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1 Introduction

The immediate or ping-pong cell reselection problem was observed in our real LTE network due to the absent of cell specific Q value for assessment of cell camping. . In this contribution, we provide our analysis on this issue and give corresponding suggestions in NR to avoid the issue.
2 Discussion
According to the current specification, the cell selection criterion S in normal coverage is fulfilled when:

	Srxlev > 0  AND  Squal > 0


where:
	Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset )– Pcompensation - Qoffsettemp
Squal = Qqualmeas – (Qqualmin + Qqualminoffset) - Qoffsettemp


When camped on a cell, the UE shall regularly search for a better cell according to the cell reselection criteria. During cell reselection, the UE shall perform ranking of all cells that fulfil the cell selection criterion S. When calculating the Srxlev or Squal of the serving cell (assuming cell 1), a cell specific Qrxlevmin or Qqualmin is used. But when calculating the neighbour cells’ Srxlev or Squal, a frequency specific Qrxlevmin or Qqualmin is used. When the UE reselects to a neighbour cell (assuming cell 2), it first read the system information and may find the cell specific parameter Qrxlevmin or Qqualmin broadcast by cell 2 is a larger value compared to the frequency specific parameter broadcast by cell 1. As a result, the UE will have to perform cell reselection procedure again to a new cell . In our view, the improper reselection to cell 2 would lengthen the cell reselection process and should be avoided.
Observation 1. After reselection to a neighbour cell using the frequency specific Qrxlevmin /Qqualmin, the UE may immediately trigger another cell reselection to another cell when it finds the cell selection criterion S could not be met with the cell specific Qrxlevmin /Qqualmin broadcast in target cell’s system information.

Possible solution could be considered as follows:
Introducing cell specific offset for cell camping assessment
When evaluating neighbour cell’s RX level or quality, the neighbour cell specific Qrxlevminoffsetcell or Qqualminoffsetcell is considered. 
	Srxlev > 0  AND  Squal > 0


where:
	Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset + Qrxlevminoffsetcell)– Pcompensation - Qoffsettemp
Squal = Qqualmeas – (Qqualmin + Qqualminoffset + Qqualminoffsetcell) - Qoffsettemp


In this case, neighbour cells’ Qrxlevminoffsetcell and Qqualminoffsetcellneed to be broadcast in SIB3 (intra frequency cell reselection)/SIB4 (inter-frequency cell re-selection)/SIB5 (inter-RAT cell re-selection) of the serving cell.
Proposal 1. Broadcast neighbour cell’s Qrxlevminoffsetcell and Qqualminoffsetcell in SIB3/SIB4/SIB5.

3 Conclusion

In this contribution, we analyzed the immediate cell reselection problem happened in our real network and propose a solution to solve it. 
Observation 1. After reselection to a neighbour cell using the frequency specificQrxlevmin /Qqualmin, the UE may immediately trigger another cell reselection procedure when it finds the cell selection criterion S could not be met with the cell specific Qrxlevmin /Qqualmin broadcast in target cell’s system information.

Proposal 1. Broadcast neighbour cell’s Qrxlevminoffsetcell and Qqualminoffsetcell in SIB3/SIB4/SIB5.
In addition, we kindly ask RAN2 to agree the following TP in the Appendix.
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Appendix A  Text Proposal for TS 38.331
–
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 N

intraFreqBlackCellList



IntraFreqBlackCellList

OPTIONAL,
-- Need N


...,


lateNonCriticalExtension



OCTET STRING



OPTIONAL
}

IntraFreqNeighCellList ::=

SEQUENCE (SIZE (1..maxCellIntra)) OF IntraFreqNeighCellInfo

IntraFreqNeighCellInfo ::=

SEQUENCE {


physCellId






PhysCellId,


q-OffsetCell





Q-OffsetRange,


ssb-ConfigMobility




SSB-ConfigMobility


OPTIONAL,

q-RxLevMinOffsetCell



INTEGER (1..8)



OPTIONAL
-- Need OP

q-QualMinOffsetCell




INTEGER (1..8)



OPTIONAL
-- Need OP

...

