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Modeling methodology for MTC system simulations 
1. Introduction
This document is a companion paper to [1] proposing a modeling methodology for MTC studies in GERAN. The proposed methodology focuses on smart metering MTC applications. In modeling proposal, smart meters sensors are considered to be static and with periodic measurements.
This document proposes a simulation environment to evaluate the impact of the MTC devices in the GSM network on the traffic data channel.  Signaling assumptions and simplifications are described and suggested.

2. MTC services

Several applications can be developed with MTC. In this document, as already mentioned, the focus is smart metering, since it can be representative for many other applications with low mobility and low data usage.
It is expected that in the near future, each house or energy consumer will be equipped with a smart meter, which is a device with communication interface, capable of sending periodical reports for the grid operator. Hence, periodical reports both in the consumer/service provider or service provider/consumer direction are assumed from smart metering applications. 
It is also assumed that the periodicity of the messages is higher in the UL direction and all messages can be sent simultaneously or not. Thus, there may be simulations using either synchronous or asynchronous UL reports from MTC devices. Although many applications would require that the period for those messages is in the order of hours, it is assumed 1 minute period in order for make it feasible to run system level simulations in a reasonable time.
The smart metering message size is dependent on the application, but a fixed size is defined for all MTC meters. Besides, it is assumed that meters used in applications of smart metering do not have mobility. Table 3.1 summarizes some of the characteristics of each service.
Table 3.1: Traffic parameters for MTC services

	Modelling parameter
	MTC meters

	Speed (km/h)
	0

	User synchronization
	Yes/no

	Message size in UL (bytes)
	100

	Message trigger UL
	Periodic, 1 min

	Service type
	EGPRS

	Modulation and coding schemes
	MCS-1 to MCS-9

	Receiver type UL
	IRC

	Number of users/cell
	700


3. MTC System Modeling

3.1 MTC traffic modelling

MTC smart meter devices are modelled as static connections that remain active during all the simulation period.  A data traffic generator creates a message with fixed size for all MTC smart meter sensors and the messages are sent in a specific periodic time to a central server. 
Some studies were already done on the effects that MTC devices could have in RACCH [3], hence it is assumed evaluation of both synchronous and asynchronous MTC mode.
3.2 Simulation scenario
Details for system level simulation scenario are given in Table 2.1. In this table it is possible to notice that the proposed scenario includes BCCH layer only, which is simulated exclusively for PS services as shown in Figure 2.1.
Table 5.2: Configuration assumptions 
	Parameter
	Value
	Unit
	Comment

	Frequency band
	900
	MHz
	

	Cell radius
	500
	m
	

	Bandwidth
	2.4
	MHz
	

	Number of channels 
	12
	
	

	BCCH frequency reuse
	4/12
	
	

	BCCH or TCH under interest
	BCCH
	
	

	Network sync mode
	assync
	
	timeslots are assumed to be aligned; TDMA frames are assumed to be aligned on intra-site level and randomly aligned on inter-site level.

	Sectors per site
	3
	
	

	Sector antenna pattern
	65º deg H-plane, max TX gain 18dBi
	
	

	Propagation model
	UMTS 30.03
	
	Pathloss exponent, MCL

Per 30.03

	Log-normal fading
	Standard deviation
	6
	dB
	

	
	Correlation distance
	110
	m
	

	Handover margin
	3
	dB
	

	Channel profile and mobile speed
	Service dependent
	Km/h
	

	BTS output power
	20
	W
	

	Noise figure
	10
	dB
	Reference temperature 25ºC

	Inter-site log-normal correlation coefficient
	0
	
	

	Link adaptation
	Enabled 
	
	

	Incremental redundancy
	Enabled
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Figure 2.1. Resource allocation for Scenario A.
3.3 Legacy background service

Since most of the traffic of MTC devices is carried on UL direction, to evaluate the effects of MTC service over legacy users it is needed that the background legacy service has significant amount of traffic in UL. The following details for the background legacy service are shown in the Table 4.1.

