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At RAN2#106 Reno, the following was agreed:
If highest ranked or best cell is not suitable in an unlicensed frequency due to the fact that PLMN IDs is not the RPLMN (or EPLMN), only the highest ranked or best cell is considered not candidate for cell reselection for 300s or longer. Other cells in the frequency of the highest ranked or best cell should still be considered for cell reselection. 

As described in [6], the UE suffers from higher consumption and potentially increased reselection delay if the strongest cell on a frequency belongs to a “forbidden” PLMN, i.e. SIB1 of the strongest cell includes PLMN IDs that do not match with the UE’s registered/equivalent PLMN, and if the UE is required to read system information (MIB and SIB1) also from the next strongest cell(s).
Therefore, the following was left FFS at RAN2#106:
FFS whether we have another limit in addition to Suitability criterion. 

In this contribution, we discuss minimize power consumption and reselection delays.
Terminology
Relevant definition from TS 38.304 [3], Section 4.5:
suitable cell:
A cell is considered as suitable if the following conditions are fulfilled:
-	The cell is part of either the selected PLMN or the registered PLMN or PLMN of the Equivalent PLMN list and trackingAreaCode is provided for that PLMN;
-	The cell selection criteria are fulfilled, see subclause 5.2.3.2.
According to the latest information provided by NAS:
-	The cell is not barred, see subclause 5.3.1;
-	The cell is part of at least one TA that is not part of the list of "Forbidden Tracking Areas" (TS 22.261 [12]), which belongs to a PLMN that fulfils the first bullet above.
In the following, we refer to selected/registered/equivalent PLMNs as being “allowed PLMNs”, and if the cell does not belong to the selected, registered or equivalent PLMN, the PLMN is considered a “forbidden PLMN”.
Allowed PLMN: selected/registered/equivalent PLMN as described as part of suitable cell definition
Forbidden PLMN: a PLMN that is not part of the registered or equivalent PLMNs
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In order to avoid that the UE performs measurements on cells that do not belong to the UE’s registered/equivalent PLMNs and minimize power consumption and reselection delays as described in [5], there are different options.
Option 1: 	Use blacklist to exclude cells that belong to “forbidden” PLMNs 
Option 2: 	Use whitelists to restrict evaluations to cells that belong to “allowed” PLMNs
Option 3:	Limit the number of cells to be evaluated for suitability as proposed in [6]
Option 4:	UE can camp on a non-best cell if the quality of the cell is within threshold-range of the quality of the best cell [5]
Blacklisting (option 1)
Blacklists can be configured in NR Rel-15 in SIB3 for intra-frequency cell reselection and SIB4 for inter-frequency cell reselection. 
Below is an excerpt from TS 38.331 for 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 ::=                            SEQUENCE {
    intraFreqNeighCellList              IntraFreqNeighCellList      OPTIONAL,   -- Need R
    intraFreqBlackCellList              IntraFreqBlackCellList      OPTIONAL,   -- Need R
    lateNonCriticalExtension            OCTET STRING                OPTIONAL,
    ...
}

	SIB3 field descriptions

	intraFreqBlackCellList
List of blacklisted intra-frequency neighbouring cells.

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



Drawbacks:
· Incomplete list:
A complete list of blacklisted cells cannot be guaranteed in an environment with uncoordinated deployment between different operators. A complete list requires ANR functionality.
· The incomplete list is related to unknown PCIs used by other operators
· The blacklist of cells in SIB3 and SIB4 can be quite long and increase the overhead
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Whitelisting (option 2)
For measurement objects, a whitelist can be configured, where whitelisted cells are the only ones applicable in event evaluation or measurement reporting, which means that whitelists can only be configured if the UE is in RRC_CONNECTED mode.
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Advantages of using a whitelist:
· Helps the UE to evaluate only a small number of cells, which reduces battery consumption
· The UE does not need to evaluate cells that belong to “forbidden” PLMNs
Disadvantages:
· Adds extra overhead in SI
· If the gNB provides only a limited number of white cells per frequency, there is potentially less optimized cell (re)selection 
Limit number of cells for suitability evaluation on a frequency (option 3)
Limiting the number of cells for suitability evaluation has the following advantage:
· If the number is signalled: only little extra overhead;
· If the number is not signalled: no extra overhead
This may help UE power consumption, but compared to whitelisting/blacklisting we observe the following disadvantages:
· The UE may still unnecessarily evaluate cells that belong to “forbidden” PLMNs
· The UE may stop the evaluation process too early on a frequency even if there is a suitable non-best cell and continue the cell (re)selection procedure which may even further increase the delay
There is no need to explicitly define a number of cells to evaluate on a frequency to find a suitable non-best cell.
Camping on non-best cell only if within a threshold-range compared to best cell (option 4)
The cell quality is reflected in the RSRQ measurement. Defining a threshold-range relative to the best cell may unnecessarily restrict the cell evaluation procedure and preempt the UE from (re)selecting to a suitable cell. 
Summary
As listed above, there are several advantages when using a whitelist compared to other approaches. Specifically in unlicensed spectrum, a whitelist is more suitable than a blacklist compared to legacy licensed deployments. Therefore, it should be possible for the gNB to configure whitelists whenever seen appropriate.
[bookmark: _Toc16146334]Introduce whitelists for cell (re)selection restriction in order to complement the blacklisting feature. 
Conclusion
In the previous sections we made the following observations: 
Observation 1	The network can configure blacklists to help the UE restrict measurements to cells that belong to the registered, selected or equivalent PLMNs.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Introduce whitelists for cell (re)selection restriction in order to complement the blacklisting feature.
A corresponding CR to add whitelist functionality is provided in [7].
[bookmark: _Toc4419361]References
[bookmark: _Ref4398856][bookmark: _Ref513478584]3GPP TR 38.889 V16.0.0, “Study on NR-based Access to Unlicensed Spectrum”, 2018-12
[bookmark: _Ref4399189]RP-182878, “NR-based Access to Unlicensed Spectrum”, 3GPP, RAN#82
[bookmark: _Ref4404029]3GPP TS 38.304 V15.2.0, “User Equipment (UE) procedures in Idle mode and RRC Inactive state (Release 15)”, 2018-12
[bookmark: _Ref4412646][bookmark: _Hlk16084405][bookmark: _Ref4412750]R2-1906277, “Enabling the UE to camp on non-best cell”, Intel, RAN2#106
[bookmark: _Ref4710970]R2-1908005, “Considerations on camping on non-best cell”, LG Electronics, RAN2#106
[bookmark: _Ref16110198]R2-1906328, “Idle/Inactive Mobility Procedures“, Qualcomm, RAN2#106
[bookmark: _Ref16147017]R2-1909356, “Draft CR to 38.331 to add whitelisting functionality for cell (re)selection”, RAN2#107
R2-1909360, “Draft CR to 38.304 Cell (re)selection related to forbidden PLMNs”, RAN2#107


