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1 Introduction
Due to the unplanned and shared characteristic of the unlicensed spectrum, multiple operators may share the same spectrum in a region. In idle mode, during the cell reselection, the strongest cell for UE on a carrier may not belong to the registered PLMN. In RAN2#103[1], an agreement has been reached as follows.
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. FFS how this is achieved. FFS if any additional conditions are required. 
This contribution will focus on the solutions for the remaining problems during the cell reselection.
2  Discussion
In NR, in RRC_IDLE state and RRC_INACTIVE state, UE performs the PLMN selection, cell selection and reselection, and location registration and RNA update procedure. During the PLMN selection, the particular PLMN may be selected by NAS either automatically or manually. With cell reselection, the UE searches for a suitable cell to camp on. According to 38.304[2], it has been restricted that the suitable cell should belong to either the selected PLMN or a PLMN of the Equivalent PLMN list. 
NR-U will use NR licensed design as baseline for the study of SA, including the procedures in RRC_IDLE state and RRC_INACTIVE state. However, NR performs the cell reselection procedure under the assumption that the deployment is planned, so, there are some problems in NR-U.
Issue 1: when to exclude the cell not belonging to the registered PLMN (or E-PLMN) for the cell reselection procedure?
Although the 38.304 has made a definition for suitable cell, how to realize it in the cell reselection procedure still exists questions. In general, there are mainly three solutions:
· Option 1-1: excluding neighbor cells not belonging to the registered PLMN (or E-PLMN) from a reselection process a priori by reading their MIB/SIB1; Before the reselection process, UE needs to read the SIB1 of the neighbor cell. This option needn’t to modify the current reselection procedure. But, because it takes much time to obtain the MIB/SIB1 for UE, this option will cost great power consumption.
· Option 1-2: excluding neighbor cells not belonging to the registered PLMN (or E-PLMN) from a reselection process a priori by other ways without reading their MIB/SIB1; This helps UE to speed up the reselection process and save UE power. UE may determine whether the neighbor cells belong to the registered PLMN (or E-PLMN) via the assistant information from the serving cell, for example, the serving cell may broadcast the PLMN information of the neighbor cells. However, considering that coordination between different operators may not happen, this option may be unreliable.
· Option 1-3: excluding neighbor cells not belonging to the registered PLMN (or E-PLMN) during a reselection process by reading their MIB/SIB1 in descending order; this option is consistent with NR. But, in some conditions, UE needs to read MIB/SIB1 of multiple highest ranked cells, and finally camps on the cell belonging to the registered PLMN (or E-PLMN).
[bookmark: OLE_LINK3]In the conclusion, RAN2 should seek for a feasible and power saving solution. In fact, option 1-2 is hard to exclude all the neighbor cells not belonging to the registered PLMN (or E-PLMN), therefore, option 1-3 is preferable.
Proposal 1:  RAN2 should support to exclude neighbor cells not belonging to the registered PLMN (or E-PLMN) during a cell reselection process by reading their MIB/SIB1 in descending order.
Issue 2: how to exclude the cell not belonging to the registered PLMN (or E-PLMN) for the cell reselection procedure?
In NR, when UE could discover that the PLMN of the cell that it camps on doesn’t belong to the registered PLMN (or E-PLMN) after reading its RMSI, the handling rule in NR is as follows [2]:
	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.



For NR-U, there are three solutions：
· Option 2-1: same as NR. If UE bars this frequency for 300s, the cells belonging to the registered PLMN (or E-PLMN) in this frequency will also be barred. This option is applicable for the scenario where multiple operators rarely share the same frequency.
· Option 2-2: UE only bars this cell for 300s and tries to camp on other ranked cell. This option can support UE to select the best cell belonging to the registered PLMN (or E-PLMN) as much as possible. But, this option might cause extra delay if multiple operators shared this frequency. In the worst case, UE needs to read MIB/SIB1 of the multiple highest ranked cells in this shared carrier, and then camps on the cell belonging to the registered PLMN (or E-PLMN) in other frequency of lower priority.  
· [bookmark: OLE_LINK2]Option 2-3: UE lowers the priority of  other cells on the same frequency for 300s. This option is a compromised method. This option assumes that the probability of a suitable cell in this frequency is low due to the contention but ensure that UE still has the chance to select the cell on this frequency. 
In the conclusion, Option 2-3 may provide a higher chance to accelerate the cell reselection and save UE power.
Proposal 2: If the highest ranked cell or best cell belonging to a PLMN which is not indicated as being equivalent to the registered PLMN, the UE shall lower the priority of other cells on the same frequency for a maximum of 300 seconds.
Issue 3: how to support the private network effectively in the cell reselection procedure?
Private network is the main application for NR-U. The private network only allows special users to access. Since the special PLMN ID can be allocated to limit the special users to camp on, from the above analysis, the procedure to research the cell belong to selected PLMN takes long time for UE. 
A Closed Subscriber Group (CSG) can realize to identify subscribers of an operator who are permitted to access one or more cells of the PLMN but which have restricted access (CSG cells) via CSG identity[3]. Moreover, UE can detect at least previously visited CSG member cells on non-serving frequencies to speed up the reselection procedure. Hence, CSG function is a more effective way to camp on the private network. Until now, CSG function hasn’t introduced into NR, but it is beneficial for NR-U.
Proposal 3: CSG function can be introduced into NR-U.
3 Conclusion 
The proposals are as follows:
Proposal 1:  RAN2 should support to exclude neighbor cells not belonging to the registered PLMN (or E-PLMN) during a cell reselection process by reading their MIB/SIB1 in descending order.
Proposal 2: If the highest ranked cell or best cell belonging to a PLMN which is not indicated as being equivalent to the registered PLMN, the UE shall lower the priority of other cells on the same frequency for a maximum of 300 seconds.
[bookmark: OLE_LINK5]Proposal 3: CSG function can be introduced into NR-U.
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5 Text Proposal
[bookmark: _Toc528161179]7.2.2	Higher layer aspects
[bookmark: _Toc528161180]7.2.2.1	Inactive and Idle procedures (38.304 related)
For Inactive and Idle mode procedures, Rel-15 NR design is considered as the baseline. As such, NR licensed measurement framework (cell and beam quality derivation for RSRP, RSRQ, and SINR, filtering and combining multiple beams) is also used as the baseline.
The UE measurements in Idle/Inactive mode will assume recurring transmissions of SSB/PBCH and RMSI but possibly with reduced opportunities due to LBT. The impact of LBT on Idle/Inactive measurement is not captured in RAN2 specifications.
[bookmark: _GoBack]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. UE can exclude the cells not belonging to the registered PLMN (or E-PLMN) during a reselection procedure by reading their MIB/SIB1 in descending order. During a reselection procedure, if the highest ranked cell or best cell belonging to a PLMN which is not indicated as being equivalent to the registered PLMN, the UE shall lower the priority of other cells on the same frequency for a maximum of 300 seconds.
For paging, it may be beneficial to introduce more opportunities per DRX cycle for the UE to receive the page. The additional locations can be provided for example in time domain or frequency domain.
CSG function is beneficial to be introduced into NR-U.


