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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 12,000 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. 

Outline of Proposed Solution
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Figure 1: Power outage procedure
The proposed procedure is illustrated in Figure 1. 

a. A power outage occurs affecting any number of M2M devices within the range of a BS. We assume that the number of devices affected is between 1 and 12000. 

b. The M2M device selects a ranging opportunity. The initial backoff window size is chosen by the MS to be as large as possible such that the M2M device can complete the power outage procedure before it runs out of power. For example, if the MS has enough power for 360 ms of operation, it shall chose the initial backoff window to lie within the next 350 ms, keeping 10 ms for the exchange of the two last messages in this procedure. At the selected ranging opportunity, the M2M device transmits a ranging code that signals to the BS that the BS must transmit a CDMA Allocation IE in the next frame. 
c. Upon detecting the ranging code and identified the special code, the BS shall include a CDMA Allocation IE in the next UL-MAP providing sufficient bandwidth for the M2M device to send a RNG-REQ message that includes a Ranging Purpose Indication.
d. The M2M device sends a RNG-REQ message including a Ranging Purpose Indication indicating a power outage. Upon receiving this message, or upon receiving the ranging code, the BS is assumed to trigger a power outage alarm. 
Simulation

We used simulation assumptions described in C802.16p-11/0126 “Evaluation Guideline for Comparison of Network Entry Solutions”, produced by the 802.16 WG, M2M TG, Network Entry ad-hoc group. In particular

· Number of devices = 12000

· Reporting period = 500 ms (= 100 frames)

· 1 ranging opportunity per frame

· Initial backoff window size = 2

· Max backoff window size = 65536
· Max number of retries = 8.

· T3 timer set to 60 ms

· 0% misdetection and false alarm probability

We also assumed that if more than one device transmits a code in the same ranging opportunity, the BS will not detect any code. 
For the power outage to be reported, at least one device must select a ranging opportunity that is not selected by any of the other 11999 devices. Running the simulation 100 times, we observed that this never happened.

Since ranging retries increase the ranging traffic, we tried setting the initial backoff window size to 100 and the max number of ranging retries to 0 (i.e., each device ranges only once). Yet, we detected no improvement. Note that the number of devices selecting a given ranging opportunity is Poisson distributed with parameter ( = 120. The probability for a slot to be selected by exactly one device is 120e-120 (which is a ridiculously small number).
We increased the number of ranging opportunities to 16 per frame, and there was still no observable improvement. 

In order to overcome this problem, we simulated an exponential ramp-up function as described in contribution C802.16p-11/0111. This is equivalent to selecting a ranging opportunity t within the backoff window, not uniformly, but according to the following cumulative distribution function, where N is a configurable parameter, and b is the backoff window size:
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The remaining assumptions we used were:

· Number of devices = 12000, 1200, 120
· Reporting period = 500 ms (= 100 frames)

· 1 ranging opportunity per frame

· Initial backoff window size = 100
· Max backoff window size = 65536

· Max number of retries = 0.

· T3 timer set to 60 ms (irrelevant, since there are no retries)

We ran the simulation 10000 times and every time the outage was reported by at least one device. The distribution of the number of devices that successfully report the outage is shown in Figure 2.
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Figure 2: Distribution of number of devices that successfully report a power outage
[Example of how to read the chart: In almost 1500 out of 10000 simulations in which 1200 devices are affected by the outage, 11 devices successfully reported the outage.]
Note that when running the simulations for 120, 1200, and 12000 devices, the value of the parameter N was kept the same. This shows that the method applies with no a priori knowledge of the number of devices that are affected by the power outage.
Proposed Changes
Change 1: On page 4, insert the following:
>>>>>>>>>>>>>>>>>>>>>>> Change Start <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<

[Insert a new section 6.3.29 as indicated:]

6.3.x Abnormal Power Down
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. An M2M device that is configured to report power outages shall be capable of storing enough power to perform the power outage procedure specified in this clause. 

6.3.x.1 Abnormal Power Down Reporting in Normal Mode

6.3.x.2 Abnormal Power Down Reporting in Idle Mode

When a power outage occurs, the M2M device in Idle Mode shall select a ranging opportunity within a backoff window starting at the next frame. The M2M device shall set the backoff window size as large as possible, yet such that it is guaranteed to complete this power outage procedure before its power is depleted. The M2M shall select the ranging opportunity, t, within the backoff window according to the cumulative distribution function
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 is the backoff window size and N is a configurable parameter. At the selected ranging opportunity the M2M device shall transmit a particular ranging code from the initial ranging code set. This code is part of the configuration data. 
The BS, upon receiving the ranging code, may include a CDMA Allocation IE in the next frame identifying the M2M device and provide an allocation sufficiently large to allow the M2M device to transmit a RNG-REQ message including a Ranging Purpose Indication TLV. Upon receiving this allocation, the M2M device shall transmit a RNG-REQ message including a Ranging Purpose Indication TLV with bit 5 set to 1 (power outage). After transmitting this message the M2M device shall power down without further ranging.
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>Change end <<<<<<<<<<<<<<<<<<<<<<<<<<

