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1
Introduction
When an MC user wishes to migrate from their primary MC system to a partner MC system, and the HPLMN of the partner MC system differs to the HPLMN of the primary MC system, then the MC user's MC service UE needs to be able to select and register/attach to the HPLMN of the partner MC system as a VPLMN so that the MC service UE can connect to the correct PDN(s) that provide access to the partner MC system (see section 5.2.Y of 3GPP TS 23.280, as agreed at SA6 #19 in S6-171388).

Before a UE can attach to a PLMN however, the UE needs to select a PLMN from the list of all PLMNs that are available to the UE. The process of network selection by a UE is specified in subclause 3.2 of 3GPP TS 22.011 (copied in Annex A of this paper). However, to summarise, there are two modes of network selection that a UE provides to a user and which the user can change between at any time:

· Automatic network selection mode, whereby the UE autonomously selects a network; and

· Manual network selection mode, whereby the user selects a network from a list of available PLMNs presented by the UE e.g. via the UE's user interface.

In automatic network selection mode, the UE mainly utilises two PLMN selector lists from the USIM:
· Operator Controlled PLMN Selector list:

· Configured by the HPLMN only, typically at time of provisioning/manufacturing of the UICC upon which the USIM resides, but in some instances, can be updated remotely by the HPLMN (e.g. using SIM-OTA).
· Cannot be modified by the user/subscriber of the UE/USIM.

· PLMNs listed solely in this list have less priority than those listed in the User Controlled PLMN Selector list.

· User Controlled PLMN Selector list:

· Configurable by the user/subscriber of the UE/USIM only e.g. via a user-interface provided by the UE, and the UE uses AT commands to update the list on the USIM appropriately.

· Cannot be modified by the HPLMN.

· PLMNs listed in this list are prioritised for selection over those listed solely in the Operator Controlled PLMN Selector list.

In manual network selection mode, all PLMNs available to the UE are listed in a user interface and the user is prompted to select one.

Once a PLMN is selected, either manually or automatically, the UE then attempts to attach/register to the selected PLMN. For:

· automatic selection mode, if attach/registration fails to the selected PLMN, then the UE can select a different allowed PLMN and reattempt attach/registration until either attach/registration succeeds to a selected PLMN or all available and allowed PLMNs have been attempted; and

· manual selection mode, if attach/registration fails, then the UE must prompt the user to reselect another PLMN to attempt.
2
Problem

Whilst the MC service UE is provided with the initial MC service UE configuration data for the partner MC system, which contains the PLMN ID(s) of the HPLMN of the partner MC system, the MC service UE currently has no procedure defined to select the HPLMN of the partner MC system for migration i.e. it is possible (possibly likely in some scenarios) that the MC service UE selects a VPLMN that is not the partner MC system's HPLMN. Essentially, this could happen due to e.g.:
· the partner MC system's HPLMN being absent from both the Operator Controlled PLMN Selector list and the User Controlled PLMN Selector list;

· the partner MC system's HPLMN being present on the Operator Controlled PLMN Selector list but another available PLMN has higher priority e.g. due to being configured on the User Controlled PLMN Selector list; and
· the partner MC system's HPLMN being present on the User Controlled PLMN Selector list but another available PLMN has higher priority due to being configured higher on the User Controlled PLMN Selector list.

