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Introduction
In the last meeting, it is agreed that the PCI range(s) can be optionally signaled per PLMN and per frequency when the CAG cell is shared among different PLMNs. Therefore intraFreqCAG-CellList in SIB3 and interFreqCAG-CellList in SIB4 are introduced to TS 38.331 [1].
Both intraFreqCAG-CellList in SIB3 and interFreqCAG-CellList in SIB4 include an entry list, and each entry could include a list of PLMNs and a list of PCI ranges. And the field description only indicated the field is a “List of intra-frequency/ inter-frequency neighbouring CAG cells per PLMN”.
The network limitation of the CAG PCI range is ambiguous in the current specification, and the UE behaviors will also be confused based on the different comprehension of the CAG PCI range scope. In this contribution, we would like to make some further analysis of it.
Discussion
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]Definition of the CAG PCI Range
In LTE, a field of csg-PhysCellIdRange is used to indicate the PCI range of CSG cell: 
	csg-PhysCellIdRange					PhysCellIdRange				OPTIONAL,	-- Cond CSG
	csg-PhysCellIdRange
Set of physical cell identities reserved for CSG cells on the frequency on which this field was received. The received csg-PhysCellIdRange applies if less than 24 hours has elapsed since it was received and it was received in the same primary PLMN. The 3 hour validity restriction (section 5.2.1.3) does not apply to this field.


From the perspective of functionality, it is mandatory for the UE to support a minimum set of CSG functionality consisting of:
-	Identifying whether a cell is CSG or not;
-	Ignoring CSG cells in cell selection/reselection.
From the usage of CSG PCI range, we can conclude that the field of csg-PhysCellIdRange only includes the PCI range of CSG only cells since the normal UE without CSG capability could ignore them in cell selection/reselection. The PCI range of hybrid cells should not be set into csg-PhysCellIdRange by the network and then the normal UE could still choose the hybrid cells for cell selection/reselection.
In 36.300, the definition of CSG cell also confirms this comprehension:
	CSG Cell: a cell broadcasting a CSG indicator set to true and a specific CSG identity.


Observation: In LTE, the csg-PhysCellIdRange only includes the PCI range of CSG only cells.
For NR, the PCI range function is agreed to introduce for both intra-frequency and inter-frequency. It is described as a list of neighbouring CAG cells per PLMN per frequency. The network limitation of the CAG PCI range is ambiguous, which may impact the UE behaviors of how to use the CAG PCI range in cell selection/reselection.
Two options for the cells to be included in PCI range:
Option 1: All cells support CAG, which includes CAG only cells and shared CAG cells;
· Advantage: The CAG capable UE could perform cell reselection only in the CAG PCI range, and ignore other PCIs. 
· Disadvantage: Non-CAG capable UEs cannot ignore any PCIs, all PCIs in the frequency should be considered for cell reselection evaluation. Therefore only CAG capable UE could have benefit.
Option 2: CAG only cells, mimicked from LTE CSG cell.
· Advantage:  
· For CAG capable UE, the PLMN ID indicated in SIB3/4 could be used to filter part of the PCI ranges; 
· For non-CAG capable UE, all the PCIs in the CAG PCI range could be ignored for cell reselection evaluation;
· Disadvantage: It is not CAG capable UE exclusive parameter, and all UEs could consider it for cell reselection evaluation.
From the analysis above we can conclude that if define the CAG PCI range to only include the CAG only cells may have benefit for both the CAG capable UE and non-capable UE. Since the non-capable UEs may have a larger volume, it is proposed to choose Option2.
Proposal 1: The network only includes the PCI range of CAG-only cell in the CAG PCI range list.
After the definition of the CAG PCI range are decided, the subsequent UE behavior regarding the CAG PCI range could be specified in TS 38.304, which is included in the other CATT’s contribution [2].