 Change 2: On page 24, insert the following:

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

[Insert a new section 16.2.29 as indicated:]

16.2.x 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. An M2M device that is configured to report power outages shall be capable of storing enough power to subsist to perform the power outage procedure specified in this clause

16.2.x.1 Abnormal Power Down Reporting in Connected State

16.2.x.2 Abnormal Power Down Reporting in Idle State

When a power outage occurs, and if the M2M device is configured to report power outages, the M2M device shall select a ranging opportunity within a backoff window starting at the next frame. The M2M device shall set the backoff window size as large as possible, yet such that it is guaranteed to complete this power outage procedure before its power is depleted. The M2M shall select the ranging opportunity, t, within the backoff window according to the cumulative distribution function
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 is the backoff window size and N is a configurable parameter. At the selected ranging opportunity, the M2M device may transmit a particular ranging preamble code from the initial ranging code set. This code is part of the configuration data. 

The ABS, upon receiving the ranging code, may include a CDMA Allocation A-MAP IE in the next frame identifying the M2M device and provide an allocation sufficiently large to allow the M2M device to transmit an AAI-RNG-REQ message including a Ranging Purpose Indication field. Upon receiving this allocation, the M2M device shall transmit a AAI-RNG-REQ message including a Ranging Purpose Indication field with value 0b1110 (power outage). After transmitting this message the M2M device shall power down without further ranging.

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

Annex A: Simulation Code
A.1 Base Station
package com.huawei.ecolban.m2m.poweroutage;

import java.util.Arrays;

/**

 *

 * @author Erik Colban
 */

public class BaseStation {

    private final int MAX_MOBILE_STATIONS = 12000;

    private final int NUM_MOBILE_STATIONS = 12;

    final int REPORTING_PERIOD = 100; // 500 ms

    final int MAX_NUM_RETRIES = 0;

    final int NUM_RNG_CHANNELS = 1;

    final int INITIAL_BACKOFF_WINDOW_SIZE = REPORTING_PERIOD * NUM_RNG_CHANNELS;

    final int MAX_BACKOFF_WINDOW_SIZE = 65536;

    int frameNumber = 0;

    private MobileStation[] mobileStations = new MobileStation[NUM_MOBILE_STATIONS];

    private final MobileStation collision = new MobileStation(1);

    private MobileStation[] mobilesRanging = new MobileStation[NUM_RNG_CHANNELS];

    /**

     * Instantiates the MS, then runs 10000 simulations of a power outage.

     * @param args ignored

     */

    public static void main(String[] args) {

        BaseStation bs = new BaseStation();

        System.out.println("MAX_MOBILE_STATIONS = " + bs.MAX_MOBILE_STATIONS);

        System.out.println("NUM_MOBILE_STATIONS = " + bs.NUM_MOBILE_STATIONS);

        System.out.println("REPORTING_PERIOD = " + bs.REPORTING_PERIOD);

        System.out.println("NUM_RNG_CHANNELS = " + bs.NUM_RNG_CHANNELS);

        for (int i = 0; i < bs.mobileStations.length; i++) {

            bs.mobileStations[i] = new MobileStation(bs.MAX_MOBILE_STATIONS);

            bs.mobileStations[i].bs = bs;

        }

        int[] successHistogram = new int[21];

        for (int i = 0; i < 10000; i++) {

            int n = bs.run();

            if (n < 20) {

                successHistogram[n]++;

            } else {

                successHistogram[20]++;

            }

        }

        System.out.println(Arrays.toString(successHistogram));

    }

    /**

     * Single run of a power outage simulation.

     * @return 

     */

    private int run() {

        reset();

        while (frameNumber <= REPORTING_PERIOD) {

            advanceFrame();

        }

        int numSuccess = 0;

        for (MobileStation ms : mobileStations) {

            numSuccess += ms.numberOfSuccesses;

        }

        return numSuccess;

    }

    /**

     * Advances by one frame, processes received ranging, 

     */

    private void advanceFrame() {

        frameNumber++;

        for (int i = 0; i < NUM_RNG_CHANNELS; i++) {

            if (mobilesRanging[i] != null && mobilesRanging[i] != collision) {

                mobilesRanging[i].rangingSuccess();

            }

            mobilesRanging[i] = null;

        }

        for (MobileStation ms1 : mobileStations) {

            ms1.advanceFrame();

        }

    }

    /**

     * Called by the MS to simulate transmission of a ranging code

     * @param ms the MS that is ranging

     * @param channel the ranging channel

     */

    void range(MobileStation ms, int channel) {

        if (mobilesRanging[channel] == null) {

            mobilesRanging[channel] = ms;

        } else {

            mobilesRanging[channel] = collision;

        }

    }

    /**

     * Resets the BS so that it is ready for a new simulation run.