3
Solutions
3.1
Solution 1: use of Operator Controlled PLMN Selector list
This would require the HPLMN of the USIM (i.e. the HPLMN of the primary MC system) to configure and maintain on an ongoing basis updating the Operator Controlled PLMN Selector list on the USIM with the list of PLMN ID(s) of the HPLMN of the partner MC system. Such a list is not readily available to the HPLMN of the USIM/primary MC system, as the initial MC service UE configuration data is currently not sent to the HPLMN of the USIM/primary MC system. Therefore, this solution would require a new interface between the configuration management server of the primary MC system and a system within the HPLMN of the USIM/primary MC system that can perform remote updates to the MC service users' USIMs.
3.2
Solution 2: use of User Controlled PLMN Selector list
This would require the UE to configure the User Controlled PLMN Selector list on behalf of the MC service user. The UE already contains the necessary information (i.e. initial MC service UE configuration data for the partner MC system) and functionality (i.e. use of AT commands, as specified in 3GPP TS 27.007) to achieve this. Therefore, this solution would require no new interfaces and no new functionality on the UE; just reuse of existing information and existing functionality.
On MC service UEs, it is unlikely that in real-world deployments the MC service user would be configuring this list already (few consumers ever configure this list). However, is this likely and/or to be allowed, then the MC service UE could simply restrict configuration of the User Controlled PLMN Selector list to the MC service user e.g. by just not providing the necessary user interface. However, if the list is already configured or if the list is to be allowed to be configured, then either the list could be temporarily replaced with the new data for migration (i.e. after migration is no longer needed, the contents could be restored), or the list could just be added to e.g. HPLMN of the partner MC system added to the top. Such detail is likely more for stage 3 discussion, however, the point here is that the User Controlled PLMN Selector list could be utilised as per the above paragraph.
3.3
Solution 3: use of manual network selection by the MC service user of MC UEs

This would require the MC service user to manually select the correct PLMN from the list of available PLMNs to the UE. Whilst not requiring any new information or functionality, manual selection of the correct available PLMN by the user is likely to be prone to error, and there is a need for the primary MC system to somehow inform the MC service user of the HPLMN of the partner MC system to which to manually select (which will need ongoing updates as migration agreements between MC systems change). It also requires the MC service user to be able to successfully navigate the user interface of the UE, as well as the UE to provide such a user interface.
4
Conclusion

Solution 1 is undesirable due to the need for the primary MC system to keep its HPLMN operator(s) updated with the latest list of partner MC system HPLMNs, and the reliance of the primary MC system upon the operator of the HPLMN of the primary MC system to then perform successful SIM-OTA updates to the USIMs of all MC service UEs (at least all of those that belong to MC service users who are allowed to migrate). Such a sharing of information as to which USIMs belong to MC service users who can migrate may also raise some questions of privacy, and may also require new contractual agreements.
Solution 3 is also undesirable due to the reliance upon the MC service user to choose the right PLMN from a list of available PLMNs to the UE in order to migrate to a particular partner MC system, and the need to somehow inform the user of which PLMN(s) are for which partner MC systems (if the UE already has the information to provide to the MC service user, it is surely much more efficient for the UE to just perform the network selection itself!).
Solution 2 is therefore the preferred solution, due to no new interfaces being required, no potential privacy concerns, use of existing functionality on the UE and no reliance on the MC service user to perform any migration-critical tasks.

Annex A: Extract from subclause 3.2 of 3GPP TS 22.011:

	3.2
Network selection

3.2.1
General

The UE shall support both manual and automatic network selection mechanisms (modes). The UE shall select the last mode used, as the default mode, at every switch-on.

As an optional feature of the ME, the user shall be able to set a preference in the ME for the mode that shall be used at switch on. If set then the ME shall select this preference rather than the default mode.

Note:
By defaulting to the last mode used, e.g. manual network selection, the undesired automatic selection of an adjacent PLMN instead of the desired HPLMN in border areas, can be avoided at switch-on.

The user shall be given the opportunity to change mode at any time.

Except as defined below, the MMI shall be at the discretion of the UE manufacturer.

The UE shall contain display functions by which Available PLMNs and the Selected PLMN can be indicated.

In order not to confuse the user, the same definitions of PLMN names shall be applied consistently both in registered mode and in the list presented to the user when in manual mode. 
In shared networks a radio access network can be part of more than one PLMN. This shall be transparent to the user, i.e. the UE shall be able to indicate those PLMNs to the user, and the UE shall support network selection among those PLMNs, as in non-shared networks.

3.2.2
Procedures

3.2.2.1
General

In the following procedures the UE selects and attempts registration on PLMNs.

