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Discussion
2.1. NCSG in SA
1）Capability indication:
The following are RAN4’s agreements on capability indication for NCSG [1].
	Agreements: 
· 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 to be measured in a band combination (same granularity as NeedForGap)
· Whether to use RRCReconfigurationComplete based framework
· Up to RAN2
· 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. 


According to the above agreements, a capability indicator for support of NCSG feature in UE AS capability needs to be introduced.
Proposal 1: Introduce a UE capability indicator support of NCSG feature in UE AS capability.
In Release 16, NeedForGap capability for NR measurement was introduced to report the capability dynamically in the RRC response message according to current band combination and other physical layer configurations. The general procedure of NeedForGap feature is:
· a first RRCReconfiguration message is provided to the UE with a needForGapsConfigNR to enable the UE to provide the measurement gap requirement information of NR target bands.
· a first RRCReconfigurationComplete message with NeedForGapsInfoNR, where UE indicates whether measurement gap is needed by the UE to perform measurements on an NR target band, is responded.
· a second RRCReconfiguration message with measConfig, containing measurement objects and (if gaps are needed by UE) measGapConfig is sent to the UE.
· The UE includes the NeedForGapsInfoNR information in subsequent RRCReconfigurationComplete message if it is changed.
· In addition, the needForGapsConfigNR control field may also been included in RRCResume message. The UE return NeedForGapInfoNR information in RRCResumeComplete message.
The framework for NeedForGap feature can be reused for the UE to indicate the need of NCSG dynamically.
Proposal 2: The framework for NeedForGap feature can be reused for NCSG, i.e. extending corresponding information for the need of NCSG in RRC Reconfiguration procedure and RRC Resume procedure.
In order to indicate the need of NCSG, RAN4 agreed that UE can report three different capabilities: ‘no-gap-no-ncsg’, ’ncsg’ and ‘gap’. But there is no room to extend capabilities in NeedForGapInfoNR IE, as shown below.
-- ASN1START
-- TAG-NeedForGapsInfoNR-START

NeedForGapsInfoNR-r16 ::=        SEQUENCE {
    intraFreq-needForGap-r16      NeedForGapsIntraFreqlist-r16,
    interFreq-needForGap-r16      NeedForGapsBandlistNR-r16
}

NeedForGapsIntraFreqlist-r16 ::=          SEQUENCE (SIZE (1.. maxNrofServingCells)) OF NeedForGapsIntraFreq-r16

NeedForGapsBandlistNR-r16 ::=             SEQUENCE (SIZE (1..maxBands)) OF NeedForGapsNR-r16

NeedForGapsIntraFreq-r16  ::=                 SEQUENCE {
    servCellId-r16                               ServCellIndex,
    gapIndicationIntra-r16                       ENUMERATED {gap, no-gap}
}

NeedForGapsNR-r16  ::=                        SEQUENCE {
    bandNR-r16                                   FreqBandIndicatorNR,
    gapIndication-r16                            ENUMERATED {gap, no-gap}
}

-- TAG-NeedForGapsInfoNR-STOP
-- ASN1STOP
Thus, a separate request and a separate field, to indicate the UE supports ‘no-gap-no-ncsg’, ’ncsg’ or ‘gap’, need to be introduced. Examples for the request to report the gap requirement information with NCSG and MG and the report of the capabilities are provided in Annex.
Proposal 3: Similar as the IE NeedForGapsConfigNR, introduce a separate request in RRCReconfiguration message and RRCResume message to request the UE to report the gap requirement information with NCSG and MG.
Proposal 4: Similar as IE NeedForGapsInfoNR, introduce a separate field in RRCReconfigurationComplete message and RRCResumeComplete message to support the UE to report three different capabilities per band to be measured in a band combination: ‘no-gap-no-ncsg’, ’ncsg’ and ‘gap’.
2) NCSG patterns
According to RAN4 LS, RAN4 will develop NCSG patterns corresponding to legacy gap patterns #0~#23. Similar as legacy gap, NCSG feature also supports per UE, per FR1 and per FR2 patterns. 
Proposal 5: RAN2 confirm NCSG feature supports per UE, per FR1 and per FR2 patterns.
Furthermore, according to the discussion in RAN4, it is up to the NW implementation to configure the UE with legacy MG or with NCSG. That means legacy MG and NCSG cannot be configured simultaneously.
Proposal 6: RAN2 confirm it is not allowed to configure legacy MG and NCSG simultaneously.
In [1], RAN4 agreed:
	· RAN4 will define a dedicated table for NCSG pattern with similar structure as TS38.133 Table 9.1.2-1. The table of NCSG pattern will include the following parameters:
· NCSG pattern ID
· ML (Measurement Length in millisecond)
· VIRP (Visible Interruption Repetition Periodicity in millisecond)


