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Introduction
[bookmark: _Hlk66110521]In Rel-18, the NTN to TN mobility in the idle/inactive state is enhanced by signaling the TN coverage information in SIB25. With the TN coverage information being associated to the TN frequencies listed in SIB4/SIB5, the UE can determines whether to skip the measurement on a TN frequency based on if the UE is close to the TN coverage of that TN frequency. Although UEs can leverage the TN coverage information to prevent some unnecessary power consumption, some UEs may still end up wasting their power in measuring the TN cells/frequencies owned by the TN service provider that the UEs are not supposed to use. This paper aims to address this issue by proposing a remedy that has minimum specification impact and the corresponding text proposal.
Discussion 
An operator may operate one or more public land mobile networks (PLMNs).  Users having a subscription to a particular operator will have user equipment (UE) configured to register to a home PLMN (HPLMN) or equivalent HPLMN (EHPLMN) of the operator when the UE is in a coverage area of the HPLMN/EHPLMN.  Meanwhile, when the UE is out of a coverage area of the HPLMN/EHPLMN, the UE might register to another operator's PLMN under a roaming agreement between the operators. Operators are increasingly deploying satellite access (via NTN) or implementing roaming agreements with other operators for satellite access.  Because some NTNs are not confined to geopolitical boundaries, it is common for an NTN to have a PLMN identifier (ID) that differs from the PLMN IDs for terrestrial network (TN)s. Moreover, it is possible that there are multiple TN cells operated by different TN operators within the coverage of the same NTN cell, and these TN operators have a roaming agreement with the same satellite operator owning the NTN cell. In such a setup, the NTN cell (with an NTN-specific PLMN) may have to support all the UEs registered to these TN operators, and hence have to broadcast the information of the TN frequencies used by these TN operators in SIB4 or SIB5. 
[bookmark: _Toc159081701][bookmark: _Toc159244376][bookmark: _Toc159244438]An NTN cell of an NTN-specific PLMN may support the UEs registered to different TN operators, and hence may broadcast the information of the TN frequencies used by different TN operators in SIB4/5. 
Based on the frequency information provided in SIB4/5, the UE camping on the NTN cell may constantly scan and measure the TN frequencies owned by different TN operators, assuming the cell reselection priority of a TN frequency is always higher than that of an NTN frequency. As a result, the UE would probably waste its power in measuring a TN cell that the UE is not allowed to access, which is known to the UE only after the UE has reselected that cell and has acquired the PLMN ID of that cell from the SIB1 acquisition.
[bookmark: _Toc159081702][bookmark: _Toc159244377][bookmark: _Toc159244439]The UE camping on an NTN cell may scan and measure the TN frequencies used by a TN operator that the UE is not registered to, which results in unnecessary UE power consumption.
To make it faster for the UE to know the PLMN ID of a TN frequency/cell (and hence to avoid the unnecessary power consumption), we propose to indicate the PLMN ID(s) of a TN frequency in the carrier frequency information provided in SIB4 and SIB5. With this information, the UE is able to determine whether to perform the neighbor cell measurement on a TN frequency, not only based on whether the UE is close to that TN frequency, but also based on whether the UE is able to access the PLMN operating that TN frequency.
[bookmark: _Toc159081859][bookmark: _Toc158669705][bookmark: _Toc158669941]The PLMN ID(s) of a TN frequency can be provided by an NTN cell in SIB4/5. 
[bookmark: _Toc158669706][bookmark: _Toc158669942][bookmark: _Toc159081860]If proposal 1 is agreed, adopt the text proposal in Section 3. 
Text Proposal (to TS 38.331 v18.0.0)
[bookmark: _Toc156167846]
Start of the 1st Change
6.3.1	System information blocks
[bookmark: _Toc60777143][bookmark: _Toc156130267]–	SIB4
SIB4 contains information relevant for inter-frequency cell re-selection (i.e. information about other NR frequencies and inter-frequency neighbouring cells relevant for cell re-selection), which can also be used for NR idle/inactive measurements. The IE includes cell re-selection parameters common for a frequency as well as cell specific re-selection parameters.
SIB4 information element
-- ASN1START
-- TAG-SIB4-START

