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1. Introduction
The Contribution is a text proposal to capture an example  analysis on RACH load generated by MTC devices for smart Electric Metering application in TR 37.868. 
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Annex A:
Traffic model for Machine-Type Communications

[Editor’s note: This section is intended to describe the typical traffic characteristics for different M2M applications with machine-type communications. A traffic model is presented for M2M services to be used to evaluate gains for the above RAN improvements for machine-type communications.]
Annex B: Load Analysis for MTC
Example RACH Load Analysis for Smart Electric Metering Application 

For the purpose of this analysis, the household density in central and urban areas of London is considered as an example.  

According to the 2001 census data for London [1], the average number of people per household in Central London is 1.58 and 2.64 in an urban London Area. Figure 1 shows the population density in London based on 2007 statistics [2].
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Figure 1: Population Density in London

Based on the information provided by [1] and [2], the average number of households per square Km can be estimated and consequently the number of Smart Electric meters per cell for different cell radii (assuming each household has an electric meter). Table 1 summarises the expected number of households per cell for typical cell radii. In the worst case scenario, it can be assumed that all households with a smart electric meter within a cell are served by the same operator in a cell and that no aggregation of meter readings from different households is used. 
Table 1: Predicted RACH intensity of Smart Meters

	Area
	Population Density/SqKm
	Number of people /household
	Average number of households /SqKm
	Typical Cell Size/Km
	No. Households/cell

	Central London
	10000
	1.58
	6329
	0.5
	4968

	Urban London
	7500
	2.64
	2840
	2
	35670


In [3], a smart meter density of 1000/sector is quoted for the US market. Analysis for this value is also taken into consideration for further evaluation.
The other factor that influences the RACH intensity generated by smart meters in a cell is the frequency with which the meters need to provide their reading. Smart meters can be used for a variety of applications such as for Automatic Meter Reading, Energy Demand Management and Micro Electric Generation management. According to [3], periodical reporting of meter readings in ranges of 5 mins, 15 mins, 1 hour, 6 hours, 12 hours and 24 hours are possible.
Table 2 summarises the expected RACH intensity (Number of RACH attempts/s) for different periodicities of sending smart meter readings for the different regions considered. The calculations assume that the sending of meter readings is uniformly distributed over the required periodicity of sending the readings.
Table 2: Predicted RACH intensity of Smart Electric Meters

	Smart Electric Meter Reading  Periodicity
	RACH Intensity (RACH Attempts/s)

	
	US market (1000 smart meters /sector) [3]
	Central London (4968 households/cell)
	Urban London (35670 households/cell)

	5 mins
	3.3
	16.6
	118.9

	15 mins
	1.1
	5.5
	39.6

	30 mins
	0.6
	2.8
	19.8

	1 hour
	0.3
	1.4
	9.9

	6 hours
	0.05
	0.2
	1.7

	12 hours 
	0.02
	0.1
	0.8

	24 hours
	0.01
	0.06
	0.4


Synchronised Generation of RACH Attempts by Smart Meters

If Smart Electric meters do not distribute their RACH attempts over time, the generated RACH intensity will depend on the level of synchronisation of the generated RACH attempts. During the study, the possibility of all electric meters generating their attempts within 10 s (due to lack of clock synchronisation in smart meters) [4] and one minute due to alarms triggered by smart meters [3] have been indicated. With such tight synchronisation, the generated RACH intensity is summarised in Table 3.

Table 3: RACH Intensity Generated by Synchronised Smart Electric Meters
	Synchronisation  range
	RACH Intensity

	
	US Market (1000 smart meters per sector) [3]
	Central London (4968 households/cell)
	Urban London (35670 households/cell)

	10s
	100
	497
	3567

	1 min
	17
	83
	595


3. RACH Capacity of LTE 

According to [4], an estimate of the RACH collision probability is given by: 
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where L is the total number of random-access opportunities per second and ( is the random-access intensity, i.e. there are, on average, ( random-access attempts per second and cell. The analysis assumes that there are a large number of devices in the cell which is valid for this scenario. Moreover, it is also assumed that the arrival of RACH requests is uniformly distributed over time. 

 In Section 2, the RACH intensity generated by smart meters was evaluated. The total number of RACH attempts per second depends on the PRACH configuration index as described in TS 36.211 [5]. Table 4 summarises some possible values of RACH opportunities/s/preamble for different PRACH configuration index value for LTE.

Table 4: Number of RACH opportunities/s/Preamble

	PRACH Configuration Index
	% resources consumed in a 5MHz bandwidth
	Number of RACH opportunities/s/preamble

	0
	2.5
	100

	6
	5
	200

	9
	7.5
	300

	12
	12.5
	500

	14
	25
	1000


For a given collision probability Pc, the required number of RACH opportunities to support a certain RACH intensity is given by:
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In Figure 2, a plot of the supported RACH intensity against the required number of RACH opportunities is provided.

[image: image4.emf]Pc =0.01

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

45.0

50.0

55.0

60.0

65.0

0 500100015002000250030003500400045005000550060006500

Number of RACH opportunities/s

Supported RACH Intensity

Pc =0.01




Figure 2: Supported RACH Intensity against number of RACH opportunities per second for a given collision probability of 1%.
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