     */

    private void reset() {

        frameNumber = 0;

        for (int i = 0; i < mobilesRanging.length; i++) {

            mobilesRanging[i] = null;

        }

        for (int i = 0; i < mobileStations.length; i++) {

            mobileStations[i].reset();

        }

    }

}
A.2 Mobile Station

package com.huawei.ecolban.m2m.poweroutage;

import java.util.Random;

/**

 *

 * @author Erik Colban
 */

public class MobileStation {

    BaseStation bs;

    /* true if the MS has selected a ranging opportunity*/

    boolean ranging = false;

    int numberOfTries = 0;

    int numberOfSuccesses = 0;

    int numberOfFailures = 0;

    private int t3 = 0; //stopped

    private boolean t3Running = false;

    private int rangingFrameNumber;

    private int rangingChannel;

    private int backoffWindowSize;

    private Random random = new Random();

    /* Parameters a and k are used in selecting a ranging opportunity in the 

        backoff window.*/

    private final double a;

    private final double k;

    /* the frame when the MS starts ranging by selecting a ranging opportunity*/

    private final int reportFrameNumber; 

    /**

     * Constructor

     * @param nMax configurable parameter used in selecting a ranging opportunity.
     */

    MobileStation(int nMax) {

        super();

        this.reportFrameNumber = 1;

        this.a = nMax - 1;

        this.k = Math.log(nMax);

    }

    /**

     * Called by the BS when the MS must process the transition to a new frame.
     */

    void advanceFrame() {

        // DL messages received in this frame already processed

        if (ranging) {

            if (t3Running && t3 > 0) {

                t3--;

            } else if (t3Running && t3 == 0) { //t3 has expired

                if (numberOfTries < bs.MAX_NUM_RETRIES + 1) {

                    t3Running = false;

                    adjustBackoffWindowSize();

                    selectOpportunity();

                } else {

                    // maxNumberOfRetries exceeded;

                    rangingFailed();

                }

            } 

        } else { // Not ranging

            if (bs.frameNumber == reportFrameNumber) {

                backoffWindowSize = bs.INITIAL_BACKOFF_WINDOW_SIZE;

                selectOpportunity();

                ranging = true;

            }

        }

        // UL processing

        if (bs.frameNumber == rangingFrameNumber) {

                bs.range(this, rangingChannel);

                numberOfTries++;

                t3 = 12; // 60 ms

                t3Running = true;

            }

    }

    /**

     * Called by the BS when the MS has successfully ranged. Simulates sending 

     * a CDMA_Allocation_IE. It is called in the next frame after receiving the 
     * ranging signal.

     */

    void rangingSuccess() {

        numberOfSuccesses++;

        rangingReset();

    }

    /*

     * Called by this MS when the number of ranging retries has reached its max.

     */

    private void rangingFailed() {

        numberOfFailures++;

        rangingReset();

    }

    private void adjustBackoffWindowSize() {

        if (backoffWindowSize < bs.MAX_BACKOFF_WINDOW_SIZE) {

            backoffWindowSize *= 2;

        }

        backoffWindowSize = Math.min(bs.MAX_BACKOFF_WINDOW_SIZE, backoffWindowSize);

    }

    /**

     * Selects a ranging opportunity within the backoff window. Uses an 

     * exponential distribution.

     */

    private void selectOpportunity() {

        double p = random.nextDouble();

        int selected = (int) (Math.log(p * a + 1) / k * backoffWindowSize);
        rangingFrameNumber = bs.frameNumber + selected / bs.NUM_RNG_CHANNELS;

        rangingChannel = selected % bs.NUM_RNG_CHANNELS;

    }

    /**

     * Resets the MS so it is ready to start new simulation run.
     */

    void reset() {

        numberOfFailures = 0;

        numberOfSuccesses = 0;

        numberOfTries = 0;

        ranging = false;

        t3 = 0;

        t3Running = false;

    }

    /**

     * Resets the MS so it is ready for a new ranging.

     */

    private void rangingReset() {

        numberOfTries = 0;

        ranging = false;

        t3 = 0;

        t3Running = false;

    }

}

  


