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Discussion
1 Introduction
RAN2 agreed that the camping on a non-best cell is allowed in NR-U, and the cell reselection enhancement based on the agreement is one of the objectives in NR-U WID :

· 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 problems that need to be resolved caused by allowing camping on non-best cell.
2 Discussion
Before camping on a cell, UE should read MIB of the cell to check if the cell is barred or not, and SIB1 to check if the cell belongs to the forbidden TA or if the cell belongs to the R-/E-PLMN. The legacy UE needs to read the MIB and SIB1 only from the best cell for cell reselection because it can camp on only the best cell in each frequency group, i.e. frequencies having the same priority. If the best cell doesn’t belong to the R-/E-PLMN, the UE does not consider this cell and other cells on the same frequency, as candidates for reselection, and find a suitable cell on other frequency group. 

Meanwhile, if the best cell doesn’t belong to the R-/E-PLMN, NR-U capable UE should receive MIB and SIB1 from the non-best cells until it finds a cell that belongs to the R-/E-PLMN because it can camp even on the non-best cell. By allowing camping on the non-best cell, the number of cells that UE should check MIB and SIB1 to complete the cell reselection significantly increases, and this means that the power consumption in IDLE or INACTIVE will also significantly increase. In another contribution [1], we propose to introduce white list in IDLE/INACTIVE measurements so that the UE is able to know whether or not the cell belongs to the R-/E-PLMN without reading SIB1. However, PCI collision among different operators is inevitable. Even though the white list is introduced, unnecessary power consumption caused by reading MIB and SIB1 from cells which don’t belong to R-/E-PLMN cannot be prevented completely.
Observation 1
By allowing camping on the non-best cell, power consumption in IDLE/INACTIVE will significantly increase because UE should read MIB and SIB1 from non-best cells, not only from the best, for cell re-selection.
Furthermore, UE might spend long time to find a cell that belongs to the R-/E-PLMN. In NR-U, the MIB and SIB1 transmission also requires LBT procedure. So it is obvious that longer time is required to acquire MIB and SIB1 compared to licensed frequency, and reading MIB and SIB1 from many cells may lead to an unacceptable delay for cell reselection. At worst, there may be no suitable cell that belongs to R-/E-PLMN within the highest priority group. Nevertheless, UE will try to find a suitable cell by checking MIB and SIB1 from all good quality cells on that frequency group. Only after reading MIB and SIB1 from all good cells that belong to the frequency group, the UE will try to find a suitable cell from other frequency group.
Observation 2
By allowing camping on the non-best cell, cell re-selection would be excessively delayed because UE should read MIB and SIB1 from a number of cells until it finds a cell which belongs to R-/E-PLMN.
In the legacy cell re-selection, it is likely that the quality difference among the cells UE can camp on is minor because camping is possible only on the best cell in each frequency group. However, in case of NR-U, the quality difference among cells UE can camp on can be substantial.
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Figure 1
For instance, let's assume that the best cell on 2nd frequency group belongs to the R-PLMN meanwhile only 5th best cell belongs to the R-PLMN on the 1st frequency group. The quality of the best cell on the 2nd frequency group is much better than that of 5th best cell on the 1st frequency group, but an UE is camping on the 5th best cell on the 1st frequency group and doesn’t perform inter-frequency measurements according to the measurement rules (when the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ). If the quality difference between them is substantial, the UE should be able to camp on the best cell on the 2nd frequency group rather than 5th best cell on the 1st frequency group. However, the camping on non-best cell takes away the opportunity that UE can camp on a better cell on other frequency group.
Observation 3
By allowing camping on the non-best cell, UE would be deprived of the chance to camp on a better cell on lower-priority-frequency group.
Therefore, the non-best cell that UE can camp on needs to be limited certain cells. For example, UE is allowed to camp on up to Nth best cell in each frequency group, or UE is able to camp on a non-best cell only if the quality difference between the best cell and the non-best cell is smaller than a certain threshold. Such restriction will be useful to reduce abovementioned power consumption and delay for cell re-selection, and to provide a chance to find a better cell on other frequency group which has lower frequency priority. 
Proposal 
To resolve abovementioned problems, a new criterion should be added to evaluate whether a non-best cell is suitable to camp on, in addition to cell selection criteria. E.g. UE can camp on up to Nth best cell. Or UE can camp on a non-best cell only if the quality difference between the non-best cell and the best cell is smaller than a certain threshold.
3 Conclusion
In this contribution, we discussed cell reselection on unlicensed frequency and made following observations and proposal:
Observation 1
By allowing camping on the non-best cell, power consumption in IDLE/INACTIVE will significantly increase because UE should read MIB and SIB1 from non-best cells, not only from the best, for cell re-selection.
Observation 2
By allowing camping on the non-best cell, cell re-selection would be excessively delayed because UE should read MIB and SIB1 from a number of cells until it finds a cell which belongs to R-/E-PLMN.
Observation 3
By allowing camping on the non-best cell, UE would be deprived of the chance to camp on a better cell on lower-priority-frequency group.
Proposal 
To resolve abovementioned problems, a new criterion should be added to evaluate whether a non-best cell is suitable to camp on, in addition to cell selection criteria. E.g. UE can camp on up to Nth best cell. Or UE can camp on a non-best cell only if the quality difference between the non-best cell and the best cell is smaller than a certain threshold.
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