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Introduction
In the July ad-hoc and RAN2#103 meeting, the following was agreed for cell reselection:
· We assume there may be multiple PLMNs on one frequency (that do not share)
· 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 implies that the UE has to know the PLMN of the neighbour cell during cell reselection and handover. In this contribution, how to resolve PCI collision and confusion in a shared unlicensed carrier are discussed.  
Discussion
PCI collision
As defined in TR36.889 for LAA:
PCI collision – A UE is in the coverage of two (or more) cells which have the same PCI value. As illustrated in Figure 7.2.2.6-2, the blue UE, which belongs to the operator with the blue network, is in the coverage of two difference cells. These two cells have the same PCI: one cell belongs to the blue operator, and the other cell belongs to the green operator.
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Figure 7.2.2.6-2: Example of PCI collision
With no coordination between the PLMNs sharing the same unlicensed carrier, such PCI collision could occur also in NR-u. However such PCI collision can be mitigated if network listening is deployed on the RAN node as well as existing ANR mechanism to choose a PCI that is not used by any cells using the same shared unlicensed frequency in close proximity.
Observation#1: PCI collision can be mitigated if it can be assumed that network listening is deployed on the RAN node as well as existing ANR mechanism to choose a PCI that is not used by any cells using the same shared unlicensed frequency in close proximity.
Based on Observation#1, it is proposed that RAN2 assumes that PCI collision can be resolved via network listening by RAN node and using ANR.
Proposal#1: Based on Observation#1, RAN2 can assume that PCI collision is not an issue to resolve for NR-u.
PCI confusion
Again from TR36.889 for LAA:
PCI confusion – A UE is discovering, and configuring, an LAA cell of another operator which is having the same PCI value as a cell from its own operator. This is illustrated in Figure 7.2.2.6-1. The blue UE, belonging to the operator with the blue network, is identifying an LAA cell with PCI 17. If the UE is configured to send measurements, the UE may report to the blue eNB that it has found a cell with PCI 17. The blue eNB may then configure the blue UE to add the cell since it knows that it has a cell with PCI 17 in this area. But the cell which the UE has detected belongs to another operator.
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Figure 7.2.2.6-1: Example of PCI confusion
In LAA where it is concluded that there is no need to resolve PCI confusion for CA case as the probability of PCI confusion occurrence will be very low due to strict timing and the use of C-RNTI. On the other hand, this is not the case for NR-u. Network listening on the RAN node and ANR can resolve some of these PCI confusion by ensuring that no 2 neighbour cells use the same PCI in close proximity. However, there will still be some scenarios where PCI confusion may happen. One of the scenario is like the Figure 7.2.2.6.1 in TR36.889 when the network wants to handover from a licensed cell covering 2 small NR-u standalone cell from different PLMN using the same PCI and both small cell is not in close proximity and network listening and ANR are not effective in this case. In this case, the handover will fail if the UE detects the cell of not its registered PLMN but reported it for handover and the network handover the UE to another cell of the same PCI.
Observation#2: Network listening on the RAN node and ANR can also resolve some of these PCI confusion to a certain extent by ensuring that no 2 neighbour cells use the same PCI. But there will still be some scenarios where PCI confusion may occur (e.g. the network wants to handover from a licensed cell covering 2 small NR-u standalone cell from different PLMN using the same PCI and both small cell is not in close proximity).
One existing method to solve the PCI confusion is the network can use the ANR mechanism (i.e. reportCGI) to request the UE to provide the full cellAccessRelatedInfo in SIB1 to the network once the UE provided the measurement triggering the handover event and then based on the CGI in the cellAccessReslatedInfo to decide whether to handover.  This method is being used for inbound mobility for CSG cell. This method seem to be sufficient to resolve the issue as identified in Observation#2.
Observationl#3: To resolve PCI confusion in handover, the network can use the existing ANR mechanism (i.e. reportingType = reportCGI) to request the UE to provide the full cellAccessRelatedInfo in SIB1 to the network once the UE reported the measurement triggering the handover event.
Proposal#2: RAN2 can assume that PCI confusion occurring during handover can be resolved by network listening and existing ANR mechanism. 
For cell (re)selection, PCI confusion is manifest in the UE (re)selecting to a cell that are not belong to its registered/selected PLMN (or E-PLMN). In NR, there are deployment where it is a standalone cell for some PLMNs and only as an EN-DC cell for other PLMNs. This is differentiated via the presence (or absence) of TAC for the PLMN. For UE that belongs to PLMNs that see the cell as EN-DC cell, it will treat the cell as not suitable after reading the SIB1. The same can be applied here as well for NR-u cell that is not the registered PLMN (or equivalent PLMN). Making the cell not suitable (i.e. being an acceptable cell) allows the cell to be used for emergency call until a suitable cell (e.g. not the best cell) can be found in the register PLMN.
Proposal#3: For cell (re)selection, the UE can treat NR-u cell not belonging to its registered/selected PLMN (or E-PLMN) as not suitable cell.   
Conclusion and proposals
In this contribution, the following observations and proposals are discussed:
Observation#1: PCI collision can be mitigated if it can be assumed that network listening is deployed on the RAN node as well as existing ANR mechanism to choose a PCI that is not used by any cells using the same shared unlicensed frequency in close proximity.
Pro Proposal#1: Based on Observation#1, RAN2 can assume that PCI collision is not an issue to resolve for NR-u.
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