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1. Introduction

During RAN2 #69bis, it has been agreed to include an example RACH load analysis for smart electric metering application [1] in TR 37.868. The RACH intensity parameters assume a “worst case” in order to ensure the MTC design is applicable to all smart metering scenarios. However, these proposed RACH intensity parameters seems higher than practically commercial deployments being tried out in Taiwan and Europe, and may lead to over-designing MTC mechanisms in LTE.
This contribution presents a trial of Automatic Meter Reading (AMR) system deployed in Taipei, references ERDF’s (Electricité Réseau Distribution France) field trial plan, and discusses the practicality of the RACH intensity for the RACH load analysis.
2. Smart Electric Meter
2.1 Smart Electric Meter in Taipei 

This section presents an AMR trial in Taipei by Taiwan Power Company (TPC). Taipei is an urban environment similar to London. TPC has 4 divisions in Taipei: Central Taipei, North Taipei, South Taipei and West Taipei. On the basis of the power supply area and number of power subscribers published [2], the number of power subscribers per cell is derived as shown in Table 1. 
Table 1. Number of power subscribers in Taipei
	TPC Division
Items
	Central Taipei
	North Taipei
	South Taipei
	West Taipei

	Power supply area (Km2)
	62.5
	430
	885
	542

	Number of power subscribers
	600,000
	500,000
	820,000
	760,000

	Number of power subscribers per cell (R=0.5Km)
	7540
	914
	728
	1102

	Number of power subscribers per cell (R=1Km)
	30160
	3654
	2911
	4406

	Number of power subscribers per cell (R=1.5Km)
	67859
	8220
	6550
	9912

	Number of power subscribers per cell (R=2Km)
	120638
	14613
	11644
	17621


From Table 1 we can see that Central Taipei Division has the highest number of power subscribers per cell. Therefore, we focus on the case of Central Taipei in the rest of this contribution. The RACH intensity is derived and listed in Table 2. As that in [1] and [3], a uniform distribution of RACH requests over time is assumed. 
Table 2. Expected RACH intensity (Central Taipei Division, without concentrator)

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

	
	R=0.5Km
	R=1Km
	R=1.5Km
	R=2Km

	5 mins
	25.13
	100.53
	226.20
	402.13

	15 mins
	8.38
	33.51
	75.40
	134.04

	30 mins
	4.19
	16.76
	37.70
	67.02

	1 hour
	2.09
	8.38
	18.85
	33.51

	12 hours
	0.17
	0.70
	1.57
	2.79

	24 hours
	0.09
	0.35
	0.79
	1.40


In practical, a number of electric meters are connected to a concentrator as shown in Fig. 1. The connections between electric meter and the concentrator could be via ZeeBee or Power Line Communication (PLC). The number of electric meters served by a concentrator depends on the actual deployment scenario. In Taipei’s trial, typically a concentrator serves 10 to 110 electric meters. In average, 25 electric meters are served by a concentrator. Since a concentrator aggregates the data from served electric meters and report to the server in a batch manner, the RACH intensity is reduced. Table 3 shows the expected RACH intensity with introductions of concentrators. 
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Fig.1 Example of electric meter and concentrator deployment
Table 3. Expected RACH intensity (Central Taipei, with concentrator)

	
	RACH Intensity (RACH Attempts/s)

	Smart Electric Meter Reading Periodicity
	R=0.5Km
	R=1Km
	R=1.5Km
	R=2Km

	5 mins
	1.0053
	4.0213
	9.0479
	16.0851

	15 mins
	0.3351
	1.3404
	3.0160
	5.3617

	30 mins
	0.1676
	0.6702
	1.5080
	2.6808

	1 hour
	0.0838
	0.3351
	0.7540
	1.3404

	12 hours
	0.0070
	0.0279
	0.0628
	0.1117

	24 hours
	0.0035
	0.0140
	0.0314
	0.0559


2.2 Smart Electric Meter by EDF
EDF (Electricité de France) is the world’s leading nuclear energy company, with solid positions in major European countries [4]. ERDF (Electricité Réseau Distribution France) is a wholly-owned subsidiary of EDF and is the distribution network operator in France. ERDF plans to replace 35M electric meters between 2012 and 2017. 
With regards to ERDF, the first significant field trial will happen from March to Sept. 2010, where 100,000 meters and 4,000 concentrators will be changed in 150 rural cities [5]. 

It is worth to note that, based on the published data from TPC and ERDF, in average, 25 meters are connected to one concentrator in both companies’ field trials.
3. RACH Intensity
The RACH load analysis in Annex B of TR37.868 considers the ‘worst case’ where each household is installed with an electric meter, and each electric meter connects individually and periodically to eNB. In principle, if a LTE MTC design can fulfil the requirements of the worst case, it is applicable to all cases. However, if a LTE MTC is designed based on a worst case assumption that is worse than practical cases, it would be unnecessarily over-designed.
From Table 2 and Table 3, it is obviously that the introductions of concentrators significantly reduce RACH intensity. In fact, in Taipei, many electric meters are installed in the basement or the electric equipment room because of easy access for manual meter reading. In these environments, the channel quality may be too low such that the direct communication between individual meter and eNB is not practical. Therefore concentrators are necessary and generally deployed to facilitate Smart Meter control and reporting.

Concentrators are commonly integrated in the architecture of both TPC and ERDF field trials. Hence, the use of concentrator is part of Smart Electric Meter Application and shall be considered in RACH load analysis.

4. Conclusion
In conclusion, the RACH intensities analysis in Annex B of TR 37.868 shall include the concentrator. Field trial experiences of TPC and ERDF confirm that 25 is a practical value representing the average number of meters served by a concentrator.
We kindly ask RAN2 to discuss and agree on the following modifications to text in TR 37.868:
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 example scenario, it is assumed that all households with a smart electric meter within a cell are served by the same operator. 
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.

It is assumed that a concentrator serves a group of smart electric meters. G smart electric meters are grouped and connected to a concentrator. Readings from the meters of the same group are aggregated by the serving concentrator. A concentrator connects to eNB and reports to data centre periodically. The value of G is given by:
G = FFS (General Case)

or

G = 1 (Worst Case).
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/G
	16.6/G
	118.9/G

	15 mins
	1.1/G
	5.5/G
	39.6/G

	30 mins
	0.6/G
	2.8/G
	19.8/G

	1 hour
	0.3/G
	1.4/G
	9.9/G

	6 hours
	0.05/G
	0.2/G
	1.7/G

	12 hours 
	0.02/G
	0.1/G
	0.8/G

	24 hours
	0.01/G
	0.06/G
	0.4/G


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/G
	497/G
	3567/G

	1 min
	17/G
	83/G
	595/G


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