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Introduction
Measurement gap enhancement WI aims to enhance the current measurement gap design. Following measurement gap enhancements are considered as per WI [2]:
· Pre-configured MG pattern(s) per configured BWP (fast MG configuration)
· Multiple concurrent and independent MG patterns
· Network Controlled Small Gap (NCSG)
NCSG is introduced to eliminate/reduce interruption rate and interruption length/duration due to measurements on deactivated Scell, Scell with dormant BWP or unused RF chain. RAN2 scope for NCSG includes specification of procedures and signalling for NCSG patterns, while the RAN4 is working on RRM requirements for NCSG as well as the specification of applicability of NCSG patterns.
From RAN4 LS [1], NCSG can be used for:
· SSB based intra-frequency measurement with gap.
· SSB based inter-frequency measurement with gap.
· Inter-RAT E-UTRAN measurement.
· Measurement on de-activated SCell.
· NCSG will NOT be used for:
· 2G/3G measurements.
· PRS measurements.
· It is still FFS whether NCSG can be used for:
· RRM measurement for dormant SCell.
· CSI-RS based inter-frequency measurement.
NCSG is feasible in NR SA. Feasibility for EN-DC, NE-DC and NR-DC are still being discussed in RAN4.
Discussion
UE capabilities for NCSG
From LS [1] we understand that NCSG is defined based on the legacy gap patterns. Hence we think there is no need for per-UE or per-FR differentiation and this can be implicitly understood from legacy gap capability. But a new capability for the support of the NCSG feature- i.e. to indicate whether UE supports NCSG can be introduced. 
Proposal 1: Introduce a new capability for the support of the NCSG feature.
Further from LS [1], NCSG patterns corresponding to legacy patterns #0 and #1 are mandatorily supported if UE supports NCSG. FFS on other NCSG patterns. Based on the further input from RAN4, a UE capability on the supported NCSG pattern can be introduced.
Proposal 2: Capability on the supported NCSG patterns can be introduced after further RAN4 inputs.
In release 16, we have NeedForGaps which can be used for reporting whether UE needs gaps for intra-frequency measurements per serving cell or inter-frequency measurements per band. Since NCSG is reported based on legacy gap, it is logical to follow a similar approach for NCSG as well. 
This means UE can report 
1.For intra frequency measurements, for each SCell, UE may report whether measurements can be performed without gaps, with gaps or with NCSG.
2. For inter frequency measurements, for each band, UE may report whether measurements can be performed without gaps, with gaps or with NCSG.
Proposal 3: Reuse NeedForGaps framework for NCSG.
We have illustrated two ways for communicating per band NCSG using the NeedForGaps framework. 
One option is to introduce one more value in gapIndication-r16 for the NCSG as below
NeedForGapsNR-r16 ::=             SEQUENCE {
    bandNR-r16                        FreqBandIndicatorNR,
    gapIndication-r16                ENUMERATED {gap, no-gap, ncsg}} 
Yet another option is to introduce another IE in NeedForGapsNR-r16 for indicating the support of NCSG as below.
NeedForGapsNR-r16 ::=             SEQUENCE {
    bandNR-r16                        FreqBandIndicatorNR,
    gapIndication-r16                ENUMERATED {gap, no-gap},    
    ncsgSupport-r17                ENUMERATED {true }  OPTIONAL,
} 
If the NeedForGapsNR-r16 with option 1 is send to the UEs not supporting the NCSG, there can be compatibility issues. Hence we propose to introduce new IE as in option 2.
Proposal 4: Introduce a new IE for indicating NCSG support within NeedForGapsNR.
Configuration and Release of NCSG
RAN2 has to define mechanisms for signalling NCSG. For configuring NCSG, either a new structure- for e.g. Ncsgconfig can be defined or the existing measurement gap configuration structure can be enhanced. From our understanding, NCSG and measurement gaps contains similar set of parameters. The primary difference between NCSG and measurement gaps is in the interruption requirements which will be defined by RAN4 using a table in their specification (i.e. not configured through RRC signalling). NCSG can be applicable for both FR1 and FR2 (albeit different conditions). Hence, it would be better to enhance the existing measurement gap configuration for configuring NCSG. A single bit to distinguish between NCSG and measurement gaps can be defined within the existing legacy measurement gap configuration. SFN and subframe calculation can follow the same way as for legacy measurement gaps as in section 5.5.2.9 of TS38.331 for measurement gap configuration.
While the RAN4 LS doesn’t explicitly mention the support of multiple NCSG or the co-existence of (multiple) measurement gaps with NCSG, at least from the signalling perspective, it is better to be flexible as much as possible. So we propose to enhance gapconfig structure as shown below.
GapConfig ::=                       SEQUENCE {
    gapOffset                           INTEGER (0..159),
    mgl                                 ENUMERATED {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6},
    mgrp                                ENUMERATED {ms20, ms40, ms80, ms160},
    mgta                                ENUMERATED {ms0, ms0dot25, ms0dot5},
    ...,
    [[
    refServCellIndicator                ENUMERATED {pCell, pSCell, mcg-FR2}                                 OPTIONAL   -- Cond NEDCorNRDC
    ]],
    [[
    refFR2ServCellAsyncCA-r16           ServCellIndex                                                       OPTIONAL,   -- Cond AsyncCA
    mgl-r16                             ENUMERATED {ms10, ms20}                                             OPTIONAL    -- Cond PRS
    ]],

