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Abstract: 
This document contains discussion of issues with roaming near international borders and describes some potential improvements.
Introduction

Some operators have experienced undesirable roaming behavior at international borders.   For instance, when subscribers roam across the border into a neighboring country then return to their home country, their mobile devices don’t return to the home network until they are completely out of range of the visited PLMN.  This is a problem because the signal from the visited PLMN can propagate significant distances across the border.   If the subscribers live near the border, they may continue roaming indefinitely even though they are in their home country.  This results in unnecessary roaming charges, unhappy subscribers and subsequent customer support calls.  

There is an optional mechanism to allow roaming devices to search for their HPLMN/EHPLMN after power cycling the device, but TS 22.011 and TS 23.122 are not very clear on the behavior for this feature.  

There is also a User Reselection feature defined in TS 22.011 section 3.2.2.3 and TS 23.122 section 4.4.3.2.  This feature would appear to be very useful for the border issue, it would me much better than forcing a power cycle, yet we don’t see a way that users can activate this feature in our devices.   

We understand that the current specifications reflect years of analysis, negotiations and experience, but we feel that it might be possible to improve the situation.  In that light, this paper describes our view the boarder roaming/rehoming issue in detail and presents some possible solutions.  
Discussion
Devices implicitly don’t have to scan when on the highest priority PLMN in a foreign country  

TS 22.011 and TS 23.122 say that an MS/UE in a VPLMN shall periodically attempt to obtain services on its HPLMN, EHPLMN or higher priority PLMN/access technology combination, but this is limited to PLMNs in the same MCC as the current received PLMN.  So scans are implicitly not required when both 1) the device is on the highest priority PLMN for the MCC of the VPLMN and 2) the MCC of the VPLMN is different than the MCC of the HPLMN/EHPLMN.  In theory this allows for longer battery life when roaming in a foreign country nowhere near the border, but it creates problematic situations near the border.  
Devices stay on visited network when in home country near the border

If a subscriber with roaming enabled who lives near an international border travels across the border, their mobile will roam onto a PLMN in the neighboring country.  When that subscriber returns across the border to their home country, their mobile will stay attached to the VPLMN for as long as it is within range.  Even if the HPLMN has a stronger signal, the mobile will not be able to connect to it until the roaming networks is unavailable.  This could be several kilometres from the border.  Not only do these devices run up unnecessary roaming charges, but they can also interfere with the networks in their home country.
The problem with having devices scan every T minutes for the HPLMN/EHPLMN when they are roaming internationally is that there is no straightforward way to determine if the device is near the border of the home country.  GPS positioning could be used, but that might result in worse battery life than the periodic scans.  Location based services could help, but that would require LBS in the visited network.  
Idea: Allow border cells to broadcast border control information

It would be useful to allow for intelligent scanning near the border of the home country by giving the UE an indicator of when it is near its home border.  One way to do this would be for border cells to transmit a new SIB field that identifies if the cell is near an international border and if so what the MCC(s) of the neighboring country or countries are.  This would allow the device to scan for its HPLMN when it is near the border, but not waste resources scanning when it is on the highest priority PLMN but nowhere near the border of their home country.  Obviously this would require cooperation between the operators at the border, but it should be useful to operators on both sides of the borders.

We understand there are concerns about ping-ponging between networks, but we think there are ways that this could be minimized.  For instance, a signal quality threshold or relative signal quality measurement could be used to create hysteresis to reduce ping ponging.    Also, getting devices back onto their home network instead of roaming across the border when they are back in their home country should help to reduce interference in the home network.  
The “search for HPLMN/EHPLMN on reboot” feature appears to be optional in many ways

There is an “optional” feature that allows a device to scan for the HPLMN/EHPLMN when it is rebooted or recovering from lack of coverage.  However, it is not clear (to some of us, anyway) in the specifications what is optional and what is mandatory, or even what the default behaviour is.  It seems to be optional to implement the feature in the UE, optional if the operator chooses to configure it, optional what the resulting UE behaviour is because it is described with “mays” instead of “shalls.” Also, the default behaviour is not clear because it doesn’t say what the UE will do if the operator chooses to not control the behaviour via USIM configuration.  There is a sentence several paragraphs down that mentions default behavior, but it is not clear to us if that applies to all of the options.  
From TS 22.011 section 3.2.2.2 :

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.

We think that this paragraph could have been written more clearly.  One example is the following:

As an option, the operator shall be able to control by USIM configuration whether an MS scans for HPLMN/EHPLMN on switch on or recovery from lack of coverage.  By default, this option is disabled.  When enabled by USIM configuration, in automatic selection mode when no EHPLMN list is present the UE shall select the HPLMN when available. When the EHPLMN list is present, the UE shall select the highest priority EHPLMN among the available EHPLMNs.  Implementation of this option is mandatory for all UEs.  
And from TS 23.122 section 4.4.3.1:

EXCEPTION: As an alternative option to this, if the MS is in automatic network selection mode and it finds coverage of an EHPLMN, the MS may register to that EHPLMN and not return to the registered PLMN or equivalent PLMN. If the EHPLMN list is not present or is empty, and the HPLMN is available, the MS may register on the HPLMN and not return to the registered PLMN or equivalent PLMN. The operator shall be able to control by SIM configuration whether an MS that supports this option is permitted to perform this alternative behaviour.
An example of how this requirement could be more clearly worded:
EXCEPTION: As an alternative option to this, the operator shall be able to control by SIM configuration whether an MS scans for HPLMN/EHPLMN on power up. By default, this option is disabled.  If the option is enabled via the SIM and if the MS is in automatic network selection mode and it finds coverage of an EHPLMN, the MS shall attempt to register to that EHPLMN. If the EHPLMN list is not present or is empty, and the HPLMN is available, the MS shall attempt to register on the HPLMN. Implementation of this feature is mandatory for all MSs.  
User Reselection 

User reselection as defined in 22.011 section 3.2.2.3 seems like it would be very useful for subscribers who are connected to a VPLMN even though they are back in their home country.  
“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.”
User reselection allows the user to initiate the network reselection process, even if the UE is in automatic network selection mode.  It is not clear to us why we have not seen this feature available, at least not in Android handsets.  We feel that it would be useful to have user reselection available as mandatory feature in all handsets.  If the intention in 22.011 is that this is a mandatory feature, then maybe this is a RAN5/GCF issue.  
Proposal
We respectfully ask that SA1 consider the following:

1) Develop a way to allow border cells to broadcast a “border indication” field that includes the MCC of the adjacent country so that mobiles know when to scan for their HPLMN/EHPLMN when roaming internationally.  
2) Make implementation of the “scan for HPLMN/EHPLMN on reboot” feature mandatory, the behavior controlled by the SIM/USIM, the functionality specified by “shalls” not “mays” and clearly define the default behavior.   
3) Consider allowing the upper layers to initiate a “scan for home network.” 
4) Ensure the “User reselection” feature is available on all devices 
