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1. Introduction
The discussion on HPLMN selection in network sharing was kicked-off in the CT1#77 meeting (in Taipei) by a discussion paper [1]. Later, the discussion moved to SA1 where during the #59 meeting this topic was further discuss with focus on the scenarios and requirement based on the suggestion from CT1 [2]. Finally, a scenario and use case on PLMN selection enhancements towards a shared area was agreed by SA1 in their #60 meeting [3] and included in the Rel-12 3GPP TR 22.852 [4].

Based on the progress in SA1, this discussion paper attempts to re-visit this topic in CT1 and provide more information/consideration on the way forward from CT1 point of view.

2. Discussion

2.1 Existing requirement on PLMN selection in network sharing
The requirement on idle mode PLMN selection in network sharing cases is specified in 3GPP TS 23.122 [5]; sub-clause 4.4.3, quote:

“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.”
This requirement was originally added into the 3GPP TS 23.122 during the CN1#36 meeting in November 2004 for the Rel-6 version of the specification [6] and later evolved to become the above quoted requirement by agreement of some CRs during following CT1 meetings. However, one can see that the requirement, quote “If the registered PLMN is available among these PLMNs, the MS shall not choose a different PLMN.” has never been changed until now from the moment of introduction in Rel-6. Furthermore, it is important to bear in mind that this requirement was added in 3GPP TS 23.122 without aligning with the requirement from stage 1, i.e. no requirement on idle mode PLMN selection in network sharing cases was firstly specified in any stage 1 specification (e.g. TS 22.011).

2.2 Scenario and use case
The requirement “If the registered PLMN is available among these PLMNs, the MS shall not choose a different PLMN” 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. This can provide the service continuity in the current RPLMN area if the RPLMN is still available.

This requirement can apply in two cases: (1) the RPLMN is HPLMN or one of EHPLMN, in which the UE is not in the roaming status; (2) the RPLMN is neither HPLMN nor one of EHPLMN, in which the UE is in the roaming status (national roaming or international roaming).

For the case (2), a particular scenario and use case was specified in 3GPP TR 22.852 [4]; sub-clause 4.13.2 (as shown in Figure 1 below), quoted:
“UE is originally camped on Cell A and PLMN A (non-HPLMN for the UE) is its registered PLMN;

UE is now moving from Cell A to Cell B which is shared by PLMN A and PLMN B (UE’s HPLMN);

Cell B broadcasts the PLMN identifiers of the participating operators.”
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Figure 1

In Figure 1:

(1) The HPLMN of the UE is PLMN B while the current RPLMN of the UE is PLMN A (the roaming is supported between PLMN A and PLMN B);

(2) The UE currently camps on a Cell A of PLMN A (RPLMN) and stays in the IDLE mode;
(3) The UE reselects to a Cell B in a shared network and the Cell B is a suitable cell for PLMN A (RPLMN) and PLMN B (HPLMN);
(4) The UE AS layer indicates {PLMN A and PLMN B} to the NAS layer.
One can see in the above scenario, if following the current PLMN selection requirement in 3GPP TS 23.122, the UE shall always keep registered to PLMN A (RPLMN) even though the PLMN B (HPLMN) is also available in the shared suitable cell. In other words, the MS is prohibited completely from selecting its HPLMN in this scenario and hence still keeps in the roaming status.
However, the truth is that the UE is actually also in the coverage of its HPLMN and the HPLMN may likely provide better coverage than the RPLMN in the vicinity of the shared cell. The user would like to register to its HPLMN to enjoy the local services as soon as possible though the user cannot easily know this scenario is taking place. To register to the HPLMN means to leave the roaming status and also obtain better services with likely lower charging.
2.3 New requirement on PLMN selection in network sharing
For the use case in the section 2.2, a requirement was also specified in 3GPP TR 22.852 [4] subclause 4.13.5, quoted:
“Upon the operator’s policy, the UE shall be able to reselect to its HPLMN when moving towards a shared RAN where at least one participating operator is UE’s Home operator, even though the old registered PLMN is still available.”
Even though the above requirement was specified in a TR (not in a technical specification), it delivered a crystal voice from SA1 that it is beneficial to open the door for the UE to get back to its (E)HPLMN to obtain the local services in this typical scenario (i.e. to provide an optional behaviour for the UE to select its (E)HPLMN under the operator control).

