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With the introduction of 5G NR, an LTE cell can be connected to different types of core network (i.e. EPC or 5GC). The UE supporting LTE, however, may actually support LTE connected to only one type of core network. This brings a performance problem related to cell reselection from NR to LTE in the current version (June-2019) of 3GPP Rel-15 standard.
The problem is that a UE camped on NR cell has no idea about which CN generation (EPC / 5GC) an LTE neighbour cell is connected to. This is because the NR SIB5, which provide information about the LTE neighbour cells do not carry any information related to the neighbour cells' CN connection to the UE. As a result, the UE's cell reselection process will consider also such LTE cells which only has connection to a CN generation which is not accessible or allowable for the UE, thus UE will need to acquire SIB1 of the candidate LTE cell to determine whether it can access the cell or not. This acquisition of SIB1 needs to be performed repeatedly, i.e. the UE can only exclude the cell as a cell reselection candidate as long as the UE stays in the current cell, because the same EARFCN+PCI combination can be reused in other geographical location in the network. 
Although the problem does not cause system failure, unnecessary SIB1 acquisition increases UE battery consumption. In this paper, we propose solutions to the problem about CN type for cell reselection from NR to LTE.
Note: This contribution was submitted to RAN2#107 meeting, but the proposed method was not agreed, mainly because companies thought that it was too late to introduce such UE behaviour changes in Rel-15. As suggested by some companies, we submit the contribution for TEI-16 this time.
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Details of the problem
Here we provide details about scenarios where UE suffers from the abovementioned problem:
A) The UE does not support LTE connected to 5GC and is camped on NR cell. The current cell has such LTE neighbour cell(s) which is/are connected to 5GC only.
B) The UE does not support LTE connected to EPC and is camped on NR cell. The current cell has such LTE neighbour cell(s) which is/are connected to EPC only.
C) The UE supports LTE connected to EPC and is camped on NR cell, but the UE has S1 mode disabled as per 3GPP TS 24.301 (V15.5.0, chapter 4.5). The current cell has such LTE neighbour cell(s) which is/are connected to EPC only.
Proposed solution
To save unnecessary SIB1 reading, we suggest that system information messages which provide information about LTE neighbour cells (i.e. NR SIB5) be extended to carry information about neighbour cells' CN connection, i.e. to indicate whether neighbour LTE cells on an E-UTRA carrier frequency are connected to EPC, 5GC or both. The indication is set per frequency instead of per cell for simplicity, and it is also a reasonable deployment to connect all LTE cells on the same frequency to the same core network type. If a UE does not support the indicated CN type, it may choose not to perform measurements of this E-UTRA carrier frequency. Therefore, we have the following proposals.
Proposal 1:	In NR SIB5, introduce a field for each E-UTRA carrier frequency, indicating whether the cells on this carrier frequency are connected to EPC, 5GC or both. 
Proposal 2:	If a UE does not support the indicated CN type, it may choose not to perform measurements of this E-UTRA carrier frequency.
Conclusion
It is proposed to discuss and decide on the following proposal:
Proposal 1:	In NR SIB5, introduce a field for each E-UTRA carrier frequency, indicating whether the cells on this carrier frequency are connected to EPC, 5GC or both. 
Proposal 2:	If a UE does not support the indicated CN type, it may choose not to perform measurements of this E-UTRA carrier frequency.
Reference
[1] TS 38.304
[2] TS 38.331
Appendix
In the appendix, we provide text proposals (in a “draft CR” format) for both TS 38.304 and TS 38.331.
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Following rules are used by the UE to limit needed measurements:
-	If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements.
-	Otherwise, the UE shall perform intra-frequency measurements.
-	The UE shall apply the following rules for NR inter-frequencies and inter-RAT frequencies which are indicated in system information and for which the UE has priority provided as defined in 5.2.4.1:
-	For an E-UTRA frequency with cn-TypeCarrierEUTRA signalled as defined in TS 38.331[3], if the indicated CN type is not supported by the UE, the UE may choose not to perform measurements of the E-UTRA frequency.
-	For a NR inter-frequency or inter-RAT frequency with a reselection priority higher than the reselection priority of the current NR frequency, the UE shall perform measurements of higher priority NR inter-frequency or inter-RAT frequencies according to TS 38.133 [8].
-	For a NR inter-frequency with an equal or lower reselection priority than the reselection priority of the current NR frequency and for inter-RAT frequency with lower reselection priority than the reselection priority of the current NR frequency:
-	If the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, the UE may choose not to perform measurements of NR inter-frequencies or inter-RAT frequency cells of equal or lower priority;
-	Otherwise, the UE shall perform measurements of NR inter-frequencies or inter-RAT frequency cells of equal or lower priority according to TS 38.133 [8].
	Next Change