Pattern ID is not introduced in legacy NR MG. The same principle can be reused for NCSG. In IE GapConfig, the parameters, MG repetition period, gap offset, and MG timing advance, are mandatory presented. But it is unclear if these parameters can still be applied to NCSG configuration. If most of them in IE GapConfig can be applied to NCSG, NCSG configuration can be extended in IE GapConfig directly. But if they cannot be reused to NCSG, NCSG configuration can be extended in IE MeasGapConfig. We can wait for RAN4’s further conclusions on NCSG.
Proposal 7: Wait for RAN4’s further conclusion on the parameters of NCSG pattern.
2.2. NCSG in MR-DC
If NCSG is applied to MR-DC, we need to discuss which node(s) request the UE to report provide the measurement gap requirement information of NR target bands, and which info would be exchanged between MCG and SCG. In Rel-16, NeedForGap feature is restricted to NR SA due to lack of time. In Rel-17, the same issue with limited time is happened. Considering the limited time budget, we prefer to restrict NCSG feature to NR SA as well.
Proposal 8: NCSG feature is retricted to NR SA.
Conclusion
In this contribution, we discuss possible impacts with NCSG in SA and MR-DC. Similar as NeedForGap feature in Rel-16, we propose:
Proposal 1: Introduce a UE capability indicator support of NCSG feature in UE AS capability.
Proposal 2: The framework for NeedForGap feature can be reused for NCSG, i.e. extending corresponding information for the need of NCSG in RRC Reconfiguration procedure and RRC Resume procedure.
Proposal 3: Similar as the IE NeedForGapsConfigNR, introduce a separate request in RRCReconfiguration message and RRCResume message to request the UE to report the gap requirement information with NCSG and MG.
Proposal 4: Similar as IE NeedForGapsInfoNR, introduce a separate field in RRCReconfigurationComplete message and RRCResumeComplete message to support the UE to report three different capabilities per band to be measured in a band combination: ‘no-gap-no-ncsg’, ’ncsg’ and ‘gap’.
Proposal 5: RAN2 confirm NCSG feature supports per UE, per FR1 and per FR2 patterns.
Proposal 6: RAN2 confirm it is not allowed to configure legacy MG and NCSG simultaneously.
Proposal 7: Wait for RAN4’s further conclusion on the parameters of NCSG pattern.
Proposal 8: NCSG feature is retricted to NR SA.
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Annex
1) Example of a separate request in RRCReconfiguration message and RRCResume message to request the UE to report the gap requirement information with NCSG and MG.
RRCReconfiguration-v1610-IEs ::=        SEQUENCE {
    otherConfig-v1610                       OtherConfig-v1610                                                    OPTIONAL, -- Need M
    bap-Config-r16                          SetupRelease { BAP-Config-r16 }                                      OPTIONAL, -- Need M
    iab-IP-AddressConfigurationList-r16     IAB-IP-AddressConfigurationList-r16                                  OPTIONAL, -- Need M
    conditionalReconfiguration-r16          ConditionalReconfiguration-r16                                       OPTIONAL, -- Need M
    daps-SourceRelease-r16                  ENUMERATED{true}                                                     OPTIONAL, -- Need N
    t316-r16                                SetupRelease {T316-r16}                                              OPTIONAL, -- Need M
    needForGapsConfigNR-r16                 SetupRelease {NeedForGapsConfigNR-r16}                               OPTIONAL, -- Need M
    onDemandSIB-Request-r16                 SetupRelease { OnDemandSIB-Request-r16 }                             OPTIONAL, -- Need M
    dedicatedPosSysInfoDelivery-r16         OCTET STRING (CONTAINING PosSystemInformation-r16-IEs)               OPTIONAL, -- Need N
    sl-ConfigDedicatedNR-r16                SetupRelease {SL-ConfigDedicatedNR-r16}                              OPTIONAL, -- Need M
    sl-ConfigDedicatedEUTRA-Info-r16        SetupRelease {SL-ConfigDedicatedEUTRA-Info-r16}                      OPTIONAL, -- Need M
    targetCellSMTC-SCG-r16                  SSB-MTC                                                              OPTIONAL, -- Need S
nonCriticalExtension                    SEQUENCE{}RRCReconfiguration-v17xy-IEs                                                          OPTIONAL
}

