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Handling Smart Meter Power Outage

Erik Colban, George Calcev, Bin Chen, George Cummings
Huawei Technologies

Hung-Yu Wei, Ching-Chun Chou

National Taiwan University
Introduction

One of the most important features of M2M communication is that it needs to handle a large number of devices (there may be as many as 30,000 devices in a cell).  In some cases the devices are powered by the power grid and, if a power outage occurs, anywhere between just one or two to several thousand devices may suddenly loose power. The devices must rely on a charge stored in a capacitor to notify the network about the power outage, which limits the time (in the order of 150 ~ 250 ms) to carry out the procedure required to notify the network about the outage. This time limit constrains the set of possible solutions. Also, since the network does not receive any prior indication about the time and the number of devices affected, the base stations in the network must be able to handle a power outage at any time without warning and without knowing for how many devices they need to allocate air interface resources so that the devices can transmit the power outage notification to the network. When the power outage happens, the devices affected may be in different states, with some devices in a connected state and other devices in an idle state. The time needed for a device in a connected state to transmit a message to the network is much shorter than for a device in an idle state, so a method suitable for devices in a connected state may not be feasible for a device in an idle state. Even for two devices in a connected state, the procedure for transmitting a message to the base station may vary as a device that has an allocation on the uplink readily available may use that allocation to transmit a power outage message, whereas a device that has not been given an allocation on the uplink must first send a bandwidth request. It is expected that an M2M device will spend most time in an idle state and only enter a connected state for short durations to transmit low volumes of data (e.g. meter readings). It is very hard to predict how often and for how long devices will be connected, and this may vary from application to application. 
Congestion Avoidance
We propose to reserve a particular code for the purpose of indicating a power outage and let the devices that experience the power outage transmit that code during transmission opportunities allocated by the base station. The allocated opportunities may consist of all or a subset of the ranging slots that the base station allocates for ranging in general, or for particular ranging purposes such as initial ranging. The allocated transmission opportunities may also be dedicated to the purpose of signaling an outage event. Upon detecting the code, the base station knows that a power outage has occurred. The base station can roughly estimate the number of devices affected by the outage the number of ranging opportunities in which this code is received. 

When devices that are not synchronized with the network transmit a code, the received code may be difficult to decode. This may be amended by letting only devices that are synchronized with the network transmit the code. Since not all the devices need to notify the network about the outage, it suffices that a subset reports the outage. Devices that receive power from the grid are fixed and may maintain synchronization even in an idle state. This ensures that the outage is reported by a sufficiently large number of devices unless that outage is local and affects only few devices. This subset can be selected either through configuration or through a random process where each device reports the outage with probability p, or a combination of both. The parameter p is the probability that a device transmits a code in the next frame. The parameter p may be either configured or signaled to the devices. Note that if this parameter is set too low, it may prevent outages that affect very few devices from being reported. It may not be so critical that such outages are reported, however. The value the parameter p may also vary over time as a function of the frame number since the outage started, as described in the next paragraph.
During the first frames after the start of the outage, the value of p is low but increases slowly and reaches its maximum value before the charge stored in each device’s capacitor is depleted (i.e., 150 ~ 200 ms later). The function used in computing the value of p for each frame may be configured in each device. The base station may signal to the devices to stop reporting the outage when it has collected sufficiently many reports to assess the number of devices that are affected by the outage but before too many devices signaling cause congestion.  If many devices are struck by the outage, the probability that some devices will signal the outage very soon after the outage started is high. However, due to the low value of p the total number of devices that are signaling the outage is expected to be such that congestion does not occur and the base station is capable of decoding the signals correctly. If fewer devices are struck by the outage, there may not be any devices that report the outage in the first frames after the start of the outage, but as the value of p increases, the base station will start receiving codes that signal the outage. After receiving sufficiently many codes, the base station may signal to the devices to stop reporting the outage.

