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1. Introduction
In this contribution, an analysis is provided regarding the expected RACH intensity from Time controlled MTC devices with delay tolerant traffic. The purpose of the analysis is to compare the RACH intensity generated by M2M applications with such MTC features and compare with the RACH capacity of the LTE system.  Smart metering application  is used as an example to illustrate the problem. 
2. RACH Intensity Generated by Time Controlled MTC Devices with Delay Tolerant Traffic 

2.1 Smart Metering
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
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 meters per cell for different cell radii. In the worst case scenario, it can be assumed that each household typically has 3smart 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. For the latter two applications at least, it can be 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/SqKm
	Number of people /household
	Average number of households /SqKm
	Typical Cell Size/Km
	No. Households/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
According to [3], 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 [4]. Table 2 summarises some possible values of RACH opportunities/s/preamble for different PRACH configuration index value.
Table 2: 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.
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Figure 2: Supported RACH Intensity against number of RACH opportunities per second for a given collision probability of 1%.

According to Figure 1, around 400 RACH opportunities/s are required to support the RACH intensity generated by smart metering in Central London and about 3000 RACH opportunities/s are required to support RACH intensity in larger cells in the urban area.
Using a typical PRACH configuration index of 6 in Table 2, the analysis shows that about 2 RACH preambles are sufficient for the central London scenario but around 15 RACH preambles are required for the London urban areas (larger cell size). 
Conclusion 2: 15 additional RACH preambles are required to support RACH intensity generated by smart meters assuming one reading is sent every hour for a typical RACH resource usage of 5%.
In addition to the RACH intensity generated by smart meters, the cell also has to cope with the RACH intensity generated by normal UE traffic.  An analysis of the busy hour traffic for the London area on the Vodafone UK 2G network [5] 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. This means that the corresponding busy hour voice call arrival rate is 2.32 calls/s/sqKm. For a circular cell of typical radius of 2Km, the expected call arrival rate is 29 calls/s. This is equivalent to a RACH intensity of 29 RACH attempts/s.  Hence around 15 RACH preambles are required to support such a voice traffic intensity. 
Conclusion 3: The RACH intensity generated by voice traffic would require around 15 RACH preambles to achieve a collision probability of 1% in the busy hour. 
The analysis assumes that the generation of RACH attempts is uniformly distributed over time. With such an assumption, the existing RACH capacity seems sufficient to support at least the RACH intensity generated by voice traffic and smart meters. Moreover, considering that 64 RACH preambles are available, it seems feasible for the network to reserve a set of preambles for smart metering and still have enough RACH resources to support the RACH intensity generated by the normal UE traffic and also other M2M applications which may not produce such a high increase in RACH intensity. The main motivation for having a dedicated set of preambles for smart meters or other M2M applications generating a high RACH intensity would be to protect the normal UE population from a sudden surge of RACH attempts by these M2M devices. 
Conclusion 4: It seems feasible for the network to reserve a set of preambles to sustain the RACH intensity generated by smart meters. Appropriate signalling could be introduced to identify a group of preambles dedicated to smart meters or to other M2M applications generating high RACH intensities. 
However, one problem with the smart meters (which are time controlled devices) is the risk that all devices generate their RACH attempts at, or around, the same time.  In order to reduce the collision probability, it is essential that mechanisms exist to spread out the RACH attempts by smart meters uniformly over time either at the application layer or in the Radio Access Network.
Consider smart electric meters all generating a RACH attempts at 02.00 a.m. Assuming the internal clocks are accurate to within 10s, this means that the RACH intensity generated will be around 3600 RACH attempts/s! For a collision probability of even 5%, this requires 72000 RACH opportunities/s . Assuming a PRACH configuration index of 14 is used, the maximum number of RACH opportunities available with 64 preambles is 64000 RACH opportunities per second. This is still far less than 72000. Hence, mechanisms are required to spread out the RACH traffic generated by smart meters.  
Conclusion 5: RAN2 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.
3. 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 following conclusions are drawn:
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.

Conclusion 2: 15 additional RACH preambles are required to support RACH intensity generated by smart meters assuming one reading is sent every hour for a typical RACH resource usage of 5%.

Conclusion 3: The RACH intensity generated by voice traffic would require around 15 RACH preambles to achieve a collision probability of 1% in the busy hour. 

Conclusion 4: It seems feasible for the network to reserve a set of preambles to sustain the RACH intensity generated by smart meters. Appropriate signalling could be introduced to identify a group of preambles dedicated to smart meters or to other M2M applications generating high RACH intensities. 
Conclusion 5: RAN2 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.
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