Use Common IE for the CAG PCI Range in SIB3 and SIB4
The IE structure of the fields of intraFreqCAG-CellList in SIB3 and interFreqCAG-CellList in SIB4 are the same:
intraFreqCAG-CellList in SIB3:
    intraFreqCAG-CellList-r16           SEQUENCE (SIZE (1..maxPLMN)) OF IntraFreqCAG-CellPerPLMN-r16 OPTIONAL    -- Need R
IntraFreqCAG-CellList-r16 ::=       SEQUENCE {
    plmn-IdentityIndex-r16              INTEGER (1..maxPLMN),
    cag-CellList-r16                    SEQUENCE (SIZE (1..maxCAG-Cell-r16)) OF PCI-Range
}
interFreqCAG-CellList in SIB4:
    interFreqCAG-CellList-r16           SEQUENCE (SIZE (1..maxPLMN)) OF InterFreqCAG-CellList-r16    OPTIONAL     -- Need R
InterFreqCAG-CellList-r16 ::=      SEQUENCE {
    plmn-IdentityIndex-r16              INTEGER (1..maxPLMN),
    cag-CellList-r16                    SEQUENCE (SIZE (1..maxCAG-Cell-r16)) OF PCI-Range
}
So it is proposed to use a common IE for the two fields which could make the ASN.1 text clearer.
Proposal 2: Define a new common IE of CAG-PhysCellIdRange-r16 for both intraFreqCAG-CellList and interFreqCAG-CellList fields.
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the analysis in section 2, we propose:
Observation: In LTE, the csg-PhysCellIdRange only includes the PCI range of CSG only cells.
Proposal 1: The network only includes the PCI range of CAG-only cell in the CAG PCI range list.
Proposal 2: Define a new common IE of CAG-PhysCellIdRange-r16 for both intraFreqCAG-CellList and interFreqCAG-CellList fields.
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<Unchanged text omitted>
[bookmark: _Toc20425922][bookmark: _Toc29321318][bookmark: _Toc36757044][bookmark: _Toc36836585][bookmark: _Toc36843562][bookmark: _Toc37067851]–	SIB3
SIB3 contains neighbouring cell related information relevant only for intra-frequency cell re-selection. The IE includes cells with specific re-selection parameters as well as blacklisted cells.
SIB3 information element
-- ASN1START
-- TAG-SIB3-START

SIB3 ::=                            SEQUENCE {
    intraFreqNeighCellList              IntraFreqNeighCellList      OPTIONAL,   -- Need R
    intraFreqBlackCellList              IntraFreqBlackCellList      OPTIONAL,   -- Need R
    lateNonCriticalExtension            OCTET STRING                OPTIONAL,
    ...,
    [[
    intraFreqWhiteCellList-r16          IntraFreqWhiteCellList-r16   OPTIONAL,    -- Need R
    intraFreqCAG-CellList-r16           SEQUENCE (SIZE (1..maxPLMN)) OF CAG-PhysCellIdRange-r16 OPTIONAL    -- Need R
]]
}

IntraFreqNeighCellList ::=          SEQUENCE (SIZE (1..maxCellIntra)) OF IntraFreqNeighCellInfo

IntraFreqNeighCellInfo ::=          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
    ...,
    [[
    ssb-PositionQCL-r16                 SSB-PositionQCL-Relationship-r16   OPTIONAL   -- Need R
    ]]

}

IntraFreqBlackCellList ::=          SEQUENCE (SIZE (1..maxCellBlack)) OF PCI-Range

IntraFreqWhiteCellList-r16 ::=      SEQUENCE (SIZE (1..maxCellWhite)) OF PCI-Range






-- TAG-SIB3-STOP
-- ASN1STOP

	SIB3 field descriptions

	intraFreqBlackCellList
List of blacklisted intra-frequency neighbouring cells.

	intraFreqCAG-CellList
List of intra-frequency neighbouring CAG cells per PLMN. The network only includes the PCI range(s) of CAG-only cell(s) in this field.

	intraFreqNeighCellList
List of intra-frequency neighbouring cells with specific cell re-selection parameters.

	intraFreqWhiteCellList
List of whitelisted intra-frequency neighbouring cells, see TS 38.304 [20], clause 5.2.4.

	q-OffsetCell
Parameter "Qoffsets,n" in TS 38.304 [20].

	q-QualMinOffsetCell
Parameter "Qqualminoffsetcell" in TS 38.304 [20]. Actual value Qqualminoffsetcell = field value [dB].

	q-RxLevMinOffsetCell
Parameter "Qrxlevminoffsetcell" in TS 38.304 [20]. Actual value Qrxlevminoffsetcell = field value * 2 [dB].

	q-RxLevMinOffsetCellSUL
Parameter "QrxlevminoffsetcellSUL" in TS 38.304 [20]. Actual value QrxlevminoffsetcellSUL = field value * 2 [dB].

	ssb-PositionQCL
Indicates the QCL relationship between SS/PBCH blocks for a specific intra-frequency neighbor cell as specified in TS 38.213 [13], clause 4.1. If provided, the cell specific value overwrites the value signalled by ssb-PositionQCL-Common in SIB2 for the indicated cell.



