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1 Introduction

In the RAN2#69 meeting, three usage cases were agreed to be considered. And the “overload control” issue was agreed as the primary priority to be studied. Because each M2M usage case has different traffic characteristics, the congestion and overload control may be different for each of them. For example, there could be no congestion issue in RACH in a cell that serves only 100 (smart) meters. However, severe congestion in RACH occurs if there are thousands of meters in a cell. In order to quantitatively understand the congestion, it is necessary to study the traffic characteristic of smart device in different scenarios and how to aggregate them together [3]. 

In this contribution, we provide a detailed description of the traffic associated with meter reading for smart grid in China and USA. The described traffic characteristics are expected to help to quantitatively understand the overload issue and evaluate possible solutions in current LTE /UMTS systems. 
In the second chapter of this paper we piggy backed a proposed correction to the RACH collision probability.
2 Discussion

2.1 Smart Meter Traffic Characteristics

As in [1] and [2], typical traffic characteristics for smart metering systems are observed as follows:

· No mobility: All installed smart meters will not be moved frequently;  

· Always attached: The smart grid device will not detach from the network after initial power up, except some abnormal conditions, e.g. power outage, etc. 
· Downlink traffic:  The downlink traffic for meter reading includes 

· Periodic reading request: the utility company polls each meter to report its reading periodically. 
· Acknowledgement (ACK) for warning event report, 

· On-demand reading request: the utility company may poll a meter to report its reading any time. 
· Parameter setting request: the utility company may configure the rate information .
· Software/firmware update: the utility company may update the software or firmware of the meter. 
Periodic smart meter reading is typically performed in a day in order to obtain the information timely, to schedule the energy flow, and to monitor the energy path, etc. The period and reading duration are controlled by the network operator or energy operator. The period can be varied from 5 minutes to one hour. There could be multiple periods depending on different application, e.g. domestic user or industrial user. Other kinds of traffic occur randomly, from several times per day up to once several minutes. They can be described by Poisson distribution. 

· Uplink traffic: The uplink traffic for meter reading includes 
· Periodic reading report: the meter reports its reading periodically.
· Warning event report: the meter reports an event once any abnormal event is detected. 
· On-demand response: the meter conducts the on-demand request and reports.  
The periodic reading may occur from every 5 minutes to every hour. Other kinds of traffic are random, which can also be described by Poisson distribution. They may occur from several times per day up to once several minutes.
· Small payload: Except the software/firmware update, the above uplink and downlink traffic are of small amount of data for each transmission.
2.2 Traffic from a Smart Meter 

The metering usage can be described as metering session. The following tables list the traffic parameters for a metering session in the application layer [2, 4]. Datagram in the application layer is encapsulated by packet headers in different before arrival to the physical layer. Table 4 lists the resulting datagram size at different layers. 

Table 1: Parameters for periodic meter reading 
	
	Value
	Comment

	
	Value set 1
	Value Set 2
	

	Report period
	5 min, 
	3 hr
	Fixed

	Downlink request size
	30 bytes
	25 bytes
	Fixed

	Datagram size
	211 bytes
	2400 bytes
	Fixed

	Interval between datagram arrival  (mean)
	20 ms~500ms
	5 s
	Fixed (only for value set 2)

Uniform(for  value set 1)

	Packet call number
	1-2
	4-20
	Uniform


Table 2: Parameters for On-Demand and warning report meter reading (uplink)

	Component
	Distribution
	Parameter

	Arrival time
	Poisson
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	Datagram size
	211 bytes or 100 bytes
	Fixed

	Datagram latency time
	20 ms~500 ms or 5s
	Uniform


Table 3: Parameters for On-Demand and warning report meter reading (downlink) 

	Component
	Distribution
	Parameter

	Arrival time
	Poisson
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	Datagram size
	25 bytes,
	Fixed

	Datagram latency time
	20 ms~500ms or 5s
	Uniform


Table 4: Example datagram size in different layers

	layer
	Datagram size (bytes)

	
	UMTS
	LTE

	On-demand meter read
	100

	TCP (TLS and transport) 
	25+20

	IP (IP Sec in tunnel mode and IPv6)
	80 + 40

	MAC/RLC/PDCP
	10
	5/6

	Total
	275
	270/271


2.3 Meter reading Traffic Arrive Base station 

Assume all MTC data from a smart meter arrive according to independent Poisson processes with arrival rates λi and datagram sizes Li. The arrival rates from the smart meter is 
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, and the average arrival data size is 
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The number of meter in a cell depends on meter density and cell size. Per the population density in the urban area of Beijing [5], on average, there are about 12,571 meters in a cell with 500m diameter. The MTC data arrive a NodeB/e-NodeB is simply the summary of MTC data from all meters in its range. Table 5 shows the uplink traffic assuming that half of meters send 211bytes in a datagram and the others send 100bytes in a datagram. Table 6 shows the downlink traffic rates arrive the NodeB/e-NodeB. 
 Table 5: Parameters for meter reading (uplink) traffic arrive the Base station

