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1. Introduction
Following RAN1 #71 meeting, an agreement has been reached on MTC Traffic Model [1].  This agreement provides a set of assumptions employed to further investigate potential solutions as highlighted in [2], [3].

Unfortunately, the assumptions concerning MTC triggered reports, presented in Table A.2 [1] have not been aligned neither with Annex A, paragraph B [1], neither with Table 6.1.1 [2]. This contribution bridges this gap. 
2. Discussion
A. MTC Triggered Reporting: Inter-arrival Time
The initial MTC traffic model assumptions were agreed on [3]. 
The following table captures MTC triggered reporting assumptions: 
	
	R1-125406, Annex A2
	R1-125406, Annex A (#B)
	TR37.868

	Inter-arrival Time [s]
	30
	3-5
	10


Table 1. Comparison on inter-arrival time (Triggered reporting) between [1] and [2].
It results that the Inter-arrival time specified by R1-125406 is specified twice with different values (Annex A.2). However, it should be noted that while Annex A.2 [1] has been updated, Table A.2 of the same Annex A.2 has not, since Annex A, paragraph B [1], clearly specifies:

“B) Exception reported by WAN module; Report (Uplink) could be ~100 bytes with latency of 3-5 seconds from event at the WAN module. Example use case: Meter alerts (Tamper, fire) etc with frequency of daily to monthly”
Proposal 1: The inter-arrival time for MTC triggered reports is 3 s (allowing a 2s cell propagation time). 
A. MTC Triggered Reporting:  Supporting Probability Distribution Function

[1] specifies in Annex A.2, Table A.2, a traffic model, modelled by an exponential probability 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) 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” [4]

Observation 1: The exponential distribution [1] characterizes only independent events. 
Observation 2: The exponential distribution is a memory-less distribution probability
B. Large Scale Event Triggered Reporting Case
The situation is different for massive AC power, gas or water grid failures impacting residences/offices on a large scale (e.g. clusters of neighbouring cells). Possible examples of mass events, causing large scale triggered reports: 
1. Large area AC power, water or gas grid outages.

2. Natural disaster (earthquake, tsunami, fire, flooding). 

3. Man-made disaster (mass outages following poor grid maintenance, war, terrorist attacks, war etc).

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, a cluster of cells or possible in disaster like situations, spanning potentially across entire cities or regions. 
(ii) The large scale events trigger MTC exception reports. In return, they cause large scale MTC PRACH access during a short period of time, exhibiting strong temporal and spatial correlation for this specific type of access. 

Observation 3: The exponential distribution is not suitable to model MTC triggered report traffic.
Observation 4: Inter-dependency is required to model spatially and temporally correlated Large Scale Events.  

Two solutions emerge:
B1. TR37.868 [2]
[2] specifies for the triggered reporting related traffic model, the Limited Beta distribution (=3 and =4) [ 2]
Proposal 2.

In order to align TR36.888 with TR37.868 requirements, the Time Limited Beta distribution detailed in section #6.1.1 [2] is recommended to model the traffic generated by MTC triggered report.

B2. The probability distribution law modelling large scale events.
An alternative solution is provided by the negative binomial distribution (NB), counting the total number of tests to get a predefined number (M) of successes (also see Appendix). [6] employs a form of this distribution for modeling the distribution of rare events, particularly in mass scale events impacting power distribution services.
A comparative graphical view of probability distribution function for NBD (p=0.99 and 0.90), Poisson and Exponential distributions (Fig. 1) and the comparative CDF plots (Fig. 2) are provided. These 2 examples assume 1 frame comprising 10 PRACH subframes (54 PRACH access signatures).
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Figure 1. PMF of the negative binomial distribution.
Based on Fig. 1 and 2, it could be noted that:

· While Poisson distribution has a maximum at half trial numbers, the negative binomial distribution (NBD) have a maximum closer to the triggering moment of the event, due to the interdependence of events.

· NBD function’s convergence could be faster than Poisson’s case (depending on the target probability).
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Figure 2. CDF of the negative binomial distribution function.
Another advantage of NBD function is the direct implementation of number of event failures when the estimation process could be stopped. This feature supports the direct implementation of a relaxed PRACH success target (e.g. p=0.90) for the extended coverage low cost MTC case.

Proposal 3.

The triggered reporting model case is optionally modelled by a negative binomial distribution with parameters: probability p=0.99 (regular coverage sub-case) and p=0.90 (extended coverage case).
3. Conclusion 

This contribution aligns triggered reporting traffic model requirements, between [1] and [3] and eliminates the discrepancies captured in MTC traffic model agreement [1]. The observations and conclusions are summarized:
Observation 1.

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

The exponential distribution is a memory-less distribution probability

Observation 3
The exponential distribution is not suitable to model MTC triggered report traffic.

Observation 4.

Inter-dependency is required to model spatially and temporally correlated Large Scale Events.  

Proposal 1: The inter-arrival time for MTC triggered reports is 3 s

Proposal 2. In order to align TR36.888 with TR37.868 requirements, the limited Beta distribution detailed in section #6.1.1 [2] is recommended to model the traffic generated by MTC triggered report.
Proposal 3. MTC triggered reporting case is optionally modelled by a negative binomial distribution with parameters: probability p=0.99 (regular coverage sub-case) and p=0.90 (extended coverage case).

References 
[1] R1-125406. “Text Proposal for TR 36.888 to align with the updated SID on low cost MTC”. Huawei.
[2] 3GPP TR37.868, “Study on RAN Improvements for Machine Type Communications”, v.11.0.0 (2011-09)
[3] 3GPP TR36.888 “3rd “Study on provision of low-cost MTC UEs based on LTE (Release 11)”. v2.0.0.
[4] Marco Taboga. “Lectures on probability theory and mathematical statistics”. 2nd edition. Dec 2012

[5] http://en.wikipedia.org/wiki/Exponential_distribution
[6] Qiming Chen. “The probability, identification and prevention of rare events in power systems”. University of Iowa, 2004

[7] http://en.wikipedia.org/wiki/Negative_binomial_distribution
Appendix

Negative Binomial Probability Distribution

A clustering of contingencies model is described in [7], where a homogenous Poisson process described by:


[image: image3.wmf]!

)

(

])

,

[

Pr(

)

(

k

t

e

t

t

t

N

k

t

D

=

D

+

D

-

l

l













(1)

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
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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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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 (Triggered)
	Distribution period (T) 3 secs 
· Time Limited Beta distribution with values =3 and =4
· Event cell propagation time: 2s

	Traffic inter-arrival time (Triggered optional) 
	Mean=3 s

· Negative Binomial Distribution with a probability p=0.99 (regular coverage) and p=0.90 (extended coverage case)

· Event cell propagation time: 2s


* 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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