	[[
		gapConfig-r17						GapConfig-r17
	]]
}
	
GapConfig-r17 ::=         SEQUENCE {
	isNCSG					ENUMERATED {true}                                         OPTIONAL   -- Need R

}

Proposal 5: A single bit is used to distinguish between measurement gap and NCSG in gap configuration.
From the use cases for NCSG in LS [2], there are certain scenarios where NCSG can be used- For e.g. if the required measurements are only SSB based inter frequency measurements which can be done through NCSG, network may configure UE with NCSG. Now, if the UE needs to be configured with gaps for PRS measurements, NCSG can’t be used and network needs to reconfigure the UE with measurement gaps. Without considering the support of multiple gaps including both NCSG and measurement gaps, network may have to convert the existing NCSG to measurement gap through RRC Reconfiguration. Similarly, when the PRS measurements are no longer required, network can convert the measurement gap to NCSG through RRC Reconfiguration. 
Proposal 6: Network can convert measurement gaps to NCSG and vice versa through RRC Reconfiguration.
Dual Connectivity Support for NCSG
W1[2] includes support for NR-DC, NE-DC and EN-DC. From RAN4 LS [1], feasibility from requirement perspective in EN-DC, NE-DC and NR-DC is still being discussed in RAN4. RAN2 also need to discuss the support of DC scenarios for NCSG.
In our view, the amount of changes needed for supporting NCSG for NR-DC may not be very high, as NCSG is similar to legacy measurement gaps from signalling point of view. For NE-DC and EN-DC, we think the amount of changes needed will be high, considering that there can be a need to introduce NCSG with newer gap patterns on the LTE leg. So we propose to deprioritize NE-DC and EN-DC support in R17. RAN2 can discuss if it is feasible to support NCSG in R17 for NR-DC.
Proposal 7: Deprioritize EN-DC and NE-DC support of NCSG in R17. RAN2 to discuss if NR-DC support for NCSG is feasible in R17.
NCSG and various RRC procedures 
From signalling point of view, NCSG can be viewed similar to legacy measurement gaps and hence they can be released similar to measurement gaps- i.e. Network can release NCSG by setting gapUE, gapFR1 or gapFR2 to release. Similarly, on receiving RRC Reestablishment, UE releases the NCSG configuration indicated by the measGapConfig, (if configured). During a handover or RRC Resume, network may explicitly release the NCSG, otherwise NCSG will be continued.
[bookmark: _GoBack]Proposal 8: NCSG can be released similar to legacy gaps.
Proposal 9: During a handover or RRC Resume, NCSG will be continued unless explicitly released by network.
Conclusion
In the previous sections, we have discussed preconfigured measurement gaps and have made following proposals.
Proposal 1: Introduce a new capability for the support of the NCSG feature.
Proposal 2: Capability on the supported NCSG patterns can be introduced after further RAN4 inputs.
Proposal 3: Reuse NeedForGaps framework for NCSG.
Proposal 4: Introduce a new IE for indicating NCSG support within NeedForGapsNR.
Proposal 5: A single bit is used to distinguish between measurement gap and NCSG in gap configuration.
Proposal 6: Network can convert measurement gaps to NCSG and vice versa through RRC Reconfiguration.
Proposal 7: Deprioritize EN-DC and NE-DC support of NCSG in R17. RAN2 to discuss if NR-DC support for NCSG is feasible in R17.
Proposal 8: NCSG can be released similar to legacy gaps.
Proposal 9: During a handover or RRC Resume, NCSG will be continued unless explicitly released by network.
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