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1 Introduction
During the RAN2 AH#1807 meeting a potential cell re-selection issue was discussed [1]. RAN2 confirmed that the described cell re-selection use case can occur, and agreed to discuss a possible solution for next meeting:
=>
RAN2 confirm the immediate cell reselection issue and figure out solution next meeting.

In this contribution the problem is further analysed and a possible way forward is discussed. 
2 Background

Idle mode mobility
The goal with idle mode mobility is that the UE continuously camps on the “best” cell when the UE is in idle mode, while trying to preserve power needed for neighbour cell measurements. With intra-frequency cell re-selection, i.e. cell ranking, the “best” cell is the highest ranked/strongest cell the UE can detect, that meets the cell re-selection criteria. With inter-frequency and iRAT cell re-selection, i.e. absolution priority based cell re-selection, the “best” cell is the strongest cell on the highest priority frequency layer that meets the cell re-selection criteria. When the quality of the camped cell is below the measurement threshold the UE is required to perform intra-frequency, and perhaps inter-frequency neighbour cell measurements. Based on these measurements the UE may detect a better cell to camp on, i.e. cell re-selection may be triggered. The UE always tries to camp on and re-select to a cell that is suitable. A cell is suitable to camp on when the following conditions are met:
1. Cell belongs to selected or equivalent PLMN (SIB1)
2. Tracking Area is not forbidden (SIB1)
3. Cell fulfils the cell selection criteria (SIB1)
4. Cell is not (considered) barred
 (MIB/SIB1)
The UE performs neighbour cell measurements and evaluation of detected cells for potential cell re-selection based on the system information acquired from the serving cell (e.g. frequency priority, priority parameters, hysteresis, mobility-state, intra-frequency measurement threshold, inter-frequency measurement threshold, reselection timer, cell individual offset, blacklisted cells, frequency offset, etc.). The UE acquires the cell reselection info from SIB2 (common), SIB3 (intra-frequency), SIB4 (inter-frequency) and SIB5 (iRAT) of the serving cell: 
Observation 1: The UE performs neighbour cell measurements and evaluates detected cells for potential cell re-selection based on the system information acquired from the serving cell.
During RAN2#101bis the cell re-selection in NR was discussed and among others it was agreed/re-confirmed that the UE is not required to read system information (SIB2 to 5) from neighbour cells to perform measurements and evaluate detected cells for cell reselection [3]:

The UE does not need to read system information from neighbor cells for determining cell quality and ranking. FFS how to capture in spec.

When the UE has detected a target cell that fulfils the cell reselection criteria, e.g. measures a higher priority neighbour cell that meets the cell reselection criteria, the UE will (try) to reselect to that target cell. To determine if the cell is suitable the UE needs to acquire MIB and SIB1 of that cell, for example the target cell may be (considered) barred, which is not indicated in system information of the serving cell: 
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Cell selection criteria:
	Srxlev > 0  AND  Squal > 0


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


Pcompensation =
When UE supports any of the NS parameters and additionaPmax is indicated:

max(p-Max –PPowerClass, 0) – (min(additionalPmax, PPowerClass) – min(p-Max, PPowerClass))

Otherwise:

max(p-Max –PPowerClass, 0)

The UE has to acquire MIB and SIB1 of the target cell to determine the cell suitability. The UE should not camp on the cell and for example perform RNA update until the cell suitability has been checked. This was confirmed in RAN2#89 [2]:

=>
Noted. In the described case/configuration the UE shall not execute the TAU if the target cell is not suitable based on its SIB1. However, it should also be noted that the configuration is not optimal from UE point of view since it determines late that the target cell is not suitable. 
Observation 2: The UE acquires MIB and SIB1 of the target cell to check the cell suitability of the target cell during cell reselection before the UE camps on the cell.
MIB and SIB1 are broadcasted with a short periodicity, i.e. the UE can acquire MIB and SIB1 quickly compared to the other SIBs
. 