Table 4.1: Traffic parameters for legacy background service

	Parameter
	Legacy PS background service

	Service type
	EGPRS

	Traffic model
	FTP

	Speed
	3 km/h

	UL packet size
	500kB

	DL packet size
	0

	Modulation and coding schemes
	MCS-1 to MCS-9


4. Key quality indicators for analysis

4.1 Average statistics

Average statistics have to be collected to evaluate the performance impacts of MTC users over legacy PS services. Simulations need to be performed with and without MTC services, and the impact of adding MTC devices have to be noticed by looking at the following statistics:
· General statistics: used for evaluating the overall network behaviour:

· Offered load [kbit/s/cell] per service: the total download requested by all subscribers divided by the simulation time

· PS resource utilisation [%]: global statistic collected for entire PS territory, which indicates the average number of slots used for data transmission
· Service dependent statistics used for FTP and MTC meters:

· TBF blocking rate [%]: dependent on the availability of resources

· FTP statistics:

· Average net connection throughput [kbit/s], where in the net throughput calculation the used time includes the moments when the mobile has some data in its buffers (Average net LLC frame delay [s]  per service

· 10th percentile of net connection throughput [kbit/s] : calculated per connection as in preceding item

· MTC meters:

· Average Gross LLC frame delay [s] , which is the difference of  the time when an LLC frame has arrived to the PCU's LLC data buffer and the time when it has received correctly
· 90th percentile of Gross LLC frame delay [s]: calculated per connection as in preceding item

4.2 Periodic statistics
In addition to normal average statistics, there may be needed to evaluate effects of sudden increase of MTC traffic caused specially by synchronized sensors. In that case periodic statistics would be useful for understanding instantaneous effects of synchronized traffic, and how long this would last. Periods for statistics collection have to be at least 10 times lower than the period of synchronized users. Among the statistics for periodic results the following KPIs have to be evaluated:
· General statistics: used for evaluating the overall network behaviour
· Offered load [kbit/s/cell] per service: Total kbits should be collected over measurement period
· PS resource utilisation [%] collected for entire PS territory
· Service dependent statistics used for FTP and MTC meters
· TBF blocking rate [%] per service, which indicates the effect of lack of resources caused during high MTC sensor traffic
· FTP statistics:

· Average net connection throughput [kbit/s], which considers every active connection during the period. In that case, total data transferred and active time of each connection have to be stored in each specific period for throughput calculation
· MTC meters statistics
· Average Gross LLC frame delay [s] per service: collected for all active connections that receive a LLC frame in the time period
5. Simulated profiles
Three simulations cases are proposed and their specific traffic configurations are summarized in Table 5.1. The reference case, the baseline PS traffic, is given by the case one and it includes only FTP service in UL. This case will provide the achievable throughput of the network using legacy services. 
The performance evolution of the impact of MTC meters over legacy services when synchronized and unsynchronized sensors are added in the network is determinate in the simulation cases two and three respectively. The relative gains and degradations will be determinate comparing the reference cases with the simulations cases one and two.
Table 5.1: Traffic parameters for legacy background service

	Simulation case
	Description

	Scenario 1
	FTP only

	 2
	FTP+MTC sync

	Case 3
	FTP+MTC assync


6. Signaling model

Simplified approach for signalling modelled should be followed. CCCH (RACH, PCH, AGCH) modeling could be excluded from the simulation aiming at an investigation of the system’s traffic channel capacity. 
7. Conclusions

The impact of MTC devices on data traffic as well as on common control channels should be evaluated. This document proposes a modeling methodology which should be followed when performing system level simulations of MTC applications within GERAN (aiming at studying the impact on data traffic). Common simulation assumptions in GERAN are required to allow comparison of simulations performed by different companies. The sourcing companies believe that an agreement on common simulation assumptions would speed up the work related to NIMTC in GERAN.
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