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Introduction
At RAN4 #101bis-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] based on email discussion in [3].
Following agreements were reached and following items for further study were identified.
	Agreements
Scenarios and use cases
· NCSG for RRM measurement for dormant Scell is supported in R17.
· RAN4 will not further discuss feasibility of NCSG in EN-DC, NE-DC and NR-DC. The feasibility is up to RAN2.
· NCSG can be applied in FR2 without scheduling restrictions under the following conditions 
· The serving cell(s) and the target cell are on different bands.
· UE is capable of IBM on the serving cell band and the target cell band.
· UE is capable of simultaneous Tx/Rx on the serving cell band and the target cell band
· For other cases, NSCG can be applied with scheduling restrictions
NCSG patterns
· On top of NCSG patterns #0 and #1, NCSG patterns corresponding to legacy patterns #13 and #14 are mandatorily supported in FR2 for per-FR capable UE.
· UE can indicate support of some NCSG patterns which can only be used for NR-only measurement.
· Introduce a new mgta 0.75ms for NCSG in FR2 only
UE capability and NW configuration 
· When UE indicates ‘ncsg’ and NW configures MG, UE shall perform measurement within MG.
· When UE indicates ‘no-gap-no-ncsg’ and NW configures NCSG: if RS occasion (e.g. SMTC) is fully overlapped with NCSG, measurement is performed within NCSG, else outside NCSG.
· When UE indicates ‘no-gap-no-ncsg’ and NW configures MG: if RS occasion (e.g. SMTC) is fully overlapped with NCSG, measurement is performed within MG, else outside MG.
· Other assumptions when discussing NW configuration and corresponding UE behaviour
· Only those measurement types RAN4 agreed to be measured via NCSG will be considered
· When NCSG is configured, for a frequency layer that can be measured without MG
· when SMTC is partially overlapped with NCSG, Kp = 1/(1- (SMTC period /VIRP)) applies
· when SMTC is fully overlapped with NCSG, the frequency layer should be measured within NCSG and be accounted in the CSSF with NCSG. 
Measurement related requirements
· New network signaling [deriveSSB-IndexFromCell-inter] is introduced informing UE that the SSB indexes of target cell(s) on a frequency different than serving cell frequency can be derived from a serving cell, and which serving cell to utilize for target SSB indexes derivation. deriveSSB-IndexFromCell-inter can only be configured if the SCS of SSB is the same between target cell and the serving cell which is used for SSB indexes derivation.
· deriveSSB-IndexFromCell-inter is applicable in both FR1 and FR2.
· UE needs to know which serving cell to be referred under CA. 
· The indication is to be per-MO.
· Scheduling restriction in FR1: 
· for intra-frequency measurement, existing scheduling restriction requirements apply
· for intra-band inter-frequency measurement
· If deriveSSB-IndexFromCell-inter is false, existing scheduling restriction requirements apply except that all symbols in SMTC windows are restricted.
· If deriveSSB-IndexFromCell-inter is true, 
· For single CC and single MO case: existing scheduling restriction requirements apply.
· For multiple CCs and/or Multiple MOs cases: FFS
· for inter-band measurement
· No scheduling restrictions for UE supporting simultaneous Rx/Tx. 
· Scheduling restrictions apply for UE doesn't support simultaneous Rx/Tx. 
· If deriveSSB-IndexFromCell-inter is false, existing scheduling restriction requirements apply except that all symbols in SMTC windows are restricted.
· If deriveSSB-IndexFromCell-inter is true, 
· For single CC and single MO case: existing scheduling restriction requirements apply.
· For multiple CCs and/or Multiple MOs cases: FFS
· Scheduling restriction in FR2: 
· for intra-frequency measurement, existing scheduling restriction requirements apply
· for intra-band inter-frequency measurement
· If deriveSSB-IndexFromCell-inter is false, existing scheduling restriction requirements apply except that all symbols in SMTC windows are restricted.
· If deriveSSB-IndexFromCell-inter is true, 
· For single CC and single MO case: existing scheduling restriction requirements apply.
· For multiple CCs and/or Multiple MOs cases: FFS
· for inter-band measurement, the serving band and the target band are with CBM
· If deriveSSB-IndexFromCell-inter is false, existing scheduling restriction requirements apply except that all symbols in SMTC windows are restricted.
· If deriveSSB-IndexFromCell-inter is true, 
· For single CC and single MO case: existing scheduling restriction requirements apply.
· For multiple CCs and/or Multiple MOs cases: FFS
· for inter-band measurement, the serving band and the target band are with IBM
· No scheduling restrictions for UE supporting simultaneous Rx/Tx. 
· Scheduling restrictions apply for UE doesn’t support simultaneous Rx/Tx. 
· If deriveSSB-IndexFromCell-inter is false, existing scheduling restriction requirements apply except that all symbols in SMTC windows are restricted.
· If deriveSSB-IndexFromCell-inter is true, 
· For single CC and single MO case: existing scheduling restriction requirements apply.
· For multiple CCs and/or Multiple MOs cases: FFS
· The value of CSSF within NCSG is the number of all frequency layers that are assumed to be measured by NCSG.
· A deactivated SCC is measured in the same way as Rel-15/16 if its SMTC is fully non-overlapped with NCSG, and the Rel-15/16 interruption requirements apply.
Other requirements
· No need to define new transformation between NCSG and legacy gap, given the transformation between NCSG and legacy MG can already be done by NW via RRC reconfiguration
· UE feature list: optional UE capability for NCSG support is introduced. 