SIB4 ::=                            SEQUENCE {
    interFreqCarrierFreqList            InterFreqCarrierFreqList,
    lateNonCriticalExtension            OCTET STRING                                OPTIONAL,
    ...,
    [[
    interFreqCarrierFreqList-v1610      InterFreqCarrierFreqList-v1610              OPTIONAL   -- Need R
    ]],
    [[
    interFreqCarrierFreqList-v1700      InterFreqCarrierFreqList-v1700              OPTIONAL   -- Need R
    ]],
    [[
    interFreqCarrierFreqList-v1720      InterFreqCarrierFreqList-v1720              OPTIONAL   -- Need R
    ]],
    [[
    interFreqCarrierFreqList-v1730      InterFreqCarrierFreqList-v1730              OPTIONAL   -- Need R
    ]],
    [[
    interFreqCarrierFreqList-v1760      InterFreqCarrierFreqList-v1760              OPTIONAL   -- Need R
    ]],
    [[
    interFreqCarrierFreqList-v1800      InterFreqCarrierFreqList-v1800              OPTIONAL   -- Need R
    ]],
    [[
    interFreqCarrierFreqList-v1810      InterFreqCarrierFreqList-v1810              OPTIONAL   -- Need R
    ]]
}

InterFreqCarrierFreqList ::=        SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo

InterFreqCarrierFreqList-v1610 ::=  SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo-v1610

InterFreqCarrierFreqList-v1700 ::=  SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo-v1700

InterFreqCarrierFreqList-v1720 ::=  SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo-v1720

InterFreqCarrierFreqList-v1730 ::=  SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo-v1730

InterFreqCarrierFreqList-v1760 ::=  SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo-v1760

InterFreqCarrierFreqList-v1800 ::=  SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo-v1800

InterFreqCarrierFreqList-v1810 ::=  SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo-v1810

InterFreqCarrierFreqInfo ::=        SEQUENCE {
    dl-CarrierFreq                      ARFCN-ValueNR,
    frequencyBandList                   MultiFrequencyBandListNR-SIB                                OPTIONAL,   -- Cond Mandatory
    frequencyBandListSUL                MultiFrequencyBandListNR-SIB                                OPTIONAL,   -- Need R
    nrofSS-BlocksToAverage              INTEGER (2..maxNrofSS-BlocksToAverage)                      OPTIONAL,   -- Need S
    absThreshSS-BlocksConsolidation     ThresholdNR                                                 OPTIONAL,   -- Need S
    smtc                                SSB-MTC                                                     OPTIONAL,   -- Need S
    ssbSubcarrierSpacing                SubcarrierSpacing,
    ssb-ToMeasure                       SSB-ToMeasure                                               OPTIONAL,   -- Need S
    deriveSSB-IndexFromCell             BOOLEAN,
    ss-RSSI-Measurement                 SS-RSSI-Measurement                                         OPTIONAL,   -- Need R
    q-RxLevMin                          Q-RxLevMin,
    q-RxLevMinSUL                       Q-RxLevMin                                                  OPTIONAL,   -- Need R
    q-QualMin                           Q-QualMin                                                   OPTIONAL,   -- Need S
    p-Max                               P-Max                                                       OPTIONAL,   -- Need S
    t-ReselectionNR                     T-Reselection,
    t-ReselectionNR-SF                  SpeedStateScaleFactors                                      OPTIONAL,   -- Need S
    threshX-HighP                       ReselectionThreshold,
    threshX-LowP                        ReselectionThreshold,
    threshX-Q                           SEQUENCE {
        threshX-HighQ                       ReselectionThresholdQ,
        threshX-LowQ                        ReselectionThresholdQ
    }                                                                                               OPTIONAL,   -- Cond RSRQ
    cellReselectionPriority             CellReselectionPriority                                     OPTIONAL,   -- Need R
    cellReselectionSubPriority          CellReselectionSubPriority                                  OPTIONAL,   -- Need R
    q-OffsetFreq                        Q-OffsetRange                                               DEFAULT dB0,
    interFreqNeighCellList              InterFreqNeighCellList                                      OPTIONAL,   -- Need R
    interFreqExcludedCellList           InterFreqExcludedCellList                                   OPTIONAL,   -- Need R
    ...,
    [[
    mobileIAB-Freq                      ENUMERATED {true}                                           OPTIONAL    -- Need R
    ]]

