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Introduction
A new WI has been agreed in RAN#82 to work on NR based access in unlicensed spectrum. One of the WI scope is to enable the UE to camp on non-best cell as follow:
Inactive and Idle mode procedures: Rel-15 NR design is the baseline, including NR licensed measurement framework (cell and beam quality derivation for RSRP, RSRQ, and SINR, filtering and combining multiple beams). Specify necessary extensions for NR-U operation for cell selection/reselection, including enabling the possibility for the UE to camp on a non-best cell 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; increased paging opportunities per DRX cycle for the UE to receive the page; increased opportunities for SI delivery
In this contribution, we discuss the option for enabling this possibility.  
Discussion
Existing UE behaviour
Cell selection is based on UE finding a suitable cell that not only satisfy the Cell selection criterion S (as specified in Section 5.2.3.2) but also the following conditions in Section 4.5:
-	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 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.
Currently, cell selection is performed according to 2 procedures:
1. Initial Cell selection
2. Cell selection leverage on stored information
For initial Cell selection, the UE scan all RF channels and searches the strongest cell for each frequency. From these strongest cells, the UE pick a suitable cell. As for cell selection leverage on stored information, if no suitable cell is found, it will fall back to initial cell selection.  For NR-u operation, there may be a need for UE to search further than the strongest cell in an unlicensed frequency. However this can be left to UE implementation (note that it is not a ‘shall’ that the UE only search for the strongest cell) to search for further cell within an unlicensed frequency.
Observation#1: Finding a non-best suitable cell in cell selection can be left to UE implementation.
As for cell reselection, it is either based on priority based cell reselection or rank based cell reselection. 
Priority based cell reselection is based on the frequency priority and the UE reselects to cell in frequency of lower priority or higher frequency based on the cell quality of the candidate cell in the frequency and serving cell compared to some configured thresholds . 
Rank based cell reselection is just ranking the cells that satisfy the cell selection criterion S and picking the highest ranking cell for cell reselection. 
Once the UE picks a cell for reselection, UE checks if the access is restricted according to the cell restriction rules as well as whether the cell reselected is suitable based on whether it is in part of the forbidden TA or contains no TAC, or whether it is belonging to a PLMN which is being equivalent to the registered PLMN. If the reselected cell is not suitable because of the cell restriction rules or due to forbidden TA or due to not E-PLMN, the UE does not consider the reselected cell and other cells on the same frequency, as candidates for reselection for a maximum of 300 seconds. Hence if the highest ranked or best cell is not suitable, it will also make other cells in the same frequency as not suitable for 300s. 
In an unlicensed carrier, it is quite likely that more than 1 operator may be operating in the carrier. Barring the frequency may not meet the requirement to enable camping on non-highest ranked or non-best cell if cells for the registered PLMN (or Equivalent to registered PLMN) is in the same frequency as the highest ranked or best cells. 
Observation#2:  For cell reselection, if the highest ranked cell or best cell is not suitable, it will also make other cells in the same frequency as not suitable for 300s. This will not enable camping on non-best or non-highest ranked cell if they are in the same frequency of the highest ranked or best cell.
In the next section, some proposals are made to enable the UE to camp on non-best or non-highest ranked cell.
Enabling camping on non-best or non-highest ranked cell
In an unlicensed carrier, it is quite likely that more than 1 operator may be operating in the carrier. As a result, the UE is quite likely to detect and measure neighbour NR-u cells that do not belong to its registered PLMN (or E-PLMN) during idle mode. The network can build up the necessary neighbour cell relationship via network listening and existing ANR procedure and can thus provide a list of neighbour cells for the UE to measure. Based on this, one approach of reducing the possibility of Observation#2 from happening is to follow only white listing of cells for each unlicensed carrier.
Approach#1: Network provides white listing of cells for each unlicensed carrier in the SIB. UE uses only the white listing of cells for cell selection and reselection.
As mentioned in the Observation#2, the main problem of the current UE behaviour is that if the highest ranked or best cell is not suitable, UE has to make other cells in the same frequency not as candidate for cell reselection. For unlicensed frequency, it should just not consider the highest ranked or best cell as candidate for cell reselection for 300s or longer. 
Approach#2: If highest ranked or best cell is not suitable in an unlicensed frequency due to 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.
One other way is that the UE acquires the cell access related information (i.e. PLMN ID) of a cell from SIB1 before deciding whether considering it as a candidate cell for cell reselection. With this, UE will never cell reselect to a non-registered/equivalent PLMN cell. 
Approach#3: UE acquires the cell access related information (i.e. PLMN ID) of a cell from SIB1 before deciding whether to consider it as a candidate cell for cell reselection
For Approach#3: This means that UE may have to acquire, in the worst case, the cell access related information of all the candidate cells (i.e. when the cell belonging to the registered PLMN or equivalent is the least highest ranked or best cells).  This will increase the UE measurement burden as it has to acquire SIB1 of neighbouring cells.  Also SIB1 is likely to transmit less frequent than the DRS and this will result in delay. Worst of all, it will increase UE power consumption. 
From the UE point of view, Approach#1 and #2 are the least impacting as well as the least in terms of UE power consumption.  It probably also impact the specification the least. Hence it is proposed:
Proposal#1: Request RAN2 to consider the following approaches for enabling camping on non-best or non-highest ranked cell:
Approach#1: Network provides white listing of cells for each unlicensed carrier in the SIB. UE uses only the white listing of NR-u cells for cell selection and reselection.
Approach#2: 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.
Cell barring and IntraFreqReselection in MIB
In NR, UE applies the cell barring and IntraFreqReselection once UE acquires the MIB. However, there may be more than 1 PLMN (non-EPLMN) operating in the same NR-u carrier. In order not apply the cell barring incorrectly, the UE also has to acquire SIB1 before applying the cell barring in the MIB.
Proposal#2: To apply the cell barring and IntraFreqReselection in the MIB, the UE also has to acquire the SIB1 to check the PLMN IDs.
If the registered PLMN or selected PLMN matches one of the PLMN IDs in SIB1, the UE should apply as in NR.
If the registered PLMN or selected PLMN does not match one of the PLMN IDs in SIB1, the UE should apply as in Proposal1 Approach#2
Proposal#3: UE should only act on the cell barring and intraFreqReselection in the MIB only if the registered PLMN or selected PLMN matches one of the PLMN IDs in SIB1. Otherwise, the UE should follow Proposal#1 Approach#2.
Conclusion and proposals
In this contribution, the following observations and proposals are discussed:
Observation#1: Cell selection does not seem to have an issue with selecting a non-best suitable cell in unlicensed frequency.
Observation#2:  For cell reselection, if the highest ranked cell or best cell is not suitable, it will also make other cells in the same frequency as not suitable for 300s. This will not enable camping on non-best or non-highest ranked cell if they are in the same frequency of the highest ranked or best cell.
Proposal#1: Request RAN2 to consider the following approaches for enabling camping on non-best or non-highest ranked cell:
Approach#1: Network provides white listing of cells for each unlicensed carrier in the SIB. UE uses only the white listing of NR-u cells for cell selection and reselection.
Approach#2: 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.
Proposal#2: To apply the cell barring and IntraFreqReselection in the MIB, the UE also has to acquire the SIB1 to check the PLMN IDs.
Proposal#3: UE should only act on the cell barring and intraFreqReselection in the MIB only if the registered PLMN or selected PLMN matches one of the PLMN IDs in SIB1. Otherwise, the UE should follow Proposal#1 Approach#2.