	Items for further study
Scenarios and use cases 
· Whether NCSG can be used for measuring CSI-RS based inter-frequency measurement with gap. 
NCSG pattern design
· Whether for NR-only measurement, additional NCSG gap patterns #2, #3, #11, #17, #18, #19 are mandatorily supported if UE supports NCSG.
· How to indicate support of NR-only NCSG patterns
· How to determine the NCSG gap offset
UE capability and NW configuration
· Clarify the meaning of “measurement within gap” 
· FFS: When UE reports the NCSG capability ('no-gap-no-ncsg', 'ncsg' and 'gap') on a target band to network, the reported capability applies to all measurement types agreed by RAN4 on that target band.
· Whether additional UE capability is needed for per-UE and per-FR differentiation for NCSG on top of that defined for legacy gap.
Measurement related requirements
· Impact on L1 measurement in FR1 / FR2 serving cell due to L3 measurement in NCSG.
Other requirements
· Whether to introduce a mapping table between legacy measurement gap patterns and corresponding NCSG patterns
· UE feature list: which optional supported NCSG patterns will be indicated by UE to NW, for which bands NCSG is supported for a BC by UE.


This contribution provides our view on some of the above open issues. 
Discussion
Scenarios and use cases for NCSG
RAN4 #101bis-e continued the discussion on scenarios and use cases for NCSG [3]. One issue for further study was left [2]: 
· Whether NCSG can be used for measuring CSI-RS L3 based inter-frequency measurement with gap 
Different views were expressed by companies over past meetings, and it will be difficult to achieve consensus in this meeting to apply NCSG for CSI-RS L3 inter-frequency measurements, noting that the benefit of applying NCSG for such CSI-RS measurements would be beneficial in our view in order to avoid the need for MG which implies no concurrent transmission or reception of data during the MG. However, as CSI-RS BW is wider than for SSB, separate consideration is needed on impact from wider band-specific CSI-RS BW and from RS overlapping with NCSG on measurement time and interruption requirements, which requires further investigation. In our view this should be investigated for Rel-18 as a residual of Rel-17 NR measurement gap enhancements. 
The following proposal is made.
	RAN4 to consider application of NCSG for measuring CSI-RS L3 based inter-frequency measurement with gap for Rel-18 as a residual of Rel-17 NR measurement gap enhancements.
Mandatory NCSG patterns
Regarding mandatory NCSG patterns, RAN4 #101bis-e achieved following agreement [2]:
· On top of NCSG patterns #0 and #1, NCSG patterns corresponding to legacy patterns #13 and #14 are mandatorily supported in FR2 for per-FR capable UE.
No agreement was found to specify further mandatory NCSG patterns on top of these.
	FFS on other mandatory patterns:
· Option 1: For NR-only measurement, NCSG GP#2, #3, #11, #17, #18, #19 are mandatory. 
· Option 2: no additional mandatory NCSG patterns


