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1 Background 
The IEEE 802.16p SRD [1] requires that 16p systems have the ability to distinguish between a voluntary power down event and an involuntary power outage event (see 6.2.8 of [1]).  This requirement stems from the need for an M2M system, in particular a smart metering system, to support a low-latency mechanism for notifying the network that a power outage event has occurred so that the network can initiate the necessary “outage management” processing. As discussed in [2, 3], timely reporting of power outages and subsequent restoration is a very important smart metering feature, which allows the Utilities to assess net duration of power outages. 
Reporting of power outages is especially challenging as electric meters typically report this alarm without battery support. Here, smart meter devices rely on a charge stored within a capacitor, which allows them to report “one last alarm” on the loss of power before they shut down. Due to the limited charge available in smart meters with the capacitance that can power the smart meter for roughly 150 to 200 milliseconds, this alarm needs to be reported within these time constraints. This tight latency requirement on reporting this alarm necessitates that a power outage event be reported via expedited lower layer signaling mechanisms. While current 802.16 systems support the reporting of power down events as part of the location update mechanism, the reporting of power outage alarms is distinct from voluntary shutdown of power (e.g. due to the manual power down of a device by a human) as this involuntary shutdown of power can result in different processing by the system (e.g. triggering of grouped polling, power outage analysis, network management etc).  Contributions IEEE C8016p-10_0005 and C80216ppc-10_0054r1 [2, 3] describes this use case in more detail. 
Support for Power-Down Event in Current 802.16 Systems 

Current 802.16 systems [5, 6], allow the MS to report a voluntary power down event through a “location-update” mechanism. Section 6.3.23.8.1 of [5] (and 16.2.18.4.1 of [6]) specifies the conditions under which a location update is triggered. An MS may perform a location update at will or when it needs to perform a paging group update, timer update, power down update, MAC hash skip threshold update or an MBS update. While performing location update the MS sends a power down indicator in the RNG-REQ message to indicate that it wishes to perform an orderly power down. Section 6.3.23.8.1.3 of [5] and 16.2.18.4.1.3 [6] details the power down update procedure.  
In this contribution, we propose simple modifications to the power-down location update protocol to augment the location update trigger conditions with an involuntary loss of power condition. Specifically, require support for an information element that can carry a power outage indicator, signaling an involuntary loss of power. 
Location Update Procedure to Indicate Power Outage Event
A smart meter implementation may report the power outage alarm by using the “power down location update” mechanism provided by the 802.16standard MAC layer [5, 6]. However, as indicated, a new power outage indicator must be signaled by a device to trigger processing that is distinct from the orderly power down of an MS supported by current 802.16 systems. The “power-outage location update” call flow processing initiated by the system to support power outage alarms is further clarified using Figure 1.
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Figure 1: Illustrative call flow processing for reporting power outage alarms by smart metering devices.
The call flow shows that upon receiving this power outage update the base-station can notify the ASN gateway to initiate an account terminate stop in the network. Support for appropriate account stop codes to identify the cause of the “account stop” is also required and is being addressed by the WiMAX Forum standards and IETF [7].
To support reporting of the “involuntary” power down event, the existing “Power down Indicator” used during the location update mechanism needs to be extended to indicate whether the power down event is “voluntary” or “involuntary”.  We propose that the 802.16p amendment add an additional “service TLV” that shall indicate a “power outage” event. This service TLV can also be extended to carry other indicators useful for additional M2M applications. We propose to fix the value ‘0x00’ to indicate the power outage indicator.
2 Text Proposal 
Add the following section after line 60 in page 3 of IEEE 802.16p-10/0018r2.
---------------------------Begin Text Proposal-------------------------------
6.3.x Location Update for Power Outage Event 
The 802.16p system shall extend the location update mechanism to account for an additional condition covering power outage reporting for machine type devices. Specifically a “power outage indicator” shall be added to reflect an involuntary loss of power for a device. This indicator will be distinct from the “power down indicator” supported by current non-M2M 802.16 systems, which indicates that the MS is initiating an orderly power down procedure. This power outage indicator will be carried in a new Service TLV, which will be set to a value of 0x00 to indicate a power outage event.  
-----------------------------------------End Text Proposal-----------------------
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