}

InterFreqCarrierFreqInfo-v1610 ::=  SEQUENCE {
    interFreqNeighCellList-v1610        InterFreqNeighCellList-v1610                                OPTIONAL,    -- Need R
    smtc2-LP-r16                        SSB-MTC2-LP-r16                                             OPTIONAL,    -- Need R
    interFreqAllowedCellList-r16        InterFreqAllowedCellList-r16                                OPTIONAL,    -- Cond SharedSpectrum2
    ssb-PositionQCL-Common-r16          SSB-PositionQCL-Relation-r16                                OPTIONAL,    -- Cond SharedSpectrum
    interFreqCAG-CellList-r16           SEQUENCE (SIZE (1..maxPLMN)) OF InterFreqCAG-CellListPerPLMN-r16   OPTIONAL     -- Need R
}

InterFreqCarrierFreqInfo-v1700 ::=  SEQUENCE {
    interFreqNeighHSDN-CellList-r17     InterFreqNeighHSDN-CellList-r17                             OPTIONAL,    -- Need R
    highSpeedMeasInterFreq-r17          ENUMERATED {true}                                           OPTIONAL,    -- Need R
    redCapAccessAllowed-r17             ENUMERATED {true}                                           OPTIONAL,    -- Need R
    ssb-PositionQCL-Common-r17          SSB-PositionQCL-Relation-r17                                OPTIONAL,    -- Cond SharedSpectrum
    interFreqNeighCellList-v1710        InterFreqNeighCellList-v1710                                OPTIONAL     -- Cond SharedSpectrum2
}

InterFreqCarrierFreqInfo-v1720 ::=  SEQUENCE {
    smtc4list-r17                       SSB-MTC4List-r17                                            OPTIONAL     -- Need R
}

InterFreqCarrierFreqInfo-v1730 ::=  SEQUENCE {
    channelAccessMode2-r17              ENUMERATED {enabled}                                        OPTIONAL     -- Need R
}

InterFreqCarrierFreqInfo-v1760 ::=  SEQUENCE {
    frequencyBandList-v1760             MultiFrequencyBandListNR-SIB-v1760                          OPTIONAL,    -- Need R
    frequencyBandListSUL-v1760          MultiFrequencyBandListNR-SIB-v1760                          OPTIONAL     -- Need R
}

InterFreqCarrierFreqInfo-v1800 ::=  SEQUENCE {
    frequencyBandListAerial-r18         MultiFrequencyBandListNR-Aerial-SIB-r18                     OPTIONAL,    -- Need S
    mobileIAB-CellList-r18              PCI-Range                                                   OPTIONAL,    -- Need R
    eRedCapAccessAllowed-r18            ENUMERATED {true}                                           OPTIONAL,    -- Need R
    tn-AreaIdList-r18                   SEQUENCE (SIZE (1..maxTN-AreaInfo-r18)) OF TN-AreaId-r18    OPTIONAL     -- Need R
}

InterFreqCarrierFreqInfo-v1810 ::=  SEQUENCE {
    plmn-IdentityList-r18               SEQUENCE (SIZE (1..maxPLMN)) OF PLMN-Identity               OPTIONAL     -- Need R
}

InterFreqNeighHSDN-CellList-r17 ::= SEQUENCE (SIZE (1..maxCellInter)) OF PCI-Range

InterFreqNeighCellList ::=          SEQUENCE (SIZE (1..maxCellInter)) OF InterFreqNeighCellInfo

InterFreqNeighCellList-v1610 ::=    SEQUENCE (SIZE (1..maxCellInter)) OF InterFreqNeighCellInfo-v1610

InterFreqNeighCellList-v1710 ::=    SEQUENCE (SIZE (1..maxCellInter)) OF InterFreqNeighCellInfo-v1710