}

-- TAG-SIB3-STOP

-- ASN1STOP
	SIB3 field descriptions

	intraFreqBlackCellList

List of blacklisted intra-frequency neighbouring cells.

	intraFreqNeighCellList

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

	q-OffsetCell

Parameter “Qoffsets,n” in TS 38.304 [4].

	q-QualMinOffsetCell
Parameter "Qqualminoffsetcell" in TS 38.304 [4]. Actual value Qqualminoffsetcell = field value [dB]. 

	q-RxLevMinOffsetCell
Parameter Qrxlevminoffsetcell in TS 38.304 [4]. Actual value Qrxlevminoffsetcell = field value * 2 [dB]. 


–
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,


multiFrequencyBandListNR 

MultiFrequencyBandListNR,


nrofSS-BlocksToAverage


INTEGER (2..maxNrofSS-BlocksToAverage)

OPTIONAL,


absThreshSS-BlocksConsolidation
ThresholdNR








OPTIONAL,


ss-RSSI-Measurement






SEQUENCE {



measurementSlots






CHOICE {




kHz15









BIT STRING (SIZE(1)),




kHz30









BIT STRING (SIZE(2)),




kHz60









BIT STRING (SIZE(4)),




kHz120









BIT STRING (SIZE(8))



},



endSymbol








INTEGER(0..13)


}
OPTIONAL,


q-RxLevMin






Q-RxLevMin,


q-RxLevMinSUL





Q-RxLevMin


OPTIONAL, 

-- Need N

q-QualMin






Q-QualMin,


p-Max







P-Max
 





OPTIONAL,

-- Need N

t-ReselectionNR




T-Reselection,


threshX-HighP





ReselectionThreshold,


threshX-LowP





ReselectionThreshold,


threshX-Q





SEQUENCE {



threshX-HighQ





ReselectionThresholdQ,



threshX-LowQ





ReselectionThresholdQ


}
















OPTIONAL, -- Cond RSRQ


cellReselectionPriority


CellReselectionPriority

OPTIONAL,

-- Need N

q-OffsetFreq





Q-OffsetRange




DEFAULT dB0,


interFreqNeighCellList


InterFreqNeighCellList

OPTIONAL, 

-- Need N

interFreqBlackCellList


InterFreqBlackCellList

OPTIONAL, 

-- Need N


...

}

InterFreqNeighCellList ::=


SEQUENCE (SIZE (1..maxCellInter)) OF InterFreqNeighCellInfo

InterFreqNeighCellInfo ::=


SEQUENCE {


physCellId







PhysCellId,


q-OffsetCell






Q-OffsetRange,


ssb-ConfigMobility





SSB-ConfigMobility


OPTIONAL,

q-RxLevMinOffsetCell




INTEGER (1..8)


OPTIONAL
-- Need OP

q-QualMinOffsetCell





INTEGER (1..8)


OPTIONAL
-- Need OP

...

}

InterFreqBlackCellList ::=


SEQUENCE (SIZE (1..maxCellBlack)) OF PCI-Range

-- TAG-SIB4-STOP

-- ASN1STOP
	SIB4 field descriptions

	absThreshSS-BlocksConsolidation 

Threshold for consolidation of L1 measurements per RS index.

	interFreqBlackCellList

List of blacklisted inter-frequency neighbouring cells.

	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.

	nrofSS-BlocksToAverage 

Number of SS blocks to average for cell measurement derivation.

	p-Max

Value applicable for the neighbouring NR cells on this carrier frequency. [FFS = Ref]

	q-OffsetCell

Parameter “Qoffsets,n” in TS 38.304 [4].

	q-OffsetFreq

Parameter “Qoffsetfrequency” in TS 38.304 [4].

	q-QualMin

Parameter “Qqualmin” in TS 38.304 [4]. 

	q-QualMinOffsetCell
Parameter "Qqualminoffsetcell" in TS 38.304 [4]. Actual value Qqualminoffsetcell = field value [dB]. 

	q-RxLevMinOffsetCell
Parameter Qrxlevminoffsetcell in TS 38.304 [4]. Actual value Qrxlevminoffsetcell = field value * 2 [dB]. 

	threshX-HighP

Parameter “ThreshX, HighP” in TS 38.304 [4].

	threshX-HighQ

Parameter “ThreshX, HighQ” in TS 38.304 [4].

	threshX-LowP

Parameter “ThreshX, LowP” in TS 38.304 [4].

	threshX-LowQ

Parameter “ThreshX, LowQ” in TS 38.304 [4].

	t-ReselectionNR

Parameter “TreselectionNR” in TS 38.304 [4].


	Conditional presence
	Explanation

	RSRQ
	The field is mandatory present if threshServingLowQ is present in SIB2; otherwise it is not present.