Proposed gap patterns such as NCSG GP#2, #3, #11, #17, #18, #19 have shorter measurement window (MGL = 3 ms or 3.5 ms) and hence NCSG efficiency is lower. Thus, we do not support specifying additional mandatory NCSG patterns. 
The following proposal is made.
	No additional mandatory NCSG pattern beyond NCSG patterns #0 and #1 and NCSG patterns corresponding to legacy patterns #13 and #14 in FR2 for per-FR capable UE will be specified. 
NR-only measurement with NCSG patterns
Regarding support of NCSG patterns for NR-only measurement, RAN4 #101bis-e achieved following agreement [2]:
· UE can indicate support of some NCSG patterns which can only be used for NR-only measurement. 
No agreement was found how to indicate support of NR-only NCSG patterns to the network, i.e whether to reuse existing gap applicability in Rel-16 for NR-only measurements or to define new signalling for NCSG. 
	FFS on how to indicate support of NR-only NCSG pattern:
· Option 1: reuse supportedGapPattern-Nronly (require mapping between legacy gap patterns and NCSG patterns)
· Option 2: introduce a new signaling, e.g. supportedNCSGPattern-Nronly
· Option 3: up to RAN2


In our view, this issue is not in RAN4’s scope, rather up to RAN2, hence can be included in the reply LS on NCSG to RAN2. 
The following proposal is made.
	How to indicate support of NR-only NCSG patterns, is up to RAN2. RAN4 to include this aspect in the reply LS on NCSG to RAN2.  
NCSG gap offset
Regarding time offset of NCSG, no agreement was found at RAN4 #101bis-e [2] and following options were discussed:
	Option 1: The offset of NCSG refers to the starting point of VIL1. 
Option 2: The offset of NCSG refers to the starting point of ML - RRT. Allow 2 slots interruption for 15kHz, sync, mgta=0. 


In the discussion [3], it was argued that VIL is not part of the NCSG pattern as previously agreed and therefore it cannot be taken into account in the time offset of NCSG. While it has been agreed to define the NCSG patterns independent of VIL, i.e. based on ML and VIRP only, as endorsed in Big Draft CR 38.133 [4], and to define VIL based on FR, SCS and synchronous/asynchronous operation, it is obvious, that VIL needs to be accounted for in the parameters of the configured NCSG pattern. Thus, the time offset of NCSG, corresponding to MG gap offset, can be used as reference point for gap offset indication for NCSG and no additional signalling of VIL1 is needed. Hence option 1 is supported. 
The following proposal is made.
	The offset of NCSG refers to the starting point of VIL1.
NCSG capability for target band 
Regarding reporting of the NCSG capability on a target band, following issue was left FFS at RAN4 #101bis-e [2]:
	· FFS: When UE reports the NCSG capability ('no-gap-no-ncsg', 'ncsg' and 'gap') on a target band to network, the reported capability applies to all measurement types agreed by RAN4 on that target band.


