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1. Introduction
Following the during and post RAN1 #71 meeting, an agreement [1] has been reached on Traffic Model for Machine Type of Communications. While this agreement provides a good set of assumptions in order to further investigate potential solutions as highlighted in [2], [3], there is one subcase of triggered reports which had not been completely analysed. This contribution analyses the large scale triggered event report with regard to the impact on related traffic model. 
2. Discussion
A. Initial Traffic Model Assumptions

The initial MTC traffic model assumptions were proposed in [4]. 
Among other proposals an inter-arrival time (triggered) with a mean of 30 s (exponential) was retained in actual agreement [1], assuming an exponential distribution. 
The exponential distribution has the following characteristics:

(i) It describes the time between events in a Poisson process, process in which events occur continuously and independently at a constant average rate.
(ii) It is known in the literature that the Exponential distribution is a memory-less [6] type of distribution since the “time elapsed between two successive occurrences of the event has an exponential distribution with parameter  and it is independent of previous occurrences” [5]

Possible examples for this kind of events could be singular events triggered by one residence outage event(s) in terms of AC power, gas and/or water residential distribution.

Observation 1.

The exponential distribution [1] characterizes only independent events. 

B. The case of Large Scale Event Triggered Reports

The situation is different for massive AC power, gas or water grid failures impacting residences/offices covering one cell or a cluster of neighbouring cells. Possible examples of mass events could be:
1. Large area AC power, water or gas grid outages.

2. Natural disaster (earthquake, tsunami, fire, flooding) causing subsequent outages of one, two or all 3 electrical, water and/or gas distribution grids across one cell or a cluster of neighbouring cells.

3. Man-made disaster (mass outages following poor grid maintenance, war, terrorist attacks etc) causing the same kind of large scale events.

The Large Scale Events exemplified hereby, have 2 important characteristics:

(i) They impact house-holds or offices over a wide area spanning over one cell or a cluster of cells or in disaster like situations spanning potentially across entire cities or regions. 
(ii) The large scale events trigger monitoring MTC exception reports which in return cause large scale MTC PRACH access during a short period of time, exhibiting strong temporal and spatial correlation for this specific type of access triggered by the same courses. 

Observation 2.

Inter-dependency is required to model spatially and temporally correlated Large Scale Events.  
A possible solution is provided by the negative binomial distribution (NB) when counting the total number of tests to get a predefined number (M) of successes.
A clustering of contingencies model is described in [7], where a homogenous Poisson process described by:
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is modified by varying the arrival rate as a function of arrivals, thus generating a binomial type of distribution [7]:
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For >0 an event facilitation occurs, modeled by a negative binomial distribution. It should be noted that

=0 represents the particular case of a Poisson distribution.
In probability theory and statistics, the negative binomial NB(r,p) distribution is a discrete probability function of the number of successes P
[image: image3.wmf])

1

,

0

(

Î

 before a number of failures r occurs (or a number of successes is achieved).
The probability mass function (PMF) of the negative binomial distribution NB is returned by [7], [8]:
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Where:

· 
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 is the current number of successes
· r: the number of failures until the process is stopped.

The related CDF is provided by:
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Mean value is returned by:
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The probability mass function is represented in Fig. 1 and the representation of the related CDF is given by Fig. 2.
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Figure 1. PMF of the negative binomial distribution.
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Figure 2. CDF of the negative binomial distribution function.
As it could be seen in Fig. 1 and 2:

· The convergence of the related probability function is faster for high probability events (negative distribution case) and much faster than the Poisson case, as follows:
· The negative binomial distribution function with the higher success probability will have a higher maximum probability.
· The convergence of Probability Mass Function of negative distribution probability function will reach convergence in a shorter amount of time than other related distributions with a lower success probability (shorter tail than a lower success probability function).
· While Poisson distribution has a maximum at half trial numbers, the negative binomial distribution have a maximum closer to the starting point, due to the interdependence of events.
We define the overall arrival time of the target MTC population following a Large Scale event as the overall time duration within all MTC part of the subject set attempt to access the network

Accordingly the overall arrival time of triggered reports caused by a Large Scale event is 5 s:
· 3 s for reporting

· 2 s allocated for the event propagation time over cell. 
Proposal 1.

Introduce a specific triggered report subcase concerning large scale events modelled by a negative binomial distribution with the following parameters:

· Probability p=0.99 (regular coverage sub-case) and p=0.90 (extended coverage case).
· The overall arrival time for a large scale event concerning the related MTC device reporting time is 5 s

3. Conclusion 

This contribution discusses the specific problems raised by correlated access of multiple MTC devices following large scale events. The following ideas are summarized.
Observation 1.

The exponential distribution [1] characterizes only independent events. 
Observation 2.

Large Scale Events would require a probability distribution model with actual occurrences being dependent of past occurrences. 
Proposal 1.

Introduce a specific triggered report subcase concerning large scale events modelled by a negative binomial distribution with the following parameters:

· Probability p=0.99 (regular coverage sub-case) and p=0.90 (extended coverage case)

· The overall arrival time for a large scale event concerning the related MTC device reporting time is 5 s
This proposal is captured in a text proposal targeting TR36.888 in the Annex. An impact analysis is provided by [9].
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Text Proposal to TR 36.888
----------------------------------------------------Start of Text Proposal---------------------------------------------------------------------

A.2
MTC Traffic model/characteristics triggered reporting

Below is a generic traffic model modeling both UL and DL. 

Table A.2 – MTC traffic model
	Traffic model parameter (UL and DL)
	Value

	Traffic volume size distribution (Triggered)
	256 bits,1000 bits

	Traffic inter-arrival time for singular events (Triggered)
	Exponential: Mean = 30secs*

	Traffic overall inter-arrival time for large scale events (Triggered)
	Negative Binomial Distribution: 
· p=0.99 (regular) or p=0.90 (extended coverage cases), 
· Overall arrival time following large scale events is 5s 

	
	


* It should be noted from Table A.2.1 that the values for ‘Traffic transmission time’ and ‘Traffic inter-arrival time’ result in a tractable simulation run time but may not represent the behavior of all traffic types. ---------------------------------------------------End text proposal-----------------------------------------------------
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