RRCReconfiguration-v17xy-IEs ::=        SEQUENCE {
    needForGapsAndNCSG-NR-v17xy             SetupRelease {NeedForGapsConfigNR-r16}                                                      OPTIONAL, -- Need M
    nonCriticalExtension                    SEQUENCE {}                                           OPTIONAL
}

RRCResume-v1610-IEs ::=             SEQUENCE {
    idleModeMeasurementReq-r16          ENUMERATED {true}                                               OPTIONAL, -- Need N
    restoreMCG-SCells-r16               ENUMERATED {true}                                               OPTIONAL, -- Need N
    restoreSCG-r16                      ENUMERATED {true}                                               OPTIONAL, -- Need N
    mrdc-SecondaryCellGroup-r16         CHOICE {
        nr-SCG-r16                          OCTET STRING (CONTAINING RRCReconfiguration),
        eutra-SCG-r16                       OCTET STRING
    }                                                                                                   OPTIONAL, -- Cond RestoreSCG
    needForGapsConfigNR-r16             SetupRelease {NeedForGapsConfigNR-r16}                          OPTIONAL, -- Need M
    nonCriticalExtension                SEQUENCE{}RRCResume-v17xy-IEs                                                          OPTIONAL
}

RRCResume-v17xy-IEs ::=        SEQUENCE {
    needForGapsAndNCSG-NR-v17xy             SetupRelease {NeedForGapsConfigNR-r16}                                                      OPTIONAL, -- Need M
    nonCriticalExtension                    SEQUENCE {}                                           OPTIONAL
}


2) Example of a separate field in RRCReconfigurationComplete message and RRCResumeComplete message to support the UE to report three different capabilities: ‘no-gap-no-ncsg’, ’ncsg’ and ‘gap’.
[bookmark: _Hlk92230849]RRCReconfigurationComplete-v1640-IEs ::=    SEQUENCE {
    uplinkTxDirectCurrentTwoCarrierList-r16     UplinkTxDirectCurrentTwoCarrierList-r16                                 OPTIONAL,
    nonCriticalExtension                        SEQUENCE {} RCReconfigurationComplete-v17xy                                                             OPTIONAL
}

RRCReconfigurationComplete-v17xy-IEs ::=    SEQUENCE {
needForGapsInfoNR-r17                       NeedForGapsInfoNR-r17                                                   OPTIONAL,
nonCriticalExtension                        SEQUENCE {}                                                             OPTIONAL
}

RRCResumeComplete-v1640-IEs ::=         SEQUENCE {
    uplinkTxDirectCurrentTwoCarrierList-r16 UplinkTxDirectCurrentTwoCarrierList-r16                                 OPTIONAL,
    nonCriticalExtension                    SEQUENCE {}RRCResumeComplete-v17xy-IEs                                                             OPTIONAL
}

RRCResumeComplete-v17xy-IEs ::=    SEQUENCE {
needForGapsInfoNR-r17                       NeedForGapsInfoNR-r17                                                   OPTIONAL,
nonCriticalExtension                        SEQUENCE {}                                                             OPTIONAL
}


NeedForGapsInfoNR-r17 ::=        SEQUENCE {
    intraFreq-needForGap-r17      NeedForGapsIntraFreqlist-r17,
    interFreq-needForGap-r17      NeedForGapsBandlistNR-r17
}

NeedForGapsIntraFreqlist-r17 ::=          SEQUENCE (SIZE (1.. maxNrofServingCells)) OF NeedForGapsIntraFreq-r17

NeedForGapsBandlistNR-r17 ::=             SEQUENCE (SIZE (1..maxBands)) OF NeedForGapsNR-r17

NeedForGapsIntraFreq-r17  ::=                 SEQUENCE {
    servCellId-r17                               ServCellIndex,
gapIndicationIntra-r17                       ENUMERATED {no-gap-no-ncsg, ncsg， gap}                                             optional,
...
}

NeedForGapsNR-r17  ::=                        SEQUENCE {
    bandNR-r17                                   FreqBandIndicatorNR,
    gapIndication-r17                            ENUMERATED {no-gap-no-ncsg, ncsg， gap}                                             optional,
...
}