–
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 N

t-ReselectionEUTRA



T-Reselection,


...,


lateNonCriticalExtension

OCTET STRING



OPTIONAL
}

CarrierFreqListEUTRA ::=

SEQUENCE (SIZE (1..maxEUTRA-Carrier)) OF CarrierFreqEUTRA 

CarrierFreqEUTRA ::=



SEQUENCE {


carrierFreq





ARFCN-ValueEUTRA,


eutra-multiBandInfoList


EUTRA-MultiBandInfoList


OPTIONAL,
-- Need N


eutra-FreqNeighCellList


EUTRA-FreqNeighCellList


OPTIONAL, 

-- Need N

eutra-BlackCellList



EUTRA-FreqBlackCellList


OPTIONAL, -- Need N

allowedMeasBandwidth



EUTRA-AllowedMeasBandwidth,


presenceAntennaPort1



EUTRA-PresenceAntennaPort1,


cellReselectionPriority


CellReselectionPriority


OPTIONAL, 

-- Need N


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
}

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,


q-OffsetCell






Q-OffsetRange,

q-RxLevMinOffsetCell




INTEGER (1..8)


OPTIONAL
-- Need OP

q-QualMinOffsetCell





INTEGER (1..8)


OPTIONAL
-- Need OP
}

-- TAG-SIB5-STOP

-- ASN1STOP
	SIB5 field descriptions

	carrierFreqListEUTRA

List of carrier frequencies of EUTRA.

	EUTRA-BlackCellList

List of blacklisted EUTRA 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 [xx, table 6.2.4-1] for UEs neither in CE nor BL UEs and TS 36.101 [xx, table 6.2.4E-1] for UEs in CE or BL UEs, for the frequency bands in multiBandInfoList

	p-MaxEUTRA

The maximum allowed transmission power on the (uplink) carrier frequency, see TS 36.304 [21]. In dBm

	q-QualMin

Parameter “Qqualmin” in TS 36.304 [21]. Actual value Qqualmin = field value [dB].

	q-RxLevMin

Parameter “Qrxlevmin” in TS 36.304 [21]. Actual value Qrxlevmin = field value * 2 [dBm].

	q-QualMinOffsetCell
Parameter "Qqualminoffsetcell" in TS 38.304 [4]. Actual value Qqualminoffsetcell = field value [dB]. 

	q-RxLevMinOffsetCell
Parameter Qrxlevminoffsetcell in TS 38.304 [4]. 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].


Appendix B  Text Proposal for TS 38.304
5.2.3.2
Cell Selection Criterion

The cell selection criterion S in normal coverage is fulfilled when:

	Srxlev > 0  AND  Squal > 0


where:
	Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset + Qrxlevminoffsetcell)– Pcompensation - Qoffsettemp
Squal = Qqualmeas – (Qqualmin + Qqualminoffset + Qqualminoffsetcell) - Qoffsettemp


where:

	Srxlev
	Cell selection RX level value (dB)

	Squal
	Cell selection quality value (dB)

	Qoffsettemp
	Offset temporarily applied to a cell as specified in [3] (dB)

	Qrxlevmeas
	Measured cell RX level value (RSRP)

	Qqualmeas
	Measured cell quality value (RSRQ)

	Qrxlevmin
	Minimum required RX level in the cell (dBm). If the UE supports SUL frequency for this cell, Qrxlevmin is obtained from q-RxLevMin-sul, if present, in SIB1, else Qrxlevmin is obtained from q-RxLevMin in SIB1.

	Qqualmin
	Minimum required quality level in the cell (dB)

	Qrxlevminoffset
	Offset to the signalled Qrxlevmin taken into account in the Srxlev evaluation as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN [9]

	Qqualminoffset
	Offset to the signalled Qqualmin taken into account in the Squal evaluation as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN [9]

	Qrxlevminoffsetcell
	Offset to the signalled Qrxlevminoffset for the neighbour cell’s Srxlev evaluation

	Qqualminoffsetcell
	Offset to the signalled Qqualminoffset for the neighbour cell’s Squal evaluation

	Pcompensation 
	If the UE supports the additionalPmax in the NS-PmaxList, if present, in SIB1:

max(PEMAX1 –PPowerClass, 0) – (min(PEMAX2, PPowerClass) – min(PEMAX1, PPowerClass)) (dB);

else:

max(PEMAX1 –PPowerClass, 0) (dB)
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