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1.  Introduction

In this contribution, an analysis is provided on the expected RACH intensity from Time controlled MTC devices with delay tolerant traffic
 like smart meters for automated meter reading.  The purpose of the analysis is to compare the potential RACH intensity generated by smart meters with the typical busy hour RACH capacity in today’s GSM network.
2.  RACH Intensity Generated by Time Controlled MTC Devices with Delay Tolerant Traffic, e.g. Smart Meters
For the purpose of this discussion, the household density in central and urban areas of London is considered.  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 (source: UK Census)
Based on the information provided by [1] and [2], the average number of households per square kilometre can be estimated and consequently the number of smart meters per cell for different cell radii. In the worst case scenario, it can be assumed that each household typically has 3 smart meters (electric, gas and water) and each meter operates independently as an MTC device. 

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. At least for the latter two applications, it is envisaged that smart meters need to typically provide their reading as often as every hour.

With these assumptions, the RACH intensity (number of RACH attempts/s) is calculated in Table 1 below.
Table 1: Predicted RACH intensity of Smart Meters

	Area
	Population Density per SqKm
	Number of people per household
	Average number of households  per SqKm
	Typical Cell Radius (Km)
	No. Households per cell
	RACH intensity (No. of RACH/s)

	Central London
	10000
	1.58
	6329
	0.5
	4968
	4.14

	Urban London
	7500
	2.64
	2840
	2
	35670
	29.7


Conclusion 1: The RACH intensity generated by smart meters (assuming a uniform distribution of RACH requests over time) can be expected to be as high as 30 RACH attempts/s in a typical London urban area. 

3.  RACH Capacity from voice subscribers
In addition to the RACH intensity generated by smart meters, the cell also has to cope with the RACH intensity generated by normal MS traffic.  An analysis of the busy hour traffic for the London area on the Vodafone UK 2G network [3] shows that for the urban area under consideration, a busy hour traffic density of up to 100 Erlangs/SqKm can be expected. The mean call holding time was around 43 s. Thus, the corresponding busy hour voice call arrival rate is 2.32 calls/s/sqKm. For a circular cell of typical radius of 2 km, the expected call arrival rate is 29 calls/s. This is equivalent to a RACH intensity of 29 RACH attempts per second per cell.

Conclusion 2: The RACH intensity generated by voice traffic in the busy hour is 29 RACH attempts/s. 

However, one problem with smart meters is the risk that they all generate their RACH attempts at, or around, the same time.  In order to reduce the collision probability, it is essential mechanisms exist to spread out the RACH attempts by smart meters uniformly over time managed either by the M2M application layer or in the Radio Access Network.

Conclusion 3: GERAN2 should investigate mechanisms to spread out the RACH attempts by smart meters to send their reading in order to avoid unsustainable peaks in the RACH intensity.
In future, however, smart meters may not be entirely delay tolerant and are required to send data in pseudo real-time (with a minimum delay of, say, 1 hour).  When such a need arises, it may be necessary to design the mechanism to spread out the RACH attempts with this constraint.  Alternatively approaches would be to offload smart meter data via other transmission medium or the re-dimensioning of the 2G network. 
4.  Conclusions
In this contribution, an analysis of the RACH intensity generated by smart meters is presented, based on real census data for the London area.  The intensity of the RACH attempts highlights the limitation on the AGCH and SDCCH capacity.  Existing mechanism to increase the SDCCH capacity dynamically by reconfiguring the TCH is insufficient to cope with the additional traffic generated by smart meters and other MTC devices.  A Vodafone contribution to GERAN#37 in GP-080141 described the impact on the AGCH in the case of mass simultaneous registration and/or location updates based on the Mumbai, India scenario.
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� Note that smart meters of the future may not be delay tolerant and could generate real-time traffic.  
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