In practice the barring check is expected to be successful most of the times, i.e. in most cases the target cell is not (considered) barred. Cells that are barred due to congestion are typically barred for a short percentage of time. Furthermore the cell selection criteria of the target cell may not be fulfilled after the system information of the target cell has been acquired, but this is also considered a rare case. Note that the UE tries to reselect to a best ranked/strongest cell (with cell ranking) and a higher priority cell that has fulfilled Srxlev > ThreshX, HighP during a time interval TreselectionRAT, i.e. the UE is typically re-selecting to a “better” cell that is “more suitable” than the serving cell. In most cases the cell that the UE tries to re-select to is suitable, i.e. a failed cell re-selection attempt is assumed to happen infrequent but the use case happen, and the UE has to support it:
Observation 3: In most cases the cell that the UE tries to re-select to is suitable, but it is possible that the cell re-selection attempt fails because the target cell is not suitable to camp on.
3 Discussion
In RAN2 AH#1807 it has been proposed to add cell suitability info of the neighbour cell to the system information of the serving cell, more specifically [1]:

Proposal 1. Broadcast neighbour cell’s Qrxlevminoffsetcell and Qqualminoffsetcell in camping cell’s SIB3/4/5.

It has been proposed to add cell individual offsets for the minimum Rx level and quality of intra-frequency, inter-frequency and iRAT neighbour cells. The proposal is motivated by failed cell re-selection attempts when the neighbour cell turns out to be not suitable (cell selection criteria fails) when the UE acquires MIB/SIB1 of the neighbour cell. More specifically the Qrxlevmin/Qqualmin value of the neighbour cell on the serving cell is (much) lower compared the Qrxlevmin/Qqualmin value on the neighbour cell i.e. the UE tries to reselect to a cell that turns out to be “less suitable” than expected.
Currently different Qrxlevmin/Qqualmin values are supported per frequency only, i.e. for all intra-frequency neighbours on serving frequency (SIB2), all inter-frequency neighbours per inter-frequency (SIB4) and all iRAT neighbours per iRAT frequency (SIB5):
Observation 4: Different Qrxlevmin/Qqualmin per frequency is supported
The underlying assumption is that neighbour cells have the same/similar Qrxlevmin/Qqualmin configuration:

Proposal 1: RAN2 to discuss if “heterogeneous” cells w.r.t. Qrxlevmin/Qqualmin on the same frequency layer should be supported.

In this discussion it is important to discuss the number of dBs between the serving and neighbour cells Qrxlevmin/Qqualmin. Because the UE tries to reselect to highest ranked/strongest cell or higher priority cell that has been above a certain threshold for some time, i.e. it is not clear if this “better” cell cannot tolerate x dBs less suitability? 
It should also be mentioned that cell individual configurations are more complex for the network to handle, i.e. neighbour cells with different Qrxlevmin/Qqualmin need to be identified and configured appropriately. 

Observation 5: Cell individual configurations are more complex to handle by the network.

Furthermore the discussion on Qrxlevmin/Qqualmin should be put into context, i.e. there are more parameters that determine the cell suitability (e.g. barring status, HPLMN/EPLMN, forbidden TA) and there are more parameters than Qrxlevmin/Qqualmin that determine the cell selection criteria (e.g. Qrxlevminoffset, Qqualminoffset,, Qoffsettemp,  and Pcompensation with p-Max and additionalPmax):
Observation 6: The Qrxlevmin/Qqualmin are two of the parameters determining the cell suitability of the neighbour cell.
For intra-frequency (SIB2), inter-frequency (SIB4) and iRAT (SIB5) neighbour cells it is possible to configure a cell individual offset (q-OffsetCell = {dB-24, dB-22, …, dB22, dB24}) to bias the neighbour cell during cell re-selection evaluation with cell ranking:
Rn = Qmeas,n -Qoffset
In case the neighbour cell is x dB less suitable, the neighbour cell could be configured with an -x dB cell individual offset to discourage the UE trying to re-select to that cell. In such case, the “degraded” cell has to be x dB better than all other neighbour cells, before the UE will try to select to it. Introduction of neighbour cell Qrxlev/Qqualmin offset is similar to the use of existing cell individual offset (i.e. there is a very small risk that highest ranked cell / highest priority cell based on serving cell suitability parameters it not suitable based on neighbour cell suitability parameters)