Ramp-up function

An exponential ramp-up function [image: image2.png]


 is proposed. Such a function has the property that the slope of the expected number of devices that range at the time when the expected number of devices that range is 1 is independent of the number of devices. More precisely: If the number of devices is N, then the expected number of devices that range at time t is [image: image4.png]p(t)N
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 is the time when [image: image8.png]p(ty)N =1



, then the slope of  [image: image10.png]p(t)N



 at time [image: image12.png]


 is independent of N.  This allows the BS approximately the same time to react and signal to the devices to stop ranging after having received the first code from a device, regardless of the number of devices that are ranging. This property is illustrated by the following table. The two numbers under column i give the number of devices expected to range in frame tN + i and the standard deviation of the number of devices ranging in frame tN + i. One can observe that the rows are very similar.
	N
	t_N
	0
	1
	2
	3
	4
	5
	6
	7

	2000
	0
	1.00
	1.00
	1.29
	1.13
	1.66
	1.29
	2.14
	1.46
	2.76
	1.66
	3.55
	1.88
	4.57
	2.14
	5.89
	2.42

	1000
	3
	1.07
	1.03
	1.38
	1.17
	1.77
	1.33
	2.29
	1.51
	2.95
	1.71
	3.80
	1.94
	4.89
	2.21
	6.30
	2.50

	750
	4
	1.03
	1.02
	1.33
	1.15
	1.71
	1.31
	2.21
	1.48
	2.85
	1.68
	3.67
	1.91
	4.72
	2.17
	6.09
	2.46

	500
	6
	1.14
	1.07
	1.47
	1.21
	1.90
	1.37
	2.44
	1.56
	3.15
	1.77
	4.06
	2.01
	5.23
	2.27
	6.74
	2.58

	100
	12
	1.05
	1.02
	1.35
	1.15
	1.74
	1.31
	2.24
	1.48
	2.88
	1.67
	3.71
	1.89
	4.78
	2.13
	6.16
	2.40

	50
	15
	1.12
	1.05
	1.44
	1.18
	1.86
	1.34
	2.39
	1.51
	3.08
	1.70
	3.97
	1.91
	5.11
	2.14
	6.59
	2.39

	10
	21
	1.02
	0.96
	1.32
	1.07
	1.70
	1.19
	2.19
	1.31
	2.82
	1.42
	3.63
	1.52
	4.68
	1.58
	6.02
	1.55

	5
	24
	1.09
	0.92
	1.41
	1.01
	1.81
	1.08
	2.34
	1.12
	3.01
	1.09
	3.88
	0.93
	5.00
	0.00
	 
	 

	3
	26
	1.09
	0.83
	1.40
	0.86
	1.81
	0.85
	2.33
	0.72
	3.00
	0.00
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, and [image: image16.png]


, where Nmax is maximum number of devices that could possibly range and [image: image18.png]


 is the maximum time before the devices run out of power, results in [image: image20.png]


 and [image: image22.png]


. The ramp-up function is illustrated by the following figure ([image: image24.png]tandt,



 are expressed in units of 5 ms frames):
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Figure 1: Exponential ramp-up function
We propose that the parameters a and k be configurable by the service provider and to leave the configuration method outside the scope of the standard. 
Proposed Changes
Change 1: On page 2, insert the following:
>>>>>>>>>>>>>>>>>>>>>>> Change Start <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<

[Insert a new section 6.3.28 as indicated:]

6.3.28 Machine-to-Machine Operations

6.3.28.1 Power Outage (optional)

An M2M device that is powered by an external source may be configured to report power outages when they occur. The configuration is performed through a management interface, which is outside the scope of this document. If an M2M device is configured to report power outages it shall follow the M2M device procedures specified in this clause. 

An M2M device that is configured to report power outages shall be capable of storing enough power to subsist for at least 150 ms after it ceases to receive external power. During this period it shall be capable of receiving, decoding, and interpreting information broadcast by the BS. It shall also be capable of transmitting a ranging code to the BS as specified below.