[bookmark: _Toc20425923][bookmark: _Toc29321319][bookmark: _Toc36757045][bookmark: _Toc36836586][bookmark: _Toc36843563][bookmark: _Toc37067852]–	SIB4
SIB4 contains information relevant only for inter-frequency cell re-selection i.e. information about other NR frequencies and inter-frequency neighbouring cells relevant for cell re-selection. 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 ::=        SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo

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,
    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
    interFreqBlackCellList              InterFreqBlackCellList                      OPTIONAL,   -- Need R
    ...,
    [[
    smtc2-LP-r16                        SSB-MTC2-LP-r16                             OPTIONAL,    -- Need R
    interFreqWhiteCellList-r16          InterFreqWhiteCellList-r16                  OPTIONAL,   -- Need R
[bookmark: _Hlk32438289]    ssb-PositionQCL-Common-r16          SSB-PositionQCL-Relationship-r16            OPTIONAL,    -- Need R
    interFreqCAG-CellList-r16           SEQUENCE (SIZE (1..maxPLMN)) OF CAG-PhysCellIdRange-r16    OPTIONAL     -- Need R
    ]]
}

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

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
    ...,
    [[
    ssb-PositionQCL-r16                 SSB-PositionQCL-Relationship-r16            OPTIONAL    -- Need R
    ]]

}

InterFreqBlackCellList ::=          SEQUENCE (SIZE (1..maxCellBlack)) OF PCI-Range

InterFreqWhiteCellList-r16 ::=      SEQUENCE (SIZE (1..maxCellWhite)) OF PCI-Range






-- TAG-SIB4-STOP
-- ASN1STOP

	SIB4 field descriptions

	absThreshSS-BlocksConsolidation
Threshold for consolidation of L1 measurements per RS index. If the field is absent, the UE uses the measurement quantity as specified in TS 38.304 [20].

	deriveSSB-IndexFromCell
This field indicates whether the UE may use the timing of any detected cell on that frequency to derive the SSB index of all neighbour cells on that frequency. If this field is set to true, the UE assumes SFN and frame boundary alignment across cells on the neighbor frequency as specified in TS 38.133 [14].

	dl-CarrierFreq
This field indicates center frequency of the SS block of the neighbour cells, where the frequency corresponds to a GSCN value as specified in TS 38.101-1 [15].

	frequencyBandList
Indicates the list of frequency bands for which the NR cell reselection parameters apply.

	interFreqBlackCellList
List of blacklisted inter-frequency neighbouring cells.

	interFreqCAG-CellList
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]List of inter-frequency neighbouring CAG cells per PLMN. The network only includes the PCI range(s) of CAG-only cell(s) in this field.

	interFreqCarrierFreqList
List of neighbouring carrier frequencies and frequency specific cell re-selection information. 

	interFreqNeighCellList
List of inter-frequency neighbouring cells with specific cell re-selection parameters.

	interFreqWhiteCellList
List of whitelisted inter-frequency neighbouring cells, see TS 38.304 [20], clause 5.2.4.

	nrofSS-BlocksToAverage
Number of SS blocks to average for cell measurement derivation. If the field is absent, the UE uses the measurement quantity as specified in TS 38.304 [20].

	p-Max
Value in dBm applicable for the neighbouring NR cells on this carrier frequency. If absent the UE applies the maximum power according to TS 38.101-1 [15] in case of an FR1 cell or TS 38.101-2 [39] in case of an FR2 cell. In this release of the specification, if p-Max is present on a carrier frequency in FR2, the UE shall ignore the field and applies the maximum power according to TS 38.101-2 [39].

