedTargetBandFilterNR, include an entry in interFreq-needForGap and set the gap requirement information for that band; otherwise, include an entry in interFreq-needForGap and set the corresponding gap requirement information for each supported NR band;


If UE is limited to report same capability for all bands, it would be based on the worst case, e.g. if measurement for one band requires MG, UE would report ‘gap’. The consequence is that even that band is not configured as MO, NW would still configure MG which is totally unnecessary. 
Proposal 13: UE is allow to report different capabilities among ‘no-gap-no-ncsg’, ’ncsg’ and ‘gap’ for different bands.
Configuration of NCSG
	Issue 4-4: configuration of NCSG.
· Open issues:
· Option 1: Support the explicit configuration for NCSG (detail to be left to RAN2).
· Option 2: Introduce a single bit for existing MeasGapConfig to transform the legacy gap into NCSG (detail to be left to RAN2).
· Option 3: postpone until NCSG pattern design as well as NCSG applicability and UE capability support are finalized
Issue 4-5: Mapping/relation between NCSG and legacy MG patterns.
· Open issues:
· FFS: Introduce mapping table between legacy measurement gap patterns and corresponding NCSG patterns for the UE and gNB to determine the transform gap pattern. Details of mapping are FFS.
· FFS: When UE supports NCSG, the supported gap pattern index shall be the same as its reported legacy MG pattern capability in Rel-15/16.
· FFS: Use the same index for legacy MGP and its corresponding NCSG pattern.


First, on the mapping/relation between NCSG patterns and legacy MGPs, as it was agreed to define NCSG patterns corresponding legacy MGP #0-23, it is straightforward to use the same index for legacy MGP and its corresponding NCSG pattern.
Then, on configuration of MCSG patterns, as there is one-to-one mapping between a legacy MGP and an NCSG pattern, the simplest way to configure an NCSG is to introduce a single bit for existing MeasGapConfig to transform the legacy gap into NCSG. For example, if in MeasGapConfig the MGL is configured as 6ms and MGRP as 40ms, the MG would be used as legacy MG with MGP#0 if the single bit flag is not set, otherwise it will be used as NCSG pattern #0 with RRT1+ML+RRT2 = 1+5+1 ms. 
Proposal 14: Use the same index for legacy MGP and its corresponding NCSG pattern, and introduce a single bit for existing MeasGapConfig to transform the legacy gap into NCSG.
RRM requirements with NCSG
VIL (interruption)
	Issue 3-6: impact from RTD
· Open issues:
· FFS: RAN4 to further discuss how to address RTD between time reference cell and victim cell.
Issue 3-7: UL slot after VIL1
· Open issues:
· FFS: RAN4 to further discuss how to address UL slot immediately after VIL1 in the interruption requirements.


RTD between the aggressor cell and victim cell has been considered in some of the existing interruption requirements, e.g. Table 8.2.2.2.2-1 for SCell (de)activation, but not in some other requirements, e.g. Table 8.2.2.2.5-1 for BWP switch. RAN4 needs to discuss whether it should be considered for VIL.
Based on the current agreed values for VIL, i.e. 1ms for FR1 and 0.75ms for FR2, we think the RTD up to 33us can be accommodated without the need for additional interruption. 
Due to TA in UL transmission, the UL slot immediately after the VIL may not be usable. There are different approaches to address this issue. For legacy MG, it is specified that whether to transmit in the L UL slots immediately after MG is up to UE implementation. For LTE NCSG, the VIL2 is defined to be 1 subframe larger in UL than in DL for sync case. 
For NR NCSG, it was agreed in [3] that requirements related to MGTA and impact to UL transmission follow Rel-15, which means there is no need to define additional interrupted slots for VIL2. For simplicity, we suggest to apply the same principle after VIL1. 
Proposal 15a: No need to further consider RTD between time reference cell and victim cell in the VIL requirements for NCSG.
Proposal 15b: Whether to transmit in the L UL slot immediately after VIL1 is up to UE implementation.
Measurement requirements 
	Issue 5-1: CSSF design
· Open issues:
· Option 1: define a new CSSF dedicated for NCSG measurement
· Option 2: When NCSG is configured, for a frequency layer that can be measured without MG, Kp = 1/(1- (SMTC period /VIRP)) applies when SMTC period < VIRP; when SMTC period >= VIRP, the frequency layer should be measured within NCSG and be accounted in the CSSF calculation.
· Other options are not precluded.


