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[bookmark: _Toc4419349]Introduction
For NR licensed, it is implicitly assumed that the UE selects its registered/equivalent PLMN, and that all cells on a frequency belong to the same PLMN. However, different operators may use the same frequencies for deploying their cells in unlicensed spectrum. Therefore, as captured in the NR-U study item report [1], modifications are needed to allow the UE to camp on a non-best cell on a carrier:
In unlicensed bands, multiple PLMNs can use the same carriers without any coordination. Therefore, the best cell found by a UE on a frequency may not belong the registered PLMN. In this case, the UE should be enabled to camp on a non-best cell on a carrier if the best cell does not belong to the registered PLMN (or E-PLMN), where the non-best cell would still be the best cell of the registered PLMN.
The issues on measurement framework and camping on non-best cell have also been captured as part of the NR-U WI objectives [2].
From TS 38.304, 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 this contribution, we discuss necessary changes for cell (re)selection criteria in unlicensed operation. In the following, we refer to selected/registered/equivalent PLMNs as being “allowed PLMNs”, and if the cell does not belong to the 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
[bookmark: _Ref178064866][bookmark: _Toc4419350]Discussion
[bookmark: _Toc4419351]PLMN selection
For PLMN selection, the Rel-15 UE shall only search for the strongest cell and read the system information to find out which PLMN(s) the cell belongs to. However, the strongest cell may belong to a forbidden PLMN. 
In unlicensed operation, if the strongest cell on a frequency belongs to a forbidden PLMN, the UE shall also read the system information of the next strongest cell(s). The UE may need to repeat this procedure until it finds allowed PLMNs on one or more frequencies. 
[bookmark: _Toc4419352][bookmark: _Toc4419508][bookmark: _Toc4707839][bookmark: _Toc4711487]To enable the UE to find a cell belonging to its registered/equivalent PLMN, the UE shall also read system information of the next strongest cell(s) if the strongest cell belongs to a “forbidden” PLMN. 
[bookmark: _Toc4419353]Cell (re)selection and cell barring
On each frequency, the NR Rel-15 UE only needs to search for the strongest cell. However, the strongest or highest ranked cell may belong to a “forbidden” PLMN. In such a case, the whole frequency would be barred for 300 s, as described in Sections 5.1.1 and 5.4.4 of [3] and in [4]. For unlicensed operation, the UE shall not consider other cells on the same frequency as being barred, so that it can find stronger cells than on other frequencies. 
[bookmark: _Toc4419354][bookmark: _Toc4419509][bookmark: _Toc4707840][bookmark: _Toc4711488]To enable the UE to select a non-best cell belonging to its registered/equivalent PLMN, the UE shall not consider a frequency as being barred if the strongest cell on that frequency belongs to a “forbidden” PLMN. Barring for up to 300s only applies to that cell.
As described in Section 5.3.1 of [3] and in [5], cell barring and intraFreqReselection being set to notAllowed as indicated in the MIB bars all cells on that frequency. However, the cell/frequency barring should be handled separately for each PLMN.
[bookmark: _Toc4419355][bookmark: _Toc4419510][bookmark: _Toc4707841][bookmark: _Toc4711489]Cell barring and intraFreqReselection is set to notAllowed as indicated in the MIB only applies to the cell(s) on a frequency of the given PLMN, not to cells on that frequency belonging to other PLMNs.
[bookmark: _Toc4419356]Potential hidden node issues
In unlicensed spectrum, many cells may be operated in an uncoordinated manner, potentially resulting in hidden node issues, where gNBs deployed by different operators may not hear each other during the listen-before-talk procedure. However, the interference from the other operator’s cells would typically impact the RSRQ level for the cell ranking.
[bookmark: _Toc4419410][bookmark: _Toc4707842][bookmark: _Toc4711490]Hidden node interference is visible in the UE’s RSRQ measurements which can be configured for cell ranking evaluations.
[bookmark: _Toc4711491]Existing measurement procedures can be reused for cell ranking evaluations.
[bookmark: _Toc4419357]Power consumption and cell reselection delay issues
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 and the UE is required to read system information from the next strongest cell(s).
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 [6], NR Rel-15 already supports configurations of whitelists/blacklists. 
[bookmark: _Toc4419411][bookmark: _Toc4707843][bookmark: _Toc4711492]The network can configure whitelists/blacklists to help the UE restrict measurements to cells that belong to the selected or equivalent PLMNs.
Based on the above observation, it is not necessary to introduce a new criterion to measure a specific number of best cells, e.g. Nth best cell as proposed in [6].
[bookmark: _Toc4711493]It is not necessary to define a number of N best cells for measurements on a specific frequency.
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In Section 2 we made the following observations and proposals:
Proposal 1	To enable the UE to find a cell belonging to its registered/equivalent PLMN, the UE shall also read system information of the next strongest cell(s) if the strongest cell belongs to a “forbidden” PLMN.
Proposal 2	To enable the UE to select a non-best cell belonging to its registered/equivalent PLMN, the UE shall not consider a frequency as being barred if the strongest cell on that frequency belongs to a “forbidden” PLMN. Barring for up to 300s only applies to that cell.
Proposal 3	Cell barring and intraFreqReselection is set to notAllowed as indicated in the MIB only applies to the cell(s) on a frequency of the given PLMN, not to cells on that frequency belonging to other PLMNs.
Observation 1	Hidden node interference is visible in the UE’s RSRQ measurements which can be configured for cell ranking evaluations.
Proposal 4	Existing measurement procedures can be reused for cell ranking evaluations.
Observation 2	The network can configure whitelists/blacklists to help the UE restrict measurements to cells that belong to the selected or equivalent PLMNs.
Proposal 5	It is not necessary to define a number of N best cells for measurements on a specific frequency.
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Relevant text from 3GPP TS 38.304 [3]:
[5.1.1 Support for PLMN selection]
The UE shall scan all RF channels in the NR bands according to its capabilities to find available PLMNs. On each carrier, the UE shall search for the strongest cell and read its system information, in order to find out which PLMN(s) the cell belongs to.
[5.2.3 Cell Selection process]
2. On each frequency, the UE need only search for the strongest cell.
[5.2.4.4 Cells with cell reservations, access restrictions or unsuitable for normal camping]
If the highest ranked cell or best cell according to absolute priority reselection rules is an intra-frequency or inter-frequency cell which is not suitable due to being part of the "list of 5GS forbidden TAs for roaming" or belonging to a PLMN which is not indicated as being equivalent to the registered PLMN, the UE shall not consider this cell and other cells on the same frequency, as candidates for reselection for a maximum of 300 seconds.
[bookmark: _Hlk4414135][5.3.1 Cell status and cell reservations]
- If the field intraFreqReselection in MIB message is set to "not allowed" the UE shall not re-select a cell on the same frequency as the barred cell; 
- The UE shall exclude the barred cell and the cells on the same frequency as a candidate for cell selection/reselection for 300 second