In this TS, the term "PLMN Selection" defines a UE based procedure, whereby candidate PLMNs are chosen, one at a time, for attempted registration.

A User Controlled PLMN Selector data field exists on the USIM to allow the user to indicate a preference for network selection. It shall be possible for the user to update the User Controlled PLMN Selector data field, but it shall not be possible to update this data field over the radio interface, e.g. using SIM Application Toolkit. 

It shall be possible to have an Operator Controlled PLMN Selector list and a User Controlled PLMN Selector list stored on the SIM/USIM card. Both PLMN Selector lists may contain a list of preferred PLMNs in priority order. It shall be possible to have an associated Access Technology identifier e.g., N G-RAN, E-UTRAN (WB-S1 mode), E-UTRAN(NB-S1 mode), UTRAN, GERAN or GERAN EC-GSM-IoT associated with each entry in the PLMN Selector lists. 

The UE shall utilise all the information stored in the USIM related to network selection, e.g. HPLMN, Operator controlled PLMN Selector list, User Controlled PLMN Selector list, Forbidden PLMN list.

Note 1:
A PLMN in a Selector list, including HPLMN, may have multiple occurrences, with different access technology identifiers.

The UE shall ignore those PLMN + access technology entries in the User Controlled PLMN selector and Operator Controlled PLMN selector lists where the associated Access Technology is not supported by the UE. In the case that there are multiple associated Access Technology identifiers in an entry the UE shall not ignore the entry if it includes any associated Access Technology that is supported by the UE.

It shall be possible to handle cases where one network operator accepts access from access networks with different network IDs. It shall also be possible to indicate to the UE that a group of PLMNs are equivalent to the registered PLMN regarding PLMN selection, cell selection/re-selection and handover.

It shall be possible for the home network operator to identify alternative Network IDs as the HPLMN. It shall be possible for the home network operator to store in the USIM an indication to the UE that a group of PLMNs are treated as the HPLMN regarding PLMN selection. Any PLMN to be declared as an equivalent to the HPLMN shall be present within the EHPLMN list and is called an EHPLMN. The EHPLMN list replaces the HPLMN derived from the IMSI. When the EHPLMN list is present, any PLMN in this list shall be treated as the HPLMN in all the network and cell selection procedures.

If registration on a PLMN is successful, the UE shall indicate this PLMN (the "registered PLMN") and be capable of making and receiving calls on it. The identity of the registered PLMN shall be stored on the SIM/USIM. However, if registration is unsuccessful, the UE shall ensure that there is no registered PLMN stored in the SIM/USIM.

If a registration is unsuccessful because the IMSI is unknown in the home network, or the UE is illegal, then the UE shall not allow any further registration attempts on any network, until the UE is next powered‑up or a SIM/USIM is inserted.

If the registration is unsuccessful due to the lack to service entitlement, specific behaviour by the UE may be required, see clause 3.2.2.4.

To avoid unnecessary registration attempts, lists of forbidden PLMNs, TAs and LAs are maintained in the UE, see clause 3.2.2.4 and 3GPP TS 23.122 [3].

Registration attempts shall not be made by UEs without a SIM/USIM inserted.

An UE/ME which has not successfully registered shall nevertheless be able to make emergency call attempts on an available PLMN (which supports the emergency call teleservice), without the need for the user to select a PLMN. An available PLMN is determined by radio characteristics (3GPP TS 23.122 [3]).

3.2.2.2
At switch-on or recovery from lack of coverage

At switch on, when in coverage of the last registered PLMN as stored in the SIM/USIM, the UE will attach to that network. 

