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Introduction
At RAN4 #101-e, the technical discussion on Network Controlled Small Gaps as part of the Rel-17 work item on NR and MR-DC measurement gap enhancements, revised at RAN #94e [1], was continued. Agreements and open issues were captured in the WF [2].
Following agreements were reached and following items for further study were identified.
	Agreements
Scenarios and use cases
· NCSG for CQI measurement for dormant Scell is not supported in R17.
· NCSG is applicable in FR2
NCSG patterns
· Only keep measurement length and repetition periodicity in the pattern design, and capture VIL separately as interruption requirements
· Same NCSG pattern can apply for both sync and async scenario.
· 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.
· MLNCSG = MGLlegacy – 2*RRT
· Existing RRT (0.5 ms for FR1 and 0.25 ms in FR2) also applies for NCSG
· NCSG patterns corresponding to legacy patterns #0 and #1 are mandatorily supported if UE supports NCSG. 
· NCSG patterns with longer MGRP (>160ms) are deferred to the further release. 
· NCSG patterns will be defined corresponding to legacy MG patterns #0 to #23.
UE capability
· General UE capability for support of NCSG is introduced 
· UE can report three different capabilities: 'no-gap-no-ncsg', 'ncsg' and 'gap' 
· NCSG reporting granularity is per band in a band combination for inter-frequency measurement.
Measurement related requirements
· A new CSSF dedicated for NCSG measurement is introduced.
· For gapless inter-frequency measurements (SSB is within active BWP), Rel-16 feature 9-4 applies, else it is done via NCSG capability reporting. 
· Requirements will be defined for the case: Per-UE NCSG is configured only if UE can measure all frequency layers with NCSG for a per-UE gap UE.
· Requirements will be defined for the case: Per-FR NCSG is configured only if UE can measure all frequency layers with NCSG for a per-FR gap UE.
· In case network configures legacy MG, legacy requirements apply.
· For deactivated SCC measurements, requirements apply if SMTC is fully within ML of NCSG and they need to be considered in the CSSF.
Interruption requirements
· New interruption requirements are needed for NCSG, i.e. no interruption besides VIL is allowed due to measurement on deactivated SCC or on any carriers using NCSG.
· Whether to transmit in the UL slot immediately after VIL1 is up to UE implementation.



	Items for further study
Scenarios and use cases 
· Whether NCSG can be used for RRM measurement for dormant SCell
· Whether NCSG can be used for measuring CSI-RS based inter-frequency measurement with gap. 
· Whether NCSG can be used for EN-DC, NE-DC and NR-DC
· Under which conditions NSCG is applicable in FR2 (different options).
NCSG pattern design
· Whether other NCSG patterns (than #0 and #1) are mandatorily supported.
· Whether existing gap applicability in Rel-16 for NR-only measurement can apply for NCSG.
UE capability
· Whether to define additional UE capability for per BC indication for per-FR NCSG on top of per-UE NCSG and per-FR NCSG capabilities.
NW configuration and corresponding UE behaviour 
· Define exact mapping between NW configuration (No MG nor NCSG, NCSG, MG) and UE capability (gap, no-gap-with-interruption, no-gap-no-interruption) 
Measurement related requirements
· Which scheduling restrictions apply in FR1 and FR2
Other requirements
· Whether to introduce a mapping table between legacy measurement gap patterns and corresponding NCSG patterns
· Whether to define transformation between NCSG and legacy gap


This contribution provides our view on the above open issues. 
Discussion
Scenarios and use cases for NCSG
RAN4 #101-e continued the discussion on scenarios and use cases for NCSG. Four issues for further study were left. 
· Whether NCSG can be used for RRM measurement for dormant SCell
· Whether NCSG can be used for measuring CSI-RS L3 based inter-frequency measurement with gap 
· Whether NCSG can be used for EN-DC, NE-DC and NR-DC
· Under which conditions NSCG is applicable in FR2.
For the first issue, during the discussion at RAN4 #100-e, it was elaborated by companies that there is limited gain in power saving by using NCSG for dormant SCell and that Rx resources for beam measurement, CQI and Time/Frequency tracking would also be needed. Thus, NCSG usage for measuring dormant cells requires further study on the feasibility and given the time frame of Rel-17, this scenario should be de-prioritized.
The following proposal is made.
	De-prioritize the scenario of NCSG support for measuring dormant SCell. 
The second issue is based on the RAN4 #99-e agreement:
· NCSG can be used for intra-frequency measurements with MG, inter-frequency measurements with MG, inter-RAT measurements. 
and we support this scenario for CSI-RS L3 measurements. 
The following proposal is made.
	NCSG can be used for measuring CSI-RS L3 based inter-frequency measurement with gap.
The third issue is related to support for DC scenarios (EN-DC, NE-DC and NR-DC). An LS [3] has been sent to RAN2 to receive guidance on the feasibility, hence RAN4 is to wait on RAN2’s feedback. It is noted that RAN2 has not introduced the dynamic NeedForGap signalling in Rel-16 for the MR-DC due to release timing and complexity issues.  Thus, we do not see that this effort can be made in Rel-17, both from RAN2 and RAN4 side. 
The following proposal is made.
	The support of NCSG in EN-DC, NE-DC and NR-DC is de-prioritized in Rel-17.
The fourth issue is related to NCSG support in FR2. At RAN4 #101-e the discussion was continued and aside the IBM case, the CBM case was proposed to be added [4]. However, the CBM case is more complex and requires further study.  Hence we propose to agree on Option 2A and consider NCSG usage in FR2 based on IBM condition.
	· Option 2: NCSG is applicable in FR2 
· Option 2A: 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