Observation 7: Cell individual offsets with cell ranking can be used to avoid failed re-selection attempts to neighbour cells with lower Qrxlevmin/Qqualmin with intra-frequency or equal priority inter-frequency cell re-selection.
With absolute priority based cell reselection the quality of the target cell has to be x dB higher than the serving cell (Squal > ThreshX, HighQ) for some time (time interval TreselectionRAT):
Observation 8: The high quality threshold (ThreshX, HighQ) with absolute priority based cell re-selection can compensate for a lower Qrxlevmin/Qqualmin on the target cell.
In case different Qrxlevmin/Qqualmin in neighbouring cells on the same frequency is configured it is assumed that all UEs support the minimum configured Qrxlevmin/Qqualmin and that there is continuous coverage per frequency layer, i.e. cell selection criteria is met at any time. The cell border is determined by the configured Qrxlevmin/Qqualmin:
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A neighbouring cell with a higher Qrxlevmin (i.e. reduced suitability compared to serving cell) is likely to transmit with a lower transmit power (e.g. directional beam that can reach same distance but with lower power), which will slow down the re-selection attempt to that cell. 
Observation 9: Cell individual Qrxlevmin/Qqualmin configuration, but with continuous coverage deployment per frequency, does not necessarily lead to failed re-selection attempts.
When the UE has experienced a failed re-selection attempt due to lower Qrxlevmin/Qqualmin it could store that information, and prevent future failed re-selection attempts to that cell:
Observation 10: Based on stored SI information of the neighbour cell the UE implementation can prevent future failed re-selection attempts.
As discussed during RAN2 AH#1807 meeting some UE implementations may support MIB/SIB1 during neighbour cell measurements: 

Observation 11: Some (optimized) UE implementations may read MIB/SIB1 during neighbour cell measurements and prevent ping-pong all together.
The difference between an optimized UE implementation, and the required UE behaviour to check MIB/SIB1 of target cell before camping on that cell is perhaps somewhat academic. 
Based on the above considerations it is proposed that RAN2 discusses the details of the use case more and whether the use case can be supported with existing cell re-selection parameters
Proposal 2: RAN2 to discuss the details of the use case more and whether the use case can be supported with existing cell re-selection parameters. 
4 Summary

RAN2 is kindly asked to discuss cell suitability and cell reselection in NR: 

Observation 1: The UE performs neighbour cell measurements and evaluates detected cells for potential cell re-selection based on the system information acquired from the serving cell.

Observation 2: The UE acquires MIB and SIB1 of the target cell to check the cell suitability of the target cell during cell reselection before the UE camps on the cell.

Observation 3: In most cases the cell that the UE tries to re-select to is suitable, but it is possible that the cell re-selection attempt fails because the target cell is not suitable to camp on.

Observation 4: Different Qrxlevmin/Qqualmin per frequency is supported

Observation 5: Cell individual configurations are more complex to handle by the network.

Observation 6: The Qrxlevmin/Qqualmin are two of the parameters determining the cell suitability of the neighbour cell.

Observation 7: Cell individual offsets with cell ranking can be used to avoid failed re-selection attempts to neighbour cells with lower Qrxlevmin/Qqualmin with intra-frequency or equal priority inter-frequency cell re-selection.
Observation 8: The high quality threshold (ThreshX, HighQ) with absolute priority based cell re-selection can compensate for a lower Qrxlevmin/Qqualmin on the target cell.

Observation 9: Cell individual Qrxlevmin/Qqualmin configuration, but with continuous coverage deployment per frequency, does not necessarily lead to failed re-selection attempts.
Observation 10: Based on stored SI information of the neighbour cell the UE implementation can prevent future failed re-selection attempts.

Observation 11: Some (optimized) UE implementations may read MIB/SIB1 during neighbour cell measurements and prevent ping-pong all together.

Proposal 1: RAN2 to discuss if “heterogeneous” cells w.r.t. Qrxlevmin/Qqualmin on the same frequency layer should be supported.

Proposal 2: RAN2 to discuss the details of the use case more and whether the use case can be supported with existing cell re-selection parameters. 
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� cellBarred in MIB is set to “barred” or cellReservedForOperatorUse for PLMN in SIB1 is set to "reserved” and UE is not AC 11/15 in HPLMN/EPLMN or cellReservedForOtherUse in SIB1 is set to "reserved" or access barring check using uac-BarringInfo in MIB fails. 





� MIB is repeated every 80 ms (incl repetitions) on BCH. SIB1 has periodicity dependent on network implementation and the default periodicity is 20 ms on DL-SCH. SIB1 repetitions are made within 160 ms.
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