As an option, in automatic selection mode, when no EHPLMN list is present, the UE may select the HPLMN. When the EHPLMN list is present, the UE may select the highest priority EHPLMN among the available EHPLMNs. The operator shall be able to control the UE behaviour by USIM configuration.
As an option, if the UE is in manual network selection mode at switch-on

-
if the last registered PLMN is unavailable and no equivalent PLMN is available, 

-
and the UE finds it is in coverage of either the HPLMN or an EHPLMN 

then the UE should register on the corresponding HPLMN or EHPLMN. The UE remains in manual mode.
If the UE returns to coverage of the PLMN on which it is already registered (as indicated by the registered PLMN stored in the SIM/USIM), the UE shall perform a location update to a new location area if necessary. As an alternative option to this, if the UE is in automatic network selection mode and it finds coverage of the HPLMN or any EHPLMN, the UE may register on the HPLMN (if the EHPLMN list is not present) or the highest priority EHPLMN of the available EHPLMNs (if the EHPLMN list is present) and not return to the last registered PLMN. If the EHPLMN list is present and not empty, it shall be used. The operator shall be able to control by USIM configuration whether an UE that supports this option shall follow this alternative behaviour.

NOTE:
At switch-on and at recovery from lack of coverage, a UE in automatic network selection mode can attempt registration once the RPLMN or, if the above option is applicable, the HPLMN or EHPLMN is found on an access technology.

The default behaviour for a UE is to select the last registered PLMN.

If there is no registered PLMN stored in the SIM/USIM, or if this PLMN is unavailable and no equivalent PLMN is available, or the attempted registration fails, the UE shall follow one of the following procedures for network selection:

A)
Automatic network selection mode

The UE shall select and attempt registration on other PLMNs, if available and allowable,if the location area is not in the list of "forbidden LAs for roaming" and the tracking area is not in the list of "forbidden TAs for roaming" (see 3GPP TS 23.122 [3]), in the following order:

i)
An EHPLMN if the EHPLMN list is present or the HPLMN (derived from the IMSI) if the EHPLMN list is not present for preferred access technologies in the order specified. In the case that there are multiple EHPLMNs present then the highest priority EHPLMN shall be selected. It shall be possible to configure a voice capable UE so that it shall not attempt registration on a PLMN if all cells identified as belonging to the PLMN do not support the corresponding voice service;

ii)
each entry in the "User Controlled PLMN Selector with Access Technology" data field in the SIM/USIM (in priority order). It shall be possible to configure a voice capable UE so that it shall not attempt registration on a PLMN if all cells identified as belonging to the PLMN do not support the corresponding voice service;

iii)
each entry in the "Operator Controlled PLMN Selector with Access Technology" data field in the SIM/USIM (in priority order). It shall be possible to configure a voice capable UE so that it shall not attempt registration on a PLMN if all cells identified as belonging to the PLMN do not support the corresponding voice service;

iv)
other PLMN/access technology combinations with sufficient received signal quality (see 3GPP TS 23.122 [3]) in random order. It shall be possible to configure a voice capable UE so that it shall not attempt registration on a PLMN if all cells identified as belonging to the PLMN do not support the corresponding voice service;

v)
all other PLMN/access technology combinations in order of decreasing signal quality. It shall be possible to configure a voice capable UE so that it shall not attempt registration on a PLMN if all cells identified as belonging to the PLMN do not support the corresponding voice service.

In the case of a UE operating in UE operation mode A or B, an allowable PLMN is one which is not in the "Forbidden PLMN" data field in the SIM/USIM. This data field may be extended in the ME memory.(see clause 3.2.2.4). In the case of a UE operating in UE operation mode C, an allowable PLMN is one which is not in the "Forbidden PLMN" data field in the SIM/USIM or in the list of "forbidden PLMNs for GPRS service" in the ME.

If successful registration is achieved, the UE shall indicate the selected PLMN.

If registration cannot be achieved on any PLMN, the UE shall indicate "no service" to the user, wait until a new PLMN is detected, or new location areas or tracking areas of an allowed PLMN are found which are not in the forbidden LA or TA list(s), and then repeat the procedure. When registration cannot be achieved, different (discontinuous) PLMN search schemes may be used in order to minimize the access time while maintaining battery life, e.g. by prioritising the search in favour of BCCH carriers which have a high probability of belonging to an available and allowable PLMN.

