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1 Introduction
The immediate or ping-pong cell reselection problem was confirmed in the last meeting [1][2][3]. However the solution has not been decided. In this contribution, we would discuss the possible solutions and further analysis the pros and cons of these solutions. 
	 =>	RAN2 confirm the immediate cell reselection issue and figure out solution next meeting.


2 [bookmark: OLE_LINK279][bookmark: OLE_LINK280][bookmark: OLE_LINK305][bookmark: OLE_LINK306]Discussion
[bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK1]The immediate cell reselection issue happens when a UE try to reselect to a target cell which fulfilling the S criteria according to the frequency specific Qrxlevmin/Qqualmin in camping cell’s SIB3/4/5 but not fulfilling the S criteria according to the target cell’s cell specific Qrxlevmin/Qqualmin in SIB1. The main reason is that the cell specific Q parameter is much higher than the frequency specific Q parameters. 
To solve the immediate cell reselection issue, three solutions are raised from different angle::
1) UE based solution
That is, it depends on UE implementation to decide whether cell specific or frequency specific Qrxlevmin/Qqualmin is used. As a result, some UEs with higher UE capability would use the cell specific Qrxlevmin/Qqualmin to evaluate neighbour cell’s quality by reading the neighbour cell’s SIB1, while some UEs may only use the frequency specific Qrxlevmin/Qqualmin that may not reflect the actual requirement of the target cell. The immediate cell reselection issue could not be solved at least for part of UEs since the UE does not need to read system information from neighbor cells for determining cell quality and ranking according to RAN2#101bis agreements [4].
2) Network based solution A: introducing cell specific offset in camping cell’s SIB3/4/5
When evaluating neighbour cell’s RX level or quality, the neighbour cell specific offset 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 Qqualminoffsetcell need to be broadcast in SIB3 (intra frequency cell reselection)/SIB4 (inter-frequency cell re-selection)/SIB5 (inter-RAT cell re-selection) of the camping cell. The specification impacts are small since only 96bits (3bits * 2*16) need to be introduced per SIB. The following is a revision example. 
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

3) Network based solution B: Using a modified ranking process
The cell-ranking criterion Rs for serving cell and Rn for neighbouring cells is defined by:
	Rs = Qmeas,s +Qhyst 
Rn = Qmeas,n -Qoffset- Qoffsetcell


For simplicity, assume Qhyst = 0dB, Qoffset = 0dB, frequency specific Qrxlevmin/Qqualmin = -116dBm.
When serving cell Qrxlevmin/Qqualmin = -116dBm, neighbour cell 1 Qrxlevmin/Qqualmin = -110dBm, neighbour cell 2 Qrxlevmin/Qqualmin = -116dBm, what Qoffsetcell will be for neighbour cell 1? 6dB? And what Qoffsetcell will be for neighbour cell 2? 0dB?
Taking the following examples with the assumption Qoffsetcell = 6dB for the neighbour cell 1 and Qoffsetcell = 0dB for the neighbour cell 2:
	
	Serving cell
	Neighbour cell 1
	Neighbour cell 2

	Example 1
	Rs = Qmeas,s = -114dBm
	Qmeas,n = -112dBm, then if Qoffsetcell = 6dB, 
Rn = Qmeas,n -Qoffset- Qoffsetcell = -118dBm
	-

	
	In this case, it seems that immediate cell reselection can be avoided

	Example 2
	Rs = Qmeas,s = -114dBm
	Qmeas,n = -108dBm, then if Qoffsetcell = 6dB, 
Rn = Qmeas,n -Qoffset- Qoffsetcell = -114dBm, 
	-

	
	Better neighbour cell (i.e. Neighbour cell 1) cannot be reselected.

	Example 3
	Rs = Qmeas,s = -100dBm
	Qmeas,n = -96dBm, then if Qoffsetcell = 6dB, 
Rn = Qmeas,n -Qoffset- Qoffsetcell = -104dBm,
	-

	
	Better neighbour cell (i.e. Neighbour cell 1) cannot be reselected.

	Example 4
	Rs = Qmeas,s = -114dBm
	Qmeas,n = -96dBm, then if Qoffsetcell = 6dB, 
Rn = Qmeas,n -Qoffset- Qoffsetcell = -104dBm,
	Qmeas,n = -100dBm, then if Qoffsetcell = 0dB, 
Rn = Qmeas,n -Qoffset- Qoffsetcell = -100dBm

	
	Better neighbour cell (i.e. Neighbour cell 1) cannot be reselected.



From these illustrations, it is obvious that the Qoffsetcell cannot resolve the problem without side effect.
In network based solution B, neighbour cells’ Qoffsetcell need to be broadcast in SIB3/4/5 of the camping cell. The specification impacts are small since 80bits (5bits *16) need to be introduced per SIB considering 32 Qoffsetcell values may be similar to the IE Q-OffsetRange.

Generally, the pros and cons of these possible solutions are as follows:
	
	UE based solution
	Network based solution A: introducing cell specific offset in camping cell’s SIB3/4/5
	Network based solution B: Using a modified ranking process

	Issue solved?
	Partly NOT
	YES 
	YES 

	Cell reselection performance
	NO GAIN
	BETTER 
	Partly WORSE
May reselect a suboptimal neighbour cell.

	Specification impact
	NO 
	Small (96bits per SIB3/4/5)
	Small (80bits per SIB3/4/5)



Taking all these into consideration, we propose:
Proposal 1. Broadcast neighbour cell’s Qrxlevminoffsetcell and Qqualminoffsetcell in camping cell’s SIB3/4/5.
3 Conclusion
In this contribution, we further analyzed the pros and cons of the solutions to the immediate cell reselection issue and have the following proposal. 
Proposal 1. Broadcast neighbour cell’s Qrxlevminoffsetcell and Qqualminoffsetcell in camping cell’s SIB3/4/5.
In addition, we kindly ask RAN2 to agree the following TP in the Appendix.
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[bookmark: _Toc517221775]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
	[bookmark: _Hlk513297296]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
	Cell specific offset to the signalled Qrxlevmin for the neighbour cell’s Srxlev evaluation

	Qqualminoffsetcell
	Cell specific offset to the signalled Qqualmin 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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