5.2.4.7.0	General reselection parameters
Cell reselection parameters are broadcast in system information and are read from the serving cell as follows:
absThreshSS-BlocksConsolidation
This specifies minimum threshold of the beam which can be used for selection of the highest ranked cell, if rangeToBestCell is configured.
cellReselectionPriority
This specifies the absolute priority for NR frequency or E-UTRAN frequency.
cellReselectionSubPriority
This specifies the fractional priority value added to cellReselectionPriority for NR frequency or E-UTRAN frequency.
cn-TypeCarrierEUTRA
This specifies the CN type (EPC, 5GC, or both) of cells on the corresponding E-UTRAN frequency.
[Remaining text skipped]
	End of Change
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[bookmark: _Toc12718217]–	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-r16			CarrierFreqListEUTRA-r16					OPTIONAL		  -- Need R
	]]

}

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

CarrierFreqListEUTRA-r16 ::=		SEQUENCE (SIZE (1..maxEUTRA-Carrier)) OF CarrierFreqEUTRA-r16

CarrierFreqEUTRA ::=                SEQUENCE {
    carrierFreq                         ARFCN-ValueEUTRA,
    eutra-multiBandInfoList             EUTRA-MultiBandInfoList                     OPTIONAL,       -- Need R
    eutra-FreqNeighCellList             EUTRA-FreqNeighCellList                     OPTIONAL,       -- Need R
    eutra-BlackCellList                 EUTRA-FreqBlackCellList                     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-r16 ::=			SEQUENCE {
	cn-TypeCarrierEUTRA-r16				ENUMERATED {epc, 5gc, both} 				OPTIONAL			-- Need R
}

EUTRA-FreqBlackCellList ::=         SEQUENCE (SIZE (1..maxEUTRA-CellBlack)) 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

	SIB5 field descriptions

	carrierFreqListEUTRA
List of carrier frequencies of E-UTRA.

	cn-TypeCarrierEUTRA
Indicate whether the cells on the E-UTRA carrier are connected to EPC, 5GC or both.

	dummy
This field is not used in the specification. If received it shall be ignored by the UE.

	eutra-BlackCellList
List of blacklisted E-UTRA neighbouring cells.

	eutra-multiBandInfoList
Indicates the list of frequency bands in addition to the band represented by carrierFreq for which cell reselection parameters are common, and a list of additionalPmax and additionalSpectrumEmission values, as defined in TS 36.101 [22], table 6.2.4-1, for the frequency bands in eutra-multiBandInfoList

	p-MaxEUTRA
The maximum allowed transmission power in dBm on the (uplink) carrier frequency, see TS 36.304 [27]. In dBm

	q-QualMin
Parameter "Qqualmin" in TS 36.304 [27]. Actual value Qqualmin = field value [dB].

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

	q-RxLevMin
Parameter "Qrxlevmin" in TS 36.304 [27]. Actual value Qrxlevmin = field value * 2 [dBm].

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

	t-ReselectionEUTRA
Parameter "TreselectionEUTRA" in TS 38.304 [20].

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

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

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

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

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



	Conditional Presence
	Explanation

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