B)
Manual network selection mode

The UE shall indicate PLMNs, including "Forbidden PLMNs", which are available. If there are none, this shall also be indicated. The HPLMN of the user may provide on the USIM additional information about the available PLMNs, if this is provided then the UE shall indicate that information to the user. This information, provided as free text may include:

-
Preferred partner,

-
roaming agreement status, 

-
supported services 

Furthermore, the UE may indicate whether the available PLMNs are present on one of the PLMN selector lists (e.g. EHPLMN, User Controlled, Operator Controlled or Forbidden) as well as not being present on any of the lists.

For the purpose of presenting the names of the available PLMNs to the user, the ME shall use the USIM defined names if available or other PLMN naming rules in priority order as defined in 3GPP TS 22.101 [7] (Country/PLMN indication).
Any available PLMNs shall be presented in the following order:

i)
HPLMN (if the EHPLMN list is not present); or if one or more of the EHPLMNs are available then based on an optional data field on the USIM either the highest priority available EHPLMN is to be presented to the user or all available EHPLMNs are presented to the user in priority order; if the data field is not present, then only the highest priority available EHPLMN is presented;
ii)
PLMNs contained in the "User Controlled PLMN Selector" data field in the SIM/USIM (in priority order);

iii)
PLMNs contained in the "Operator Controlled PLMN Selector" data field in the SIM/USIM (in priority order);

iv)
other PLMN/access technology combinations with sufficient received signal level (see 3GPP TS 23.122 [3]) in random order;

v)
all other PLMN/access technology combinations in order of decreasing signal strength.

If a PLMN does not support voice services then this shall be indicated to the user.

The user may select the desired PLMN and the UE shall attempt registration on this PLMN. (This may take place at any time during the presentation of PLMNs.)

If the registration cannot be achieved on the selected PLMN, the UE shall indicate "No Service". The user may then select and attempt to register on another or the same PLMN following the above procedure. The UE shall not attempt to register on a PLMN which has not been selected by the user. 

Once the UE has registered on a PLMN selected by the user, the UE shall not automatically register on a different PLMN unless:

i)
The new PLMN is declared as an equivalent PLMN by the registered PLMN;

or,

ii)
The user selects automatic mode.

If a PLMN is selected but the UE cannot register on it because registration is rejected with the cause "PLMN not allowed", the UE shall add the PLMN to the “Forbidden PLMN” list (clause 3.2.2.4.1). The UE shall not re-attempt to register on that network unless the same PLMN is selected again by the user.

If a PLMN is selected but the UE cannot register for PS services on it because registration is rejected with the cause "GPRS services not allowed in this PLMN", the UE shall not re-attempt to register for E-UTRAN or UTRAN PS or GERAN PS on that network. The PLMN is added to the list "Forbidden PLMN's for GPRS services". The UE shall not re-attempt to register for E-UTRAN or UTRAN PS or GERAN PS on that network unless the same PLMN is selected again by the user. The reception of the cause "GPRS services not allowed in this PLMN", does not affect the CS service.

For requirements to restrict the access of a UE to one or several specific RATs see section 7.1.

If a PLMN is selected but the UE cannot register on it for other reasons, the UE shall, upon detection of a new LA (not in a forbidden LA list) of the selected PLMN, attempt to register on the PLMN.

If the UE is registered on a PLMN but loses coverage, different (discontinuous) carrier search schemes may be used to minimize the time to find a new valid BCCH carrier and maintain battery life, e.g. by prioritizing the search in favour of BCCH carriers of the registered PLMN.

3.2.2.3
User reselection

At any time, the user may request the UE to initiate reselection and registration onto an alternative available PLMN, according to the following procedures, dependent upon the operating mode.

A)
Automatic Network Selection Mode

The UE shall follow the procedure defined in clause 3.2.2.2.A) above.

B)
Manual Network Selection Mode

The procedure of 3.2.2.2 B) is followed.