The two options are not exclusive and we support both of them.
On CCSF, the CSSF for NCSG should be similar as CSSF within MG, and the difference is that when deactivated SCC and dormant SCC measurement are based on NCSG, those SCCs should be considered in the CSSF which is not the case for CSSF within MG.
For UE to measure deactivated SCC and dormant SCC with NCSG, the SMTC on deactivated and dormant SCC and CSI-RS on dormant SCC need to be within ML of NCSG.
Proposal 16a: When deactivated SCC and dormant SCC measurement are based on NCSG, they should be considered in the CSSF within NCSG.
Proposal 16b: The requirements apply provided that SMTC or CSI-RS on deactivated and dormant SCC are within ML of NCSG.
Based on UE capability, there could be frequency layers that do not need NCSG for measurement, e.g. intra-frequency layer with SSB confined in DL active BWP, or inter-frequency carriers for which UE reports ‘no-gap-no-interruption’ in the measurement capability. Those frequency layers should be measured outside NCSG, in the same way as if legacy MG is configured, and in measurement period requirements, the factor Kp should apply. It should be defined in the same way as Kp for legacy MG, i.e. Kp = 1/(1- (SMTC period /VIRP)), where SMTC period < VIRP. When SMTC period >= VIRP, it means SMTC is fully overlapping with NCSG, and in such cases, the frequency layer should be measured within NCSG and be accounted in the CSSF calculation.
Proposal 17: When NCSG is configured, for a frequency layer that can be measured without MG, Kp = 1/(1- (SMTC period /VIRP)) applies when SMTC period < VIRP; when SMTC period >= VIRP, the frequency layer should be measured within NCSG and be accounted in the CSSF calculation.
Scheduling restriction 
	Issue 5-2: scheduling restriction
· Open issues:
· Option 1: during the ML the existing scheduling restriction requirements defined in TS 38.133 shall also apply
· 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 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 3: The existing scheduling restriction requirements defined in TS 38.133 for FR1 shall apply during ML when serving and measured carriers are in FR1. No scheduling restriction is allowed for FR2 during ML when serving carrier and measured carriers are in FR2 and use IBM.
· Option 4: Scheduling restriction for NCSG is FFS, and check with RAN2 on the feasibility of informing NW the CBM or IBM between inter-frequency measurements and serving cells in FR2.


We support option 2 in defining scheduling restriction requirements with NCSG. 
In current requirements, scheduling restrictions are defined for intra-frequency measurement, and they apply to the serving cell on which the measurement is performed, as well as other serving cells in the same band, except for the restriction caused by FR2 Rx beam sweeping, which also applies to serving cells in other FR2 bands where UE does not support IBM for the band combination. 
Option 1 is reasonable for intra-frequency measurement with NCSG, but it may be too conservative for inter-frequency measurement, especially when the target carrier is a different band from the serving cell, where scheduling restriction is not always needed. 
· For restriction caused by simultaneous Tx and Rx, whether UE supports simultaneous Tx and Rx, i.e. data transmission in the serving cell and measurement in the target carrier, depends on UE capability.
· For restriction caused by different SCS between SSB on the target carrier and serving cell data, we understand that UE by default supports using different SCS on different bands.
· For restriction caused by FR2 Rx beam sweeping, whether UE supports IBM, i.e. using one beam for data in the serving cell and using a different beam for measurement in the target carrier, depends on UE capability.
Option 3 is proposing to re-use the current scheduling restriction for FR1, so it has same problem as option 1 in this part. For FR2, it is proposing to consider UE capability on IBM/CMB, which is reasonable, but besides this capability, the capability on simultaneous Tx and Rx should also be considered. For example, UE may support CBM for the combination of the FR2 serving cell and FR2 inter-frequency carrier, but UE may not be able to simultaneous transmit on the FR2 serving cell and measure on the FR2 inter-frequency carrier if it does not support simultaneous Tx and Rx for the two bands. 
In [4] it is proposed that NW needs to be informed that the inter-frequency measurements with NCSG is CBM or IBM with serving cells in FR2. We think this is reasonable, because with current capability report, NW does not know whether UE supports IBM or CBM for a combination of an inter-frequency target carrier and a serving cell (current capability report is only for combination of serving cells). Without such information, NW has to assume the worst case, i.e. UE supports only CBM and the scheduling restriction always apply, which we think is sub-optimal. 
Besides support of IBM/CBM, the support of simultaneous Tx and Rx also needs to be informed to the NW. Similar as IBM/CBM, current capability signaling simultaneousRxTxInterBandCA is only for a combination of serving cells, and NW does not know whether UE supports simultaneous Tx/Rx or not for a combination of an inter-frequency target carrier and a serving cell. 
As discussed above, for some cases, e.g. combination of an FR2 inter-frequency target carrier and an FR2 serving cell, whether there is scheduling restriction would depend on support of both capabilities. In our view NW does not need to know whether the restriction is caused by UE not supporting IBM or UE not supporting simultaneous Tx/Rx for this combination, but it is sufficient to know whether the measurement would cause scheduling restriction on the serving cell or not.
Proposal 18: For measurement with NCSG, 
· 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.
Conclusions
In this paper we provided our views on NCSG.
Proposal 1: Additional UE capability to indicate support for NCSG in FR2 is not needed.
Proposal 2: NCSG can be used for CSI-RS inter-frequency measurement. UE reports supported CSI-RS BW for each band.
Proposal 3: NCSG can be used for RRM but not CSI measurement for dormant SCell.
Proposal 4: Support NCSG for all MR-DC scenarios, i.e. EN-DC, NE-DC and NR-DC.
Proposal 5: RAN4 to define UE measurement requirements with different UE capabilities and NW configurations as in Table 1.
Table 1: UE measurement requirements with different UE capabilities and NW configurations
	                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


