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1 Introduction
This paper attempts to address the PLMN selection problem for network sharing cases both in idle and connected modes.
2 Discussion
It is possible that some users originally in the roaming area and registered to the roaming PLMN. After that users may move back to their HPLMN or EHPLMN. In this case if users keep the original registration to the visiting PLMN, the subsequent services would get lower QoE as they are roaming users, e.g. higher charging, lower QoS treatment, reduced services to be allowed etc. 

A corresponding example is shown in figure 1: PLMN A/B/C represents Operator A/B/C respectively. The UE originally stays at a non-shared CELL 1 and is registered to PLMN A, which is a roaming PLMN. After a while the UE moves to CELL 2, which is shared by PLMN A, PLMN B and PLMN C. However, PLMN B is the HPLMN for the UE.
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Figure 1 mobility towards cells shared by HPLMN
2.1 Behaviour in idle mode
If UE triggers the movement between these two cells in idle mode, an existing rule from TS 23.122 will be applied:
“When the MS reselects to a cell in a shared network, and the cell is a suitable cell for multiple PLMN identities received on the BCCH the AS indicates these multiple PLMN identities to the NAS according to 3GPP TS 25.304 [32] and 3GPP TS 36.304 [43]. The MS shall choose one of these PLMNs. If the registered PLMN is available among these PLMNs, the MS shall not choose a different PLMN.”
The above highlighted text means that if the registered PLMN (RPLMN) is available in the shared suitable cell, then the MS will keep camping on the RPLMN and no PLMN selection/registration attempting is triggered due to cell reselection. However such rule in some network sharing case would result in maintaining registration of a VPLMN even when the HPLMN is available, the UE hence still keeps in the roaming status and can not get better services and lower charging as soon as possible. For instance, if users have subsequent service requests, the charging and service quality might be differed as those in the HPLMN. 
Although currently background scan in 22.011 allows the UE to periodically attempt to obtain service on its (E)HPLMN or a higher priority PLMN, the background scan is a very general behaviour which is periodically performed by an IDLE mode UE in a VPLMN based on a timer regardless of whether the UE selected a shared suitable cell or a non-shared suitable cell. Another important thing should be born in mind that the interval time for the background scan can be configured very longer (up to 8 hours). This is mainly due to: (1) the shorter interval may result in excessive UE battery drain; and (2) the (E)HPLMN would not be always available when background scan is performed. In the scenario shown in Figure 1, the UE has already known it is under (E)HPLMN coverage, then allowing the UE to quickly get back to (E)HPLMN seems more beneficial for future services than using background scan.
2.2 Behaviour in connected mode
Similar problem might also occur in connected mode as well. The UE already has some ongoing services when it moves from Cell 1 to Cell 2 and a handover is initiated due to radio conditions change. In connected mode the whole behaviour will be controlled under the RAN node, i.e. it is the source eNB to decide whether to trigger handover and which cell would be the target cell. 

Although the source eNB knows the target cell is a shared cell, the eNB is not aware which PLMN is user’s HPLMN. Therefore the eNB will normally trigger an intra-PLMN handover and keep the UE in the roaming PLMN, even though the HPLMN is available in the target cell. The UE hence still keeps in the roaming status and can not get better services and lower charging.
2.3 Conclusion

This paper raises discussion on mobile mobility between non-shared and shared cells. It is proposed to consider such scenario in RAN sharing study and discuss further about the requirements needed.
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