After discussion [3], it was agreed [2] 
· Only those measurement types RAN4 agreed to be measured via NCSG will be considered.
In addition, the case of measurement on deactivated SCC was mentioned [3]. In this case, the UE may e.g. support ‘ncsg’ but due to the fact that SMTC window may fully non-overlap with NCSG, the measurement needs to be performed outside NCSG. Hence the above assumption is not applicable and can be removed. 
The following proposal is made.
	The assumption “When UE reports the NCSG capability ('no-gap-no-ncsg', 'ncsg' and 'gap') on a target band to network, the reported capability applies to all measurement types agreed by RAN4 on that target band.” is not applicable and hence can be removed. 
Meaning of “measurement within gap” 
Regarding issue 3-1-1 to clarify the meaning of “measurement within gap” for NCSG, following options were considered at RAN4 #101bis-e [2]:
	· Option 1: basic time interval for measurement period is defined as MGRP. 
· Option 2: CSSF is derived within gap


In our view, no further clarification is needed, as the agreement on issue 3-1-2 already provides such clarification of the meaning of “measurement within gap” based on the timing relationship and hence overlap between RS occasion and NCSG:
	· If RS occasion (e.g. SMTC) is fully overlapped with NCSG, measurement is performed within NCSG
· If RS occasion (e.g. SMTC) is not fully overlapped with NCSG, measurement is performed outside NCSG


Since CSSF is derived within gap, it refers to the case where full overlap of RS occasion exists with NCSG, so that the measurement can be performed within NCSG.
The following proposal is made.
	No further clarification on the meaning of “measurement within gap” is needed, since the agreement on issue 3-1-2 in WF[2] already provides this clarification.
Additional NCSG capability
Another issue raised at RAN4 #100-e and further discussed at RAN4 #101-e and RAN4 #101bis-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 3-2:  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. 
· Option 3: do not rely on R15 capability independentGapConfig. Define a new NCSG per-UE and per-FR capability, e.g. independentNCSGConfig 


As pointed out in previous contributions, 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, so we support option 1. Regarding option 3, i.e. how to specify UE capability signalling support for NCSG, is up to RAN2.
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. How to specify UE capability signalling support for NCSG, is up to RAN2.
Other requirements
Regarding other requirements discussed at RAN4 #101bis-e, no agreement could be achieved om the following aspect [2].  
	Other requirements
· Whether to introduce a mapping table between legacy measurement gap patterns and corresponding NCSG patterns


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.
The following proposal is made.
	No mapping table between legacy measurement gap patterns and corresponding NCSG patterns is needed. 
Incoming RAN2 LS
At RAN4 #102-e, an incoming RAN2 LS [4] is received. The content is replicated below.
	1. Overall Description
RAN2 thanks RAN4 for the LS R4-2120306. RAN2 has discussed the technical aspects related to the LS and made following agreements.
	From RRC signaling design, RAN2 aim to support joint working among Pre-MG, concurrent gaps, and NCSG
For all the 3 objectives in MG enh. WI, RAN2 prioritize the design in NR SA.
Re-use the Rel-16 NeedForGap reporting like procedure for NCSG reporting:
- UE indicates capability on NCSG support in UE capability reporting (FFS on UE capability reporting details).  
- NW configures the NCSG reporting in RRCReconfiguration and RRCResume message.
- UE reports the NCSG capabilities in RRCReconfigurationComplete and RRCResumeComplete messages.
Agree that NCSG can be configured as per UE, (per FR1 and per FR2 patterns is FFS). 
FFS if NCSG patterns corresponding to legacy patterns #0 and #1 are mandatorily supported if UE supports NCSG. And to further discuss UE capability between reporting an indicator of NCSG feature support and reporting supported NCSG patterns
Detailed design Same as Rel-16 NeedForGap, support NCSG reporting for both intra-frequency and inter-frequency. FFS Inter RAT 


In addition, RAN2 would like to kindly ask RAN4 following question:
Q: Whether to support simultaneous configurations on the following combinations?
1) NCSG FR1 gap + NCSG FR2 gap
2) Legacy FR1 gap + NCSG FR2 gap
3) Legacy FR2 gap + NCSG FR1 gap
4) One legacy perUE gap + one NCSG perUE gap
5) One legacy perUE gap + NCSG FR1 gap
6) One legacy perUE gap + NCSG FR2 gap
2. Actions:
RAN2 respectfully asks RAN4 to provide answer to the question above.