InterFreqNeighCellInfo ::=          SEQUENCE {
    physCellId                          PhysCellId,
    q-OffsetCell                        Q-OffsetRange,
    q-RxLevMinOffsetCell                INTEGER (1..8)                                              OPTIONAL,   -- Need R
    q-RxLevMinOffsetCellSUL             INTEGER (1..8)                                              OPTIONAL,   -- Need R
    q-QualMinOffsetCell                 INTEGER (1..8)                                              OPTIONAL,   -- Need R
    ...
}

InterFreqNeighCellInfo-v1610 ::=    SEQUENCE {
    ssb-PositionQCL-r16                 SSB-PositionQCL-Relation-r16                                OPTIONAL    -- Cond SharedSpectrum2
}

InterFreqNeighCellInfo-v1710 ::=    SEQUENCE {
    ssb-PositionQCL-r17                 SSB-PositionQCL-Relation-r17                                OPTIONAL    -- Cond SharedSpectrum2
}

InterFreqExcludedCellList ::=       SEQUENCE (SIZE (1..maxCellExcluded)) OF PCI-Range

InterFreqAllowedCellList-r16 ::=    SEQUENCE (SIZE (1..maxCellAllowed)) OF PCI-Range

InterFreqCAG-CellListPerPLMN-r16 ::= SEQUENCE {
    plmn-IdentityIndex-r16              INTEGER (1..maxPLMN),
    cag-CellList-r16                    SEQUENCE (SIZE (1..maxCAG-Cell-r16)) OF PCI-Range
}

-- TAG-SIB4-STOP
-- ASN1STOP
Start of the 2nd Change
[bookmark: _Toc60777144][bookmark: _Toc156130268]6.3.1	System information blocks
–	SIB5
SIB5 contains information relevant only for inter-RAT cell re-selection i.e. information about E-UTRA frequencies and E-UTRAs neighbouring cells relevant for cell re-selection. The IE includes cell re-selection parameters common for a frequency.
SIB5 information element
-- ASN1START
-- TAG-SIB5-START

SIB5 ::=                            SEQUENCE {
    carrierFreqListEUTRA                CarrierFreqListEUTRA                        OPTIONAL,       -- Need R
    t-ReselectionEUTRA                  T-Reselection,
    t-ReselectionEUTRA-SF               SpeedStateScaleFactors                      OPTIONAL,       -- Need S
    lateNonCriticalExtension            OCTET STRING                                OPTIONAL,
    ...,
    [[
    carrierFreqListEUTRA-v1610      CarrierFreqListEUTRA-v1610                      OPTIONAL        -- Need R
    ]],
    [[
    carrierFreqListEUTRA-v1700      CarrierFreqListEUTRA-v1700                      OPTIONAL,       -- Need R
    idleModeMeasVoiceFallback-r17   ENUMERATED{true}                                OPTIONAL        -- Need R
    ]],
    [[
    carrierFreqListEUTRA-v1800      CarrierFreqListEUTRA-v1800                      OPTIONAL        -- Need R
    ]],
    [[
    carrierFreqListEUTRA-v1810      CarrierFreqListEUTRA-v1810                      OPTIONAL        -- Need R
]]
}

CarrierFreqListEUTRA ::=            SEQUENCE (SIZE (1..maxEUTRA-Carrier)) OF CarrierFreqEUTRA

CarrierFreqListEUTRA-v1610 ::=      SEQUENCE (SIZE (1..maxEUTRA-Carrier)) OF CarrierFreqEUTRA-v1610

CarrierFreqListEUTRA-v1700 ::=      SEQUENCE (SIZE (1..maxEUTRA-Carrier)) OF CarrierFreqEUTRA-v1700

CarrierFreqListEUTRA-v1800 ::=      SEQUENCE (SIZE (1..maxEUTRA-Carrier)) OF CarrierFreqEUTRA-v1800

CarrierFreqListEUTRA-v1810 ::=      SEQUENCE (SIZE (1..maxEUTRA-Carrier)) OF CarrierFreqEUTRA-v1810

