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1 Introduction
At the RAN#46 meeting a new SI was agreed to study the RAN improvements for Machine-type Communications [1]. Some of the goals are to study the traffic characteristics of typical applications and to define traffic model based on these findings. In this contribution, we attempt to identify traffic characteristics and to model M2M services. 
2 M2M services typical traffic characteristics
Table 1 lists some M2M services with their typical traffic characteristics including session density, bytes in a session, deployment, mobility and machines/km2. Session density indicates how many sessions are initiated in a day. Bytes in a session indicates the data volume inside every session. Deployment indicates usually where the service is deployed. Mobility indicates whether the device is mobile or stationary. Machines/km2 indicates the maximum number of machines per km2 (this number is only an estimation of a potential maximum number). The data is derived from some actual services or documents listed in the reference section.
	Services
	Descriptions
	Session density
	Bytes in a session
	Deployment
	Mobility
	Machines /km2

	Smart metering
	Metering report occurs periodically or on-demand (hourly to daily). Load control and price information are provided by energy server.
	<50 times/day (per metering device)
	Tens of bytes
	Urban/Suburban
	Stationary
	<10,000 (urban)

<1,000 (suburban) 

	Point of Sale
	Vending machine for items such as drinks, phone card etc. A transaction is usually triggered randomly.
	<1000 times/day
	Hundreds of bytes
	Urban
	Stationary
	<1,000

	Fleet management
	Vehicles are located periodically or on-demand. Alarm and control data are sent in specific circumstances.
	<1000 times/day
	kBs
	Urban/Suburban
	Mobile
	<5,000

	Telemedicine
	Physical characteristics data such as blood pressure, electrocardiograph data are sent periodically or continuously during a period. Urgent call or some control data may be provided.
	About 10 times/day 

<500 times/day (continuous mornitoring)
	Hundreds of bytes

Tens to hundreds of kBs

(depends on detail cases)
	Urban/Suburban
	Stationary /Mobile
	<1,000

	Environment monitoring and control
	Periodical or on-demand environment sensing data can be provided. Alarm and control data are sent in specific circumstances.
	<1000 times/day (per wireless sensor network gateway)
	kBs

MBs (in some special case such as structural monitoring)
	Urban/Suburban
	Stationary
	<1,000 (sensing data are aggregatedin a gateway)

	Home automation
	Home sensing and control, home security.
	<100 times/day (per home gateway)
	Hundreds of bytes
	Urban/Suburban
	Stationary
	<10,000 (urban)
<1,000 (suburban)


Table 1
Some M2M services and their characteristics

3 Traffic model for M2M services
3.1 Commonality of M2M services
With M2M, the service data to be communicated have been preprogrammed inside the MTC device and MTC server before the service is deployed. So compared with H2H, M2M services have less randomness. The sessions are triggered by predefined time or events, and the packet series inside a session is also predefined by the program. In the following paragraphs, we analyse the M2M services traffic characteristics in two level – session level and packet level, and try to draw a general traffic model for the M2M services.
3.2 Session level modelling
From the session level point of view, there are 3 cases. The first case is periodical sessions illustrated in Figure 1. Such as in an evironments mornitoring service, the MTC device reports the mornitoring data every hundreds of seconds. In the second case the session initiation time are random (Figure 2). Such as in a point of sale service, a session is initiated once when people come to trigger a new transaction, not at predefined time. To describe this type of random events, a Poisson process is usually used. The session initiation time conforms to the exponential distribution. The next session starts at 
[image: image1.wmf]t

, distributed exponentially according to equation (1). 
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In the third case the session is usually initiated periodically but may also be triggered by random events, so it is a mixed process of the first and the second cases. Such as in a telemedicine service, the MTC device sends the physical characteristics data every few minutes and it also sends an alarm to the server once a monitored indicator is over or under threshold. So in this case, the session can be described by adding up one or several periodical processes and one or several Poisson processes.
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Figure 1 - Periodically initiated sessions
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Figure 2 - Randomly initiated sessions

3.3 Packet level modelling

From the packet level point of view, in many M2M services, the transmitted packet series inside a session is predefined. We call it a “predefined session”. The packet number, sizes and intervals are fixed values in a predefined session. In some M2M services where human input is present one side of the communication, these may vary in different sessions. We call it an “interactive session”. But all of the possible values of the packet number, sizes and intervals are still predefined. 
Several sets of packet number, sizes and intervals are predefined, and once an interation takes place, a next set of values is selected. If every set of packets is modelled as a branch, new branches are born when interaction takes place. New branches are children branches of the old branch. The number of children branches indicates the number of possible packet sets. Each time a new branch is selected by a predefined probability when interation takes place. Then all the packets inside a session are modelled like a tree (Figure 3). Every branch can be identified with the ID of its parent branch and its own sub-ID, as the following equation. 