	Component
	Distribution
	Parameter

	Arrival time
	Poisson
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	Datagram size
	155.5 bytes (average)
	Fixed

	Datagram latency time
	20 ms~500 ms or 5s
	Uniform


Table 6: Parameters for meter reading (Downlink) arrive the Base station
	Component
	Distribution
	Parameter

	Arrival time
	Poisson
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	Datagram size
	25 bytes,
	Fixed

	Datagram latency time
	20 ms~500ms or 5s
	Uniform


3 Conclusion

In this paper, we presented a detail description of meter reading for smart grid in China and US. The described characteristics are collected from enterprise specification or open published documents. We suggest RAN2 to take the characteristics into consideration when discussing and evaluating potential MTC enhancements. We kindly ask RAN2 to discuss and catch the described characteristics in TR 37.868.
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5 Text proposal

4
Example use cases

[Editor’s note: This section describes the use cases considered important in the scope of the study item.]
4.1
Metering
[Editor’s note: This section is intended to assess and analyze the involved MTC applications and MTC features in SA1, and present the corresponding RAN specific aspects of this use case ]
Metering refers to power, gas, water, heating, grid control, industrial [2] or electrical metering, etc. Metering devices could be used to monitor energy networks, to provide information on energy consumption and billing, and to improve end-user energy efficiency, for instance.

There are following characteristic for Metering:

· No mobility: All the meters are installed a fixed location.

· Small payload: less than 2kbytes.

· Large volume in each cell: more than Y times the population density.

· Mix the periodic transmission and Poisson arrival distribution traffic

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.]

Example Traffic characteristics for Smart meter 

The traffic parameters for three meter reading scenarios are listed in the Table 1 to Table 3.

Table 1: Parameters for periodic meter reading 
	
	Value
	Comment

	
	Value set 1
	Value Set 2
	

	Report period
	5 min, 
	3 hr
	Fixed

	Downlink request size
	30 bytes
	25 bytes
	Fixed

	Datagram size
	211 bytes
	2400 bytes
	Fixed

	Interval between datagram arrival  (mean)
	20 ms~500ms
	5 s
	Fixed (only for value set 2)

Uniform(for value set 1)

	Packet call number
	1-2
	4-20
	Uniform


Table 2: Parameters for On-Demand and warning report meter reading (uplink)

	Component
	Distribution
	Parameter

	Arrival time
	Poisson
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	Datagram size
	211 bytes or 100 bytes
	Fixed

	Datagram latency time
	20 ms~500 ms or 5s


	Uniform


Table 3: Parameters for On-Demand and warning report meter reading (downlink)

	Component
	Distribution
	Parameter

	Arrival time
	Poisson
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	Datagram size
	25 bytes,
	Fixed

	Datagram latency time
	20 ms~500ms or 5s


	Uniform


Chapter 2

6 Discussion
In R2-102296, VDF referred to R1-061369 and adopted 
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to calculate the RACH collision probability, 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.
However, we found Eq.1 is not correct. For the analysis, we assumed the random-access attempts occurring in a fixed period of time follows Poisson distribution
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where n the number of occurrences of an event, i.e. random-access attempts and λ is the expected number of occurrences in an interval. For any random-access opportunities, there could be no random-access attempt, only one random-access attempt, and more than one random-access attempt. The collision occurs when more than one random-access attempt select the same opportunity. Therefore, the collision probability is P(collision) = 1 – P(0 attempt in this opportunity) – P (1  attempt in this opportunity)
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In Eq. 1, only the case of no random-access attempt was considered as an approximation in case of low intensity. The next Figure compares the collision probabilities calculated from Eq.1 and Eq.3. Eq.1 significantly over estimates the RACH collision probability.
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Fig. 1 RACH collision probabilities
7 Conclusion

In this contribution, we presented a RACH collision analysis and correct the error in R2-102296. Because part of R2-102296 has been approved to be put in TR 37.868, we kindly ask RAN2 to discuss and change the related text in TR 37.868.:
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9 Text proposal
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 hard to be expressed in a closed form. 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%.

� Per reference [2], the base station can only page a meter one time. 
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