When a power outage occurs, the M2M device shall start counting frames starting after the power outage. It shall also monitor the messages transmitted by the BS on the Initial Ranging Connection. Thereafter, at the start of each frame, the M2M device shall compute a probability p as a function of the frame count. The function used is of the form:

[image: image26.png]



The values of the parameters a and k are part of the configuration data. The device shall also generate a random number uniformly distributed over the interval [0, 1]. If this number is less than or equal to p(t), the device shall select at random a ranging opportunity within the current frame and transmit a ranging code in the selected opportunity. The ranging code that the device shall transmit is from the initial ranging code set and is part of the configuration data. If the number generated is greater than p(t), the device shall repeat this procedure for every frame until:

1. It generates a number less than p(t) and transmits the ranging code identifying a power outage,

2. it detects a RNG-RSP message sent on the Initial Ranging Connection containing a Ranging codes attributes TLV (Type = 150) identifying the ranging code used to report power outages and a Ranging Status TLV (Type = 4) with value 2, (abort), or

3. it runs out of power.
After transmitting the code, the device shall power off without further ranging.

The BS, after receiving the ranging code used to signal a power outage, may transmit a RNG-RSP message on the Initial Ranging Connection containing a Ranging codes attributes TLV (Type = 150) identifying the ranging code used to report power outages and a Ranging Status TLV (Type = 4) with value 2, (abort) to signal to the M2M devices to stop transmitting this code.

>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>Change end <<<<<<<<<<<<<<<<<<<<<<<<<<

 Change 2: On page two, insert the following:

>>>>>>>>>>>>>>>>>>>>>>> Change Start <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<

[Insert a new section 16.2.29 as indicated:]

16.2.29 Machine-to-Machine Operations

16.2.29.1 Power Outage (optional)

An M2M device that is powered by an external source may be configured to report power outages when they occur. The configuration is performed through a management interface, which is outside the scope of this document. If an M2M device is configured to report power outages it shall follow the M2M device procedures specified in this clause. 
An M2M device that is configured to report power outages shall be capable of storing enough power to subsist for at least 150 ms after it ceases to receive external power. During this period it shall be capable of receiving, decoding, and interpreting information broadcast by the ABS. It shall also be capable of transmitting a ranging code to the ABS as specified below.

When a power outage occurs, the M2M device shall start counting frames starting after the power outage. It shall also monitor the AAI-RNG-ACK messages allocated by a Broadcast assignment A-MAP IE transmitted by the ABS. Thereafter, at the start of each frame, the M2M device shall compute a probability p as a function of the frame count t. The function used is of the form:
[image: image27.png]



The values of the parameters a and k are part of the configuration data. The device shall also generate a random number uniformly distributed over the interval [0, 1]. If this number is less than or equal to p(t), the device shall select at random a ranging opportunity within the current frame and transmit a ranging preamble in the selected opportunity. The ranging preamble that the device shall transmit is from the initial ranging preamble set and is part of the configuration data. If the number generated is greater than p(t), the device shall repeat this procedure for every frame until:

1. It generates a number less than p(t) and transmits the ranging preamble identifying a power outage,

2. it detects a AAI-RNG-ACK message allocated by a Broadcast assignment A-MAP IE identifying the ranging preamble code used to report power outages and a Ranging Status field with value 0b01 (abort), or

3. it runs out of power.
After transmitting the code, the device shall power off without further ranging.

The BS, after receiving the ranging code used to signal a power outage, may transmit an AAI-RNG-ACK message allocated by a Broadcast assignment A-MAP IE identifying the ranging preamble code used to report power outages and containing a Ranging Status field with value 0b01 (abort), to signal to the M2M devices to stop transmitting this code.

>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>Change end <<<<<<<<<<<<<<<<<<<<<<<<<<


  