Proposal 6: Define MLNCSG from legacy gap patterns by MLNCSG = MGLlegacy – 2*RRTlegacy
· NCSG patterns 0-11: MLNCSG = MGLlegacy – 1 (ms)
· NCSG patterns 12-23: MLNCSG = MGLlegacy – 0.5 (ms)
Proposal 7: RRT is included a parameter for NCSG pattern, and the value of RRTNCSG is 1ms for NCSG pattern 0-11 and 0.75ms for NCSG pattern 12-23. 
Proposal 8: RAN4 not to introduce NCSG patterns with VIRP longer than 160ms.
Proposal 9: Re-use the UE capability for legacy MGP for NCSG patterns. The set of mandatory NCSG patterns is same as that for legacy MGPs.
Proposal 10: Define same NCSG patterns for sync and async cases.
Proposal 11: Define a per BC indication for per FR NCSG.
Proposal 12: Define a new framework for NW to inquire and for UE to report the measurement capability, independent from the Rel-16 NeedForGap framework, which allows UE to report measurement capability for the following 3 cases:
· Case 1: gap 
· Case 2: no-gap-with-interruption (or ncsg)
· Case 3: no-gap-no-interruption (or no-gap-no-ncsg)
Proposal 13: UE is allow to report different capabilities among ‘no-gap-no-ncsg’, ’ncsg’ and ‘gap’ for different bands.
Proposal 14: Use the same index for legacy MGP and its corresponding NCSG pattern, and introduce a single bit for existing MeasGapConfig to transform the legacy gap into NCSG.
Proposal 15a: No need to further consider RTD between time reference cell and victim cell in the VIL requirements for NCSG.
Proposal 15b: Whether to transmit in the L UL slot immediately after VIL1 is up to UE implementation.
Proposal 16a: When deactivated SCC and dormant SCC measurement are based on NCSG, they should be considered in the CSSF within NCSG.
Proposal 16b: The requirements apply provided that SMTC or CSI-RS on deactivated and dormant SCC are within ML of NCSG.
Proposal 17: When NCSG is configured, for a frequency layer that can be measured without MG, Kp = 1/(1- (SMTC period /VIRP)) applies when SMTC period < VIRP; when SMTC period >= VIRP, the frequency layer should be measured within NCSG and be accounted in the CSSF calculation.
Proposal 18: For measurement with NCSG, 
· 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.
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1. Overall Description:

For Rel-17 measurement gap (MG) enhancement WI, RAN4 has discussed support of NCSG, and reached the following conclusions.

On the applicable measurement of NCSG:
	NCSG can be used for 
· Measurement on de-activated SCell or SCell in dormancy
· SSB based intra-frequency measurement with gap
· SSB based and CSI-RS based inter-frequency measurement with gap
· Inter-RAT E-UTRAN measurement
Note: When NCSG is used for CSI-RS based inter-frequency measurement, UE needs to reports the supported CSI-RS BW for each target band.
Note: NCSG will not be used for 2G/3G measurements and PRS measurements.



On the applicable scenarios of NCSG:
	NCSG is supported for NR SA and all MR-DC scenarios (EN-DC, NE-DC and NR-DC).



On measurement capability indication:
	Define a new framework for NW to inquire and for UE to report the measurement capability, independent from the Rel-16 NeedForGap framework, which allows UE to report measurement capability for the following 3 cases:
· Case 1: gap 
· Case 2: no-gap-with-interruption (or ncsg)
· Case 3: no-gap-no-interruption (or no-gap-no-ncsg)
The detailed signaling design is up to RAN2.



On NCSG configuration:
	Define NCSG patterns corresponding to legacy patterns #0~#23
Use the same index for legacy MGP and its corresponding NCSG pattern
Introduce a single bit for existing MeasGapConfig to transform the legacy gap into NCSG (detail to be left to RAN2)



RAN4 respectfully asks RAN2 to take the above information into account and define procedure and signalling support for UE measurement capability indication and NCSG configuration. 

2. Actions:
To RAN2:
RAN4 respectfully asks RAN2 to take the above information into account and define procedure and signalling support for configuration of pre-configured MG. 


3. Date of Next TSG-RAN4 Meetings:
TBA
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