CarrierFreqEUTRA ::=                SEQUENCE {
    carrierFreq                         ARFCN-ValueEUTRA,
    eutra-multiBandInfoList             EUTRA-MultiBandInfoList                     OPTIONAL,       -- Need R
    eutra-FreqNeighCellList             EUTRA-FreqNeighCellList                     OPTIONAL,       -- Need R
    eutra-ExcludedCellList              EUTRA-FreqExcludedCellList                  OPTIONAL,       -- Need R
    allowedMeasBandwidth                EUTRA-AllowedMeasBandwidth,
    presenceAntennaPort1                EUTRA-PresenceAntennaPort1,
    cellReselectionPriority             CellReselectionPriority                     OPTIONAL,       -- Need R
    cellReselectionSubPriority          CellReselectionSubPriority                  OPTIONAL,       -- Need R
    threshX-High                        ReselectionThreshold,
    threshX-Low                         ReselectionThreshold,
    q-RxLevMin                          INTEGER (-70..-22),
    q-QualMin                           INTEGER (-34..-3),
    p-MaxEUTRA                          INTEGER (-30..33),
    threshX-Q                           SEQUENCE {
        threshX-HighQ                       ReselectionThresholdQ,
        threshX-LowQ                        ReselectionThresholdQ
    }                                                                               OPTIONAL        -- Cond RSRQ
}

CarrierFreqEUTRA-v1610 ::= SEQUENCE {
    highSpeedEUTRACarrier-r16       ENUMERATED {true}                               OPTIONAL        -- Need R
}

CarrierFreqEUTRA-v1700 ::=          SEQUENCE {
    eutra-FreqNeighHSDN-CellList-r17    EUTRA-FreqNeighHSDN-CellList-r17            OPTIONAL        -- Need R
}

CarrierFreqEUTRA-v1800 ::=          SEQUENCE {
    eutra-MultiBandInfoListAerial-r18   EUTRA-MultiBandInfoListAerial-r18           OPTIONAL,       -- Need R
    tn-AreaIdList-r18                   SEQUENCE (SIZE (1..maxTN-AreaInfo-r18)) OF TN-AreaId-r18  OPTIONAL   -- Need R
}

InterFreqCarrierFreqInfo-v1810 ::=  SEQUENCE {
    plmn-IdentityList-r18               SEQUENCE (SIZE (1..maxPLMN)) OF PLMN-Identity               OPTIONAL     -- Need R
}

EUTRA-FreqNeighHSDN-CellList-r17 ::= SEQUENCE (SIZE (1..maxCellEUTRA)) OF EUTRA-PhysCellIdRange

EUTRA-FreqExcludedCellList ::=      SEQUENCE (SIZE (1..maxEUTRA-CellExcluded)) OF EUTRA-PhysCellIdRange

EUTRA-FreqNeighCellList ::=         SEQUENCE (SIZE (1..maxCellEUTRA)) OF EUTRA-FreqNeighCellInfo

EUTRA-FreqNeighCellInfo ::=         SEQUENCE {
    physCellId                          EUTRA-PhysCellId,
    dummy                               EUTRA-Q-OffsetRange,
    q-RxLevMinOffsetCell                INTEGER (1..8)                              OPTIONAL,       -- Need R
    q-QualMinOffsetCell                 INTEGER (1..8)                              OPTIONAL        -- Need R
}

-- TAG-SIB5-STOP
-- ASN1STOP


End of the 2nd Change

Conclusion
In this paper, we discuss the NTN-to-TN mobility enhancement for the idle/inactive UE, with the following observation being made. 
Observation 1	An NTN cell of an NTN-specific PLMN may support the UEs registered to different TN operators, and hence may broadcast the information of the TN frequencies used by different TN operators in SIB4/5.
[bookmark: _GoBack]Observation 2	The UE camping on an NTN cell may scan and measure the TN frequencies used by a TN operator that the UE is not registered to, which results in unnecessary UE power consumption.
Based on the observations and discussion in this paper, we respectfully ask RAN2 to discuss and consider the following proposals
Proposal 1	The PLMN ID(s) of a TN frequency can be provided by an NTN cell in SIB4/5.
Proposal 2	If proposal 1 is agreed, adopt the text proposal in Section 3.
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