IDchildren=IDparent.IDchild sub-ID. 











(2)
Each session begins from a root branch with the ID “1”. So the ID of the children branch of root branch should be “1.1”, “1.2”… The ID of the children branch of branch “1.1” should be “1.1.1”, “1.1.2”… A branch descriptor is used to describe each branch. It’s formatted as “(ID; Packet series descriptor; children number, children branch probability list). The ID field is the branch ID. Packet series descriptor predefines all packets to be communicated in the branch. The descriptor shall contain the information of packet number together with packet size and interval of each packet. Note that a branch may contain no packet. We call it a “null branch”.  However a session may begin from a null branch. That means an interaction takes place from the beginning of the session. Then the root branch can be indicated as “{1; 0; children number, children branch probability list}”. A session may end with a null branch. That means one of a children branch is a null branch. If it’s selected by probability, the session ends with a null branch. 
An example packet level tree model is illustrated in Figure 3. The session begins from branch 1 which contains 2 packets. Then an interaction takes place and 3 possible children branch may be selected. The probability of each children branch to be selected is 0.1, 0.2 and 0.7 respectively. Supposed children branch 1.1 is selected, and then branch 1.1.1 or 1.1.2 may be selected. And then the session ends. As illustrated, the branch “{1.1.1; (2; 60,10; 40, 10); (0)}” indicates it is a children branch of branch 1.1, containing 2 packets, with the first packet size being 60 bytes, interval being 10ms, the second packet size being 40 bytes, interval being 10ms, and it has no children branch.
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Figure 3
Packet level modelling for interaction type of M2M services

3.4 Traffic model proposal

Based on the above analysis, a general M2M traffic model can be described. A specific M2M service shall be modelled in session level as a mixture of 0, 1, or more periodical processes, and 0, 1, or more Poisson processes. All the processes are independent with one another. And the following equations shall be conformed to.
Periodical process number=N1











(3)

Poisson process number=N2











(4)

Period of ith periodical process=Ti, i=1,2,…,N1








(5)
Average session interval of jth Poisson process=Dj, j=1,2,…N2






(6)

Inside a session, one or several packet sets shall be defined for a specific M2M service. As described in 3.3, for a predefined session, only one packet set shall be defined. 
Packet number=N













(7)
ith packet size=Si, i=1,2,…,N











(8)
ith packet interval=Ii, i=1,2,…,N











(9)
N, Si, Ii are predefined numbers.

For an interaction session, several packet sets shall be described with a tree model as specified in 3.3. 
Branches number=M












(10)

ith branch probability=Pi, i=1,2,…,M










(11)

ith branch packet number=Ni, i=1,2,…,M









(12)

ith branch jth packet size=Sij, i=1,2,…,M; j=1,2,…,Ni







(13)

ith branch jth packet interval=Iij, i=1,2,…,M; j=1,2,…,Ni







(14)

M, Pi, Ni, Sij, Iij are predefined numbers. And the relationship among branches shall also be predefined as specified in 3.3.
3.5 Example

An example is used to more clearly describe the traffic model. A typical smart metering service may include the functions of metering data report, load control and alarm. The metering data are reported every hour so a periodical process with one hour period is used to describe this function.The load control and alarm events take place randomly, so Poisson processes are used to describe them. In this example, the average session interval is 12 hours for load control and 1,000 hours for alarm messages. So in (3), N1=1, and in (4), N2=2. In (5), T1=1 hour. In (6), D1=12 hours and D2=1,000 hours. The metering report process is a predefined session and contains only one 100 bytes packet, so in (7), N=1, in (8), S1=100, and in (9), I1=0. The load control process is a predefined session and contains a 10 bytes packet, so in (7), N=1, in (8), S1=10, and in (9), I1=0. The alarm messages process is a predefined session and contains a 50 bytes packet, so in (7), N=1, in (8), S1=50, and in (9), I1=0. Thus we form a whole traffic model for the specific smart metering service.
4 Proposal
Based on some currently deployed M2M services, traffic characteristics are analysed, and then a traffic model for M2M services is proposed for discussion. It is proposed to use the traffic model described above as the base of the following RAN improvements for machine-type communications analysis and simulations.
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