As described in the section 2.1, the existing requirement on PLMN selection in network sharing was directly added in stage 2 (3GPP TS 23.122) without aligning the requirement from stage 1. Following this principle, the below proposal is preferred:
Proposal I: To add a new exceptional requirement on PLMN selection in TS 23.122 for the use case in section 2.2.
2.4 Requirement implementation on the UE
If a new requirement in the section 2.3 is added, then for the use case in the section 2.2, the UE can have two optional behaviours:

Option I: to keep register to the current RPLMN without PLMN selection (the existing requirement); or
Option II: to perform PLMN selection to select its HPLMN/EHPLMN (the new requirement).

Here it should be highlighted that to open the door for the Option II should be under the operator control, i.e. it was a foreseeing UE action from the operator point of view. Two alternatives could be considered:
Alt I: UE configuration (e.g. by (U)SIM configuration via OTA or OMA DM); or
Alt II: Network indication (e.g. by broadcasting an indication in the shared cell).

For the Alt I, the operator is able to control by SIM configuration whether a UE that supports this option is permitted to perform this alternative behaviour. For the Alt II, the operator is able to configure the network (including RAN) to provide an indication to the UE based on which a UE that supports this option is permitted to perform this alternative behaviour.
Both of above alternatives can open the door for the Option II under the operator control but the functionality change is required. If the door is opened as Alt I, the UE configuration (e.g. USIM configuration; note that the SIM was frozen in Rel-4) should be updated but no change at the network side. This will require coordination work with the 3GPP CT6 WG. If the door is opened as Alt II, the network (e.g. eNodeB) should be updated and the UE will be need to change as well for this new indication. But this will not update any USIM configuration. The Alt II will require the coordination work from 3GPP RAN2 WG.
Proposal II: To decide which alternative to be used to open the door for Option II and send an LS to the related work group for coordination work.

2.5 Background scan for getting back to (E)HPLMN
As defined in 3GPP TS 23.122 [7], an IDLE-mode UE in a VPLMN (in automatic network selection mode) can periodically attempt to obtain service on its (E)HPLMN or a higher priority PLMN by performing the background scan. In the scenario shown in Figure 1 in section 2.2, the UE is also in the VPLMN and in the IDLE mode, so we agree that the UE could get back to its (E)HPLMN by background scan if the UE still keeps camping on the current RPLMN and the HPLMN is available.
However, 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 long (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 by the Figure 1 in the section 2.2 of this paper, the UE has already known that it is under (E)HPLMN coverage, then allowing the UE to immediately get back to (E)HPLMN need not wait the background scan performed at the interval time.

Note that the background scan procedure could also apply for the case of switch-on or recovery from lack of coverage, so if the background scan does everything well, then there is no need to open the door for the UE to get back to its (E)HPLMN to obtain the local services in the case of switch-on or recovery from lack of coverage. The same logic applies to the network sharing cases.
3. Conclusion

It proposed that CT1 to re-visit the (E)HPLMN selection in network sharing case as shown by the Figure 1 in the section 2.2 of this paper in order to decide the new requirement for the UE to get back to its (E)HPLMN to obtain the local services (i.e. to provide an optional behaviour for the UE to select its (E)HPLMN in the use case in the section 2.2). 
Furthermore, it proposed that CT1 decides which alternative to be used to open the door for the UE to get back to its (E)HPLMN under the operator control and send an LS to the appropriate working group for coordination of the necessary work.
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