In particular, RAN2 asks RAN4 whether simultaneous configurations for NCSG’s are supported. In fact, the Draft Big CR 38.133 [5] endorsed at RAN4 #101bis-e, specifies the requirements applicability, replicated below.
	9.1.2C.2	Requirements applicability
Requirements in clause 9.1.2C apply for UE capable of NCSG in standalone NR in both FR1 and FR2 (including FR1+FR2 CA), provided UE is configured with only NCSG and no other measurement gap is configured, and UE is configured with
· SSB based intra-frequency measurement (including measurement on de-activated SCC and measurement on dormant SCell), and/or
· SSB based inter-frequency measurement, and/or
· Inter-RAT E-UTRAN measurement.
Requirements in clause 9.1.2C do not apply if UE is configured with
· Inter-RAT GSM measurement, or
· Inter-RAT UTRAN measurement, or
· PRS measurement. 


Based on above requirement applicability for NCSG, RAN4 can confirm to RAN2 that in scope of NCSG requirements, i.e. not referring to the work on joint requirements for Rel-17 MG enhancements:
· There is support for simultaneous configuration of NCSG for FR1 and NCSG for FR2 (combination 1). 
· There is no support for simultaneous configuration of legacy per-FR MG and per-FR NCSG (combinations 2, 3).
· There is no support for simultaneous configuration of legacy per-UE MG and per-UE/per-FR NCSG (combinations 4, 5, 6).
	RAN4 to confirm to RAN2, that simultaneous configuration of NCSG for FR1 and NCSG for FR2 is supported, while other listed combinations are not supported, in the scope of Rel-17 NCSG requirements. Hence those combinations are subject to be considered in the work on joint requirements for Rel-17 MG enhancements.
RAN4 should take into account RAN2’s prioritization of the NR SA scenario and needs to inform RAN2 on latest agreements regarding mandatory NCSG patterns and on the support of both per-UE and per-FR NCSG patterns.
	RAN4 to take into account RAN2’s prioritization of the NR SA scenario and to inform RAN2 on latest agreements regarding mandatory NCSG patterns and the support of both per-UE and per-FR NCSG patterns.
Conclusion
This contribution has discussed some open issues for NCSG as listed in the RAN4 #101bis-e WF [2].
The following proposals are submitted for discussion: 
RAN4 to consider application of NCSG for measuring CSI-RS L3 based inter-frequency measurement with gap for Rel-18 as a residual of Rel-17 NR measurement gap enhancements.
No additional mandatory NCSG pattern beyond NCSG patterns #0 and #1 and NCSG patterns corresponding to legacy patterns #13 and #14 in FR2 for per-FR capable UE will be specified.
How to indicate support of NR-only NCSG patterns, is up to RAN2. RAN4 to include this aspect in the reply LS on NCSG to RAN2. 
The offset of NCSG refers to the starting point of VIL1.
The assumption "When UE reports the NCSG capability ('no-gap-no-ncsg', 'ncsg' and 'gap') on a target band to network, the reported capability applies to all measurement types agreed by RAN4 on that target band." is not applicable and hence can be removed. 
No further clarification on the meaning of “measurement within gap” is needed, since the agreement on issue 3-1-2 in WF[2] already provides this clarification.
RAN4 not to consider any additional NCSG capability other than per-UE gap and per-FR gap in Rel-17. How to specify UE capability signalling support for NCSG, is up to RAN2.
No mapping table between legacy measurement gap patterns and corresponding NCSG patterns is needed.
RAN4 to confirm to RAN2, that simultaneous configuration of NCSG for FR1 and NCSG for FR2 is supported, while other listed combinations are not supported, in the scope of Rel-17 NCSG requirements. Hence those combinations are subject to be considered in the work on joint requirements for Rel-17 MG enhancements.
RAN4 to take into account RAN2’s prioritization of the NR SA scenario and to inform RAN2 on latest agreements regarding mandatory NCSG patterns and the support of both per-UE and per-FR NCSG patterns.
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