The following proposal is made.
	NCSG is applicable in FR2 for Rel-17 under conditions listed in Option 2A in WF [2]. 
Mandatory NCSG patterns
RAN4 #101-e agreed NCSG patterns corresponding to legacy patterns #0 and #1 are mandatorily supported if UE supports NCSG [2]. No agreement was found to specify further mandatory NCSG patterns on top of these. Most companies supported the existing gap applicability in Rel-16 for NR only measurements to be reused for NCSG. In order to progress on this open issue, we can support this option, which will not define additional mandatory NCSG patterns. 
The following proposal is made.
	No additional mandatory NSCG pattern beyond NCSG patterns #0 and #1 will be specified. Existing gap applicability in Rel-16 for NR-only measurements and mandatory gap patterns is re-used for NCSG capable UEs.
Additional NCSG capability
One issue raised at RAN4 #100-e and further discussed at RAN4 #101-e is, whether additional NCSG capability (i.e. support of per-FR gap / per-UE gap per supported band combination) should be introduced in Rel-17 [2]: 
	Issue 3-3: Whether additional UE capability is needed for per-UE and per-FR differentiation for NCSG on top of that defined for legacy gap
· Option 1: No 
· Option 2: Define a per BC indication for per FR NCSG. 


In our view, this will drastically increase the signalling load and thus requires to be studied in terms of feasibility. The overall gain should then be discussed. Furthermore, we are moving towards completion of Rel-17 and other open NCSG issues need to be resolved, hence this aspect should not be considered in Rel-17. 
The following proposal is made.
	RAN4 not to consider any additional NCSG capability other than per-UE gap and per-FR gap in Rel-17. 
NW configuration and corresponding UE behaviour
RAN4 #101-e continued the discussion on NW configuration and corresponding UE behaviour. Two options were considered. In our view option 2 is more accurate.
Option2:
	                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


The following proposal is made.
	Option 2 in WF [2] is supported. RRM requirements for NCSG should follow this table. 
Scheduling Restrictions
RAN4 #101-e continued the discussion on scheduling restrictions but did not achieve agreement for FR1 and FR2 [4]. Two options are listed in [2] that refer to scheduling restrictions during ML. 
	· 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.


In our view, option 2 is preferred as it describes the impact due to SSB measurements in ML more accurately. The scheduling restriction is informed by UE to the network, e.g. as part of the NeedForGap signalling modified to support NSCG. For FR2, in case of inter-band measurement with IBM condition, we do not observe scheduling restriction, in case of simultaneous UL and DL support.  
The following proposal is made.
	Option 2 in WF [2] is supported for scheduling restrictions in FR1.  For FR2, in case of inter-band SSB measurement with IBM condition, we do not observe scheduling restriction, in case of simultaneous UL and DL support.
Other requirements
Regarding other requirements discussed at RAN4 #101-e, no agreement could be achieved.  
	Other requirements
· Whether to introduce a mapping table between legacy measurement gap patterns and corresponding NCSG patterns
· Whether to define transformation between NCSG and legacy gap


In our view, no mapping table between NSCG and legacy measurement gap pattern is  needed, as NCSG pattern are specified in a different table in a different section. In addition, legacy gap patterns #24 and #25 do not apply for NCSG, which in turn may be defined for longer MGRPs in Rel-18, deviating from legacy MGP. Thus, no mapping table between legacy measurement gap patterns and corresponding NCSG patterns is needed. Similarly, no transformation between NCSG and legacy gap is needed. NCSG can be configured independently from legacy gap and covers only a subset of scenarios for legacy gap.
The following proposal is made.
	No mapping table between legacy measurement gap patterns and corresponding NCSG patterns is needed and no transformation between NCSG and legacy gap is needed. 
Conclusion
This contribution has discussed open issues for NCSG as listed in the RAN4 #101-e WF [2].
The following proposals are submitted for discussion: 
1. De-prioritize the scenario of NCSG support for measuring dormant SCell.
NCSG can be used for measuring CSI-RS L3 based inter-frequency measurement with gap.
The support of NCSG in EN-DC, NE-DC and NR-DC is de-prioritized in Rel-17. 
NCSG is applicable in FR2 for Rel-17 under conditions listed in Option 2A in WF [2]. 
No additional mandatory NSCG pattern beyond NCSG patterns #0 and #1 will be specified. Existing gap applicability in Rel-16 for NR-only measurements and mandatory gap patterns is re-used for NCSG capable UEs.
RAN4 not to consider any additional NCSG capability other than per-UE gap and per-FR gap in Rel-17.
Option 2 in WF [2] is supported. RRM requirements for NCSG should follow this table. 
Option 2 in WF [2] is supported for scheduling restrictions in FR1. For FR2, in case of inter-band SSB measurement with IBM condition, we do not observe scheduling restriction, in case of simultaneous UL and DL support.
No mapping table between legacy measurement gap patterns and corresponding NCSG patterns is needed and no transformation between NCSG and legacy gap is needed.
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