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1
Introduction
In the US, the FCC has issued a new Report and Order that requires all cellular operators who support the broadcast CMAS notifications to upgrade their system to broadcast the notifications with warning area coordinates to the mobile devices. The mobile devices are expected to display the warning message only when the own location is within the area computed by the warning area coordinates. In support of this, the eNB (LTE) and NG-RAN node (5G) must receive the Warning Area Coordinates from the MME/AMF in the WRITE-REPLACE WARNING REQUEST message.
2
Discussion
In the current WEA broadcasts, depending on the method used to select the cell, overshooting and/or undershooting can occur. An eNB (in 4G) or NG-RAN node (in 5G)  cannot broadcast the Cell Broadcast Service (CBS) messages to a part of the cell. They would broadcast to the entire cell or none. 

An alert area polygon/circle boundary line can be inside a cell. In that case, if the alert is broadcast to the entire cell, then some users outside the polygon would receive the alert (overshooting). If the alert is not broadcast in the cell at all, then some users who are inside the polygon won’t receive the alert (undershooting). 

The possibility of overshooting and undershooting scenarios is illustrated in figure 1 below: 
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Figure 1: Overshooting/Undershooting

The top part of figure 1 is based on a selection logic where a cell is selected only if the Centroid of the cell is inside the polygon. Based on that logic, the alert would be broadcast to cells 1A and 1B and not to 1C. Obviously, some users of cell 1A who are outside the polygon receive the alert, resulting in an overshooting scenario. Some users of cell 1C who are inside the polygon do not receive the alert, resulting in an undershooting scenario. 

The bottom part of figure 1 is based on a selection logic where a cell is selected if a part of the cell is inside the polygon. Based on that logic, the alert would be broadcast to cells 1A, 1B and 1C.    Obviously, some users of cell 1A and cell 1C who are outside the polygon receive the alert, resulting in an overshooting scenario and there is no undershooting possibility.  

There may be other cell logic implemented in CMSPs (Commercial Mobile Service Providers) CBS offering.     

One can perhaps derive from the illustration shown in figure 1 that with a cell selection logic, an undershooting scenario is avoidable, but not the overshooting. FCC R&O 18-4 issued in January 2018 provides new regulatory requirements on this overshooting scenario. Per FCC R&O, cellular operators shall transmit the warning area coordinates to the mobile devices and the mobile devices shall display the warning area text if and only if the own location is within the area computed by the warning area coordinates. When the mobile devices are unable to determine the own location, the FCC R&O allows those devices to display the text using the current scheme. 

The said FCC R&O rules apply to mobile devices that receive the warning messages over LTE and beyond radio networks. 

ATIS PROJECT

A new project was started in ATIS WTSC WEA to address the FCC R&O on Device-based Geo-Fencing. As required within the FCC R&O, the coordinates of the warning area are sent to the mobile devices and the yet-to-enhanced mobile devices will use those coordinates to conditionally display the alert text when the own locations are within the alert area. To facilitate this, the following three aspects will have to be considered:   

· The coordinates of the alert area will have to be broadcast to the mobile devices. 

· The mobile devices require enhancements to conditionally display alert text based on the own location. 

· The mobile devices without the enhancements will have to display the alert text unconditionally using the current method. 

One of the consideration the FCC R&O gives is the allowance of exhibiting the current behaviour of displaying the alert text unconditionally when the mobile device cannot determine the own location, 
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The figure 2 below illustrates the implications (net-result) of the requirements per the new FCC R&O: 

Figure 2: Illustrating the device-based geo-fencing requirements

In figure 2, the alert is broadcast to cells 1A, 1B and 1C. As shown, part of cell 1A and 1C are outside the alert area and part are inside the alert area coordinates. 

Of the six devices shown, the Device-1 and Device- 4 are the legacy devices (i.e. not enhanced to support the device-based geo-fencing) and therefore display the alert text even while in the overshooting area. The Device-2 and Device-6 are the enhanced devices but are not able to determine own location and therefore, display the alert text independent of the location. The Device-3 and Device-5 are the enhanced devices that know the own location and therefore, display the alert text only while inside the alert coordinates. 

It is presumed that irrespective of which method is used to transfer the alert area co-ordinates, the mobile devices will require enhancements to determine the own location and then apply that location in determining whether to display alert text. 

3
Conclusions
In order to support the FCC R&O on Device-based Geo-Fencing, changes are needed to CT1, CT4, RAN2, and RAN3 specifications. The necessary changes to CT1 (TS 23.041) and CT4 (TS 29.168) have already been agreed in [1] and [2] respectiving.
The following is proposed:
Proposal:
Introduce Warning Area Coordinates in the S1AP: WRITE-REPLACE WARNING REQUEST message and NGAP: WRITE-REPLACE WARNING REQUEST message.
A CR for TS 36.413 is provided in [3] in alignment with the TS 29.168 changes agreed by CT4.
A text proposal for TS 38.413 can also be provided, which would simply “mirror” the changes to TS 36.413.
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With the method that selects a cell-sector when Centroid of it is in the alert polygon: the alert is broadcast to sectors A and B.
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