	q-OffsetCell
Parameter "Qoffsets,n" in TS 38.304 [20].

	q-OffsetFreq
Parameter "Qoffsetfrequency" in TS 38.304 [20].

	q-QualMin
Parameter "Qqualmin" in TS 38.304 [20]. If the field is absent, the UE applies the (default) value of negative infinity for Qqualmin.

	q-QualMinOffsetCell
Parameter "Qqualminoffsetcell" in TS 38.304 [20]. Actual value Qqualminoffsetcell = field value [dB].

	q-RxLevMin
Parameter "Qrxlevmin" in TS 38.304 [20].

	q-RxLevMinOffsetCell
Parameter "Qrxlevminoffsetcell" in TS 38.304 [20]. Actual value Qrxlevminoffsetcell = field value * 2 [dB].

	q-RxLevMinOffsetCellSUL
Parameter "QrxlevminoffsetcellSUL" in TS 38.304 [20]. Actual value QrxlevminoffsetcellSUL = field value * 2 [dB].

	q-RxLevMinSUL
Parameter "Qrxlevmin" in TS 38.304 [20].

	smtc
Measurement timing configuration for inter-frequency measurement. If this field is absent, the UE assumes that SSB periodicity is 5 ms in this frequency.

	smtc2-LP-r16
Measurement timing configuration for inter-frequency neighbour cells with a Long Periodicity (LP) indicated by periodicity in smtc2-LP-r16. The timing offset and duration are equal to the offset and duration indicated in smtc in InterFreqCarrierFreqInfo. The periodicity in smtc2-LP-r16 can only be set to a value strictly larger than the periodicity in smtc in InterFreqCarrierFreqInfo (e.g. if smtc indicates sf20 the Long Periodicity can only be set to sf40, sf80 or sf160, if smtc indicates sf160, smtc2-LP-r16 cannot be configured). The pci-List, if present, includes the physical cell identities of the inter-frequency neighbour cells with Long Periodicity. If smtc2-LP-r16 is absent, the UE assumes that there are no inter-frequency neighbour cells with a Long Periodicity.

	ssb-PositionQCL
Indicates the QCL relationship between SS/PBCH blocks for a specific neighbor cell as specified in TS 38.213 [13], clause 4.1. If provided, the cell specific value overwrites the common value signalled by ssb-PositionQCL-Common in SIB4 for the indicated cell.

	ssb-PositionQCL-Common
Indicates the QCL relationship between SS/PBCH blocks for inter-frequency neighbor cells as specified in TS 38.213 [13], clause 4.1.

	ssb-ToMeasure
The set of SS blocks to be measured within the SMTC measurement duration (see TS 38.215 [9]). When the field is absent the UE measures on all SS-blocks.

	ssbSubcarrierSpacing
Subcarrier spacing of SSB. Only the values 15 kHz or 30 kHz (FR1), and 120 kHz or 240 kHz (FR2) are applicable.

	threshX-HighP
Parameter "ThreshX, HighP" in TS 38.304 [20].

	threshX-HighQ
Parameter "ThreshX, HighQ" in TS 38.304 [20].

	threshX-LowP
Parameter "ThreshX, LowP" in TS 38.304 [20].

	threshX-LowQ
Parameter "ThreshX, LowQ" in TS 38.304 [20].

	t-ReselectionNR
Parameter "TreselectionNR" in TS 38.304 [20].

	t-ReselectionNR-SF
Parameter "Speed dependent ScalingFactor for TreselectionNR" in TS 38.304 [20]. If the field is absent, the UE behaviour is specified in TS 38.304 [20].



	Conditional Presence
	Explanation

	Mandatory
	The field is mandatory present in SIB4.

	RSRQ
	The field is mandatory present if threshServingLowQ is present in SIB2; otherwise it is absent.



6.3.2	Radio resource control information elements
<Unchanged text omitted>
–	CAG-PhysCellIdRange
The IE CAG-PhysCellIdRange includes CAG cell ranges per PLMN (list) for a specific frequency.
CAG-PhysCellIdRange information element
-- ASN1START
-- TAG-CAG-PHYSCELLIDRANGE-START

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

-- TAG-CAG-PHYSCELLIDRANGE-STOP
-- ASN1STOP


